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1, Object,

The objeot of the work descrided in this report
was to determine if the HS~{illed 15b-mm, howitzer shel] in War

Reserve are serviceable and, if so, the number required to produce

8504 casualties among personnel exposed on the target on which they
burst.

2. Results,

The results of the ten tests conduoted, in whioh 6596
shell were fired (274 for effect), are shown in the following tables




Test: Date 1 Time s Terrain s Soil : Wind s Air §  Exposure 18hell Required per 100wyd, 8q.**++
: 3 :t s : :1 ve- stemp,: period iProtected byiProtected by gas mask
s : ] 3 t1looitys 3 k% s gas mask iand regnated cloth,
s 1082 3 L 3 N tMe.pehet CFes T—L 1 izprogn
A 3May 23 39:b3 a.m, 10pen s Damp 3 3.2 : 59 :Firing and following 26 1 71
] soountry 3 3 3 110 min, 3 :
~B sJune 11:0,08 a.m. sDitto s Dry 3 6,3 1 68 iDitto 1 14 138
€ shug, 4 T6:55 sem. Ditko i Dry v 1.6 1 81 iDitto : £ : L
sAug, 15128 DuMe 1Ditto 3 T)-g s 2o s 83 iDitto 1 8 : 180
3 1%38 3 3 3 3 3 3 1 1
E iMay 18 35:21 pem. sDitto s Wot 1 4,0 : 71 sFiring and following 1 14 3 20
[ 3 . s 3 3 3 116 min, 1 [
“F 3June 1516:00 p.m. :Ditto t Dry & 240 1 69 sFiring and following i 10 r T2
.3 3 t 3 3 [ 320 min, 3 3
T iduly 6 16:10 pem. sWoods s Demp & O* 1 BS ;Firing and following : N : 2b
) : : s ) s 122 min, : :
“H  :fug. 1116146 p.m., iDitto N 5up 1 O%%; 72 iDitto 1 "8 : 4
T :5ept.10:15:10 p.m, sDitto + Dam O%+; 72 iDitto ' 12 : 3}

*In open country near target the wind veloocity was 4.0 m.p.h,
*x0nly slight drift in open country near target, seme as on target in woods.
**4Total exposure period was about 25 min. including the firing period.
*+#+Shell required per 100-yd. sq, is the number required to produce 50% casualties among personnol
exposed to the fire.



0f the 696 shell fired, 110, or approximately 18.6%, produced lowe
order bursts or were duds, '

Se Conoclusions,
It is ooncluded that:

a, When the BS=filled 156-mm, howitzer shell now
in War Resorve are equipped with the Mk. III fuze and fired for
impact burst at a range of about 6,200 yd., approximately 18% of the
shell may be expeoted to be duds or produce low-order bursts,

be The shell represented by those tested should be
retained for future service use,

6 The following number of shell per 100-yd. sq. are
required to produce 50% casualties when personnel is protected by
gas mask only, the shell are fired when the temperature is above
59°F, and the wind is not appreciably above 6 m.p.h. on the impact
area:

(1) When fired within the period between one
hour af'ter sunrise and one hour before sunset = about 20 shell,

(2) TWhen fired within the period between one
hour before sunset and one hour after sunrise - about 10 shell,

d. The following number of shell per 100=-yd., sq. are
required to produce 50% ossualties when personnel is protected by
gas mask and standard impregnated clothing and the temperature is
above the freezing polnt of HS:

(1) TUnder normal soil conditions - about 38 shell,

(2) TWhen the surface soil is dry and sandy -
over 100 shell,

4, Recommendations,

It ia recommended that;

a, The remaining HS-filled 155-mm, howitrer shell
in War Reserve be retained for service,



be A test be conducted using HS=filled 156-mm.
howitzer shell meeting present standard specifications for the
purpose of comparing the casualty-producing effects with thosae
obtained in the tests covered by this report.

See Reviewerts Note, p. 19.
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L, INTRODUCTION.

The objeots of the tests desorided in this report
were as follows:

l. 7To determine if the HS-filled 156«mme howltser
shell in War Reserve at Edgewood Arsenal are serviceable.

~ 2¢ 7o determine the number of shell required to
produce 50X casualties among persomnel,

This work was authorized in the project program under
project Cb, item 2, for the fiscal year 1932 and project A 1l,1-lb,
®155«mm, Shell MII, (How,), HS=Filled™, for the fiscal years 1933 and
1934, It was a jJoint Chemical Warfare Service~Ordnance Department
project and is covered dy Ordnance Committee Minutes, Item 9241,

The shell used in the tests were HS={illed, Mk, II,
156mmm, howitser, taken from the stook in War Reserve at Edgewood Arsensl,
The doosters in a large percentage of the shell were not fully assembled
and it was questioned if they would functiom properly, The condition
of this ammunition is given in a memorandum of May 4, 1931, from the
office of the Chief of Ordnance to Chief, Chemiocal Warfare Service,
subjeots Gas Shell on Hand at Edgewood Arsenal, which is quoted
in part bdelows

"1, PFollowing are the contents of a memorandum prepared
by the Surveillance Seotion, Field Service, relative to chemical
sxmunition at Edgewood Arsenal,

'There are in stock at Edgewood Arsenal 7,223 shell, gas,
HS, Mk, II, for 158=mm. howitszer, 27 shell, gas, FM, Mk, II, for 155eum,
howitger, 43 shell, gas, CG, Mk II, for 155emm, howitser. Many of
the boosters in these shells are not fully assembled, There are too
many threads exposed, The Ordnance Officer, Edgewood Arsenal, states
that he considers these shells unserviceable . * * # * ¢ Should
the above ammunition be retained in stock as War Reserve, or should it
be disassembled and the serviceable components recovered?'



* L * L * »*

"3, With reference to the 156=mm, shell in whioh
the boosters have insufficient threads engaged, it may be practicable
to simply disassemble these boosters and assemble new boosters without
disturbing the filling, It is not kmown whether the difficulty is
due to the booster being oversite or the shell being undersize, Ifr
due to the latter, it will be necessary to prepare specisl undersized
boosters to fit the shell in questicn.

"4, Action through the Ordnance Committee will be taken
upon receipt of information from the Chemiocsl Warfare Service,"

The lst indorsement, dated June 8, 1931, from the
Commanding Officer, Edgewood Arsenal, to the Chief, Chemical Warfare
Service, to the letter (CWS 471/211, May 7, 1931) enclosing this
memorandum is quoted below in part as follows:

"l., It is noted that there are in stock at Edgewood
Arsenal the following:

8¢ 7,225 shell, gas, HS, Mk, II, for 156=mm,

howitzer,

be 27 shell, gas, FM, Mk, II, for 155-mm,
howitzer,

S« 43 shell, gas, CG, Mk. II, for 155=mm,
howitzer,

d. 78,654 shell, gas, NC, unfixed, CS, Mk, II,
'ith A m B. Nk. ﬂ‘ for Tﬁ-m. sun.

"2. This office has no information that the fillings
for any of the above shell are less zerviceable than when they were
placed in War Reserve or that any more serviceable fillings have been
added for War Reserve for their replecement, 1It, therefore, knows of
no techniosl reason why any substantial portion of them should be
removed from War Reserve except for the necessary tests to obtain
important technical information as to their performance,

] * * * * *

"6s Information is not available as to the efficiency
of the shell, gas, HS, Mk, II, for 156~mm. howitzer, referred to, as
these shell are probably assembled with both long and short type Mk, VIB
boosters, and since there are no indication markings as to length of
booster, the burster charge of each shell is unknown,



"7. Plans under Projeot C=5 during the calendar
yoar 1932 ocontemplate field tests with HS=filled 155-mm, howitsger
shell to determine the quantity of this standard ammunition required
to set up an effective field oconcentration, It is possible that,
despite the uncertainty as to the size and shape of burster charge,
the 156eame howitszer shell referred to in the basic communicatiom ocan
be used for this purpose, It is, therefore, recommended that 200
of these shell and 50 additional boosters, Mk, VIB, present standard,
of kmown cspacity be made available for examinatien and firing test to
determine whether this lot of shell is suitable for use in tests during
the calendar year 1932, It is desired to conduot this preliminary test
on August 11, 1932,

"8e The tests contemplated with epproximately 500 of
these shell during the salendar year 1932 would determine the effiociency
of this lot.

The use of shell from the supply in War Reserve was
authorized in the 3rd indorsement dated Ooct, 22, 1951, from Ordnance
Offiece, Washington, D.C., to Ordnance Officer, Edgewood Arsemal,
file CWS 471/211, which is quoted in part as follows:

"1, You are authorized to turn over to the Chemical
Warfare Service 50 Mke VIB adapters and boosters and 200 shell, Gas,
H3, Mk, II, for 155-mm, howitzer for firing tests, Shells used in
the firing tests will be fused with serviceable Mk, III P,D. fuses.
The funotioning of the shell will be observed and reported to this
offices © ¢ ¢ ¢ ¢ If these shell are found to be satisfactory
for an effective field soncentration test, you will de suthorized to
issue an additional 500 upon request,

* * % * * *

"S. It is regquested that you submit & proposed program
of test, giving ranges or zones at whioh these firings will be con-
ducted in order that the proper powder charges ean be furnished, and
also what information is desired, Upon receipt of this program,
it will be incorporated in an Ordnance Committee Item on War Reserve
Tests,

"¢e In view of the questionable serviceability of the
166-mm, shells, adequate safety precautions will be taken to prevent
injury to personnel in case a malfunction occurs in the firing."



The lot numbers of the shell to be tested and other
information is givem in the 5th indoreement dated Jan. 4, 19832, from
the Commanding Officer, Edgewood Arsenal to Ordnance Officer, Edgewood
Arsensl, file EA 471/122, EO 471,1/698, as follows:

"l. An investigation reveals the following facts:

"a. Material for Test:

There are 4 main lots of the 166-mm, howitser (HS)
shell distributed as follows:

Lot MA 36«lwld 4979 shell
Lot 36=1=14 345 shell
Lot MA 36-1-16 988 shell
Lot 5050=1 911 shell

There is data available only on Lot MA 36w=1=13, whioh
shows they were loaded in 1921 and assembled with Mk, VIB boosters.
These boosters in most instences are not fully assembled.

"be Previous Tests:

One loocal test was conducted at Edgewood Arsenal, using
a small quantity (number not determined) of shell from Lot MA 36-1-13
for the purpose of determining the quantity necessary to produoce
casualties from the HS content when fired statically.

"ce Historical:

These shell were teken from the Chemical Warfare Service
with the establishment of the Ordnance Office at Edigewood Arsenal in
March, 1923, When the HS content of the shells was tested for
ovidenoce of deterioration in 1944, no deterioration was noted,

"2. The object of this test is to determine if the
stocks of these shell on hand are satisfactory for further tests involv-
ing the detemminsation of effective field concentretions of HS,

"Se It is recommended that =
"a, Thirtyweix shell picked at random from each

of the four lots referred to be fired at & range of not less than
4800 yﬂ.‘l‘dﬂo



"b., All personnel engaged in firing to be
supplied with sufficient protective clothing, and all firing to
be from barricades, firing with lanyard, and the gun-crews under
ocover,

"o, A record be kept of each round showing
whether a dud or a burst and the order of burst, together with position
of the booster with respect to the shell, i,e,, whether the booster
was not fully assembled, and the number of threads showing or whether
the booster had been assembled too far in, with the depth below normsl
stated,

"d., Only in oase the firing above recommended
results in an excessive number of duds, 13 shell from each of the 2
largest lots to be re-boostered and fired under the same oconditions
a8 the first firings,

"e. Based upon the results cbtained, a report of
the test in detail be prepared together with a recommended progrem for
the remainder of the shell to be tested,

"f. The Chemical Warfare Service to take the
necessary steps to determine the distribution of HS due to burst of
the BhOll.

"ge The test here proposed to be conducted before
Mar. 1, 1832,"

iI. HISTORICAL.

The physiocal, chemical and physiologiocal properties of
HS end its use in the World War ere thoroughly discussed in E.A.C.D., 462,
dated Apr. 26, 1828, by Walker. The use of HS in the Viorld War is
also discussed in the two following reports:

EeT.Fo 560 G«90, Gas attacke upon the Americen Front
in France, 1918,

E.7.F, 6561=2, May 31, 1932, by Lt, Col, Avery, A Study
of the Use of Chemiocals by
Artillery During the World War,
and Possible Future Uses,.

There are no recordes of previocus tests in which HS=-filled

166=mum. shell were fired from howitzers at EBdgewcod Arsemal, but some
tests were conduocted in whibh shoh shell were fired statiocally. In

~5—



the following reports, tests are outlined in which HS-filled 156-mxm,
howitzer shell equipped with the Mk, VIB booster were fired statically,
and the effectiveness of the gas concentration set up was determined
by means of animsls end vepor-sempling machines:

EsT.Fo 111,4=10, dated October, 1926,

Resultsof four tests are given, In three of these tests the HS was
sprinkled by means of sprinkling cens and in the fourth test, the HS
was put down by the static burst of 1656-mm, shell,

A test was conducted on May 1, 1928, in whioch 11 shell
were used, The results of this test are given in the two followlng
reports:

EsAsM,ReD, 87, dated May 4, 1928, by Armstrong,.
E.A.C.D, 467, dated April, 1928, by Smith,

Caléulated figures of the number of HS=filled 6-in,
howitzer shell required to deny an area to troops are given in Ge2
report, E,T.F, 660 E=170, Artille ry Gas Shell Fire Data from Great
Britain,

The following tests conducted at Edgewood Arsenal are
of interest in that HS was used:

Tests in which HS was laid down with the use of sprinkling cans:

EeAsM,R.D, 47, September 16, 1926, by Eldridge.
E.TeFe 111,4=10, August and October, 1926,
E.A.M,R,D, 66, December 31, 1926, by Eldridge,
E,A.C,D, 462, April 26, 1928, by Smith,

Tests in which HS was laid down by the static burst of
75=mm, shell or bottles containing HS:

E.,AM,R,D. 66, December 31, 1926, by Eldridge.
E.AM,R,D, 84, November 30, 1927, by Armstrong.
EoAM.R.D. 93, May 11, 1828, by Armstrong.
E.A.C.D, 462, April 26, 1928, by Walker.
E,AM,R,D, 95, June 12, 1928, by Armstrong,
E.A,CoD, 467, April, 1929, by Smith,

Tests in which HS was laid down by burst of HS-filled
75-mm, shell fired from service weapons:



E.A.M.R.Ds 100, July 20, 1928, by Armstrong.

E,A.M.R.D. 104, Sept, 5, 1928, by Armstrong.

E.A.T.R. 66, Novs §, 1931, by Macintire,

E.A.T.R. 80, Jan, 7, 1932, by Linthioum,

E.T.Fo 1l.,4=19, Sept, 15, 1932, A compilation of
results from some of the above reports by Captain Barker,

Miscellaneous tests in whioh HS was used:

E.A.M,R.D. 68, Jan, 6, 1927, by Eldridge,
Determination of Effectivensss of Chlorine
as an Agent to Destroy HS in the Feld,

III, THEORETICAL.

In order for the shell to be satisfactory, there should
not de o.ny premature bursts and the number of duds on impeot should not
be abnormally large, The burst of the shell om impaet should de of
a sufficiently high order to distribute the major portion of the liquid
HS in the shell on the surface of the ground,

Casualties are produced by effects of HS wvepor and by
offects of liquid HS, If a sufficiently high vapor eomcentration is
set up, oasualties may be produced by respiratory effeots where persomnel
are not protected by gas mask, and by vesicant effeets when persomnel
are protected by gas mask but not protected by impregnated slothing, If
personnsl are protected by gas mask and standard issue of impregnated
olothing, casualties from HS can only be produced by HS liquid drops of
sufficient size to penetrate the impregnated slothing,

Iv. EXPERIMENTAL.

The details of the ten tests conduoted and results obtained
are given in the test reports attached to the presemt report, The ten
tests consisted of a preliminary test in whioch 133 shell were fired to
determine the percentage of normal bursts on impaoct, and nine sdditional
tests in which a total of 463 sholl were used (189 for adjustment, 274 for
effect), to determine the mumber of shell required to produce 50% casualties
among personnel, when fired under different terrain and meteorologicel
conditions,



A, How the Tests were Conducted.

In all tests, the shell were fired by the Sixth Field
Artillery. In the preliminery tests the shell were fired, one at
& time, for impact in open area at a range of about §,200 yd,, and the
nurbers of normal bursts were noted by observation from a tower,

In each of the nine tests which followed,the shell were
fired at a range of about 5,200 yd, for impact on a target 100 yd.
wides by 200 yd. long. The target was prepared by marking its four
corners, and placing on its area paper panels or silhouettes, vapor-
sampling machines and animals, The paper panels or silhouettes, used
to show distribution of liquid HS, were placed at 10-yd. intervals over
the target, Vapor-sampling machines were placed at nine positions
on the target and at nine positioms 30 yd, outside of the target,
Animsls, oonsisting of goats and rats, were placed at 20-yd. intervals
over the entire target, Chart 1 attached to each test report shows
the positions of the panels, vapor-sempling machines and animals on
the target as prepared for each test,

The shell were fired by a battery of four howitzers which
were adjusted with the use of 20 to 40 shell directed at a position
outside of the target. After adjustment, fire was directed on the
target and the shell for effect were fired as rapidly as practicable.
in tests in which the target was located in opem ares fire was directed
for equal distribution of bursts over the target by the battery ocommander,
who was located on an observation tower on one flank of the target,

In tests in whioch ths target was in woods, the shell were fired for
impact on its short axis.

The animals were exposed on the target for a period of about
26 min,, whioh included the firing period., Vapor samples were taken
at sampling positions during the period animals were exposed, and in
most tests for additional periods following the removel of the animals
from the target, After firing the shell, the paper panels or silhouettes
were collected and graded for size of HS drops and density of liquid
pattern, and the positions of impacts were located and charted.

In some tests, to determine persistence of HS on the target,
vapor samples were taken at sampling positions on the day following the
firing of the shell, and in all tests animals wers exposed in shell
oraters for one or more 24-hr, periods, which varied in the individual
tests from a few days after firing the shell to 17 days after,



The number of duds was noted by observation from a
tower on one flank during firing in tests in which impact was in
open area., In tests in which the target was located in woods,
duds were determined by examining the orater produced by each
impaoct for HS odor,

B¢ How Data were Interpreted in Terms of Msn Casualties,

1. DPsper Panels and Silhouettes.

The effectiveness of the ligquid HS, as registered on
paper panels or silhouettes,is dependent on the size of the HS drops
and the density of the pattern produced by the fine drops.

8+ For Personnel Protected by Gas Mask and
Tmpregnated Clothing.

The panels or silhousttes showing HS drops of 0,6 mg.
or more were tabulated and msn ocseualties were estimated as follows,
for man protected by gas mask and standard issue of impregnated
olothing:

HS drops 0.6 to 1,0 mgs in size - 40% casualties,
HS drops over 1,0 mge in size - 100% casualties.

These figures are based on the results of laboratory
tests given in E 4,T.R, 100,

be For Persomnnel Proteoted by Gas Mask and Non-
Impregnated Clothing, '

All paper panels or silhouettes were tabulated for
pattern, using the gradings heavy, medium, light and trace, as given
on pattern scale accompanying this reporte From the results of
laboratory tests given in memorandum of Oct. 22, 1831, to the Chief,
Engineering Division from the Chief, Protective Development Divisliom,
it was estimated that persomnel protected by gas mask and standerd
issue of monimpregnated olothing would experience casuslties as
follows:



“Pattern on iCasualties of HS liguid through stendard issue of non-

panel g impregnated olothing
: %
H = heavy 100
M = medium 100
L-1light 80
T = trace 3 60

2. Casualties Based on HS Vapor,

In the present mport, respiratory effects of HS wapor
on man were not considered, as estimated casualties in all tests were
based on man protected by gas mask, The vesicant effects of HS vapor
were considered for man without protection of impregnated clothing,

In estimating vapor oczsualties due to vesicant effects, the valuation
ourve on Graph 1, attached to this report, was used. The points

on this ocurve are based on the o.t. value, which is the product of
veapor oconoentration in milligrams per liter and the exposure period
in minutes, Points on this ocurve are plotted from data given in
Pharmscologioal Report No, 318,

Se Casualties Based on Effects on Animals.,

After the animals were removsd from the target, they were
placed under observation for a period of three weeks. Man casualties
were estimated from the effects on animals on the basis of (1) all
deaths from gas or shell, and (2) all skin lesions, All other animal
cagualties were disregarded and are not given any weight in figuring
the effectiveness of the gas concentration set up,

4, Shell Required for Effective Results.

The number of shell required to produce 50% casualties
wag figured from the results of each test for personnel protected by
gas mask only and for personnel protected by gas mask and standard
impregnated clothing.

In figuring the number of shell required for personnel
protected by ges mask only, an average was taken of the number of
shell required based on sample data and on animal data.

For personnel protected by gas mask and standard impregnated
olothing, the number of shell required was figured from panel data only.

- 10 -



be Effeotive Gas Conosntration,

In the present report, a gas concentration is considered
offective when 50% casualties are produced among personnel on exposure
to the gas for a period of about 26 min, A men is oconsidersd a casualty
when the injury is sufficiently severe to normally require evacuation
Por hospitalization,

Ce The Poroonta.go of Normal Bursts,

The numbersof normel bursts in each of the tests conduoted
are summarised in Taeble 1, which followsy; The total number of shell
given for each test, represents shell used for adjustment as well as
those used for effect.

Table 1,

Number of Nomé.l Bursts ia Each Test

~ Test 1 Total shell used : Normal burats : Duds er low=

1 3 s order bursts

Prelimin- 3 P

ary [ 133 3 111 1 22

A 3 80 3 [ : 8

B 1 80 3 69 1 i1l

C 3 69 t 57 $ 12

D 3 47 3 L : 12

E L] 1 o5 ' 6

F 1 38 3 31 1 7

G 1 40 3 352 3 K]

- 0 R, SR |

T 50 1 42 : — 8

Total o 596 3 486 ? 110

The results given in Table 1 show that about 81.6%
of the shell fired produced normal bursts.

None of the shell used in the tests burst prematurely,

De The Number of Shell Required for Effective Results.

The number of shell required for effective results
when personnel are protected by gas mssk only is dependent on terrain
and meteorologioal oconditions, In the tests conduoted, the meteorological
oonditions were changed by conduoting tests at different time periods

-1l -



betwseen sunrise and sunset which inoluded the periods ahout 1 hr,

after sunrise, about 4 hr, after sunrise and about 1 hr, before

sunset, These periods may be considered as being representative

of day and night conditions im that there are generally very little

or no effects from rising conveotion air currents about 1 hr, befere
sunset and 1 hr, after sunrise so that sir motion is represeantative

of night, The teste conducted about 4 hr, after sunrise are represen=-
tative of day conditioms in that the HS vaepor is diluted due to effects
of rising air currents, The terrain conditions were changed by locate
ing the target in open oountry in some of the tests and in woods in the
remaining tests,

A summary of the nine tests conducted is given im table 2
which follows, The results in this table show that the number of shell
required per 100-yd, 8q. to produce 50% casuslties when personnel are
protected by gas mask only varies from 6 to 26, depending on meteorologioal
and terrain conditions., When personnel are protected by gas mesk and
standard lmpregnated oclothing, the number of shell required per 100-yd.
8q. to produoe 50% casualties varied from 26 to 180, The great variation
in the results was not due to meteorological or terrain comditions but
to the degree of moisture in the swurface soil on the target, When
personnel are protected by gas mask and stendard impregnated clothing,
gas casuslties are only produced by the penetration of liquid HS through
the impregnated clothing. In tests in whioh the 80il was very dry,
very few HS liguid drops were shown on paper peanels distributed over
the target, dus to the absorption of a large percentage of the HS spray
by the heavy dust cloud produced by each burst,

In the tests conducted, there were 5 in which the soil
was olassified as damp and which show en average of 38 shell reguired
to produce 50% casualties., An average of results in the remaining
four tests, in which the soil was dry, show 119 shell reguired to
produoce 50% oasualties, The results of the 9 tests conducted show
that when persounel are proteoted by ges mask end stendard issue of
impregnated clothing, about 38 shell per 100-yd. sq. are normally
required to produce 50% casualties, but when sandy conditions exist
and the soil is very dry over 100 shell per 100-yd., sq. are required to
produce 50% oasuslties,
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Summary of Tests Conducted and Results.

Table 2.

Test: Date 1 Time 1 Terrains Soil s Wind : Air “Exposure 15hel]l required per 100-yd. ag.*s+*
H s of H : $ ve- 3temp.s period sProtected sProtected by gas mask
3 1 de 3 3 tlocity: 3 ik s gas mask sand impregnated cloth.
: 19352 L 3 3 :n.p.fga OF.3 3 & 1
A sMay 23 39153 a.m.0pen $ Damp 3 3.2 1 59 :Firing and following 26 s 71
: s soountry s : : 110 min, s s .
B :June 1119106 someDitto 3 Dry 3 5,3 3 68 iDitto s 14 : 138
~T g, & 16355 a.msDitto s Dry s 1,6 : 81 :Ditto 3 ] 3 1
Tﬁsmhl."é""s 15125 P.maDitto 3 Dry & 2¢9 1 83 iDitte T - 8 3 130
: s 3 s 3 : : s s
E iMay 18 35321 p.msDitto 3 Wet s 4,0 : 71 ;Firing and following 14 : 20
t | s 3 [} 115 min, _ [ [
“F "iJune 15616100 p.me Ditte 1 Dry s 2,0 : 69 :Firing and following 10 ' £3
3 3 .8 s [ 3 320 min, : :
G sduly 61163110 p.ms Woods 3 Demp 3 O* 3 B8 sFiring and following 6 : E13
3 3 3 3 3 322 min, ] 3
“H  siug, 1136146 p.miDitto 3 Dsmp 3 O%*s 72 sDitto s 8 s [V
T 15¢pt. 1016510 p.Mes Ditto s Demp 3 O%*: 172 ;Ditte : 12 1 31

*In open country near target the wind volocit); was 4.0 m.peh.
**Only slight drift in open ocountry near target, same as on target in woods.

*#»Total exposure period was about 26 min, inoluding the firing period.
s##45hell required per 100-yd. sq. is the number required to produce 50% casualties

among persomnel exposed to the fire,

Of the 596 shell fired 110, or approximately 18.5%, produced low order bursts or Juds.
A summary of the duds and low order bursts is giveh in Table 1 included in this report,.




Average results for each meteorological snd terrain
condition are given in table 3, The results in this table show that
when personnel are protected by gas mask only and the target is
located in open country, the following number of shell are regquired
per 100~yd, sq, to produce 507% casualties:

Period Temp, gradient Shell required

Betweon 1 hr, after sunrise
and 1 hr, before sunset Zero About 20 shell

Between 1 hr, before sunset

and 1 hr, after sunrise Inversion About 10 shell

When the targed is located in woods and the shell are
fired between 1 hr, before sunset and 1 hr, after sunrise, about 9 shell
per 100~yd, 8qe. are required,

Table 3,

Results under Various Terrsin
snd Meveerologiocal Conditions

Test: Time slerrain: Wimd : Air : Exposure 1Nos of shell per 100wydesq.
: : : vVee 3temp,: period :Protected sProtected by gas
: : slosity: : + by smaskand standard
3 3 g 3 ) _1gas mask simpregnated clothing
: t tM.pahet OF, 1 & g

AyB sAbout 4 0pem 1 342 3 59 tdbout 25 mins 20 ¢ 20 to 180
shroafterscountry:r to 1 to iineoluding H
isunrise i t b5e3 1 68 firing : 3

TaD,11 hr, bew Open 1 1.6 1 69 3Ditto t 10 1 20 to 130

E,F iforesunwioountry: to 1 %e 3 :
tset to 1o : 4,0 : 81 3 4
thre.after: s 3 3 g $
tsunrise 3 1 3 z 3 z

G,H,11 hr.Be=iWoods : O 1 72 iDitto ) 9 t 20 to 180

I fore sun= t 1 to 1 t 3

130t to 1 3 1 83 1 : 3
threafter: 3 t 3 3 )
tsunrise 3 : : 3 3 3




The results in table 3 are based on tests fired during
late spring and summer at a time when the air temperature was betwsen
59° and 83°F, and the wind velocity between O and 5.3 mypehe Thecretiw
cally, if the air temperature had been lower or the wind velooity higher,
additional shell would have been required for effective results so that
the figures given in table 3 only apply when the temperature iz in excess of
59°F. snd the wind velocity less than 5,3 m.peh. Under less favorable
meteorological conditions, additional shell would be required for equally
offective results,

The results in table 3 showed little difference in the
sffeotiveness of HS=filled howitzer shell when fired for impact in weoods
and in open country, under the same meteorological conditions, This was
due to the fact that in the tests conducted thers were very few tree
impacts whioh produced air bursts so that the only adventage in woods
in these tests was to reduce air travel, Reduced air travel results
in a higher vapor concentration that persists for a longer period,

To obtain most effective results when using HS=filled
156=-mm, howitzer shell, whether fired for impact in woods or open country,
the time selected should be between sunset and sunrise following & warm
day, at a time when the wind veloocity is less than 4 m.p.h,

E. ©Persistence of HS om Target.

In two of the tests conduoted, vapor samples were taken
on the target at sampling positions on the day following the shelling
and in all the tests animals were exposed in shell craters for a period
of 24 hr, after various time periods which varied in the wvarious tests
from one to 17 days after the target was shelled,

Results showed the presence of HS vapor on the target,
on the day following shelling, in a sufficiently strong concentration
to prevent the target area being ocoupied for a period of 3 or 4 hr,
by personnel without oomplete gas protection, The gas concentration
was not strong enough to require personnel to mask when exposed only
for the short period required to cross the impact areas,

The persistence of liguid HS in shell craters is shomn
by animal date given in table 4, which follows, The results show that
in some tests there were no animal casualties after the third day,
end in other tests animal casualties were produced for a period in
oxcess of 17 days after firing the shell, The variations in these
results were probably due to the condition of the ground at the time
the area was shelled and meteorologioal conditions which followed,

The results indicate that unless the HS in shell oraters is neutralized,
casualties may be produced if the impact area is occuplied in warm

weather, within 17 days after being shelled, by personnel without
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complete gas protection.

Table 4.

Persistence of in Shell Craters,

T Test 1 Resuits of animal tesis on exposure for & period of 24 hre
Days after target was shelled : Did animals show casuslty
t offects » yes or ne

: yes

ne

yes

yes

yos

yos

yeos

Yeos

ne

no

yeos

1o

yeos

yes

no

ne

yes

yes
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Ve DISCUSSION.

Ae Suitability of Remaining Shell for Service,

In tests conducted, the shell showed about 18% duds and
low=order bursts but there were no premsture bursts in the firimg,.
The number of duds end low-order bursts was abnormally lerge. It is
understood that the total War Reserve of HS-filled 165~mm, howlitzer
shells in the continental limits of the United States totals about
6,623, of which those fired in these tests are representative. Sinoce
these are the only shells of this type avjiladble for immediate use and
they are apparently not dangerous to use, they should be retained in
the War Reserve,
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Be Future Tests of HS-Filled 156=mm, Howitszer Shell,

It is believed that a test should be conducted using
156-mm, howitzer shell filled with HS to comply with present standard
specifications to compare resulte with the present tests,

Vi, CONCLUSIONS,
It is concluded that:

l¢ VWhen the HS-filled 155-mm, howitzer shell now in
Year Reserve are equipped with the Mk, III fuze and fired for impact
burst at a range of about 5,200 yd., approximately 18% of the shell
may be expected to be duds or produce low-order bursts,

24 The shell represented by those tested should be
retained for future service use,

3. The following number of shell per 100wyd.sqe are
required to produce 50% casuslties when personnel are protected by
gas mask only, the shell sare fired when the temperature is above E9°F,
and the wind is not appreciably above 5 m.p.hs on the impact area:

8 When fired withip the period between one hour
after sunrise and one hour before sunset = sbout 20 shell,

be When fired within the period between one hour
before sunset and one hour after sunrise = about 10:shell,

4, The following number of shell per 100-yd, sq., are
required to produce 50% casuslties when personnel are protected by
ges mask and standard impregnated clothing end the temperature is above
the freezing point of HS:

8. Under normal soil conditions <« about 38 shell,
bs When the surface soil is dry and sandy =
over 100 shell,

ViIi. RECOMMENDATIONS .

It is recommended that:

1, The remsining HS=filled 166=mm, howitzer shell in
VWar Reserve be retained for service,



: 2. A test be oconducted using HS=filled 156=mm,
howitzer shell meeting present standard specifications for the
purpose of comparing the casualty-producing effects with those
obtained in the tests covered by this report,

= )8 =



REVIEWER'S NOTE

It is believed that the fundemental data on whieh
the interpretation of field test results are based are insuffiocient
and unreliable for the purpose for which they have been used and
that such data as exist have been improperly interpreted, This
applies particularly to the interpretation of vespor eonceatration
deta and panel data, It is also bdelieved that the assumption
of direot proportionality between shell bursts and casunlties for
the entire rsnge between O and 100X ecasualties is open to serious
Objection especially for the higher percentages., In extenuation
it may be said that reliable and adequate basic data do not exist
and their procurement presents almost insuperable diffioculties,
and that the correet relationship between shell bursts and casuale
ties, for the entire range of ocasualties, involves a rigorous
mathematical analysis which is not now available, In view of these
facts it should be considered that the conclusions and recommendstions
of this report are not adequately substantiated,

C.A.R.
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REPORT OF TEST
OF :
HSwFILLED 165-mm. SHELL FROM WAR RESERVE

(Februery 16 and 17,1932)

1, Thirty~-six ges shell, Mk, II, loaded with HS for 155-nm,
howitzer, were taken at rendom from each of four lots in War Reserve
to determine if they functioned normally when fired from service
weapons, for impaot burst, when using & renge of about 5,000 yd,
These tests were suthorized in the first paragraph of the 3rd indorse=-
ment dated Ooctober 22, 1931, from Ordnance Officer, Washington, D.C.,
to Ordnance Officer, Edgewood Arsenal, file C,W.S. 47;/211, as follows:
"You are suthorized to turn over to the Chemical Warfare Service 50
MVI=B Adepters and Boosters, and 200 Shell, Gas, HS, MII, for 156-rm,
Howitzer for firing tests, Shells used in the firing tests will be
fused with serviocesble MIII P,D, fuzes, The functioning of the shell
will be observed and reported to this office, Money value of ammunition
expended in this test will be reported (see 0,D. Order No. 8, dated
January 12, 1931), If these shells are found to be satisfactory for an
offective fleld concentration test, you will be authorized to 1ssue an
additional 600 upon request,” Before the shell were fired, the distanoce
the booster extended from the nose of the shell was measured, and the
number of threads exposed on the boosters was counted, A few shell
in each of the three lots could not be used on account of having dis-,
torted sdapters which interfered with the assembly of the fuzes, In
the fourth lot, the sdapters were retapped before the shell were taken
to the field so that the total 36 shell weres fired, After firing
all the shell, an examination of thres duds found on top of the ground
showed that feilure to function was due in each case to a defective
fuse, The following results were obtained from each of the four lots:

[0 Resulte of Lot 3060=],

Duda = 2, With 4 and € threads exposed respectively.
Low order of bursts = 3 with 3, 4, and 7 threads exposed,
Normal bursts = 31 with 3 to 6 threads exposed.

_13. Results from Lot 3b=lwl4,

Duds -~ 1, With 8 threads exposed,
Low order of burests - 2 wAth 5 threads exposed each,
Normsl bursts = 28 with 3 to 8 threads exposed each.

Appendix "A" -1l



6o Results from Lot 35~1w1%,

Duds = 5, With 3, 6, 6, 6, sand 7 threads exposed
respectively, Low order of bursts = 3 with 3, 4, and
6 threads exposed respectively. Normal bursts =

26 with 3 to 7 threads exposed,

d. Results from Lot 35=1l«16,

Duds = 4, With 4, 4, 6, and 7 threads exposed
respectively, Low order of burste - 2 with 4 threads
exposed ench, Normal bursts -~ 26 with & to 8 threads
exposed,

Tables covering the results of all of the shell fired
acoompany thls report,

2e Conclusions.

8o The distance the booster extende from the nose of the

- shell has little or no effeoct on the order of bursts
when not exceeding the distance esquivalent to eight
threads,

be The shell in War Reserve are satisfactory for use in
~ tests to obtain vapor concentration dete for HS-filled
155«mm, howitzer shell,

3. Recommendations,

&« Thaet in accordance with request in the 3rd paragraph of
the 3rd indorsement dated Ooctober 22, 1831, from Ordnance
Office, Washington, D.C., to Ordnance Officer, E.A,, &
proposed program of teste of the remeining 500 shell bs
prepared to include object and ranges, so that information
will be available for the Ordnance Department to furnish
the proper powder charges and so that the program can be
incorporated in an Ordnance Committee Item on War Reserve
Tests.

b, Iniusing these shell, that the adapters be retapped
before the shell are taken to the field.

Appendix "A" -2-



B,G. MACINTIRE,
Chief, Field Test Department,
Engineeing Division,

Recommending Approvals

CHARLES E, LOUCKS,
Captain, CoW.5.,
Chief, Engineering Division,

Approval,

E. MONTGOMER ,
Major, C,W.S,,
March 24, 1932, Techmnical Director,
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Teble No. 1 ,

11, Gas, Mk II, Loaded with HS for 155-tm. Howitzer

She
ZFob:‘ruAry 17, 19525 .

/ Lot 3050-1

“Fmber : : T Aversge : Booster : Height :Threads:Firing: : :
' : 3 evation:Lot Nmbor:or Boo-t_Bond:mugi g0 3 Burst : _ Remarks*
1 : L g:oo: 400 : 13887-5 : 17/32 : 4 : OK : 4 : QK :
8 1 L :5100: 400 : -5 : 11/18 :« 6 : " : & : d :
S : L :6100: 400 -4 : 2/32 : 6 : " : & " : 200-yd. short
4 : L :05100: 400 -5 : 11/18 : 6 ¢ " : 4 " I
. 6 : L : 85100z 400 -5 : 5/8 : 5 ¢ " 4 " :
6 ¢ L :5100: 400 -6 : 21/328 : 6 : " : & : " :
? : L :8100: 400 : % : 17/32 : & : " : 4 " : 200-yd. over
8 : L :5100: 400 : -4 : 5/8 : 5 0" 4 " :

< 9 '+ L ; 5100t 400 : -4 : B5/8 : 5 1 " : 4 " : 200-yd. cver

.10 ¢ L g 5100: 400 : -5 : 1/2 : 3 0" 4 " :

11 ¢ L :5100: 400 : -8 : 3/4 : 6 : " 4 " :

.18 .t L 251003 400 -5 : 17/32 : 4 : " : 4 " : 200-yd. short
13 ¢ L :81b0: 400 -5 : 5/8 : 5 0" o 4 n : .
4 t L 38l00: 400 -5 : 3/4 T 6 : " : 4 " :

M 3 L 3 5100; 400 -5 : 5/8 : 4 " : 4 " : 200-yd, over
16 : L : 5100: 400 5 : 1/2 : 3 0" o 4 " :

17 : L : 5100t 400 : -5 : 1/2 : 3 0" o 4 " :
18 1..L 3 5100: 400 : <7 : 1118 : 6 : " : 4& " :
19 : L :5100: 400 -4 : 1/2 : 3 ;0" o4 " :
8 : L :B5100: 400 : -5 : o/f32 : 2 : " : 4 " . : 100-yd. short
8 : L :35100: 400 : - : 5/8 : 5 " : 4 " : 100-yd. over
B2 : L :5100: 400 : 5 : 7/8 T 7 " 3 4 low order : 100-yd. over
8 L : 85100: 400 -3 : 5/8 4 v "™ o 4 CK :
8 - : L :5100: 400 : -4 : 5/8 : 4 0" o 4 " :
25 : L : 5100z 400 -4 : 5/8 T 4 0" o 4 " : 200-yd. over
" 8 : L 31 85100 400 : -3 : 21/32 : 5 "o 4 " :
87 : L :5100: 400: : % : 5/8 : 4 " 4 " : 100-yd, short
88 3 'L :5100: 400 -4 3 5/8 : 4 LIRS " :
8 : L :5100: 400 : <5 : 5/8 : 4 0" 4 " :
. 8% : L 15100 400 -4 3 1/2 : 3 " 4 low order : ud
. 3 : L :5100: 400 -11: 35/8 T 4 0" o4 " : 200-va, over
= gRt LT BI00: 40 -5 : 11716 ¢« 5 : " : 4& 0K :
S : L : 5100; 400 - : 11/16 : 6 : " : 4 " :
8¢ : L 851005 400 : -5 : 5/8 : 4 0" 4 s dud H
. 88 3 L :85100: 400 : =5 1 23/32 : 6 : " : 4 . dud : 100-yd. short
3 : L -:5100: 400 -6 : 1/2 i 03 "o 4 0K : 200-yd. over
»
‘ * Rstimates
SBAURY
- ' Shell Iumber of Threads Exposed
2 Duds 4 and 6
3 Low arder 7, 3, and 4
31 Normel dursts 3%08

Values given in column headed "Average Elewation™, were obtnined from the Battery Commander
who did not record the’ individual elevation asettings for each shot. The valuss do however,
E anmt :pprozi.utoly the average elevation for the lot designated and at the time fired.
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Table o, 2

932

7,

X II, Loaded with HS for 155-tm, Howitzer
o
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Valuss given in oclumn hesded "Aversge Elevation", were obtained from the battery Commander

who did not reeord the individual elevation settings for each shot.

The walues do however,

represent approxisxiely the average elevation for the lot designated and at the time fired.
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Lot 35-1-13
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(February 15, 1232)

Shell, Ges, &k II, loaded with HS for 155-zx., Howitzer
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The wvalues do however,

osed

3,5,6,5, and 7
4,3, and 5

3t 7

3 Low order of
bursts
26 Normal bursts

5 Duds

* Estimates

represent approximately the average elevation for the lot desigisted and at the time fired.

Values given in column headed "Average Elevation", were obtained from the Batte

who did not record the individual elevation settings for each shot.




Table No. 4

Shell, Ges, ik II, Loaded with HS for 155-mm. Howitzer
{February 17, 1932) -

Lot 35-1-18
ilumber : Zone : : Average : Booster iigeight :Threads:Firing: :
of Shell:ﬁe;@t:ﬁ_u_nge:Elevation:Lot Numbex:of Booster:Exposed:iction:Charge: Burst Remarks *
; oy e , 1/32 : 5 , ) : Fuse would not assem 3
: : : H 7 s 21, : : s F -3
' :lisht :5100 . e : 198070 : : : : ble(adapter distorted):
2 " ;5100 s 410 -6 gl/32 : 5 0K : 4 CK :
3 : "™ 5100 : 410 : -6 : 17/32 : 4 : " : 4 " :
4 : "™ :5100: 410 -4 : 15/32 : 3 "L 4 " :
5 : ™ 5100 : 410 -5 19/32 : 5 "o 4. " : Shert
6 : "™ :5100: 410 : -6 : 25/32 : 7?7 : " : 4 Dud : "
7 ¢ "™ :5100: 410 -5 5/8 5 : Fuse would not assem- :
: : H : . : : ble(adapter distorted):
g8 i v ;5100 : 410 -4 5/8 5 : Fuse would not assem- :
: : : : : : ble(adapter distorted) :
9 " :5100 : 410 -5 : 1/2 4 0K : 4 Low order :
10 " 35100 @ 410 -4 : 17/32 4 " 4 cx
11 ®  :5100 ; 410 - : ©5/8 5 " 4 "
12 " :5100 : 410 : -4 5,/ S v 4 "
2 " 315100 ¢ 410 -8 /16 4 "o 4 "
14 : " :5100: 410 : -6 15/32 : S : " :
5 = v :5100 @ 410 -5 £/8 : 5 oK 4 " : Cver
16 " 15100 ¢ 410 -6 g/l6 : 4 " 4 "
17 " :5100 @ 410 -4 1¢/32 5 : " 4 "
16 " 5100 ¢ 410 -5 5/8 : 5 o om 4 "
19 " ;5100 : 410 -4 5/8 : 5 v 4 "
20 " 15100 ¢ 410 -G 1/2 4 " 4 "
21 n ;5100 ¢ 410 -5 1/2 R "
22 : " :5100 410 -4 o/1¢ 4 " o 4 Dud : Cver
23 ;3 ™ 15100 : 410 -5 : 1/2 4 "o 4 '
24 : "™ :5100 : 410 -5 : 9/1¢ 4 o Gl .
25 " 35100 ¢+ 410 -5 : 17/32 % " 4 ~ud 1 short
26  :1 zome:5100 : 410 -4 17/32 4 Low order
27 ; " 5100 : 410 -5 25/32 7 oK 4 Ik :
28  :light :5100 ¢ 410 -6 7/8 : o room 4 " :
29 : "  :5100: 410 -3 w/E2 ¢ 3 oz om 4 " :
30 A :5100 : 410 : -4 5/8 . 5 . w 4 " :
31 :1 zone:5100 : 410 -5 3/4 - L T " :
32 :1ight :5100 410 : =0 19/32 : 5 : " 4 Jud : Soft ground
33 ¢ "™ 5100 : 410 -5 i 23/32 6 2 m i 0K :
34 i1 zome:5100 : 410 : -5 : 23/32 6 : ruse would not assen~ :
: : : : : : : : ble(edapter distorted):
35 :1light :5100 ;' 410 -5 : 1l¢/32 : 4 :+ % 4 2 UK :
36 " :5100 3 410 ¥ -5 : 13/16 7 - 4 : " :
® The shorts and overs recorded in this colurm represent estimates amounting
to 100 to 200 yards.
AY
SUALRY
Shell junber of Threeds Exposed
4 Duds 4, 4, 5, and 7
2 Low order of bursts 4 and 4
28 Tormal bursts 3 to 8

values given in column headed "Average Llevation", were obtained fici:
wi.o did not record the individual elevation settings for each shot.

*he lLattery Commander

e values do however,

represent approximately the average elevation for the lot designated and at the time fired.
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Se lloteorolg{ical Conditions.

The following meteorological conditions prevailed
during the firlng period and the periods following during whioh wvapor
samples were taken and animals were exposed on the target area:

Date May 23, 1932

Time w 9353 to 10320 a.m, = 10320 to 11:10 a.ms = 11:10 a.m,
to 3110

4ir temperature °F, " 69 - 60 = 60 to 67

Ground temperature °F, = 74 to 77 - 77 to 83 = 83 to 96

Ground condition = =~ demp - damp «  damp

Relative humidity % - 64 to 60 - 60 to 58 = 58 to 60

Wind velocity mepehe = 3.2 - be0 - 6,2

Wind direotion «NE to SE to § to SW ~ SE to § = 5 to SW

Sky = Hazy to olear = Hazy to oclear =  cleer

Date - May 24,1932 - May 26,1932

Time «10335 a,m, to 2:30 pems = 10:30 aem, to 2:30 p.m,

Air temperature °F, - 67 to T4 - 72 to 79

Ground temperature °F, = 83 to 96 - 86 to 99

Ground condition @ = dry - dry

Relative humidity % - 90 to 76 - 90 to 64

Wind velooity mep.he = 5,3 - 7.5

Sky - olear - olear

a. Liquid HS,

(1) Size of HS Drops. The distribution of liquid HS
by shell burst, was registered by means of paper panels eight inches
square, placed flat on the ground over the target area, at intervals
of ten yards, and also by tin plates of the same size, having a coating
sonsitive to HS 1liquid, which were placed beside the pg er panels. The
tin plates proved unsatisfactory due to difficulty in detecting the very
fine drops of HS, The results on the paper panels were summarized for
density of pattern and for size of drops in excess of 0,06 mg, The
panels having drops in excess of 0,05 mg. are tabulated in the following
table:
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Table Nog 1.

Size of HS Drops

——— ——e

Ro, of Wo. of panels with HS drops in excess of 0,00

H
drops per 5 o0b t0 § 0,101 to 1 460l to : 1,01 to 3 Over 5.
penel t ol mg. ¢t O,6mg, 3 1,0mgs t 3.0 mgs t  mg.
1 s 1 3 ) 7 3 3 s 7
2 to 10 H 9 3 19 3 12 : 12 : b
11 to 20 3 3 1 2 s 1 3 s
] 4 ) 3 2 ]

Over 20

Total panels having drops of ,056 mg. or greater - 33
Totel panels exposed on target area ~ 231

(2) @Estimated Man Casualties from Liquid HS,

(a) Man Protected with Gas Mask Only. The
paper panels were tabulated for demsity of pattern produced by the liquid
HS, using the gradings heavy, medium, light, and trace, corresponding to
the scale of gradings shown in the photostatioc copy attached to thia
report. The panel gradings are tebulated in Teble 2, which follows,
together with estimated men casualties:

Table Noe 24

Bstimated Man Casualties on Target Area from
Liguid HS

Panels contaminated i Lstimated Men ocasualties
No. 3 Per cent of swhen man is protected with

Panel
pattern

3

3

} total : as mask

n 3 n j’i
Heavy 1 14 6.l $ 6el
Medium 18 3 7.8 3 Te8
Light :+ 256 1 10,9 : 867
Trace s 41 : 17,8 3 10,7
Noe. HS 1 132 5794 : -
ota T 230 1 100.0 : i 1 7%

The position of shell craters end estimated man casuklties from liquid
HS are showm on Chart 2,
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Note: The estimeted man cesualties, as given in Teble 2,
above, are based on estimates furnished by the Proteotive Development
Division in memorendum of Ooct, 22, 1931, to the Engineering Division,
a8 follows:

Penel : Estimeted men casuelties through standard

pattern: issue of unigéregggted clothing
:

Heevy 1 100
Medium: 100
Light « 80
Trace 3 60

(b) Men Protected with Gas Mask and
Standard Impregnated Clothing.

The paper paneles (8 in, by 8 in.) were tabulated for
number and size of HS drops in exocess of 0,6 mg., The results of the
tabulation together with estimated man casualties are given in the
following tablé:

Table No. &,

T Sige of 1 No., of 1t Estimated man cesualties
HS drops :+ panels : when man is protected with
: t gas mask and impregnated
$ 3 clothi
ng. i t % per panel 1 % on entire aree
0eb to 1.0 : 6 H 40 : 1,0
__Over 1.0 : 19 ) 100 3 8.2
Total : 2b 3 ) 942

Note: The percent estimted men cesualties given in the last
column is based on laboratory teste by the Protective Development Division
as given in memorsndum of August 6, 1931, to the Technicael Director.
Leboratory tests showed that liquid HS penetrated two layers of stenderd
proteoctive clothing and produced casualties as follows:
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HS drops 0.5 mg. in size =~ 40% men casualties
HS L 0.7 n n " - 80% " L]
HS " 0.8 "

L n .10% n L]

be Estimated Men Casualties from HS Vapor When Man
is Protected with Uas Mask Only.

Sempling machines were placed to take vepor semplss
at positions indicated on Chart No, l¢ 1In each of the tables which
follow, representing different sempling periods, the sampling positions
used are designated. The HS vapor ooncentration, c.t. value, and
per cent estimeted man casualties, as estimated from the vapor con=
centrations, are also included in each of the tables. The c.t. value
is egual to the vapor coneentretion in milligrems per liter times the
exposure period in minutes, Estimated man casualties are based on the
c.t. value using the valuation ourve given in Graph No. 1, attached to
this reports The per cent estimmted man cesualties in the following
tables represent man protected with gas mask dbut without the protection
of impregnated clothing:

(1) On the Target Area.

(e) Firing Period Plus Ten Minutes,

Table No. 4.

SemplingsElevatlon:Vol, of :Sampling:s BS 1t Vapors c.bG,:Estimated men

position: of tair sem=; period :samplediconcn.ivaluescasualties when

s sample ; pled : 3 : : men 1s protected
H : H : t : swith ges mask
: 3 H : 3 ) : only
s fte 1 liters : min., : mg. mg./l.: s

F o 0 s 824 1 253 1 0.4 11,0006 ;3 L,Ol2: 17

K 3 l s 964 1 27 1 0.4 11,0004 : .01l: 16

0 0 s 1326 ¢ 31 i le2 13,0011 : .OB4: 45

G 3 0 : JP64 1 29 : 0.0 3,0 t +0 1 (o}

L* 1 : 608 : 34 1 2,6 3:,0041 : .14 : 100

P : 0 ) s 37 t 16,0 13,0112 : .41 : 100

1342
? E—— Av,

*The sample at positicim L, does not represent the whole sempling period as
the sampling machine wes put out of commission due to effects of shell fire,
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(b) Fifty Minute Period, Beginning Ten
Minutes after Cessation of Fire,

Teble No. 6.

SemplingiElevationiVol., of iSampling: HS 1 Vapor: C.t.:Estimated men

position: of tair sam-: period :sampled:ooncn,:value:casualties when
: semple 1 pled s : : sman is protected
3 1 3 : : 3 swith ges mask only
s L, s liters ¢+ min. 1 mg. mg./le: ) é
F 0 : 1932 : 64 t 0,0 :,0 : = -
K 3 1 t 1940 1 55 i1 0,6 14,0003 : ,016: 25
0 3 0 t 1966 31 56 1 0,8 31,0004 : ,022: 33
G 3 0 s 930 s 62 t 1.0 :,0011 : ,057: 64
P 3 0 1 1966 : 66 3 6s1 1,003 3 (170: 100

44 Av.‘

(e¢) Firing Period Plus Ome Hour.,

Table No. 6.

Sampling:ElevationiVol., of iSampling:s HS ¢ Vapors c.t.:Estimated man

position: of tair sam=3; periodisampled:conan,svaluescasualties when
: sample : pled : : : sman is protected
3 : 3 1 ) t swith gas mask only
K s B s liters : min., : mg, smg./f.: P %
F ] 0 : 2766 1 17 t Oud 10,0002 3 ,012: 16
K | 1l : 2894 ; 82 t 1.0 340008 s 027 39
(o] 3 0 t 3092 : 86 3 2.0 13,0006 : 0523 80
G 1 0 t 1984 : 81 1 ld0 140006 1 (O41: 51
L ! 1 s 1608 1 34 t 3.1 10018 : ,064: 69
P 3 0 1 3308 : 92 t 2lsl 31,0063 1 .68 3 100
B : 1 : 2640 : 75 : O t 0 1 01 0
3 : 1 s 1670 : 46 t 1.9 ¢ 40011: L,051: 60
T t 1 1 4436 1 122 st 59.2 3.0138 11.68 : 100
(d) Four Hour Period Be 1nnin5L9ne Hour
After Cessation of Fire,
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Table No. 7.

Sempling:Elevetion:Vol, of iSampling: HS ¢ Vepor: c.t.:Bstimated man

position: of sair same; period isampled:concn,:valuescasualties when

ssample s pled : 3 3 3 smmen is protected
3 3 $ $ 1 swith gas maesk oply
T ft. 1 liters : min, 1 mg. amg./l.t :

F 3 0 : 8540 31 235 s 0 s 0 1 0 0

K 3 1 s 8360 1 230 : O : 0 ¢ O 0

0 Y ¢ 8120 : 227 3 : 1 Semple lost

G 3 0 s 8280 : 231 t 0 ) 0 1+ 0 0

L 3 1 : 4000 1 220 1 1.7 s ,0004: ,088;: 86

L 1 s 4000 ¢ 220 t ld0 3 ,0003: 0663 70

L 3 2 : 4000 3 220 3 le7 1 ,0004: ,088;: 86

L 3 4 s 4000 : 220 1 lost 3 ®» : e -

B 3 1 : 8460 : 240 1 O t: 0 : 0 0

T : 1l : 6620 1 186 t 442 1,00068: 11 :+ 100

P 3 0 : 7020 : 196 t 0.4 1,00006: o012: 16

(e) Four Hour Period on Day Following Test:
m 8els O 2136 Poellie , Mﬁy 21, °

Table No, 8.

Sempling:Elevation:Vol. of iSempling: HS  sVEPOT & C.t.thetimated man

position: of tair sam~: period :sampled:soncn,:velueicasualties when
s sample : pled : : : sman is protected
3 3 : : : : iwith gas mask only
steke No,: 7t, s+ liters + min, :+ mg. wmg./let 1 é
172 1l s 4200 1 240 1 0,0 13,0000 3 00 o}
"o 2 : "y " t 040 13,0000 1 .00 : 0
" 4 : "o " t 0,0 3,0000 ;3 ,00 3 0
209 3 1 T 4270 1 280 1 1.2 10008 : ,0721 76
" 2 t L t 0,0 13,0000 ;: (00 ; 0
Ty 4 : " 32 T &+ 0,0 13,0000 : .00 : 0
110 1 t 4260 1 28 t 0.0 13,0000 : o00 : 0
" 2 : "o " S S N T "
" 4 t L T g " 3 " ", "
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(f)  Four Hour Feriod 2nd Dey Following Test:
§IO:55 Bele t0 2130 DPely, Moy 25, 1952 )

Table No. 9,

Sempling:ElevationiVol. of :Sempling: HS ¢ Vepor: o.%.:Estimeted san

position: of tair sem=-: period :semplediconon,ivaluescasualties when
t ssmple 1 pled H 3 ) 3 man is proteoted
1 3 3 3 3 3 swith gas mask only
Steke No.: %, t liters 3+ min, 1 mg. mg./l.: : é
110 ] 1l 1 4360 3 240 t 0,0 :,0000 3:,00 0
" : 2 3 L TR : T TN S | 0
" 3 4 : N t W D N 0
172 1 T 4260 1 288 1 0.0 140000 3 400 3 0
" : 2 : L T : L T S o]
" : 4 SRR S A DR B 0
216 : 1 1 4200 3 235 t 0,0 :,0000 3 00 : 0
" : 2 : LA S : L T 0
: 4 ? "o " 3 MR I A 0

(2) Outside of Target Area.

(a) Firing Period Plus One Hour,

Table No., 10,

Sampling:Elevation:Volume :Sempling: HS  sVapor & O.t.iEstimated man

position: of :of air: period isampled:conon,:valueicesualties when
: sample :sampled : 3 1 mman is protected
3 3 : : 3 3 swith ges mask only
'S £ s literss min, : mge. mg./l.: :
E s 1l $ 1420 3+ 79 t 0,0 340000 2+ O 0
E 3 2 s " " 1 0,0 31,0000 : O 0
B 3 4 t T 1 " 3 0,0 13,0000t 0 0
I b T 1400 1 82 ¢ 108% 31,0000 ¢t O 3 0
" : 2 1 " " 3 0,4 13,0008 & ,024: 35
" 4 : " " 3 0.8 31,0008 : ,049: 60
g p) : 14803 6% 3 040 13,0000 3 , 3 )
L 2 : " 3 " 3 0,6 13,0004 : ,084: 45
S 4 A " 1 0,0 31,0000 : .00 3 0
M : 1 : 1690 + 89 3 1.7 13,0011 s ,088: 92
" s 2 s " n 3 1,0 31,0008 ; ,05%5: 62
"oy 4 : " 3 " 3 1,0 31,0006 : .063: 62
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Table 10 (Cont'd.)

Sampling:ElevationiVol, of :Sampling: HS & VADOr: O.%. EsCimated man

position: of iair sam-; period :Sampled:Conon, :ivelueiocasualties when
+ sample : pled 3 H t : sman is proteoted
$ ' ! : 3 t  wwith gas mask only
H ft. H litcr. t min, : mg. lmgcﬁo H 3 é
N : 1 s 1600 88 t 0,6 1 ,0004: ,035: 47
n : 2 : "o " 3 0,0 1 ,0000; ,00 : v}
" : 4 : " " 3 1,2 1 ,0007: ,061s 66
Q : 1 : 1670 1 92 t 1,0 1 400063 .066: 62
" 3 2 1 " 3 " t 1.0 : ,0006: ,055; 62
" t 4 : "3 " t 0,8 1 ,00065: ,046: 55
) 3 1 T 835 1 46 1 0,6 1 o00071 0522 44
" : 2 : "o " 3 0.8 : ,0010: ,046: 55
" ! 4 ! " " 3 0s4 : 400053 ,023; 33
T 3 1 ¢ 2218 ¢ 122 & 0,0 ¢t ,0000: .00 3 0
" : 2 : "o "t 0,0 3 40000: ,00 3 0
" : 4 : g "3 1.2 1 4,0005:,061 66
A : 1 T 1820 1 756 1t 1.8 1t <0018 .10 1 7%
" t 2 : " "3 1.9 1 J0014: 11 : 100
" : 4 : "o " 1 044 1 ,0003: 02 30

(b) Four Hour Period Be ing One Hour
Afer Cessation ofTiQm

Teble No., 1le

Sampling:Elevation:Vol, of :Sampling: HS & Vapor: o.t.:Estimated man

position: of sair sam=-: period :samplediconcn,svalueicasualties when
s+ sample : pled H 3 s sman is protected
$ : : ! : 3 twith gas mask only
T TTe ¢ liters ¢ min., 1 mge. mg./les s %
H : 1 t 4140 : 231 $ 06 :3,00014: ,032: 46
" 1 2 : " : " t 060 11,0000 ¢ .00 ¢ 0
" 1 4 : " : " 3 060 31,0000 : 400 0
N s 1 1 3940 ¢ 220 1 1,0 1.,00025: ,0661¢ 63
" T 2 : " s " t 1,0 1,00025: 0663 63
" t 4 : " : " t 0,6 1,00016: ,033: 47
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S Estimated Man Casualties Based on Effects on Animals,

Animals were placed on the target area and at positions
downwind from the target area to determine effects of the gas ooncen=-
tration set up end how long the 1liquid HS persisted on the impact area,

The position of the animals, as exposed during the various exposure periods,
iz shown on Charts 1, 7, 8, 9, and 10, The animal casualties and estimsted
man casualties, are given in the tables which follow. The men ocasualties
are estimates made by the Medical Research Division whioh observed and
studied the effects on all animals exposed, Estimated man casualties,
based on effects on animals are shown on Charts 11, 12, 12A, and 13,

In the tables, the following symbols are used to designate the nature of
the animal ocasualty:

L = Gross pathology of lung.

R « Respiratory symptoms,

S = First degree skin burn,
Sz = Seoond " " "
Sz = Third " " "
E = Simple conjunotivitis
Ez = Purulent "

In all tables, per ocent estimated men casualties based on effects on
animels are given as 0 or 100#, depending entirely on whether each animal
represented a positive result or not.

(1) On Target Area.

(a) Firing Period end Following Ten Minutes,

During the firing period and following ten minutes,
eighteen rats and sixteen goats were exposed on the target area. Animal
casualties and estimated men casualties, when man is protected with gas
mask only, are tabulated in Tables 12A and 12B, below, The position
of the animals on the target area, ies shown on Chart 7,
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Table No. 12A,

RATS

Position: Nature : Severity

1 "Remarks

iEstim ted man

of : of of : scasualties when
steke i1casualtyicasualty iman is proteoted
—t 3 swith gas mask onl
66 1 jﬁ;§ t Severe sBurns on feet, Casualty in: éo@o
3 s t 24 hr, 3
U1 :+ E 1 Moderate :iCasualty In 24 hr, : 0
99 : ELS. 1 Death tBurns on feet, Casualty in: 100
: : 6 hr, Death in 4 days.:
139 ¢ ELS &1 " tBurne on feet. Casutlty in: 100
: 3 t 12 hr, Death in 4 days.:
17 1 EL & T iCasualty in 12 hr. Death 160
s $ 3 __in 7 days,. 3
183 E,S 1 Severe :Burns on feet. Casualty in 100
: : s 6 hr, ]
227 & BES 1 Moderate sBurns on feet. Casualty in : 100
3 3 : 18 hr, :
Per cent Casualties - tRats 39% :Man 33

Table No., 12B.

GOATS

FPosition: Nabure : Severity

“Remarks

1Estimated man

:
of t of :  of s toasualties when
stake jocasualty: casuslty tman is protected
: 3 : twith gas mask only
~ 73 1 EE s Moderate :Casualty in 12 hr, $ 0
11 _: R s Light 1 " & nr, : 0
TI7 :+ &5 : Light iBurns around abdomen, : 100
: : tCasualty in 8 hr, )
121 : ESL 3 Death 1Burns around abdomensg. 1 100
1 H tCasualty in 12 hr, Death :
: % : in 6 days, ]
161 1+ 8 s Light .~ :Casuelty in 8 hr, 1 0
206 3 EzLS : Death tBurns around ebdomen. 3 100
: t s0asualty in 12 hr, Death
3 : t in 16 days, s
Per cent Casualties 1Goats -~ 3T% :Man 19%

Per cent men casualties based on rats and goats - 26%
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(b) Firing Period and Following Hourg

During the firing period and following hour, fiftesn
rats and seventeen goats were exposed, Animal casualties and corres-
ponding estimated man casualties are tabulated below, The position of
the animals on the target area is shown on Chart 8 and the position of
estimated man casualties is shown on Chart 12,

Table No, 13A.

RATS
Position: Nature: Severity “Remarks 1Estimated man
of 1 of of scasualties when
stake ioasualty:casualty: sman is protected
—t — $ swith gas mask ohly
67 3 E idoderate:Casualty in 6 to 12 hr, 3 0
TLi 3 _ER iLlight T " 3 0
111 EL :Death  1:1Casualty in 6 to 12 hr, s 100
: 3 s Death in 6 days 3
119 @ SE iLight :Burns on feet. Casualty in: 100
s 3 ¢ 12 hr, 3 _
185 1+ E sLight iCasualty in 12 hr. : 0
168 S iModerate:Burns on feet and ears, : 100
: _1Casualty in 12 hr, 3
205 1 ERS, iSevere Burns on feet, Casualty 6 : 100
! : t to 12 hr,
Per cent casualties tRats - 46% sMan 26%
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Table No, 13B.

GOATS
Positions Nature : Severity i Remarks tEstimated man
of = of : of 1 tcasualties when
stake jcasualty: casualty mmen is protected
—t —_— 3 swith gas mask only
46 R 1 Light _ :Cesualty in 6 hr, 1 = _
97 1 ELS 1 Death  :Burns on abdomen, : 160
: s 1Casualty in 12 hr, Death ;
T T i _in 4 days 3
141 : BS : Severe iBurns on ears, Casualty 1 100
: 3 : in 12 hr, g
181 : ER T " iCasualty in 12 hr, 1 100
186 1 ERS 3 ¥ 1Burns on abdomen and earss — 100
3 t sCasualty in 12 hr, t
226 11 EpRS 1 W ;Burns on abdomen and ears. 100
] 3 1Casualty in 12 hr, 3
229 & EL 1 Death  iCasualty in 6 to 12 hr. 100
[ ) : Death in 7 days, ¢
Per cent Casualties 1Goats = 41% iMan ~ 35%

Per cent Men Casuamlties based on Rats and Soabs = 31%

(¢) Four Hours, from 2nd to 6th Hour After Firing.

During the four hour period following the first hour
after firing, fifteen rats and nine goats were exposed. Animal casualties
are tabulated below, also estimated mean casualties. The position of the
animals on the target aree is shown on Chart 9, and the position of
estimated men casualties is shown on Chart 12A,
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Table No. 14A.

RATS
Position: Nature : Severity : Remarks i1Estimeted man
of : of : of : scasualties when
stake icasualty: casualty : man is protected
I S | :withias mask only
61 1 E s Moderate :Casualty in €6 to 12 hr,
L1 B 1" T " T 0
9% 1 & s Light s v e 2 0
155 : BS 1 Severe ibBurns on feet. Casualty 1 100
3 3 t in 6 to 12 hr, 3
145 1 ER i Moderate :Casua a1ty in 6 to 12 hr. 0
160 1 &5 1 Light  i1Burns on feet. Casualty : 100
: : s in 6 to 12 hr, 3
165 : L 3 Death sCasualty € to 12 hr, 1 100
) : 3 Death in 24 hr. 3
Per cent Casualties 1Rats - 46% iMan - 20%
Table No, 14B.
_ ___GOATS .
121 1 EpSp & Severe iBurns on ears and t 100
: : sabdomen, Casualty in H
: 3 : 6 to 12 hr, )
161 t R 1 Severe sCasualty in 12 hr, 1 0
Per cent Casualties 1Goats = 22% sMan - 11%

Per ocent Man Casualties based on Rats and Goats - 17%

four Hour Period from 6th to 30th
Hour ter irir;g.

During the twenty=four hour period following the fourth
hour after firing, eight rats and four goats were exposed, #nimal
casualties and estimated man casualties are tabulated in the following
tables. The position of the animals on the target area is shown on
Chert 10, and the position of estimated man casusalties is shown on
Chart 13,
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Table No, 164,

RATS
Fosition: Nabure : Severity : Remarks sEstimated man
of :+ of : of t scasunlties when
stake icasualty: casualty : sman is protected
3 :_ swith gas mask only
91 1+ ERS : Moderate :Burns on feet. Casualty 100
: : swhen removed from ares. :
96 1 ERS 3 v iBurns on feet, Casualty 3 100
3 _ 3 itwhen removed fromarea, ]
%9 11 E s Light 1Casualty when removed from: 0
R 1area, $ _
116 1+ ERS s " 1Burns on feet, Casualty 100
3 3 swhen removed fromarea, 3
115 ¢ 1L - ¢ Death 1Casualty when removed from: 100
) : sarea, Desth in 20 days. :
~ 136 & ERS 1 Moderate sBurns on feet. Casualty : 100
3 ) swhen removed from area. :
139 1 ERS 1 " iBurns on feet, Cesualty 100
3 3 swhen removed from ares, 3
145+ ERS 1V iDitto : 100
Per cent Casualties iRats -~ 100% :Men - 88%
Table No. 15B.
GOATS
97 1 R 1 Moderate :Casualty when removed froms 0
: 3 sarea, 3
14T : 8§ 1 Light sBurns on abdomen,  Cesual- 100
1 : sty when removed from area.:
Poer cent Casualties sGoats - 50% sMan - 26%

Per cent Man Casuslties based on Rats and Goats = 67%

(e) Iwenty-four Hour Period in Shell Craters
on Third Day After Firing,

During the twenty-four hour period following the first
forty-eight hours after firing, seven rats and one goat were exposed
in separate shell craters on the target area, Animal casualties
and estimated man casualties are tabulated in the following table:
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Teble No. 16.

RATS :

“Yature 1 Sewverity i Remarks T iEstimated men

of H of 3 scasualties when
casualty: casualty : sman is protected

3 3 wwith gas mesk onl

-1!§f 3 - :Burns on feet, 3 100

LES 3 - 3 T v i 100

Sp s Severe : T T I} 100
Per cent Casualties:Rats = 43% tNen - 43%

Per cent Man Casualties based on Rats anmd Goats - 37%

The goat exposed was not a casualty.

(f) Twenty-four Hour Period in Shell
Craters on 9th Day After Firing.

During the twenty~four hour period following the first
eilght days efter firing, seven rats and one goat were exposed 1in shell
craters on the target area., Animel casualties and estimated man
casualties ere tabulated in the following table:

Teble No, 17,

Wature : Severity : Estimated man cesueslties when men

of of t 1s protected with gas mask only
casualty: casualty -

B ¢ Light @

E 4§ 3 0

Per cent Casualties :Rats = 28%, Man -~ O%

Per cent Man Casualties based on Rats and Goaets - O%
The goat exposed was not a casualty.

(2) Downwind from Target Area, Eight rats and four
goats were exposed at positions downwind from the target area during
the firing period and the following four hours at positions shown on
Chart I. None of the animals were casualties,
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8¢ Discussion,

a, Shell Distribution. Only 25 shell of the 40 fired for
effect reglstered on the target area (200 yd. by 100 yd.). The craters
produced by these 25 shell were all located within an area of 7850 sq.
yd, which is only about 1/3 of the target erea, Aside from the 26
impacts on the target, there were eleven additional impacts within
a distence of 20 yd. upwird from the edge of the target area., All
of these eleven shell probably contributed in some degree to the HS
vapor and HS liquid concentration set up on the target area, The
position of the shell craters is shown on Chart 2,

b. Eggact Area, The number of enimal positions included
within the impact area was 25, and since each animal was located in the
center of a 20 yd. sq., for purposeé of discussiou, the size of the
impact area may be regarded as 10,000 sq. yd. The animsl positions

on the impact area and number of impacts on each 20 yd. sq. is given
in the following table:

Table No. 18,

Impect Area (10,000 sq. yd.)

Steke at oen;;; 20 yd., square Impacts within 20 yd. square

99
117
119
121
137
139
141
143
169
161
163
166
181
183
186
187
203
205
207
209
226
2217
229
231
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Seven of the impacts included in Table 18, were outside of the target
area, but were included in the 20 yd. sq. ocsupied by an amimal,

6. Estimated Man Casualties from Liquid HSg

(1) Protected with Gas Mask but Without Protection of
Impregnated Clothing.

Results from paper panels given in Table 2, show that
personnel exposed with equal distribution on the target aree during the
firing period, would suffer about 33% cesualties from liquid HS, when
protected with gas mask but without the protection of impregnated
olothing. The percentages given in Table 2 are based on the entire
target area which includes an area of about 10,000 sq.yd., on which
there were no impactss The figures given below, in Table 19, are
based on results on the impact area (10,000 sq.yd.) as defired in pars-
greph 8 b, and on which 32 shell burst.

Table Noe 19.
Eatimaﬁgd Men Casualties from Liquid HS
on Impact Area {10,000 8G, Yda)e

““TPeanel :Panels conteminated:Lstimated man omsusllies when man

attern: No. 3 Per oent : is protected with gas mask only
Eeavy T 14 ¢ 14.7 : 14 EZ

Medium: 18 3 19,0 : 18,0
Light :+ 20 1 21,1 : 16,9
Trace ; 19 20,0 1 12,0
No HS 1 24 2542 t
" Total 1 956 1 100,0 ? 6246

If 32 shell distributed on an ares of 10,000 sg.yd. will
produce 62,5 per cent casuslties from liquid HS when man 1s protected
with gas mask, only, about 26 shell distributed per 100 yd, sq. are re=
quired to produce 50% casualties.

(2) Protected with Gas Mesk end Standard Impregnated
Clothing.

Results given in Teble 3 show that personnel exposed
with equal distribution on the target area during the firing period,
would suffer about 9,2% casualties from liquid BHS when protected with
gas mask and stendard impregnated clothing. The percentages given
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in Table 3 are based on effects on the entire target area which includes
an area of about 10,000 sq,yd. on which there were no impaots. The
figures given below in Table 20, only include that part of the area
(10,000 8q.yd.) on whioch the 82 shell, which registered on the impact
area actually burst,

Table No, 20,

Estimated Man Casualties from Liquid HS
on Impact Aresa.

“Size of AS : No, tEstimated man casualties when man is

drops t of iprotected with gas mask and stendeard
ipanels :inmatod olothinﬂl
mg. 1 : Per panel f 1 Per cent
0.6 to 10 3 6 3 40 : 246
Over 1,0 1 19 100 t 20,0
“Total s 25 3 : 2245

Totel panels on impact area - 95,

If 32 shell distributed on an area of 10,000 sq,yd.
will produce 22,6% ossualties from liquid HS, when man is protected with
gas mask and standard impregnated clothing, about 71 shell distributed
per 100 yd. sq. are required to produce 650% man ceasualties,

d, Estimeted Msn Cesualties from HS Vepor,

(1) Effects of Meteorological Conditions.

The vapor concentration set up from a given number of
shell is dependent on wind velocity, -air temperature and ground tempera-
ture, The higher the wind velocity, the more the HS wvapor is diluted
and the quicker it is carried away., For example, the effects from HS
vapor on & conteminated area would theoretically be only 1/2 as great due
to dilution, in the presence of a ten m.p.h. wind, as in the presence
of a five m.p.h. wind, when other factors are equal,

The rate of evaporation of the liquid HS from the ground
is dependent on surface exposed and ground temperature. The vapor pressure
of HS ab 20°C, is .0660 mm/Hg and at 30°C,, ,150 mm/Hg, so the evaporation
rate and vapor concentration set up at 30°C, would be over two times as
great as at 20°C, when other conditions are equal. It follows;, that
with other conditions equal, the vapor oconcentration set up is largely
dependent on the ground temperature,
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_One of the most importent factors which determines the
effectiveness of HS vepor 1s the presence or absence of convection air
ocurrents, If the ground is warmer than the air, there is a tendenoy
for HS vepor to rise with the conveotion currents set up so that the
HS vepor becomes rapidly diluted and cesualties are only produced on
or near the area contamimated with liquid HS, where evaporation of the
HS is taking place, On the other hand, if the ground is cooler than
the air, convection air ocurrents are set up end there is little ten-
dency for the HS vepor to rise so that casualties from HS vapor may be
produced 100 yd, or more downwind from the area contaminated with liquid
BS,

On the day of the present test, the ground temperature
was 88°F, to 92°F,, and the wind velocity was 5,3 m.p.h, at an elevation
of six feet, These conditions were favorable to set up a moderately
high vapor concentration on the impact area, The ground temperature
however, wag about 26°F, higher than the air temperature so that con-
veoction air currents were undoubtedly set up. This theoretically re-
sulted in the upwind travel of the HS vapor which prevented the building
up of a high wapor concentration downwind from the area contaminated with
liquid HS, Theoretically, the meteorological conditions during the
test were not very favorable to produce ocesualties from HS vapor outside
of the area contaminated with liquid HS,

(2) Vapor Concentration Required to Produce Man Casualties.

A convenient method of expressing the severity of exposures
to vapor is in terms of the o.t. value whioh is vapor concentration in
milligrams per liter times the exposure period in minutes, From this
expression, it 1s evident that a short exposure period to a high vapor
concentration mey be equivalent to a long exposure period to a low wvapor
concentration,

In considering men casualties in the present report, only
the vesicant effect: of the HS vapor is considered, Casualties from
HS vapor, as givem in the present report, are figured from the c.t. value
using the valuetion curve given on Graph 1, sttached to this report, This
curve was plotted from results of gas chamber tests given in Pharmecological
Report No, 318. Aside from the points given on the graph to establish the
curve, an additional point "B" is also given to represent exposure in the
field of & man at Edgewood Arsenal who became a casuslty for about 2 weeks
due to vesiceant effects of HS vapor, The vepor concentration and ex-
posure period of this men was equivalent to a o.t. value of ,043, which
corresponds on the curve, to 63 per cent man casualties, All men are
not equally resistant to HS vapor but the man exposed was shown by labora-
tory tests to represent an average subjects If a group of men, taken at
random, were exposed to HS wapor corresponding to a c¢,t. value of ,043,
about 53% of the men exposed would be casualties according to the
valuation curve,
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(3) On the Target Area,

() Firing Period and the Following Ten Minutes.

From the results of vapor samples in Teble 4, represent~
ing the firing period and the following ten minutes as taken at six
sampling positions equelly spaced on the target ares, it is estimated
that about 46% men casualties would result, when man is protected with
gas mask, In the fifth column of Table 21, which follows, estimated
man casualties from HS vapor are given for each 20 yd., sq., on the entire
target area, The figures given for each square are estimates based on
results obtained at the nearest sampling positions, the positions and
nunber of nearest impacte and the wind direction, Estimeted man casual-
ties for the total target area, figured from estimetes on each 20 yd. sq.,
amount to a total of about 468%, which very olosely cheoks estimated
casualties of 46% given in Table 4, representing average results at six
sampling positions.

The per cent estimated casualties for each 20 yd. sq.
as given in the fifth column of Table 21, is shown graphically on
Chart 3, The shaded area on the chart indicates the percentage of the
area on which 100% casualties would be produced from HS vapor when man
is protected with gas mask only. The per cent casualties, as shown on
Chart 3, are based on the effects of 32 shell, If 32 shell distributed
on an area of 2,000 sq.yd., will produce 48% casualties, by the effects
of BS vapor, it will require seventeen shell distributed per 100 yd. sq.
to produce 50% man casualties by effeots of HS wvepor, Of course, when
shell filled with HS are fired, ocasualties are produced by liguid HS,
a8 well as by HS vapor, so that the shell required in actual operations
to produce 650% casualties would be less thean seventeen figured, when
considering the effects of vapor only.

(b) Fifty Minute Period Beginning Ten Minutes
er Firing Cessed.

Estimated man casualties from HS vapor, due to effect of
exposure on the target area for a period of 50 min., beginning ten minutes
after firing ceased, are given in Teble 5, The results from vapor samples
taken at five sampling positions equally distributed on the target ares,
as given in Table 5, show that personnel proteoted with gas mask only would
suffer about 44% casualties due to the vesicant effect of HS vapor, The
part of the target area on which it is estimated 100% casualties would be
produced is showm on Chart 4.
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(e) Four Hour Period Begimning Ome Hour
2Ter Ceasation of Fire,

In Table 7, estimated man omsualties are given represent-
ing exposures on the target area for a four hour period beginning one
hour after firing ceased, Semples were taken at eight positions but
the results were negative at five positions. The negative results were
due to the position of shell ocraters, wind direction and also probably
due to the faoct that most of the liquid HS had evaporated except at
positions in and around the shell oraters where the amount of liquid HS
originelly present, was greater. At sampling position L, wapor samples
were taken at elevations 1 and 2 feet, The results at the two elewations
showed no difference in the vapor oconcemtrations,

The positions at which vapor samples were takem are shown
on Chart 6, The per cent shaded area, at each sampling position, represents
the percentage of the 20 yd, sq. on which 100% casualties would be produced,
or the per cent ocssualties on the 20 yd. sq.

(d) Four Hour Period on Day Following the Test.

The results of vapor sasmples taken for a period of four
hours on the target area on the day following the test, are given in
Table 8., Three samplas taken at each of three positions, showed negative
results in all cases but one, The results obtained at one position show
that it would be unsafe for personnel to ocoupy the area for a period of
three or four hours without the protection of gas mask and standerd pro-
teotive slothing.

(o) Four Hour Period on the Second Day Following Test.

The results of vapor samples takem for a perlod of four
hours on the target area on the second day following the test, are given
in Table 9, Three sampl s taken at each of three positions showed negative
results, From these results it would probably be safe for personnel
without protection of gas mask or protective olothing to occupy the area
during the mid day period for a period of three or four hours provided they
kept out of shell craters, The danger to unprotected personnel ooccupying
the area would be greater dirsctly after sunset, due to the absence of
convection .. air ocurrents whioh is favorable for the duilding up of a
dangerous HS wapor ocomcentration,

(4) Outside of Target Ares,

(o) Firing Period snd Following Hour,

Estimated mean casualties from HS wvapor, resulting from
exposure at the wvarious sampling positions outside of the target ares during

the firing period and the following hour, are given in Table 10, Sampling
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positions and percentage estimmted man casualties at ssmpling positions

are shomn on Chart 6, Of the five sempling positions at which vapor
ssmples were taken downwind from the target area, positioms J, N, md

R showed positive results, These results show that HS wapor was effective
for a distance of about 45 yd., downwind from the area ocontaminated with
ligquid HS equiwalent to a distance of about 65 yd. from the position of
impact, Vapor samples were also taken st four positions upwind from the
target area, three of which showed positive results. The presence of
vepor upwind from the target area was due to upwind impacts and probably
to a slight extent to upwind shell fired for adjustment of guns,

At many of the sampling positions, vepor ssmples were
taken at elevations 1, 2, and 4 feet., The results at about half of
the seampling positions showed a higher vepor concentration at elevations
of 1 and 2 feet fhan at 4 feet, but at the remaining sempling positions,
the reverse was true. The vapor conoentration recorded at the lowest
elevation in the case of each position sampled, was used in figuring
percentages and in making up Chart 6,

(o) Four Hour Period Beginning One Hour After
or Hring Ceased, -

Bstimated man otsualties at four positions outside of the
targot area, for ths four hour period beginning one hour after firing
ceased, are given in Table 11, Sampling positions and percentage estimated
man casunlties at ssmpling positioms are shown on Chart 6, Of the four
sampling positions, Hy, M, Q, and U, positions H snd M showed positive
results, These results show that personnel, with gas mask protestion
of impregnated clothing would sufferccasualties from HS wapor if stationed
for a period of three or four hours, tem or tweaty yards downwind from
the impact position, one hour after firing ceased,

(D Estimated Casuslties Based on Effects on Animals,

Animal casualties and estimated man casuslties based on
effeots on animals are recorded in Tables 124 to 17 inclusive., Alsc
enimal positions, animal casualties and estimated man casualties, based
on effects on animals, are shomn on Charts, 1, 7, 8, 9, 10, 11, 12, aud 13,

(1) On the Terget ires,
(a) PFiring Period and Following Ten Minutes.

Estimated man casualties, when man is proteoted with gas
mask only, due to effects of exposure on the target area during the firing
poriod and ten mimites are given in Tables 12A and 12B. From the animel
ocasualties it is estim ted that man casuslties would be 33% based on rats
and 19% based on goats, or 265 based on rets and goats,
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(b) Firing Period snd Following Hour,

Estimated man casualties, when man is protected with
gas mask only, due to effects of exposure on the target area during the
firing period and following hour, are given in Tables 13A and 13B,
From the animal casualties it is estimated that man casualties would be
26% based on rats and 35X based on goats or S1% based on rats and goats.

(6) Four Hour Periocd from 2nd to 6th Hour
Ecr Er.lg.

Estimeted man casualties when men is protected with gas
mask only, due to effects of exposure on the target area during the four
hour period following the first hour after firing ceased, are given in
Tables 14A and 14B. From the animal results it is estimated that man
sasualties would be 20% based on rats end 11X based on goats, or 17%
based on rats and goats. The positions of the snimals exposed did not
cover all parts of the target area, but taking into comsideration the
positions of the bursts as shown on Chart 9, the area on which the animale
were inocluded was probably representative of the eatire target area,

(d) Twenty-four Hour Period Beginning Five Hours
or X ORS0d,

Estimated man caswalties when man is protected with gas
mask only, due to effeots of exposure on the target area during the
24 hr, after firing ceased, are given in Tables 15A amnd 15B, From the
animal casuslties, it is estimated that msn casualties would be 88% based
on rats snd 26X based on goats, or 67X based on rats and goats. The area
on which the animsls were exposed as shown on Chart 10, did not inoclude
the whole target area, but taking into oconsideration the position of the
impacts, the effect on the area covered by the animals was probably represen-
tative of the average HS effect on the entire target area.

(2) Exposure in Shell Craters.

Estimated men casualties when man is protected with gas
mask only, due to effects on enimals exposed in shell oraters for a period
of 24 hr., are given in Tables 186 snd 17, From the animal results, it
is estimated that if the impact area is occupied by personnel proteoted
with gas mask only for a period of 24 hr. beginning 48 hr, after firing
ceased, casuslties wuld result, but no casualties would probadbly result
if occupied nine days after firing.
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(3) Downwind from the Target area,

(=) Firing Period and Following Four Hours.

Animals exposed downwind from the target area at positions
shown on Chart 1, showed no casualties. This was partly due to a shift
in the wind direction and slso to the effeots of convection sir currents
so that & high vapor concentration was not produced at the position of
the downwimd animals,

L. ison of Per Cent Estimsted Man Casualties Based on
gﬁumﬁs of the Gas Conoentration, and by Effeots on

(1) Firing Period and Following Ten Minutes.

In Teblé No. 21, which follows, estimated man casualties :
are given for each 20 yd, square based on the following effeots and method
of figuring casualties, when man is protected with gas mask omly, and is
oxposed in the target area during the firing period and following ten
minutes:

(a) HS liquid using psnel dats,

(b) HS vapor from vepor samples.

%e) Combined offect of HS ligquid and HS vepor.
d) Effects on animals,.

Figures in this table show that 100% casualties would be
produced on 57% of the area, based on the combined effects of liquid
md vapor, and 26% based on effects on animals, or about 42% based on
the average of the two methods of figuring casualties. _
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Table Yo, 21,
Target Area 20,000 sq., yd.
(Firigg,FQgIoa and Fof!owinﬁ_!on Minutes )
¥Wo. of sImpacts:Bs liquid:s HS vepor  sHS 1iquid:iffects ou man and animals
5 5!;%33: 0.t sis%{um

stake :within :¥s tand vapor:Animal 1Rstimated mAR oAs=
at cenu each :man casu-ivalue:msn oun-:?n'ﬂ.'aﬂ:umal- malties when pro-
ter of isquare : alties salties man oasu-: ties *;teocted with gas
square: 3 3 ialties: smask only
3 3 3[ 3 1 ;' 3 3 3
l ¢+ O s 0 s o0 1 0 s 0 s O s 0
S ¢+ 0 0 t 0 0 : 0 s 0 3 0
6 ¢+ 0 ¢ 20 1 o0 0 s 20 s 0 s 0
7 ¢+ 0 ¢ 20 t 0 0 : 20 N ¢ 0
9 ¢+ 0 1 40 1 02 3 30 s+ 68 s O 3 0
11 ¢+ 0 s 46 1 602 ¢ 30 s 61 s O 3 0
233 + 0 0 t «0 0 s 0 s 0 3 o
26 ¢+ O 0 1 0 13 0 3 0 s 0 s 0
27T + 0 3 0 t 01l : 10 : 10 s 0 0
29 3 O 0 101 : 10 s 10 t 0 0
31 «+ 0 :+ 13 140l 2 10 : 21 s 0 0
33 ¢ 1 s b4 1602 ¢+ 30 1 83 1t 0 3 0
4 :+ O 3 0 $ 01 s 10 s 10 s 0 (v}
47 3+ O 3 (o} t «01 ¢+ 10 s 10 : O ] (v}
49 : O s 0 t 01l s+ 16 s 10 s O t 0
Bl ¢+ O 0 t 02 s 30 s 30 1 0 o]
568 ¢ O s 20 t o602 3§ 30 1 44 s O s 0
65 ¢ O s 87 1.¢02 ¢+ 30 s T4 $EgS Severe:100
67 + O 3 0 $ 601 3 15 : 16 : O s 0
69 :+ O 0 t 401 ¢+ 18 : 15 : 0 0
71 ¢+ 0 7 102 : 30 s 36 1 0 0
73 + O T 34 t 02 2+ 80O s B4 sER Mod, s o
9 :+ 0 40 s «10 ¢+ 98 t 96 t 0 0
7T + 0 64 t 10 3 83 s 97 s 0 o
89 : O 0 t 01l 1 10 s 10 s 0 f ¢}
21 : O 3 0 t1 601 ¢+ 1B : 18 sE Mod. : 0
83 ¢+ O 3 15 1t 402 2+ 30 : 39 s 0 0
96 + O 3 38 t 410 : 10 1 44 s 0 o
87 :+ 2 ¢+ B4 t 30 ¢ 100 t 100 t 0 3 0
99 2 3 76 t ¢30 ¢+ 100 t 100 $ELS Death: 100
11) : 0 0 t 601 ¢+ 10 s 10 s O f 0
113 ¢+ 0 7 t 01 s 16 s 21 1R Light: 0
118 :+ © : 38 t 02 ¢ 30 s 67 s O f 0
117 &+ 2 3 46 t «15 + 100 : 100 $ES Light: 100
119 ¢+ 2 s 66 t «30 ¢ 100 : 100 s O 1 0
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Table No. 21 (Cont'd.)

Wo. of tImpacts 85 llquid:s __ HS vepor  ¢HS liquid:Effects on man end snlmals
stake :within :‘niﬁ%ﬁa Cot. kst toﬁ:%:ﬁf 1Estimated man oas~
at cen=jeach man ocasu-i;value:man oasu-;3Es scasual-sualties when pro-
ter ofisquare : alties s altles :man ocasu~: ties*» ;tected with gas

Bquares ?* 3 3 ‘ ? 3 ulti:or" : ; :nuk #

1
[ 3 3 :
121+ 6 t 983 t 60 3 100 s 100 :ESL Death: 100
133 ¢+ 0 0 t «01 3 10 10 : ©0 0
1386 : 0 ¢ 13 3 o002 30 3 s 0 0
17+ 1 1 81 $ 04 3 50 % s+ 0 0
19 ¢+ 1 67 t «30 : 100 3 100 ESL Death: 100
141 ¢+ O 3 &1 16 ¢ 100 s+ 100 3 O 0
143 ¢ & ¢ 80 $1¢60 s 100 3 100 s O o]
166 ¢+ 0 0 : «02 3 30 SO : 0 0
167 ¢+ 0 7 3 02 3 0 3 3% : 0 0
168 :+ O s 29 s o04 3 80 s 86 s O 3 0
181 ¢+ 1 1 42 1650 ¢+ 100 1 100 iR Light: 0
163 : O ¢ 62 130 ¢ 100 ¢+ 100 ¢ O 3 0
186 + 1 1 46 t ¢30 3 100 s 100 : O 3 0
177 ¢+ © ] 0 t «02 3 30 3 30 : O 1 0
179 : 0 29 s o02 30 51 :EL Death: 100
181 ¢+ 1 47 3 04 1 50 s 4 1 0 0
183 s+ 1 ¢+ 38 $1 6202 100 : 100 1Eg8 Severe:100
186+ 1 ¢ 65 130 ¢ 100 : 100 : O 0
187 s O : 63 t «10 3 93 s 97T s+ O 0
199 ¢+ O 3 0 st 002 3 30 s 0 s+ O 0
201 : O : 24 3 <03 3 43 3 67 :+ 0O 0
203 : O : 76 $ <10 3 93 8 1 0 0
206 3 ¢ 92 35.¢60 ¢+ 100 3 100 szLS Death:100
207 : ©O : 96 t ¢330 s 100 s 100 P ¢ 0
209 :+ 1 s 719 t 20 ¢+ 100 : 100 3 O 3 0
221+ © s 18 t ¢02 3 30 : 4 1+ 0 0
23: 0 : &0 3 #03 3 45 8l : O Y
226 ¢+ O ; 80 s o038 1 43 t 100 . 0 o
227 ¢+ 2 s 96 s ¢35 ¢ 100 ¢ 100 tES Mod.: 100
220 1 ¢ 90 t 36 ¢ 100 ¢ 200 : O o
231 ¢+ O s+ 656 s ¢)O 3 93 o7 1 0 3 0
3%
Total and per—

centages 34,2 s 48,7 1 57.0 ¢+ 38 26

»See page 1l for code of symbols, listed under this columm,

Appendix B - 28 -



The average percentages, as given in Table No., 21,
are based on effeots on the total target area which inocludes about
10,000 sqe.yd. on which there was very little or no effeet from the
HS due to wind direction snd distribution of the shell., In Table
No., 22, which follows, results are given to imclude only the impact
area as defined in parsgraph 8 b,

Table No. 22,
1_;351: Ares 10,000 sq.yd.
(Firing Period and Following $on Minutes)

Yoo of stakes iEstimated man oasualties when man 1s
at ocenter of sprotested with gas mask ongx
on effects on

20 yd. square on quid:Based
tand vapor samples : animals
t % 1
97 t 100 : I
99 ? 100 t 100
117 3 100 s 100
119 s 100 ]
121 3 100 s 100
127 3 78 s
13¢ s 100 3 100
141 s 100 3
143 ' 100 3 0
159 3 66 :
161 % 100 3 0
163 % 100 :
166 s 100 ' 0
18l ] 74 3
183 : 100 : 100
1856 3 100 3
187 ] 97 H 0
203 3 88 t
206 s 100 t 100
207 3 100 s
208 3 100 ¢ 0
226 3 100 3
227 ] 100 fl 100
229 $ 100 1
231 s 97 ] 0
Average ) 551' ) Bk
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Estimated casualties, given in Table No. 22, are based
on an ares of 10,000 sQ.yde on which 32 shell were effective, The
figures in this table show sn aversge of 96X man casuslties, based on
the effects of HS liquid and wvapor samples snd 654X based on the effects
on animals, or an sverage of 75% based on the two methods of figuring
casuslties,

(2) Firing Period end Following EHour.

In Table No, 25, which follows, estimated man casualties
are given for each 20 yd, sq. based on the following effedts and method
of figuring casualties, when man protected with gas mesk only, is ex~
posed on the target area during the firing period and the following
,hour.

(a) HS liquid using panel data,
(b) HS vepor from vepor ssmples.
(e) Combined effeoct of HS 1iquid and HS vepor.

Figures in this table show 100X estimated casualties
on 59% of the area, based on the combined effects of HS liquid end
vapor, snd 31% based on effeots on animals, or about 45% based on the
average of the two methods of figuring ocasualties.
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Table No. 23,

Target irea 20,000 sq.yd.

(Fi erio ollowing Hour)
Yo, of sImpactsshs liguids _ HS vapor  :HS liquid:BZfects on men snd snimals
stake within srat-_a!'imatod- s Co%, a‘Es‘Gk‘E‘d‘und vapor:Animal :Estimated man cas-
at cen~ jeach iman casu-:value:man ocsu-iﬁ:??i:eziaeasual-:naltieu when proe
ter of isquare : alties talties iman casu-; ties* ;tected with gas
square 1 $ 3 3 t alties- 3 wask onl
: ’ ; . : f : _r N W
1 :+ 0 0 t 0 3 0 3 0 s 0 0
3 ¢+ 0 1 0 t 0 0 3 0 s 0 0
$§ ¢+ 0 ¢ 20 1 0 0 s 20 : 0 3 0
7 + 0 s 20 t 0 (o] s 20 s 0 3 0
9 s+ 0 s 40 :t 023 30 : 58 : 0 3 0
11 ¢+ 0 ¢ 45 t 02 3 30 s 61 s+ O 0
28 1 0 0 t O 0 s O : 0 0
26 + 0 0 t 0 3 0 s 0 : 0 0
27 s+ 0 3 0 t 0012: 16 : 18 s 0 3 0
20 ¢ O 3 0 s J012: 16 s 16 1 0 )
1 +«+ O 1 18 1 023 30 s 39 1 0 3 0
3% ¢+ 1 1 54 s 02 s 30 s 67 : 0 0
46 : 0 0 1 o012 16 s 18 1R Light, 0
47 ¢+ 0 0 : «012: 16 : 15 : 0 3 0
49 ¢ 0 0 t «012: 16 s 16 s 0 3 o
61 :+ O 0 t J067: 62 s 62 s 0 0
63 : O ¢ 20 t +067: 62 : 0 ¢+ O o
6 1+ O s 67 t 08 3 80 t 93 : 0 0
67 :+ O 0 s 012 16 t 16 $E Mod, 1 0
68 : O 0 s «012: 15 : 16 : 0 0
M ¢« 0 7 t 012: 16 (3 | tER Light: 0
7% ¢+ 0 1 34 t +067: 62 t 76 : 0 0
7 ¢+ 0 :+ 40 t +067: 62 s M 1 0 3 Y
7T + 0 64 t 412 ¢+ 100 : 100 s 0 0
89 s+ O 0 t «016: 20 s 20 : 0 0
91 ¢+ 0 0 s +016: 20 : 20 s 0 0
88 ¢+ 0 1 13 s +026: 40 1 48 t 0 0
86 ¢+ O :+ 38 t +04 ¢+ 60 : 69 t 0 o
7 :+ 2 '+ b4 t +40 ¢+ 100 s 100 $ELS Death: 100
99 i+ 2 1 76 s 40 ¢+ 100 s+ 100 1 0 0
111 s+ 0 0 t «016: 20 : 20 sEL Death: 100
113 ¢ 0 3 7 s o027: 83 s 88 s .0 0
116 s+ O s 38 : «027: 38 s+ b8 : 0 0
117 1+ 2 :+ 46 t «173: 100 s 100 : 0 3 0
118 3+ 2 ¢ b6 1 «173s 100 s 100 $SE Light: 100
122 + 5 1+ 93 t «70 3 100 s 100 s 0 o
123 «+ 0 0 : 012: 16 s 16 : 0 o]
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Table No¢ 23 (Cont'd.)

To. of s1mpacts:Hs liquid: HS vepor tHS 11quidEITects on man end animals
stake iwithin .mnﬁa; ®.te &.Er:%:ama aor:m-:'ﬁtﬁttod Tman cas=-

at cen-jeach man casu-:value:man ossu-iks scasual=-; ualties when pro-
ter ofisquare : alties : t alties 1mmn casu-; ties¥ stected with geas
square: 3 [ 3 s alties immask onl
3 s s s s s s
136 ¢+ O ¢ 13 t 026 40 1 48 s 0 3 0
137 ¢+ 1 31 Bl t 04 s 50 s T8 s O 3 0
139 + 1 ¢ 67 t «80 3 100 s 100 s 0 3 (¢]
141 : O s Bl t +40 3 100 s 100 sEgRS Severe:l00
143 4 s 890 1 ¢80 ¢ 100 + 100 s O 1 0
166 ¢+ O 0 s +026: 40 : 40 tE Light; 0
167 ¢+ - O s 7 t O86;: 63 s &6 s O s 0
68 ¢+ O ¢+ 29 t ¢O46s B3 : 68 : 0 3 0
161 : 1 : 42 t 040 s 100 s 100 s 0 3 0
163 ¢+ 0 ¢ 62 s o658 ¢ 100 ¢ 100 1S Mod, s 100
166 :+ 1 ¢ 48 t «88 ¢ 100 : 100 s 0 3 0
177 ¢+ 0 3 0 s ¢0286: 40 1 40 1 0 3 0
179 + 0 1 29 t 0451 63 s 66 : 0 0
181 :+ 1 ¢+ 47 3 +04b: 63 s 716 $ER Severe: 100
188 :+ 1 s+ 38 : «68 ¢ 100 : 100 t: 0 s+ O
186 :+ 1 :+ 66 t o668 ¢+ 100 s 100 sERS Severe:;100
87 :+ 0 s 63 t «68 3+ 100 s 100 : 0 0
189 :+ 0 0 t 026 40 s 40 s 0 3 0
201 3+ O 1 24 1 04 3 50 s 62 : O 3 0
205 ¢+ O : 75 s «80 3 100 : 100 sER$ Severe:100
206 + 3 s 92 t 60 3 100 :+ 100 s 0 3 0
207 ¢+ O 1 96 31 40 ¢+ 100 ¢ 100 s O 3 0
209 ¢+ 1 s 719 t «26 1 100 s 100 s 0 3 0
22 + O s 16 s +0268;: 40 T ) s 0 0
223 ¢+ O s+ 60 t +O0B1: 60 s 80 s O 3 0
226 ¢+ 0 1 80 t +06l: @0 t3 100 $EgRS Severe:100
227 3+ 2 1 98 11,60 : 100 : 100 1 0 3 0
229 ¢ 1} s 90 11,60 ¢+ 100 : 100 tLE Death: 100
231 ¢ O s B85 t o156 1 100 s 100 s O [ 0
Totals
and
Ave, 3 32 f 34,2 3 1t BByl s+ b659,6 1 44 31

*See page 1l for code of symbols listed under this columm.
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Per cent estimmted casualties, besed on the HS concen-
tration, as obtained from HS 1liquid and vepor seamples, given in Tables
21, 22, and 23, are about double the per ocent casualties, based on
effacts on animals, Estimates beased on effects on animals, were very
conssrvatively made and are probably low,.

£+ JNumber of Shell Required to Produce 60X Man Casualties.

In the present test, the impacts are segregated to too
great an oxteat to determine the minimun number of shell required, under
the prevailing meteorologicsl conditions, to produce 50% casualties,
This is indicated by the faot that on some twenty yard squares, as many
as four or five shell burst whereas one may have been sufficient to
produce 100% ocasualties, If the exocess shell had been distributed
to other parts of the area, additional casualties would probably have
been produceds It would probably be impracticable to distribute the
shell over the target to produce maximum effects and the present test
is probably represemtative of average distridution in practioce,

It was stated in paragraph 8 o (1), that about 26 shell
diltributod per 100 yd. sq. will produce 50X oasualties from liquid HS
whea man is protected with gas mask only.

From figures given in Table 22, it was estimated that
the impact of 32 shell on & 100 yd, sqe would produce 98% casualties
based on effeots of HS liquid and vapor end 54% based on effects on
animals, when exposed during the firing period and following ten minutes,
On this basis, the following number of shell per 100 yd. sgq., will be
required to produce 50% ossualties when man is protected with gas mask
only:

Based on HS liquid and vapor samples = 17 shell
Based on effects on animals -3 "
Ave = 2; "

Based on the two methods of figuring cesualties, about
25 shell distributed are required per 100 yard square to produce 50% cas-
ualties, when man is protected with gzas mask only.,

9e Conclusions.
From the results of the present test, the following con-
clusions are drawn with respect to the use of 166~mm, howitzer shell,

filled with HS, when fired under the meteorologicel conditions whioh
existed at the time of the present test:
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8¢ When man is exposed on the impact area during the
firing period and following ten minutes, the mumber of shell required
per 100 yd. sq, to produce 80X casualties when distributed as egually
as practiocable, are as followa:

(1) When man is protested with gas mask and
standard impregnated clothing « 71 shell (see page 20),

(2) When man is protectsd with gas mask only =
24 shell (see page 33).

b. If the impact area is occupied by personnel,
protected with gas mask only, within 48 hr, after being shelled,
casualties will result (see page 25).

¢e Personnel protected with ges mask only, stationed
downwind within 66 yd. from the position of impaot during the firing
period and directly after, will suffer casualties from the vesicnt
effects of HS wapor (see page 23).

10, Recommendations. It is recommended that this test be
repeated and an attempt be made to obtain better distribution of the
impacts on the target ares,
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BM‘TmY Lol s'md‘lm.n m'ruum
Yort Hoyle Na:;land,
May 24, 1933.-

MEMORAESUM t*-~ T0- The Technical Director, Edzewood Arsenal
s ¥d.

In compliance witr lnstructigﬁs contalned in letter to
Cormanding Genersl, Ft. Hoyle,concerning Mustard Gas Shoot _
of 155mm qowitzers manned by thie battery the following report
is submitted:

. B.C.! aCommands Eleve Bensince Remarks. ‘ e
Compass 3208,0n #1 ’ | R
4,8hell Hustard Gas,
Nharge 5,Fuse Long,

#1, lﬂd. 272 300 Left ehort
o 290 70 DUD (#1 out
: to repair
. - Breechblock
#2 , 1Rd 290 30C Left, Short
‘ 310 g0 " "
330 <50 Righh,Over
220 180 "
315 2 " "
313 80 " "
< 311 10 " "
3 Rds 311 40 " "
‘ Line (Rotatingz Band czme off)
1 R3 211 80 Rizht,Qver
#3 merk Bese Def, 2 Adjust,
#3, 1 R4, 311 30 , "
310 39 " "
F2 mark Fage Def,#4 Adjuct :
#4 , 1 Rd 210 ?  Short, Def Short
Left 1C, 315 Line " " " DUD
Left & 210 . 25 Rifth,Cver,Def.Over IUD
Left 5 210 115 Left, Short,¥(#4 marx B. .
#1, 1 Ré. 310. 20 RiThs, Over
310 8 " " Def ,CK.
: END OF ADJUSTLENT,
FIRE FOR EFFRCT.
Bese Def, Rigut 45 on #1 Cgen 5, -
Batter: & Rde 310 3 Overs, 1 Suort 1 pup

-]




310 2 Overs, 1 Line, 1 Short.
310 1l " 3 "
>0 —g—i et
310 1 [} 3 #
310 4 " l " 1 DUD
8 Rds 307 o 1T 3 "(This elev. 50 yds
short of center of
‘ impact, )
307 2 Ul 2 1
307 o " 1T, I 0
Right 5, 2 Rds .
313 3 1 "(This elev.50 yde over
center of impact)
31 3 3 " 1 L1} .

NOTE~ All s ngs in Fi for Effect made on
cent //iffilznf/iitzf
/(‘L@(ﬁr Adcnahon

Oa'pt. Stn'FlA.
Commanding,.
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sppendix C.

Repbre of Test of HBwlilled 166-ema, Howliiser Shell,
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REPORT
OF

TEST OF HSeFILLED 156~mm, HONITZER SHELL

TEST B » JUNE 11, 1932

1. Obgoot. The objeot of this test was to determine the
number of -mm, howitser shell filled with HS, which is required in
open country under the meteorologioal conditions which existed at the

time of the test to produce 50X casualties, requiring evacuation for

hospitalization, ‘

2, Authority, This test was conducted under authority contained
in 3rd Indorsement from the office of the Chief of Ordnance, Washingtonm,
D.Cs, Oot, 22, 1931, to Ordnance Officer, Edgewood Arsenal, Maryland
(0e0 471/7466; CWS 471/211; EO 471,1/698,

3. Previous Tests, A test was oconducted on February 16 and 17,
1932, in which 56 shell fram each of four lots of shell, representing
the shell used in the present test, were fired from service weapons
to determine if the shell functioned normally, but no attempt was made
in the test to deteraine the gas concentration set up, A second test
wag conducted on Msy 23, 1832, in which 40 shell were fired for impaoct
on & target 100 yd, wide by 200 yd, deep. The effectiveness of the
gas concentration set up in this test was determined by (1) effect on
enimels, (2) by use of paper panels to determine pattern produced by
liquid HS, and (3) by the use of vapor ssmpling machines to determine
vapor concentration. From a preliminary study of the results of this
test, it was estimted that it would require about 26 shell per 100
yd. 8q., to produce 60% casualties, when man is protected with gas mask

only,
4, lp.torh ls Used,

& Shell, The shell used in the present test, were the
Mk, II, 150-mm, howitser filled with HS. They were taken from War
Reserve at Edgewood Arsenal and represent a lot whioch were filled at
Edgewood Arsenal in the years 1921-22, for shipment to the Hawaiien
Islands, The HS used in filling the shell was from War Reserve
and was probably mmde by the Levinstein process, The void used in
£illing the BS into ths shell is not known, but was probably about
10%, based on the maximum volume of the shell,
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b. Booster, The booster used was the Mk, VIB, which con-
tained a bursting oharge of 29 g. of tetryl and 253 g. of TNT. A visual
examination of the boosters, as assembled in the shell, showed that a
large pereentage of them were improperly seateds In the case of some
shell, as many as seven or eight booster threads were exposed.

S. Fuse, The fute used was the Mk. III, super quick point
detomating fuse,

4o Number of Shell Used, Forty of these shell, as taken
from stoek in War Leserve, were used for sdjustment snd forty for effect,

8. Howitzers Used. A battery of four 156-mm. howitzers was
used under command of Captain MaoMahon of the 6th Field Aptillery. The
position of the howitzers was on "C" field in the vicinity of ocoordinates
690.,4, 1869,1, as shown on the special military map of Gun Powder Neck,
prepared under the direction of the Chief of Engineers, U.S, Army, 1923,

5. Target drea,  The target area was rectangular, 100 yd. wide
by 200 yd. deep. e area was looated in open ocountry covered with weeds
and gress l-lﬁ to 2 ft. highs The vegetation on two-thirds of the area
was light but heavy on the remsining third, The area located on "H"
field was in the vicinity of cowrdinates 680,56, 1864,0, In preparing
the area it was divided into ten yard squares by placing numbered stakes
at ten yard imtervals, Paper panels, sampling machines, and animals were
placed on the area to determine the effectiveness of the gas concentration
set up, Chart 1 accompanying this report, shows the target area as it
wasprepared for the test with positions of animals, panels end ssmpling
machines,

6. E_xzorinonnl.

8¢ Mothod of Conduot the Test., After adjustment of
howitzers, the shell Tor effect were fired as repidly as possible with
change in elevation for equal distribution of impacts over the target
area, Aafter completing the firing of the shell, the paper panels were
collected for tabulation of results and the animals on the target area and
at positions downwind from the target area, were removed at definite periods
and repleced by other animels, Also during the firing period and the
animal exposure periods, vapor samples were taken with the use of field
sampling machines. The meteovologiocal data was recorded during the
poriod of the test,

30 Firinjﬁ‘of Shell.

(1) Ad!uttnont of Howitzsers., The howitsers were adjusted
in parallel on a target abou yd. east of the tearget ares, using

40 shell filled with HSq Adjustment firing was from 7:;22 a.m. to 8:29 a.m.
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During ad justment firing, five duds eand three low order burats were noted.

(2) |[Firing for Effect. When firing for effect, the
howitzers were ranged in parallel on the target area using two elevations,
Ons half of the eshell were fired for impact on & line 60 yd., beyond the
center of the ares and the belence for impaoct on a line 50 yd. short of
the center, The range was about 5,100 yd. Firing for effect started
at 9106 a,m, and ended at 9:16 a.,m,, & period of eleven minutes, Of the
40 shell fired, ome dud and two low order bursts were noted, A photo~
static ocopy of & memorsndum dated August 4, 1932, to the Technioal
Director from the Battery Commsnder, giving the firing data by round is
attached to this report.

(3) acte. The positions of the impacts are shown on
Chart 2, Of the 40 ired for effect, 31 registered on the target
area and the remaining nine within 560 yd, of the edge of the target area,

8. DMeteorological Conditions. The following meteorologiocal
sonditions pnmng The Tiring period and the periods following
during whioch vapor samples were taken and animels were exposed on the
target area:

Date - 8/11/32 - 6/11/32 - 6/11/32

Time » 9:06 to 9126 a,m, = 9126 to 10:16 a.m.= 10:16 a.m,
to 2.16 PQ‘.

Alr temperature, °F, = 68 - 68 to 72 - 72 to 17

Ground temperature, °F. 88 to 92 - 92 to 100 = 100 to 110

Ground condition . - dry - dary - dry

Relative humidity, ¥ = 66 - 66 to 62 - 50

Wind wvelooity, mepeh = 5,3 - 4,8 - 3.0

Wind direotion - NE - Eto N wEt S to W

Sky - olear - clear - hazy

Te Resulta,

s Liguid HS,.

(1) Size of Liguid HS Drops. The distribution of liquid
HS was registered by means papeor panels eight inches by eight inches,
placed flat on the ground at each stake position over the emtire target
area. The panels having drops in excess of 0,06 mg. are tabulated in
the following table:

Appendix ¢ -3 -




Table No. l.

Size of HS Drops.

Yo, of drops 1 Wo, of panels classified
per panel 1,06 tosl to 1.8 to 11,01 toslver

Icl 0305 1.0 ] 500 3500 7Y
“-——
b § s 5 ] !5 g t 0 ) 31

)
2 to 10 s 23 1+ 133 4 : 4 2
11 to 20 s 6 ¢+ Os 2 1+ 0 s O
Over 20 s 12 3 1l s O ) 0

roul pmla having drops of ,06 mg., or greater - 49
expos ed on target area 228

(2) EBstimated Man Casualties from Liquid ES.

(a) Man Proteced with Ges Mask but Without the

Protection of Impregnated Clething.

The paper panels were tabulated for demsity of pattemn
using the gredings heavy, medium, light and trace, A photostat of the
scale used in grading the panels is attached to this report. The panel
gradings are tabulated in the following table, together with estimated
man oasualties:

T;bl. No. 2 .

Estimated Man Casualties on Target Ares from Liquid HS,

Panel 1 ranels olassified : Estimsted MRSKked men cas—~
pattern:s Ro. 1% of total ualties

s son target

1 —t TR 3

: ' : ¥ 1
E“'y ] 8 H 3.8 H 3.5
Medivm : 180 8.3 3 8,3
Light 1+ 44 19,3 t 16,4
Trace : 62 1 27,2 3 16,3
NoBS :+ 86 3
Total &

Avs, 1 228 58.3 s 43,6
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From panel date given in Table FNo. 2, it is estimated that persomnel
exposed on the target area during the firing period, protected with
gas mask only, would suffer about 46% casualties, if they are dis-
tributed. The positiom of shell craters and estimmted men casualties
from 1liquid HS are shown graphiocally om Chart 2,

Note: The estimated msn ocssualties as given in Table 2, above,
are based on estimated furnished by the Protected Development Division
in memorandum of Ootober 22, 1931, to the Engineering Division, as
follows:

Fanel : Estimated men casualties through

pattern standerd issue of unimpregnated
: clothi
:

Heavy 100

Medium 100

Light 80

Trace 3 80

(b) Msn Proteeted with Gasz Mask and Standard
Tepregnated Clothing.

The paper panels were tabulated for number of HS drops
on panels in whioh the drop site was in excess of 0,5 mge The results
of the tabuletion, together with estimsted mem casualties, are given
in the following table:

Table ¥o.3.

Estimated Man Casualties on Target irea
Trom Liquid HS.

Bze of 1 ¥o, of: Estimeted men ossualties when
HS drops: panels: protected with gas mask and

1 1 standard regaated clothin
Bge 3 1 per punof nn%gro m uro‘a

of to i 11 40% t 1.9%
Over 1,0: @ s 19_0_% 1 26
Total s 17 ) :.g

‘Total number of panels on ares = 228,
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From penel date givemn in Table No, 3, it is estimmted
that personnel protected with ges mask and standard impregnated clothing,
would suffer 4.6% casuslties by effects of liquid HS, if exposed with dis-
tribution on the target area, during the firing period.

Note: The per ocent estimmted men casualties given in the last
column of Table No. S, is based on laboratory tests by the Protective
Development Division, the results of which are given in memorsndum of
Bugust 6, 1931 to the Technioal Director. These tests showed that
liquid HS penetrated two layers of standard protective oclothing and
produced ocasualties as follows:

HS drops 0.5 n§ .’m size = 40X man casualties
n " "

”
?"0.8"',"

80%
- 100% " "

be Estimated Men Casuslties from HS Vapor. Sempling machines
were placed to Take vapor semples &t positions IﬁEouM on Chart 1.
In each of the tables which follow, representing different sampling
pericds, the sampléng positions used are designateds The HS vapor
concentration, 6.t., value, snd per cent estimated men casualties, as
estimsted from the wepor concentration, are also included in each of
the tables,

The o.t., value is egqual to the wapor concentration in
milligrams per liter times the exposure periocd in minutes, Estimated
man casualties are based on the c.t. value using the valuation curve
given on Graph 1, attached to this report. The per cent estimated
man casualties in the following tables represent mean protected with
gas mask, but without the protection of impregnated clothing.

(1) On the Terget Area,

(a) [Firiog Period Plus Ten Minutes,

Table No. 4.

Sempling iElevationivVol, of :Sampling: HS  iVapor 1§ O.t.:Estimated man

position: of 1air sam=; ;period :semplediconcn, :veluescasualties when
t seample 3 pled s 1 3 man is protected
3 ] 3 3 3 wwith gas mask only
3 7t : licers E- t nge 7! t 3 ;.
G &+ O 1 690 & 17T 117 :‘8290 te49 1 100
K 1 1 . T30 31 21 31 6,6 11,0080 1 9 s 100
L 1 : 6% 1 20 1 O o0 3 0
0 1 0 s 822 3 264 1 4,0 11,0049 ; ,12 100
P 1 0 s 776 3 25 3+ O 3 O 1 O 0
Ave 60
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(b) F Minute Period Starting Tem Minutes
or rtnﬁ Ceased,

Table No. 6.

Sempling:Elevetion:Vol, of sbamplings HS  1VApOr i O.te:Estimated man
position: of 1air same; pericd ;samplediconon,:valueicasualties when

t semple : pled 3 : s man is protected
1 ] ] 3 t 3 swith gas mask onll
+  Tt, 1 liters : min, & mg. Mg./le? N ‘f
G : 0 t 18680 31 52 1 15.T 30084 31 o44 1 100
X ] 1l t 1770 51 : 2¢5 140014 : 072 74
L t 1l s 1860 1 b2 8 0,8 31,0004 : (02 3 30
0 3 0 t 872 : 81 t 2,9 31,0088 ; .16 100
P 3 0 s 1884 : &6 3 0O ¢+ O st 0 0
F ] 0 g 1762 31 50 3 6,7 3.,0038 : L19 1 100
Av. m

(e) Firing Period Plus Ome Hour,

Table No, 6.

Sempling iElevation: Vel of ;Sempiing ¢ HS 1 VApOr: C.t.:Estizated man
positicn: of “sair sams period ssampled:conon,:whluesoasualties when

: semple : pled : H 1 sman is protected
: 3 3 : 3 3 swith gas mask only
1 f8. @ liters: min, nge zng./i.; : i

B 1 1 s 1664 2+ 45 t 16,7 11,0100 3 (45 : 100

F 3 0 : 1762 3 60 t 6o7 140038 3 L19 3 100

G 3 0 s 2450 1 @9 t 32.8 13,0134 ; .93 3 100

K 1 t 2600 s 72 3 940 140036 : 426 1 100

L 1 1 2490 :+ T2 1 0.8 13,0003 : ,02 3 30

0] ] 0 t 1699 76 g 648 11,0041 ; 51 100

P 0 T 20869 1+ T8 t 0 : O s 0 3 0

S 3 l 1 2890 ; 82 : 0 0 1 0 3 0

T [ 1 s 28960 3+ 86 s 0 s O 3 3 0

AV, 5'9
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(4)

Four Hour Po:&od Bq&}nniQEVOno Hour
AfTer Fi ring Coased,

Table No. 7.

Sempling:ElevationiVol. of :Sempiings BS

tVapor : c.t. 1Estimeted man

position: of tair sam=: pericd isampledieonen,svalueicesualties when
s sample : pled 3 : s man is protected
: s s 3 $ 3 swith gas mask only
s It : 1iters : min, ng. ;lg-/f ) 3 é
F 3 0 t 8460 1 240 1 Jod 340004 : 09 87
G s 0 t 4260 1 238 1 842 3.,0019 3 46 : 100
K 1l 3 8240 3 237 3 1.9 11,0002 3 06 568
L 1 1 t 4220 s 282 ¢+ O 3 O 1 O 0
0 0 s B0B0 3 238 1 444 11,0006 1 o183 s 100
S 1 1 : 8340 : 229 : O 1 O : O 0
P 1 0 t 7660 : 227 ¢+ O 1+ O ¢ O 3 0
T 1 1 8140 3 224 1+ O 1 O 1 O 0
Steke 501 1 t 4450 : 266 3 4.8 1.,0010 : 26 s+ 100
" "o 2 t 4460 1 256 1 247 11,0006 : o380 ;s 100
" ) 4 s 4450 1 266 1 Oed 140001 : 402 3 33
(o) Four Hour Period a Dey Follewing Firing.
No samples were taken on acsount of rein,

Appendix C
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(2)

Downwind fraom }gao‘b Area,

(2) [Firing Period Plus One Hour.

Table No. 8.

Tampling:Elevationsvol. of iSempling: ES

1 Vijper : o.%. tEstimated man

position: of tair sam=3; periocd ssampled:concn, svaluescasualties when

: sample 3 pled 3 3 : sman is protected
3 ] ] 3 ] 3 twith gas mask on
T IX. 1 1lCers 1 min. & Bmg. iBge/les " i!'_""J

A : 1 t T82 3 46 1 9,0 1,015 : .52 3 100

" : 2 ' " " 1 142 1.0016 1 407 73

" 3 4 : " " 4 0 31 0 3 0 0

¥ . 1 T 1198 @1 69 1 O T O @ 0

" : 2 : "o * ¢+ 0 3+ 0 ¢ O3 0

" 3 4 : "o " 3 0 s+ 0 3 03 0

3 1 v 1260 1 T2 1 2e5 te 1 o138 3 156

" s 2 ' " " 1 1.0 13,0008 3 (05T 64

? 3 4 3 . ] ! 3 102 100010 3 00728 76

W+ 1 ¢ 1187 &+ V¢ 1 O 1 0 & O [

. 3 2 : " * ¢+ 0 1+ 0 ¢ O3 0

" : 4 1 "y " 3 0 3§ 0 3 03 0

¥ 1+ 1 ¢ 1282 1 716 1 8.8 1. 1 o8l 3 00

“ 3 2 : * g " 1 9¢6 1,0078 § 55 100

Q } d T 1550 1 79 1 0 1. T O 1 ]

" ' 2 : " 1 " 1 Ot 1,0003 1 024 35

" : 4 : * " 5 Ok 31,0003 : 40241 36

T T IO B 1.0 1. 0007 1 o864

" 3 2 3 " s " 1 10 340007 ;: 007 64

" : 4 : " s " 3 0,8 31,0006 3 o049 58

T 1 T 1476 : 885 1 1.0 1o T <08 1 66

. : 2 : "o " 3 e8 1.0008 : .04 3 50

. : 4 : "oy " 3 160 11,0007 3 408 3 66

Note: The positiocns of sampling mschines are shown
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(b) Four Hour Period Beginning One Hour
After Firing Ceased.

Table No,. 90

SemplingsElevationsVol. of sSemplings HS 1 VApOr: G.t.iEstimated man
position: of sair sem-: period :ssmpledioonon,svaluescasualties when

t saxple : pled 3 s s ~sman is proteoted
3 — ) $ 3 ] ver 3 awith fy mask onmly
t . t liters 3+ min. 1 mge tmg./le: ?
E 1 : 4230 : 240 : O 3 O ;3 O 0
" 2 : "o " t 0 & 0 0
Yoo 4 : U ¥ 3 0.4 31,0001 3 402 3 30
I ) 1 T 4260 1 288 1 O 1 O 1 0 1 0
: s 2 ¢ : 3 : : g t 8 1 0 0
) 4 ) N 3 y ) ] 1 0 0
d D 1 4120 1 237 1 O.% 1o 1 o028 1 30
" 2 t "o " 3 Ot 140001 ¢ 02 ;5 30
" 4 : " " 3 0.8 13,0001 : 02 : 30
¥ 1 1 T 4220 1 282 1 0 T 0 1O
Y 2 s " ¢+ " ¢+ 0 1+ 0 1 0 ¢ O
", 4 3 "oy * 3 0 3 0 : O 0
¥ ¢ 1 1 4080 1 235 1 1.0 1,00028:1 .08 1 &6
"o 2 ? o " 3 1d7 1.00043: L10 3 93
T ¢ 1 T 5830 1 267 :+ O 1 O 1 0 1 O
: : 2 : : : : : g t 0 1 O 0
: [} 4 ) - | - 1 st 0 1 0 0
Bt 1 & 4170 1 220 1 0.8 150001 1 ¢02 1 S0
R 2 3 "o " 1+ 0 : 0 1 0 3 0
" 4 : " " 3 D4 13,0001 : 402 1 30
v 1 T 4070 & 2¢4 1 0 1 O 1 0 13 [}
O 2 t " " 1+ 0 1 O ¢ 0 3 0
"oy 4 : $ " 34 0 1 0 31 0 0

Note: The positions at which vapor samples were taken are shown on
Chart 1.
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L. Estimated Mm Casualties Based on Effeots on Animals.

Animels were placed on andd ownwind from the turgot area
to dotornino effeat of the gas oconcentration set up and how long the
HS persisted on the impact area, The position of the animels as exposed
during the wvarious exposure periods is shown on Charts 1, 7, 8, 8, 10, and
11, The animal casualties snd estimated men ocasualties, are given in
the tables which follow. The men ocssualties are estimtes made by the
Medical Research Division who observed and studied the effects of the
BS on all enimals exposed, Estimated man casualties from the effects
on snimals are shown on Charts 12, 13, 14, 15, and 16, On the Charts
as well as in the tables which follow, the following symbols are used
to designate the nature of the animal casualty:

L - Gross pathology of lung.
= Respiratory symptoms,

First degree:skin hurn

§p = Second " "

Sg = Third o LA

E - 3imple conjunottvitiu.

Ep « Purulent. ‘

F = Injury by shell fragmemt,

(1) Onm farget Ares.

[~} .]
]

(a) [Firing Period and the Following Ten Minutes.

During the firing period and following ten minutes,
18 rats and 16 goats were exposed on the target area. Animel casualties
‘and estimated man casualties, when man is protected with gas mask only,
are tabulated below, The position of the animals is shown on Chart 7,
and estimated men casualties are shown on Chart 12,
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Table No, 10A,

Estimted Man Casualties Based on EBffects

on Hats.
Fosition: Nature : Severity Remarks iEstimated casualties
of : of of 3 swhen man is pro-
stake soasualty: ocasualty ttected with gae
3 t 3 tmask onl
¥ : ELS 1 Death tBurns on feet. ‘Euudw L FY) Iaé
[ 3 s 3 hrs, [ _
47 @ ERS; 1 Severe iBurns on feet, Casualty inm; 1008
s 3 1 12 hrs. $
®6 ¢ ELS 1 Death  iburas on feet, Casually 1n: T00%
3 v [ g 24 hrs. 3
136 1 ELS, 1 Death  jBurns on feet. Casually in: “100%
3 ‘T s+ 4 hrs, s
139 1 EL __ ; Death  iCesualty in 4 hra, 1 }g
225 1 EIS 1 Death iBurns on feet., Casualty inm:
! : ¢ 12 hrs, 3
Av, S5
Table No, 10B,
Bstimated Man Casualties Based on Effests
on_Uoats.
25 & EL t Death iCasualty in 12 hrs, Death 1008
3 3 t in § days, 3
80 ¢ ER 1 Noderate ilasualty hrs. 3 100
g s+ B 1" 1Burns on body. Cesualty in 3 100
! ) . 3 in 4 hrs,. 3
Y7 : BB : Light  sBurns om body. Casualty in 100
| 1 112 hrs, 3
115 : BRSp; 3 Severes iBurns on body and nose. 100
3 1 3 Casualty in € hrs. 1
187 1 ER 1 Death __ iDeath on area, 3 100
186 ¢ LS 1 Light  iBums om body. Casualty ing 100
) : . 24 hrs, [
201 : E 1 Moderate iCasually iam 4 hrs. 3 0
— 206 1 SR W Burns on body. Casualty int 160
3 : X $. 12 hrs, 3
=200 1 ELS 1 Death  iCasualty in 6 hrs, Burns i 100
3 : :_on body. Death in 3 dayse
] Av, 66%
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(b) Firing Period and the Following Hour,

During the firing period and following hour, 16 rats
and 17 goats were exposed on the target area. Animal casualties
and estimated men casualties where man is protected with gas mask only,
are tabulated in Tables 11A and 11B, given below, The position of the
snimels is shown on Chart 8, and the position of estimated man oasualties
is shom on Chart 13,

Table No, 1llA,

Estimated Mam Casualties Based on Effects

on Hats.

Position: Nature : Severity 1 Remarks “tEstimated omsuallies
of : of of 3 stwhen man is protected
stake icasualty: casualty @ swith gas mask only

71 1 ELS @ Death iBurns on feet. fuuﬂty 1 ‘ﬁﬁ
3 s in 12 hrs, 1
76 1 ELS 1 " 1Burns on fest, Casualty i 100
3 3 t in 4 hrs.Death in 4 da,:
111" : ERS 1 Medium :Burns on feet. Casualty 160
I $ in 4 hre, s
116 s+ EL : Death 3Death in 4 hrs, ) 100
186 1 SE 1 Nedium :Burning on fest, Casualty: 100
: : : in 12 hrs. :
169 & ELS 1 Death :Pums on feet. Casualty : 100
t H t in 12 hrs, Death in 4 :
[ : 1 deys, [

Av, M
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Table Mo, 1l1lB.

Estimmted Man Cuua.ltiol Based on Effeats

on a@ltlo
TPosition: Rature : Severity ¢ ~ Remarks tEetimated casualties
of 1 of of 3 swhen man is protected
stake :casualty: casualty : twith gas mask only
3 mz t Severe i1Bums on body and nose, s
[ : t Cesualty in 12 hrs, s _
49 1 ELS 1+ Death sBurns on body. Casualty 100
3 3 s in 6 hra, Death in 9 d
80 : ERS i Severe :burns on ears, Casually 1 150
3 3 ¢ 4in 4 hrs, 3
98 1 BRS & Moderate sBurns on body, Casualty 3 100
3 3 t in 12 hrs, :
135~ ¢ ES 1 Moderate iburns on body. Casualty 100
3 : ¢ in 12 hrs, s
187 1 ELS 1 Death :Burns on feet and b 1 160
_ : ] tCasualty in € hrs, da
177 1+ ERS 3 Severs iBurns on body. Casualty 100
3 : s in 12 hrs, s
181 1 By & Severs iCasuaity in 4 hrs, 1 0
221 1 ELS 1 Death iburns on ears and body. ¢ 100
3 3 sCasualty in 4 hrs, 3
225 1 S t Light  iBurus on body., Casualty s 100
: 3 3 in 12 hrs, 3 .
220+ % 1 Moderate :Casualty in 12 hrs, 1 0
Av, m

(o) Four Hour Period Beginning One Hour After
?Iring Consed,

During the four hour period beginning one hour after
firing ceased, 15 rats and 9 goats were exposed on the target area,
dnimal casualties and estimted man ocasualties, where man is protected
with gas mask only, are tabulated in tables 12A and 12B below, The
positions of the animals are shown on Chart 9, and position of estimeted
man casualties is shown on Chart 14,
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Teable Ho, 12A.

Estimated Man Cmalﬁos Based on Effects on
ts.

Position: Rature : Severity : “Remarks 1Estimated casualties
of 1 of of s swhenn man is proteocted

stake :ealulg: cuutlg 3 swith gas mesk og
81 3 4:11.:0 sCasualty in & hrs,

:

M+ S 1Burns on feet. Casualty 166

[ R t in 15 hrs, g —

™ E s+ Li sCasuslty in 4 hrs, s
b L ER ¢ i T " N 100
TI§ ¢ BES 1 Moderate :Burns on feet. Casually 3 100

U ] s in 4 hrs, ]
1% 1 BS 1 % iBurns on feet, Cagualty 100
t : s in 12 hrs, [
Av, m
Table No. 12B,
Estinated Man Casualties Based on Eff'ects on
ac‘-t.o
7§ & ES & Light sBurns on body. Cesualty 1008
[} 3 s in 6 hrs, %

TT 1 R 1 Moderate :Casualty in 12 hrs,. ' 0
113 _S s Light o 3 100
321+ E_ iCasunlly in 4 hrs, : 0
IS8T 1 E;LS :+ Death : Burna on body, Casualty : 100

3 ' + in 12 hrs. 3
Av, 33%

(4) Twenty-four Hour Period Beginning Five Hours
Wilﬁﬁg Ceasond,

During the 24 hour period beginning five hours after
firing ceased, eight rats and four goats were exposed on the target area.
Animal ecasualties and estimated man casualties, where man is protected
with gas mask only, are tabuleted in Tables 13A and 13B, given below.
Animal positions are shown on Chart 10 and estimmted man ocasualties on
Chart 18,
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Table No. 13A,

Estimated Man Casualties Based on Effects on Goats.

Position: Rature i1 Severity “Remarks sEstinated casuaities
of 1 of of : swhen man is protected

stake ssasualty: ocasual 3 swith mask onl
% 5 ﬂaa sBurns on body ) ‘gm
41 R 3 " gy ? 0

: Av, ,!!’_,

Table No, 13B,

Estimated Man Casualties Based on Effeets on Rats,

t Av,

159 1 ES 1 Light 3 l'g

(o) . '.l'nna:tour Hour Qomro in Shell Craters
[ on Ihird Dey After Firing.

During the 24 hr, period beglauning the third day after
firing, seven rats and one goat were exposed on the target area in
shell oraters., Animal casualties resulting and estimated man casualties,
where nan is proteoted with gas mask only, are tabulated in tables
14A and 14B, which follows

Table No, ldA,

llti_l_gtod Man Cesualties Based on Effects on Rats.

Foai%iona X fm 1 my: Hewa Tks 1ESCIaated cammalties
swhen man is protected

[ § [ §
dtlko smo% wtwith gas mask
s on feet, Death in 6 daa m
| §

: Severe :burns on feet,

g

: :wah sburns on fest. Death in 3 da.
t  ELS? 1 sBurns on 1eot, Death 1In € da.: Idb
"—‘"—:—"M‘meﬁ. T iugﬁ

i B Light 3 :
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Table No, 14B.

!a‘bhntod Man Casualties Based on Effeots on Goats,

Fosition: Nature : Severity: Remarcs 1Estimated cas~
of 1 of : of ualties when man
stake ; casualty : Casualty: tis protected with
— ) 3 3 1ges nask &
) S2 + Noderate:burns on Dody. 3

(£) Twentyefour Hours Exposure in Shell Craters
38 WIStk Day Ifter Wirins.

During the 24-<hr, period degimaing the ninth day after
firing, seven rats amd one goat were exposed on the target area in shell
eraters. Animal ocasualties resulting and estimated man omsualties, where
man is protected with ges mask only, are tabulated in Table No, 15, which
follows:

Table No, 15.

Estimated Man Casualties Based on Effects on Rats.

Nature of: Severity TRemarks 1Estimated casuaities
casual-; of swhen man is protected

3
Ex s easualty 1 - twith gas mask onl
s Den 1Burns on 7eet, DOALh in 24 hre: %
b= 3 Liiht 3 )
B8 3 3 [ 100
B 1 T 3 1 100
£S 1 w N $ 100
B8 1 w N t 100
RS s N ? 3 100

The gost exposed was not a casualty,
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(¢) Twenty=four Hour sure in Shell Craters

on enth r Firing.

During the 24-hr. period begimning the thirteenth day
after firing, seven rats were exposed on the target ares in shell
oraters. Animal casuslties resulting sand estimmted man casualties,
where man is protected with gas mask only, are tabulated in Table No, 18,
which follows:

Table No, 16,

Estimated Man Casuslties Based on Effeots on Rats,

Fature of:Severity of: Rema rks 1Eatimated casualtles
sasualty : caswalty swwhen man is protected
1 3 swith gas mask only
RE 3 Light ¢ $ 1,4
RE 3 » s s )
L s+ Death 1Desth in 24 hr, s 100
E ] L1§l!t s 3 o
ES ] 1 3 100

(h) !ic%i_y—tour Hour onuro in Shcll craters
ventessth Day

During the 24-hr, peried beginning the seventeenth day
after firing, seven rats were exposed on the target area in shell craters,
Anima) casualties resulting and estimated man wesualties, where man is
protected with gas mask only, are tabulated in Table No, 17, which
follows:

Table No, 17,

Estimated Men Casualties Based on Effects on Rats,

Wature of :ceverity of; Temarks 1Estimeted casualties
casualty : casualty iwhen man is protected

3 3 swith ges mask on
5 fIgKt tfuuﬁfby whenr removed 8 4A-W_L—-

: 1 £rom area, : v
5 2 ol sDitto, N 100
"8 3 w sDitto, ' 100
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(2) Downwind from Target Areas,

(a) Firing Period and Following Four Hours,

Eight rats and four goats were exposed at positionsdowne
wind from the target area during the firing pericd and the following
four hours at positions shomn on Chart ls Animel casualties resulting
snd estimated man casualties, where men is protected with gas mask
only, are tabulated in Tables 18A end 18B, which follow, The positions
of the snimals, and casualties are shown on Chart 11 end the positions
of the estimated man casualties are shown on Chart 16,

Table No, 1B8A,

Estimated Man Casuslties Based on Effects on Rats,

Posibion:Nature of 5everity ofs Remarks 1Estimated casualties
of iossualty i ocasuslty ' swhen man is protected

stake 3 3 3 iwith gas mask onl
"T1ght  tburns on Zeet, T'T'—'GTW“"_Luu -1

in 6 hl'o —_— 3
ualty in 12 Ar, 1 "0
tBurns on feet, Casual-: ~ 100
" n 6 hr. — 3
Noderete iDurns on feet, Casual-; 100

]
8
1 3
_ sty in 6 hr, %
I Tc%‘r{g% : v
“;Burns on feet, Casual-: 100
in 8 hr,
Yoderate :gmaﬁ in 12 hr, : 100

Table No. 18B,

-
-w—

d 34 4 dd
| de g o o

Estimated Man Cesualties Based on Effects on Goats,

%61 1 EN> 1 Severe iburns ob body.
268 1 B : Noderate : AL : %
287 B s Moderste 1 ¥ Y " . 100
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80 Disoussion,

8, Shell Distritution. The shell were fired for equal
distribution of impacts over the entire target area, Of the 40 shell
fired for effect on the target, 31 registered on the target area, one
of which was a dud, The craters produced by these 31 shell were all
within the area of 16,800 sq.yd. which is about 84% of the target area,
Aside from the impacte on the target area, there were seven additional
impacts within a distence of 40 yd. from the edge of the target ares,
Only two of these shell were at all effective on the target on account
of wind direction snd direction of fire, The positions of the shell
craters are shown on Chart 2,

be. {Elgnct Area, The number of animal positions lmeluded
within the impact area was 42, and sinoce each animal was located on the
ocenter of a 20 yd. sqe., for purposes of discussion the size of the impeact
ares may be regarded as 16,800 sq, yd, The animel positions on the
impact area and mumber of impacts on each 20 yd., sq., are givenm in

Table No, 19, which follows:

Table No., 19,

Impact Ares (16,800 sq.yd.)

Stake at center of:s Impacts within sStake at center:impacts within

20 ydo sq. 20 yd, sq. sof 20 yd, 5qe ¢ 20 yd. sq.

s
s )
3 3 0 [ 27 % 0
5 : 0 s i1 3 |
7 3 0 3 113 3 0
23 s o 3 115 3 2
25 ' 2 3 117 s 1l
27 s 0 : 133 s 1
29 3 3 s 136 s 2
45 t (] '] 1357 ] 2
47 s (o] [ 139 t 1l
49 s (4] 3 186 s 0
[ 31 '] 1l % 167 s 2
53 3 3 ] 169 s 0
67 3 1l s 161 3 l
69 ] 0 3 177 3 1l
71 3 0 ] 178 3 0
73 3 4] 3 181 3 1l
7% ] 3 1 199 s 0
89 3 0 3 201 3 1l
gl 3 (] 3 221 s %
3 3
y : B LWl o
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o Estimated Man Casualties from Liguid HS,

(1) Effects of Meteorologiocal Conditioms.

The only meteoroclogical factor having any effect on the
size of the area covered with liquid HS, by the burst of & single shell,
ie wind velocity, An increese in the wind welocity will reszult in
en increase in the size of the ares sprinkled due to the liquid drops
being carried in the direction of wind travel to a greater distance,

On the other hand, a decrease in the wind velocity will result in a
smaller area being contaminated by the liquid HS due to the liquid drovs
not being carried so far by the wind,

(2) Proteoted with Gas Mask but without Protection
of Impregnated Clothing.

Results from paper panels given in Table No. 2, show
that personnel exposed with equal distribution on the target ares during
the firing pericd, would suffer about 46% casualties from liquid HS when
protected with gas mask only. The percenteges given in Table No, 2,
are based on the entire target area whioh includes about 3,200 sq.yd.
on which there was little or no effect from liquid HS, The figures
given below, in Table No, 20, are bssed on results on the impact ares
only (16,800 sq.yd.), as defined in paragreph 8 b, Thirty-one shell
bursts are included within the impact area,

Table No, 20,

Estimsted Men Casualties from Liquid HS on Impact
Ares (16,800 8Q.vd. e

Panel :Panels conteminated:Estimated masked men

attern: No, 1 Per cent s casualties
Eeavy T O "DeS Dol

1 ® 3
Medium : 19 H 12.6 3 12,6
Light 1 44 29,1 3 23,3
Trace 31 61 3 40,4 3 24,2
No HS 119 1246 : -
Total 1161 100 ] 00ed
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If 31 shell distributed will produce 665.4% casualties
from the effeots of liguid HS on an area of 16,800 sq,yd,, about four-
teen shell distributed per 100 yd.sq., are required to produce 60X oas~
ualties when man is protected with gas mask only.

In Table No. 12, the number of shell bursts are given
for each 20 yd. 8qe inoluded within the impect area, The figures in the
table show as many as three shell bursts on some of the 20 yd. sq.,
whereas one in the upwind part of the square would have probably produced
100% casualties, If the two additicnal shell had been distriduted to
other parts of the area, it is probable that estimated ecasualties would
have been greater and shell requirements to produce 50% oasualties would
have figured slightly less.

(3) Protected with Gas Mask sand Stendard Impregnated

Tlothing.

From results given in Table No. 5, it is estimated that
personnel protected with gas mask and standard impregnated slothing,
exposed with distribution on the target area during the firing period
would suffer about 4.5X casualties from liguid HS, There were some parts
of the target area, however, on which there was little or no effect from
liquid H5, due to wimd direotion and position of impeocts. In Table ¥o. 20,
which follows, percentages are based on effects on the impact area
(16,800 sq.yd.), as defined in paragraph 8b, on which there were 31 impacts,

Table Fo. 21.
Estimated Man Casua)lties from Liguid HS on
-ﬂ.‘ e F 8Qe LJ

“FPanels showing HS drops:tstimted man cesualties whea
in excess of 0.6 mg. men is protected with gas mesk
0.

BIze of B5s No. sand standard impregmated olothing
drops 1 pesnels 3
Bg. ) . ¢ per panel 3 dimpact ares
& to 1,0 11 1] m ] 2.“
Over 1.0 $ 6 ] 10“ ¢ 5.8
Total 6.0%

Total panels on impact area (16,800 sq.yd.) « 156,
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If 31 shell distribtmted on an area of 16,800 sg.yd., will
produce 6,8% casualties, when man is protected with gas mask snd standard
impregnated clothing, it will require about 140 shell distributed per
100 yd.sqs, to produce 50X casualties,

de Estimated Man Casualties from HS Vapore

(1) Effects of letoorolo?.ctl Conditions., A theoretical
discussion of the effeot o orological oconditions on the vapor ocn-
centration set up, is given in report of Test A, conducted on May 23, 1832,

During the present test, the ground tempersture was 88°F,
to 92°F,, the dir temperature was 88°F,, and the wind velcoity was 5.3 m.p.h.
These conditions were favorable to set up a moderately high vapor oconcen=
tretion on the target area, The ground temperature was about 20°F, higher
than the air temperature however, so that convection air currents were set
upe This theoretically resulted in the upward travel of the HS wapor so
that meteorological econditions were unfavorable for the building of a high
vapor oconcentration outside of the area contaminated with liguid HS.
Theoretically, the vapor oconocentration set up downwind from the target ares
was netas great as it would have been with the same wind conditioms, if
the test had boen held after sunset, when there are no effects from con-
vection air currents,

(2) Vapor Comoentration Required to Produce Man Casualties.

A discussion of the exposure period required to produce
man oasualties from HS wvapor is given im Teet "A", "Report of Test of HS
Filled 166-mm. Howitser Shell", conducted Msy 23, 1933,

(3) On the Target irea, Estimated man cesuslties on the
target area: from the elfects of HS vepor for the different exposure
periods, are tabulated in Tables No. 4 to 7, inclusive, and results are
shown on Charts 3§ to 6A, inclusive,

(a) Piring Period sud Following Ten Mimutes.

From the results of vapor samples given in Table ¥o. 4,
representing the firing period and following ten mimutes, it is estimated
that man with the protection of gas mask only would suffer about 80X oas-
ualties from effeots of HS vepor, This estimate: is based on the results
of vapor samples taken at five different positions on the target area,
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In the fifth eolumn of Table No. 22, which follows, estimeted vapor
cagualties are given for each 20 yd. sqe. on the entire target area,
The figures as given in this column are estimetes based on results
obtained at sempling position, the position of nearest impact, and
the wind diredtion., Estimated vapor casualties for the total target
area, figured from estimates on sach 20 yd.sq., are 64%, which very
closely checks 60%, the estimate given in Table No. 4, representing
results at five sampling positions,

The per cent estimated casualties for each 20 yd.sq,.
as given in the fifth column of Teble No, 22, is shown graphically
on Chart 3. The shaded aremon the chart represents the percentage
of the area on which 100% casuelties would be produced from HS vapor
when man is protected with gas mesk only., The per cent casualties,
as shown on Chart 3, are based on the effects of 31 shell, If 31
shell distributed on an area of 16,800 sq.yd., will produce 64% casw
ualties by effects of HS vepor, it will require about 1& shell, dis=-
tributed to produce 50% casualties from HS vapor, when man is protected
with ges mesk, The above figures do not take into oonsideration the
offect of liquid HS, which is also present and will cause additional
casualties,

(b) Firing Period and Following Hours.

From the results of vapor semples given in Table No., €,
representing the firing period and following hour, it is estimated
that men with the protection of gas mask only, would suffer about 59%
casvalties from HS vapor. This estimate is based on the result of
vepor samples taken at nine positions on snd at the edge of the target
area, In the fifth golumm of Table No. 24, estimated vepor casualties
are given for each 20 yd.sqe on the entire target area, The figures
as given in this column are estimates based on results obtained at
sampling positions, the position of impacts in sand around each square,
and the wind direction. Estimated wvepor casualties for the total
target ares, figured from estimates on each 20 yd.sq., is 63.6% which
very closely checks 59%, the per cent given in Table No, 6, representing
results at nine sampling positions, Chart 4 shows that part of the
target srea on which it is estimated 100% man ocasuelties would result
from HS vapor, on exposure for a pericd of 50 min., beginning tem minutes
after the cessation of fire,

(o) Four Hour Period Begimning One Hour After
Cessation of rire,

From the results of vapor samples given in Table No. 7,
representing the four hour period beginning one hour after cessation
of fire, it is estimeted that man with the protection of gas mesk only,

Appendix C - 24 =



would suffer about 53% cesualties from HS vapor. The east side of the
area was free from impaots and could have been occupied without danger
from HS vepor, as long as the wind continued to blow from the east,
That pert of the target area on which it is estimated 100X man casu-
alties would result from HS vapor is shown éa Chart 6.

(4) Outside the Target Area, Estimated man casualties
downwind from the impact position are avon in Tables 8 and 9. Table
No. 8 represents the firing period and following hour, and Table No, 9
represents the four hour pericd beginning one hour after firing ceased,
The per cent estimeted casualties at sampling positions is showm

" grsphically on Charts 8 and 6A. The per cent estimated casualties
at these positions is represented by the shaded position of the 20 yd.sq.

[ Estimated Man Casueltios Based on ;llgfootl on Animals,.

Animals casualties and estimated man casualties based
on effeots on animals are recorded in Tables No, 10A to 18B inslusive,
Also animal positions, animal casualties, and estimated man omsualties,
based on effects on animals, are shown on Charts 7 to 16 inolusive,

(1) Bstimated ¥an Casualties on the Target Ares
when Man is Protected with Gas Mask Onmly.

(a) Firing Period sud Following Ten Minutes,

Estimated man casualties due to exposure on the target
area during the firing period and following ten minutes, are given in
Tables No, 10A and 10B, From the animal: casualties it is estimated
thet man casualties would be 33% based on rate and 56X based on goats,
or 447 based on rats and goats,

(b) Firing Period and Following Hour,

Estimated man ocasualties due to exposure on the target
area during the firing period and following tem minutes, ere given in
Tables 11A and 11B, From the animal casualties it is estimeted that
man ocssualties would be 40X based on rats, and 53% based on goats,
or 4T% based on rats and goats,

(e) Four Hours from Second to Sixth Hours after
T essed,

Estimated man casualties due to exposure on the target
area during the four hour period following the firat hour after firing
coased, are given in Tables 12A and 12b, From the animal casualties
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it is estimated that man ocasualties would be .27% based on rats and 33%
based on goats, or 30X based on rats and gosts, The animals used did
not cover the target area but taking into oconsideration the position
of the impacts, the area covered by the animals was representative of
the entire target area,

() Iwenty-Four Hour Period Beginning Pive Hours
?F;;!Flrin‘ Ceazed,

Estimated man ocasualties due to exposure on the target
area during the 24~hr, period beginning five hours after firing ceased
are given in Tables No. 15A and 13B, From the animal ocasualties it
is estimated that man casualties would be about 12% based on rats and
25% based on goats, or 18% based on rats amd goats, The animals
used did not cover the target area but taking into consideration the
position of impacts, the area covered by the anlmsls was representative
of the entire target aree,

(e) Exposurs in Shell Craters.

Estimated man casualties due to exposure in shell oraters
for a périod of 24 hr, are given in Tables No, 14 to 17, inclusive,
From the animal results, it is probable that casualties would result,
if the impact area was occupied by personnel within seventeen days after
the date it was shelled, unless they were protected with gas mask and
standard impregnated clothing.

(2) Downwind from the Terget Area,

(2) [Firing Period and Following Four Hours.

Estimated man casualties where man is protected with ges
magk only, due to exposure directly dowmnwind from the target area during
the firing period and following four hours, are given on Tables No. 184
and 18B, From the animeal results, it is estimated that personnel ocoupy~
ing the domuwind area within 100 yd, from the impact position, for the
period stated above, would probably become casualties.

fo. Comparison of Per Cent Estimated Men Cesualties Based on
Wessurements of the Uas Concentration and by Effects on
EEEI-‘ When Nan 1s Protected with Gas Mask O;Ii.

(1) Firing Period and Following Ten Minutes,

In Table No, 22, estimated man ocasualties are given for
each 20 yd. 8q., based on the following effeots and methods of figuring
casualties, when man protedted with gas mask only, is exposed on the
target area during the firing period and following ten minutes:
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(a) HS Liquid using panel data,

(v HS vepor fram wvapor samples,

(c Combined effect of BS liquid and HS vapor,
(d) Effect on animals,

"Figures in this table show thet 100X casualties would be
produced on 67% of the area, based on the combined effect of HS liquid
and vepor and 41% based on the effects on animals or 64% based on the
two methods of figuring casuslties.

Table No, 22,

Estimated Casualties on the Target Area Representing
osure. during Firing and Following

o (Ares 20,000 sq.yd.)

To, of  iimpacts:From HS uaudsﬁum or ifrom A5 Liquid:from Effects
ina ) ) c.E.:EEEEEE%z

stakes atiwithin ks = and or 1 on animals
center ofseach 1 oasualties ivalueied Man : Bstimate iAnima]l Estimated
square square 3 : scasunle ;3 oasualties icasual= ; man
3 3 : s ties 3 3 ties icasualties
3 s ; ' t : 7 t t
1l ] o 3 ¢} 1 o610 3 93 : 23 3 s 0
3 t: 0 3 30 t o161 100 100 : 3 0
] t 0 1 67 t o256 ¢+ 100 3 100 : ]
7 s O 3 67 3 ¢30 ¢+ 100 3 100 s ELS : 100
3 3 : 3 : s death 33
9 s 2 3 10 1 00 3 0 ' 10 ] s
11 s 0 0 : 00 3 0 0 ! s
23 s 0 30 t ¢20 1+ 100 100 : $
26 s 2 1 54 t «156 ¢+ 100 : 100 s+ EL ¢+ 100
: ] 3 : ] s death
27 s 0 66 t 20 1 100 3 100 : '
29 t 3 56 t 20 ¢+ 100 100 ' s 0
31 : 0 15 $ «00 3 e 18 3 :
33 1 0. 0 t ¢00 3 0 3 0 s t 0
45 t 0 1 56 $ «20 ¢+ 100 3 100 ' s
47 s 0 75 t ¢20 3 100 3 100 $ERSg + 100
' 3 t 3 : t sOverse i
49 s 0 80 1 30 1 100 100 3 :
51 [ S | 64 t 920 ¢ 100 100 s s 0
53 s 3 3 a7 t «20 2+ 100 3 100 ] 3
56 ] 0 3 Q 1 «00 3 0 3 0 t ) 0
87 s 1 44 1 020 ¢t 100 100 3 3
69 s O ] 80 $ 020 ¢+ 100 : 100 $ER Mod= : 100
] ] 3 3 ] s erate 33
71 s 0 3 82 t +30 s 100 100 3 3
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Table No, 22 (Cont'd.)

"o, of timpaocts:From H5 Liquid:From AS Vepor: From HS Liquid:From Effects
stakes at: within:Estimeted t O.t.tEstima=: and vapor : on animals
E %E:EEH man

center of: each 1 oasualties tvalueted man:Es s Animal sEstimated
square t SquUAre: 3 scasual=: casualties 1 casuale: man
1 3 t s tles t ties icasualties
3 s ; 3 3 3 ? 3 t
T3 s O 3 82 t ¢60 3 100 100 1ES Mod, 3 100
75 s 3 3 87 t «10 2 83 97 s 1
7 ¢+ 0 0 t «00 3 0 0 : s O
8 :+ 0 17 t «20 3 100 100 3 s
91 :+ O 61 t ¢20 1+ 100 100 3 s
83 s 1 3 87 t ¢30 2 100 100 : ]
86 t 0 1 80 t «40 2 100 3 100 tELS death 100
87 ¢+ 0 47 t ¢20 1 100 1 100 : 3
99 s O 3 0 t «00 3 0 1 0 3 3 0
111 : 1 3 63 t «20 1 100 100 : :
113 ¢+ 0 66 t «20 ¢+ 100 3 100 :t ERS3 ¢ 100
: s 3 s : t severe s
116 ¢ 2 69 t 420 ¢+ 100 100 s :
117 ¢+ 1 59 $ 410 ¢ 93 97 s :
119 s+ 0 18 $ «00 3 0 18 $ s
121 : 0 3 0 t 400 3 0 1 0 ] 3 0
1833 1 1 560 1t «20 ¢+ 100 100 3 3
16 ¢+ 2 3 n t 30 ¢+ 100 100 s ELSg 1 100
: ) ] 3 3 s death
137 :+ 2 80 t 20 ¢ 100 100 : :
138 ¢+ 1 1 49 31 620 ¢ 100 100 s EL s 100
] : 3 ] 3 s death
141 : O 7 s «00 3 0 1 7 3 [
143 s+ O 0 s «00 3 0 0 g :
156 t 0 3 60 t ¢20 3 100 100 3 ]
157 s 28 t 80 t 30 ¢+ 100 100 tER death: 100
189 :+ 0 73 $t «20 ¢+ 100 100 3 3
161 s 1 ] 38 t1 10 s 93 856 3 g 0
183 : 0 3 0 t +00 3 0 0 $ 3
166 : O 0 t .00 3 0 0 1S lights 100
177 s 1 : 51 t 20 ¢+ 100 100 ] ]
179 s 0 67 t «10 2 93 97 3 3 0
181 s 1 : 66 1t 102 93 97 3 ]
183 : 0 3 20 t +00 3 0 1 20 3 ] 0
186 : 0 0 t 400 3 0 0 3 :
187 s 0 0 t o00 0 0 : ] 0
198 t O 3 78 st o156 3 100 100 ] ]
201 : 1 ] T8 1t J18 ¢ 100 3 100 tE Mod, 0
208 s+ 1 3 49 t J10 ¢ 93 - 97 : :
206 ¢+ O 3 7 t «00 3 0 3 T 3SR Mod. 3 100
207 :+ O 3 0 $ <00 3 0 3 0 3 :
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Table Noe 22 (Cont'd),

“Ho., of simpacts:From HS 1liguid:From HS vapor sFrom HS 1iguid:from eflects
stakes at: within:Es ted mAn 3 O.t,sEstima- : and vapor s+ on animals
conter ofs each : ocasunlties :valuested man s!lEEtEEK men : Animal :Bstimated

SQUATre : SQUATS: 3 soasuale : casualties t casual-: man
1 [ ] : ties t ties * scasualties
‘ 3 3 z 3 3 3 1 ) ; % !
209 s 0 o 1 00 O 3 0 sELS death 100
221 s 1 3 85 t ¢20 3 100 ] 100 3 3
223 s O 3 90 t «10 2 83 3 99 $ELS death 100
226 : O s 17 t 400 O ] 17 ] s
227 s O ] 0 1400 O 3 0 3 3 0
229 s 0 3 10 1t 600: O 3 10 3 3
231 s 0 : 10 t 000 ¢+ O t 10 : : 0
Av, 42,0 3 : G4 $ {4 3 3 %)

“See page 11 for aynbofs.

The average percentages as given in Table No., 22, are based
on the total target area which inoludes about 8,200 sq.yd. on which there
was little or no effect from the HS due to wind direction and shell dis~
tribution, In Table No. 23, whioh follows, results are given to include
only the impact area as defined in parsgreaph 8b,

Estimated casualties given in Table No. 25, are based on
an ares 16,800 sq.yd.,, on which 31 shell burst., Results in this table
show an average of 95% man ocasualties based on the effects of HS liquid
and vapor, and 50% based on effects on animels, or an aversge of 73%
based on the two methods of figuring ocasualties.

Table No, 23.
Estimated Casualties on the ot Area (16,800 sq.yd.
Firing Period end ?oﬁ%&ng Ten Minutes,. |

¥o. of stake at center of: Estimated man oasualties

20 yd.sq. B8 TIquid ;mr 3T EITOOCs OR eDi1mAls

3 [ o8 %

8 : 139 :

4 3 100 ] 100

23 ] 100 ]

25 3 100 Y 100

27 3 100 ]

29 s 100 : 0
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Table No, 23 (Cont'd.)

" No, of stake at center of t Eastimated man ossuslities

20 yd. sq. : q snd wapor ¢ eocts on animals
s 8 les t
- . 1% -
47 s 100 t 100
49 s 100 t
51 ] 100 3 0
53 s 100 :
67 ' 100 3
89 t 100 t 100
n t 100 :
78 ) 100 s 100
75 z 97 s
89 ® 100 s
91 ] 100 3 0
93 : 100 :
96 t 100 ] 100
97 ] 100 :
111 : 100 s
113 t 100 ' 100
115 z 100 :
117 s 97 g 0
133 : 100 s
1385 'l 100 l 100
137 t 100 :
139 ' 100 3 100
156 ] 100 '
167 : 100 s 100
159 : 100 s
161 : 96 : ¢}
177 t 100 3
179 : 97 ] 0
181 ] 87 t
199 3 100 '
201 s 100 :
221 : 100 t
223 t o0 : 100
Av, 96 50

(2) Firing Period and Following Hour.

In Table No., 24, which follows, estimated man casualties
are given for eash 20 yd, sq. based on the following effects and method
of figuring cesualties, when man protected with gas mask only, is exposed
on the target area during the firing period and the following hour:
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(a) HS liquid using panel data,
(b) HS wapor from vepor ssmples.
(e) Combined effect of HS liquid and HS vapor.
(d) Effect on animals,

Figures in Table No. 24, show 100% estimated casualties

on 66% of the area, based on the tombined effects of HS liquid and vapor
and 44% based on effects on animals, or 65% based on the average of the
two methods of figuring casualties.

Table No, 24.

Estimated Cesualties on the Target Area, Represeatin osure
During riag andTolloélng Hour (Area Ealﬁ OE.F.,
“Fo. of simpactesrfrom HE llquid:From HS vapor :From HS liquid:From effects
stakes at: within;Estimted man 1 e.%. znﬁ'r'. = : and ﬁor s on emimals
ocenter of: each ; ocasualties ;valueited men man 3 tEat, man
square : square; s scasual-.: casualties : casuale=s Sasualties
3 [ 3 1 ties 1 tles*;
f} 3 I : s 3 T 1 s
1l : 0 3 0 t 20 3 100 3 100 ] 1
3 s O 3 30 t 30 ¢ 100 : 100 ] F 0
[ . 0 87 t +46 ¢+ 100 100 3 3
7 s O 3 87 t «50 2 100 3 100 3 s 0
] . 2 ' 10 t 400 3 0 10 1 3
11 s O 3 0 t 00 3 0 3 0 3 3
23 : 0 3 30 t ¢30 ¢ 100 100 : 3
25 s 2 3 64 t ¢80 3 100 100 3 1 0
27 : O 3 56 t ¢30 ¢ 100 3 100 3 3
29 . & 56 : ¢330 ¢ 100 100 3 3 0
31 : O 3 7 1 00 3 0O T 3 H
33 s O 3 0 t 00 3 0 t 0 3 s
45 3 0 3 68 t 30 2 100 3 100 sERS o t+ 100
: 3 3 3 3 tsevere :
49 s 0 3 80 1 o800 : 100 3 100 tELS death 100
47 s 0 76 1 «30 ¢+ 100 100 3 :
61 s 1 3 64 1 ¢80 ¢ 100 100 : t 0
653 3 3 3 27 t ¢30 3 100 3 100 F 3
66 s 0 0 t «00 3+ 100 3 100 3 3 0
67 T | 3 77 t o30 3+ 100 : 100 3 3
69 : 0 80 $ «30 3 100 3 100 3 1
(23 s 0 3 82 t 40 1 100 t 100 sELS death 100
73 s 3§ ) 67 t o16 ¢ 100 g 100 3 3
76 : 3 : 57 s o16 ¢ 100 3 100 $ELS death 100
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Table No., 24 (Cont'd,)

“Yo. of simpacts:From HS liquidi:From HS vepor sFrom HS 1iquid:from effeote

stakes at: within:Bstimated men : o,tC. aﬁ%&- s and vapor : on sanimals

center of: each : oasualties ivaluested man :Estimeted man i Animel:Est. wen
square : square: soasual= 3 casunlties toasual~: ocasual-

1
[ 3 3 s ties 3 t ties* 3 ties
AT f %f P 3 : af 3 A’i 1
7T ¢+ 0 (4} 1 00 3 0 f 0 1 3
89 : O ™ t o256 ¢ 100 100 sERS : 100
s 3 3 1 : t severe:
8 : O 61 t o286 3 100 3 100 s H
9% : 1 3 67 t «40 : 100 s 100 sERS Mode 100
96 :+ 0 80 3 80 ¢ 100 3 100 : 3
7 + O ' 47 s 25 ¢+ 100 H 100 3 3 o
99 0 ] o s 00 3 o ' 0 t H
111 1l 83 t +26 3 100 s 100 sERS Mod,: 100
113 :+ 0 66 t «26 3 100 3 100 s :
116 :+ 2 69 s 26 ¢ 100 100 sEL death 100
117 ¢+ 1 69 t 416 ¢+ 100 s 100 : 3
119 ¢+ 0 18 t «00 3 0 18 : : o
121 ¢+ O 3 0 t «00 3 0 o s :
188 ¢+ 1 50 t «26 ¢+ 100 100 $ES Mod.: 100
136 ¢+ 2 ] 71 t 440 &+ 100 100 ) s
187 ¢+ 2 s 50 t «26 ¢+ 100 3 100 1ELS death 100
128 ¢+ 1 49 t 26 3 100 100 3 3
141 ¢+ O s 7 t «00 ¢ 0 3 7 3 3 o
143 :+ O ] 0 s +00 3 0 ] 0 H H
166 = O 60 r o265 ¢ 100 3 100 t t o
167 + 2 3 90 t +40 3 200 100 : :
189 :+ 0 T3 t 426 3+ 100 3 100 tELS death 100
161 :+ ) 38 1 400 0 38 3 3
163 :+ O 0 t +00 3 0 0 : t 0
166 : 0 0 t 00 3 0 : 0 : H
T+ 1 s 51 t «25 ¢ 100 100 sERS : 100
3 : [ 2 s t severe:
179 :+ O : 87 t o158 ¢ 100 3 100 : ]
18l :+ 1 56 t 16 3 100 100 tE; severe O
183 : 0 ] 20 gt 400 3 0 3 20 ] H
186 :+ O ] 0 s +00 3 0 ] 0 H 3
187 ¢+ O 3 0 2 00 3 0 t 0 : :
189 :+ O 3 26 t 20 3 100 100 s : 0
201 :+ 1 78 t «20 3 100 t 100 2 :
208 ¢ 1 t 49 t o186 ¢ 100 : 100 : ] (v}
206 :+ O 7 t «00 3 0 7 : :
207 ¢+ O 0 t «00 3 0 0 3 :
200 :+ O 3 0 1 «00 3 0 : o} ] 3 o
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Teble No, 24 (Cont'd.)

"o, of sImpactsifrom HS liquid:From HS vepor 1rrom BB Ilquid:From efTecte

stakes atiwithin ; MeN § C.C, tEstima~ : and or : on animals
center of: each 3 casualties iveluested man :E%TITE& men : Aniwel:Est, Han

square 3 sguare: toasual~ 3 ocasualties :omsuale: casual~

] 3 3 1 ties 3 st tiesx : ties
' 3 T s t ; t 1.2 3 7 )
221 1l 3 86 t o286 ¢ 100 100 tELS death 100
"223 3 0 90 t o1 s 100 100 ' [
226 0 17 1 +00 3 0 17 1S light: 100
227 3 0 1 0 1 «00 13 0 0 3 ]
229 F 0 1 10 t 400 3 0 3 10 1E Mod. 0
2%l 0 : 10 t 00 3 0 H 10 3 ]
Av, 2 3 : " OF 1 (1] 2 3 L7

+3ec page 11 for symbols,

Por ocent estimated ocasualties baased on the combined effects
of HS liquid end wvapor are considersbly higher than ocorresponding figures
based on effects on animmls. There would have been a still greater
spread between these figures if a smaller number of shell had been used,
because on many of the 20 yd. sq. the HS liquid and wvepor present was
in excess of estimated requirements to produce 100% casualties.

Estimates based on effects on animels were very conservatively
made snd are probably low. It is also probable that estimatea based on
effects of HS wvapor alone, are high for average temperature conditions so
that an average, based on effects on animals and from messurements of the
BS liquid and vapor present, is probably more nearly correct than by either
method alone,

ge Number of Shell Required to Produee 50X Man Casualties.

It was stated in paragreaph 8 o (2) that about fourteen
shell distributed per 100 yd.sq. will produsce 80X casualties from liquid EHS,
when man is protected with gas mesk only,.

From figures given in Table No. 23, it was estim ted thet the
impact of 30 shell, exoluding one dud, on an area of 16,800 sq.yd. would
produce 96X casuslties based on effects of HS liquid and vapor, and 50% based
on effects on animals, when exposed during the firing period and following
ten minutes, On this basis, the following mumber of shell per 100 yd.sq.
will be required to produce 0% casuslties when man is protected with

gas mask only:
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Based on HS liguid and vapor samples = 9 shell
Based on effects on animsals -l "
Av, = Iz '

Based on the two methods of figuring cuualtiu, about
fourteen shell distributed, are required per 100 yd.sq. to produce 50%
casualties, when man is protected with gas mask ouly.

9s Conclusions. From the results of the present test, the following
conclusions are drawn with respect tothe use of 156-mm. shell filled with
HS, when fired under the meteoroclogical conditions existing at the time
of the test:

8¢  The number of shell required per 100 yd. sq. to produce 50X
casualties when distributed as equaily as practicable, are as follows:

(1) When man, protected with gas mesk and stendard impreg=
nsted clothing, is exposed during the firing periocd = 140 shell (see p. 23).

(2) Whnen,man, protected with gas mask only, is exposed
during the firing period snd following ten minutes - 14 shell (see sube
paragreph g, lbOTOgo

be Personnel who ooocupy the downwind ares, within 100 yd.
of the impact area during the firing period and the following hour,
will suffer casuslties unless they are protected with ges mask and stendard
impregnated oclothing (see pp., 9 and 26).

Oe If the impact area is oooupied by personnel withiz seventesn
days, after the dete it was shelled, they will probably suffer sasuslties
unless they are protected with gas mask and standard impregnated olothing
(see p. 26)¢

10, Recommendations., It is recommended that the present test
be repeated wWith s change in the firing period from 9 a.m, to one hour
before sunset to determine the effeocts of meteorologiecal conditions om
the number of shell regquired for effective results,
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BATTERY "¢"
FORT HOVIE

SIXTH FIELD ARTILLERY.

MARYLAND

August 4, 1932.

MEMO: TO- The Technical Director, Edgewood Arsenal Mde

l. The following data was used in the 155MM Mustard Gas

shoot of June 11, 1932.

Cormands Eleve.

Sensings Remarks.

Compass 3210, On No.l Close 3,Shell M.Gas,Charge 5, Fuse Long,

Noe.l 1 Rdequad
300
Left 8 308
304
302
302
Left 4,2 Rds 302

reft 4 . 302
Righb 4 1Rd 302

No.l Mark Basge Def.
No.2 Adje. 1 Rd 302

31C

Left 4 310
Right 2 310
2 Rds 310
1 fa 306
: 304

302

2 Rd 302

No.2 Mark Base Def.
Noe3 Adjust 1 R4 302
302
208
"Right 4 298
290
294
206
Right 4 298
1eft 2, 2 Rds 298
NO.3 Vark Base Lefe

60 L Short

80 Rignht Over

60 DUD
100 " " DUD

20 ZLeft short
80 Left Short

80 Right Over DUD
Line Over

30 Left Short

Target.

60 Left Short

50 " DUD
30 Deft "

150 Right Over

Over

140 R ight Over
80 Righk Over.
80 Right Over
80 Right Over
60 Right Over
25 Right Over.

10 Right Over

30 Right Over

1ine Over

50 Right Over

160 Left Short

180 Left Shart

60 1eft Short Def.Over

40 1eft short Def Short

50 Left Short Vef.Shorte
80 Left Shorty 100 Left Short



3 ' Y

No.4 Adjust 1 Rd, 302 150 Left short

310 25 Right Over DUD

306 100 Right Over DUD

304 30 Right Over

302 120 1eft Short DUD

303 50 peft Short Def.Over
Righd 4 304 100 Right Over

303 40 1eft Short.
No. 4 Mark Base Vef.

COMMANDS? FIRE ON AREA.
Base Def. Right 45, On.No.l Open 5, Battery 3 Rds.
Quad,At nmy Cormand Elevs.tNO01‘502,“’002‘301,N003-299,N004-503

1st.Volley- 2 Shorts, 2 Overs 1 DUD
2nd. " 2 Shorts, 2 Overs
3d Volley 2 Shorts, 2 Overs
Btry 2 Rds,Same Elevations
lst.Volley 4 Shorts,
2d.Volley 2 Shorts, 2 Overse.
Btry 3 RA8sE16v8:N0¢1-306,N0¢2=305,N0¢3~303,R044~303
1st .Volley 3 Overs , 1 Line
2nd.volley 1 “hort, 2 Overs # 3 Out.
, 3d.Volley 1 Line, 2 Shortse
Btry 2 Rds,Same EBRevations
IR 1st.Voliey 1 hort, 2 Overs. # 3 Ine
" 2nd. Volley 1 ®hort, 3 Overse.
3d.Volley 1 Line, 20vers.

NOTEss The above sensings made on panel in center of areas
fhe last volley above was the 3 _prds left over becasue of
# 3 belng out of action for JFawoll .

/// ;,r /
,f:, 7 s/ l//ﬂlri // § 2T l.fr

TR
Capt. 6th.F.A.




AT TERNS OF LIQUID HS
ON PAPER PANELS
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Appendix D

Repert of Test of HS=Filled 155-wm, Howitzer Shell
Teat C ~ Bugust 4, 1052,

Appendix D



REPORT
OF

TEST OF HS FILLED 156-am, HOWITZER SHELL

TEST C = AUGUST 4, 1932

le¢ Objects The objeet of this test was to determine the number
of 166 mn, gor shell filled with HS, which is required in open
oountry under the meteorologiocal conditions which existed at the time
of the test to produce B0X ossualties, requiring evacuation for
hospitalisatien,

2, Authoritys This test was authorized in the Project Program
for Edgewood Arsenal for the Year 1933, under Projeot A 1l,1e1ld, 156 mmn,
Shell, MII (Howitser), BS Filled.

S Previous Tests: A test was conduocted on February 16th and
17¢h, 1932, in whioh 36 shell frem each of four lots of shell, represent-
ing the shell used in the present test, were fired from servioce weapons
to determine if the shell funotlioned normally, dut no attempt was made
to determine the gas concentration set up,

A second test was conducted on May 23, 1932, in whish
40 shell were fired for impaot on a target 100 yards wide by 200 yards
deep, From a preliminary study of the results it was estimated <that
1t would require about 26 shell per 100 yard square, to produce 50%
casualties, when msn is protected with gas mask only,

A third test was oconducted on Jume 11, 1932, in whieh 40
shell were fired for impact burst on the same target used in the
previous testy, It was estimated, from a preliminary atudy of the results
of the test, that about 14 shell per 100 yard sguare are required to
produse 50% casualties, when man is protected with gas mask only.

4, Materials Used:

g, Shell, The shell used in the present test was the MII,
156~mm, Howlitser, filled with HS, They were taken from war reserve at
BEdgewood Arsenal and represent a lot which were filled in the years
1921-1922, for shipment to the Hawaiian Islands, The HS used in fille
ing the shell was from war reserve and was probably made by the Levinstein
process, The void used in filling the HS into the shell is not known,

but was probably about 10%, based on the maximum volume shell,
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be Booster, The booster used was the MVIeB, whioch ocontains
& bursting charge of 29 grams of tetryl and 263 grams of TNT, Many
of the boosters in these shell were improperly seated,

oe Mute, The fuze was the MITI, super quick point detonating
fuse,

ds Number of Shell Used, Sixtywmine, 29 for ranging and 40
for effect.

o, Howitsers Used. A battery of four 156eeam, Howitzers was
used under command of Ceptain L. T. MoMahon, The Howltsers were set wp
on "C*™ field in the viocinity of coordinates 69044, 1869,1 as shown on the
special military map of Gun Powder Neok, prepared under the direction of
the Chief of Engineers, U.S. Army, 1923,

6o Target Areas The target area was & rectangular field of open
country 100 yards wide by 200 yards deep; located on "H" field in the
vicinity of coordinates 69045, 1864,0 with ths long axis oriented to
line of fire. The area was covered with grass and weeds having an average
height of 1 to 2 feet. The area was divided into 10-yard squeres by
placing numbered stakes at 1l0~yard intervals, Paper panels, sampling
machines and animals were placed on the ares to determine the effectivew
ness of the geas concentration set up, Chart 1, accompanying this report
shows the target area as it was prepared for the test with positions
of animals, panels and sampling machines,

6. Experimentals

&, Method of Conducting Test. After adjustment, the Howltzers
were ranged on the target and fired as rapidly as possible with change
in elevation for distribution of impacts over the target area, On
completing the firing of the shell, the paper panels were gollected
for tabulation of results and the animals on the target erea and at
positions downwind from the target aree, were removed at definite periods
and replaced by other animals. Also during the firing period and the
animal exposure periods, vapor semples were taken with the use of field
senpling machines, The meteorological date were recorded during the
period of the test, '

be Firing of Shell,

(1) Adjustment of Howitzerse The Howitzers were adjusted
in perallel on a target sbout 100 yards east of the target aree, using
29 shell filled with HS, PFiring for adjustment began at 4.38 p,m, and
oended at 5,40 pems The impaocts were recorded as follows:

Appendix D w 2=



22 Bursts

3 Low order bursts
2 Duds

2 Riocochets

(2) Firing for Bffect. Firing for effect started
about 6435 pems and ended at 8,56 pems, & period of 20 minutes.
To obtain distribution of the impaot over the target area the
Howitsers were ranged in parallel using three changes in elevation.
Sixteen rounds were fired for impaot on a line 50 yards short of the
center and 20 rounds for impeot on a line 5O yards beyond the center,
In an attempt to fill in the gaps resulting from the first 36 rounds,
the last four rounds were fired for impact on a line through the
oenter of the target, A photostatic ocopy of a memorandum dated August
4, 1932, to the Technioal Director, from the Battery Commander, giving
the firing data by round, is attached to this report, From observation
at the O.P. during firing, the following bursts were recorded,

36 & High order
4 ~ Low order
1 = Dud (outside target area)

' (s) I_n%aotl. The positions of the impacts are shown
on Chart 2, Of the 40 shell fired for sffect, 26 registered on the
target ares and an additional 12 within 70 yards of the target area.

ce Meteorologloeal Conditions. The following meteoroclogical
conditions prevaelled.

st 4, 1932

Time 6e36 pemg to 7000 pame Te05 to 7456 pems
Alr temperature 83 to 80°F, 80 to 7897,
Ground temperature 85 to 829F, 83 to 79°F.
Ground condition Dry Dry
Relative humidity 61% 70%

Wind velocity 1l¢6 mepoto 1e7 mapehs
Wind direction sw Sw

Sky Clear Clear
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Auge, 4 @ 7366 pom, to Auge 5 = 10325 aom,

Auge 6 - 9300 a.my to 2130 pem,
Alr temperature —f% %o 65 to 80F, 80 to 889F,

Ground tempsrature 81 to 68 to T8, 78 to 1165°F,
Ground eonditiom damp (dew) dry
Relative humidity 61% to 20X to 70X 70 to 50%
Wind velooity 1.0 mypehe 500 mepehe
Wind direction S.W, S.W,

Te Resultss

o, Liquid HS.

(1) Size of Liquid HS Drops. The distribution of liquid
HS was registered by means of paper panels 8 inches square, placed flat
on the ground at each stake position over the entire target area, The
panels having drops in excess of O.,1 mg. are tabulated in the following
table,

Table No, 1.

8ize of HS Drops

¥o, of dropssNumber of pansls classified
per panel 30,1 to 35.5 to 11,0 %o sOver

‘025 !E.tl.O H.tS:O 5’33.0 3.

1 s 2 s+ 8 s+ 1 s O
2%t 10 ¢+ 37T s 17 : 4 31 O
11 t0 20 ¢ 10 13 7 ¢« 0 s O
Over 20 s 1l s 1 s 0 1 0

Total panels having drops of 0,1 mge or greater - 60
Total panels exposed on target area - 230

(2) Estimated Man Casualties from liquid HS,

(&) Men Protected with Gas Mask but Without the
Protection of Impregnated Clothing. The paper penels were tabulated for
density of pattern using the gradings, heavy, medium, light and trace.
A photostat of the scale used in grading the panels is attached to this
report, The pansl gradings are tabulated in the following table, to-
gother with estimated man casualtlies.
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Table No, 2.

Estimated Man Casualties on Target Area from Liquid ES

T Pattern  sPanel grad gggs!ltmtod casuaities
3nnnber:pero swhen man is proteocted

) swith gas mask onlz
3 N 3 ;
Heavy t 22 3 96 3 06
Medium st 39 s 17,0 1 17,0
Light s 8l 3 36,2 3 2842
Trace t 38 1 16,6 1 0.9
No mustard s 50 3 21,7 -
Total and 3 3 ]
average g 230 31000 13 6447

From results given in table 2, it is estimated that
personnel exposed on the target area during the firing period, protected
with gas mask only, would suffer about 65% casualties, if they were
equally distributed over the area, The position of shell eraters and
estimated man casualties from liquid HS are shown graphically on Chart 2,

NOTE: The basis for estimated casualties in Table 2, is given in report
of Test "B", 165-mm, howitser shell, conduoted on June 11, 1982,

(b) Man Protected with Gas Mask and Standard
ted Clothing. The paper panels were tabulated for number of HS
drops on panels in which the drop size was in exocess of 0,6 mgs The
results of the tabulation, together with estimated man casualties, are
given in the following table,

Table No, 3.

Estimated Man Casualties on Target Area from Liquid BS

Size of s Number of : Bstimated man oasualties When proe
HS drops: panels 3 tected with gas mask and standard

3 ) regnated clothi
nge t per panel
0eb to 2 ] ]
1,0 3 20 3 40% s 3.5
O%Ver 1,0t 8 3 100% ) _3e6
Total 28 [ 2 TeO

Totel panels on aree = 230,

Note:s The basis for estimated casualties in Table 3, is given in report
of test "B", 166~-mm, howitzer shell, condusted on June 11, 1932,
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be Estimated Man Casuslties from Effects of HS Vapor.
Sempling machines were placed to take vapor samples at positions indicated
on Chart 1. In each of the tables which follow, representing different
seampling periods, the sampling positions used are designated, The ES
vapor concentration, cete. value, and % estimated man casualties, as
estimated from the vapor oconcentration, are also included in each of the
tables,

The cete value is equal to the vapor concentration in
milligrams poer liter times the exposure psriod in minutes, Estimated
man casualties are based on the c,t, value using the valuation curve
given on Graph 1, attached to this report. The per ocent estimated man
cesuelties in the following tebles represent man proteocted with geas
mask, but without the protection of impregnated clothing, The sampling
periods as given in each of the sub-headings which follow are only
approximate due to tims required to change samples in sampling machines,

(1) On the Target Area,

(s) Firing Period Plus 10 lMinutes,

Table No. 4,

Posi-1 Ele- :_ Sempling period 1 Alr s BS 1 Vapor so.t, sEstimated
tion svation: time tmin.s1sempleds in tconoen-svaluesmasked man

] 3 3 ssampled: tration: soasualties
£t, ¢ 3 st literss nge mg.?ls s §

3

O 3 O 136438 to 7,08 pomg 33 3 1146 s 1,2 s ,0010 ¢ ,083 3 42

K 1l 136438 to 7,05 pems 30 3 1044 3 T6,0 1 ,OT5Y 12,28 ¢ 100

F 3 O 36,36 to 6,66 pems 202 684 12 849 13 40129 32 .26 s 100

G 2 O 136435 to 7,02 pemz 27 2 966 1 66,3 s 06876 21,82 :+ 100

P 3 1 26,35 to 7,07 pems 52 1 1144 3 TBe8 3 ,0692 32,20 s 100
Average 88,4
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(b) Fifty Minute Period Starting Ten Minutes
After Firing Cessed.

Table No, b.

Posi-: EBle- “HS

tion svations

s Alr 1 s Vapor icet, tEstimated

sooncen=:veluesmasked man

Sempling Period
Time

smingtssmpleds i

3 3 less tration: 1casualties
t fte s & 3 ~ t ',
0 3 O 37,10 to 7466 pome 3t 46 s 1664 3 1,86 s ,0012 ¢+ ,L,OBs 67
K 3 1 27,08 to 765 peme 8 49 3 1700 3 67.9 1t 40400 s 1.96: 100
G 3 O 37,08 €0 7¢55 peme 3 B2 3+ 1860 ¢ 516 3 0277 s 1o43s 100
P 3 O 37,08 to 7,56 pemy 3 47 8¢ 1680 3 50,8 : ,0800 3 1,41:s 100
Average 89,2

(¢) Firing Period Plus One Hour,

Pable No, 8.

Posies Ele~ t Sempling period s Alr 3 EHS 8 Vepor 3 oetesEstimated
tion svations Tinme tMin,ssampleds in  3jeoncen-ivalussmasked man
] 3 8 3 uanglen trationt scasualties
t ft, 8 t 8 1iters! mg, Imge/le ! 3
8 1 1 16435 to 766 peme 3 80 sz 2880 s 8,7 3 ,0031 s ,26s 100
C 2 1 16,35 to 7,66 pamy 3 80 3 2820 s 55,8 1 (0198 s 1,69: 100
T 3 1 86,36 to 7.56 pemy s 80 3 2820 ¢ 10,9 3 ,0038 2z 303 100
0 3 O 36,36 to 7.60 pemy 38 80 3 2710 3 3,0 s (0011 s L0903 88
K 13 1l 16,35 to 7.506 pelng 3 80 &+ 2744 31146,3 : 0533 : 4.,21: 100
G 8 O 38,35 to T¢5b6 pems 3 80 ¢ 2826 3106,8 3 0378 3 2,99: 100
P 3 O 36,36 to 7,556 peme 3 80 s 2824 3129,1 3 .0467 s 3,88s 100
‘ Average 985
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(a) Four Hour Period on Day Following Firing,

Posi-sEle- 3Sampling period t Alr 3 HS & Vapor :o.t, sEstimated

tion svations Tirme stMin,tsempleds 4in seoncen-svelueimasked man
3 3 ssempless trations scasualties
3 A.m, Dele 3 3 tmg,/le 3 3 %
T6 8 1 3 10425 to 2,30 s 245: 4620 1 1.4 s ,0008 3 ,073s 7%
768 2 3 10,25 to 2,30 s 245s 4520 3 0,8 s ,0002 3+ ,06 s+ 68
76 8 4 3 10,25 to 2,30 s 2453 45620 s 0,4 s ,0001 s .02 s 30
120t 1 3 10,30 to 2,80 3 2403 4300 3 0,6 3 0001 3 ,023s 30
120 ¢+ 2 3 10,30 to 2,30 3 2403 4300 t 0,0 3 (0000 3 L00 3 0
186 ¢ 1 3 10,385 to 2,30 s+ 2363 4270 3 0,8 1 ,0002 ¢ ,04 s+ 60
186 3 2 3 10436 to 2,30 3 2353 4270 3 0,0 3 ,0000 s .00 3 0
185 3+ 4 1 10,35 to 2,30 s 23653 4270 3 0,8 3 o,0002 8 ,04 3 60
‘ Average 36861
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(2) Outside of Target Area,

(a) Piring Period Plus One Hour.

Table Noe 8.

Posies Ele-s  Sempling Period $ Ailr 8 HS 3§ Vepor & G.t.iEstimated
tion svations Time tMing s sampled: sooncen=svaluesmasked men

3 o 3 t 1t literss mg, smg.
R 3 1 86,35 to 7,66 peme 3 80 3 1430 3 6,9 3 ,0041 s ,3% s 100
R ¢ 2 36,36 to 7,506 pemy 2 80 s 1450 s 1,2 3 .0008 s ,06 s+ 66
R 2 4 3636 t0 7466 peme ¢ 80 3 1430 3 1,2 3 ,0008 3 ,06 s 66
N 3 1 36,35 to 7,66 pame 3 80 3 1390 3 7,83 3 ,0062 3 .42 s 100
N 38 2 36,36 to 7,66 pems 8 80 s 1890 s 5.3 s ,00%8 s .30 s 100
X 1 4 36,35 to 7,66 pemy 8 80 3 1390 5 3,7 s ,0027 s ,21 s 100
J 38 1 86,35 to 7,65 pemy 3 80 s 1390 ¢+ 7.6 3 L0064 z .43 s 100
J 2 16,35 to 760 pomy 2 80 s 1390 8 5,6 3 .0040 3 32 3 100
J 3 4 36,35 to 7.56 pemy 8 80 3 1390 3 3.5 3 ,0024 s ,19 s 100
D 3 1 36,56 to 7,56 peme 8 80 3 1410 s 3,6 s ,0026 s .20 s 100
D 8 2 36,35 to 7,66 peme ¢ 80 s 141C s 4,7 s ,0088 ¢ ,27 3 100
D & 4 36,356 to 7.556 peme 3 80 ¢t 1410 3 9,6 s ,0067 3+ .64 s 100
H 2 1 36,36 to 7.56 peme ¢t 80 s 14832 2 9,9 3 ,0069 s .56 s 100
E 2 36435 to Tebb peme 8 80 s 1432 3 T,1 3 ,0060 s 40 3 100
H ¢t 4 136,35 to 7,556 peme 8 80 3 1432 s 11,1 3 ,0078 3 .62 s 100
M 3 1 36,36 to 7.6 peme 8 80 3 1320 s 11,7 : ,0084 s .67 s 100
M ¢ 2 36,36 to 7.656 peme 8 80 2 1390 3 11,7 3 ,0084 3 .67 s 100
M 3 4 36,36 to 7,606 peme 8 80 8 1390 3 7.1l 3 0061 s .41 s 100
Q 3 1 36,35 to 7,566 pemy 8 80 s 1430 3 7.1 s L0050 s+ .40 3 100
Q@ 3 2 36,35 to 7,66 pemo 8 803 1430 3 Tel s ,0080 s .40 s 100
Q 3 4 136,35 to T,66 pemy 8 80 s 1430 ¢+ 5,7 3 ,0040 s ,32 2 100
U 2 1 16,36 to 7,66 pemeg ¢ 80 3 1410 3 6,6 3 ,0039 3 .81 2 100
U 8 2 36,36 to 7,606 peme 38 80 3 1410 8 2,2 3 ,0021 s 417 3 100
U 8 4 26,36 to 7,55 Pells 3 80: 14103 4,3 s ,0030 s .24 3 100
oe Estlmated Man Casualties Based on Effects on Animals,

Animals were placed on the target area and at positions downwind from

the target area to determine effects of the gas concentration set wp
apd how long the liquid HS persisted on the impact area,

The position

of the animals which were exposed during the various exposure periods
is shown on Charts € to 10 inclusive,
estimated man casualties, when man 1s protected with gas mask only,
are given in the tables which follow,
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mates by the Medical Research Division, which observed and studied
the effects on all animals expcsed, Estimated man casualties, based
on effects on animals are shown on Charts 11 to 16 inclusive., 1In
the tables and on the charts, the following symbols ere used to
designate the nature of the animal casualties:

L e Gross psthology of lung
R = Respiratory symptons

8 = PFirst degree skin burn
8, = Seocond degree skin burn
Ss o Third degree skin burn
B = Simple conjunotivitis
E; » Purulent conjunctivitis
F = Injury by shell fragment
X « BStomatitis

(1) On Target Ares,

(a) PFiring Period and Following 10 Mimites, During
the firing period and following 10 minutes, 18 rats and goats were exw
posed on the target area, Results are tabulated in the following tables,

The positions of the animels are shown on Chart 6, and estimated man
ocasualties on Chart 11.

Table Noy 8a
Estimated Man Casualties Besed on Effeots on Rats

“Position s Nature of s Severity s Position of t Est, casualties when
of s oasualty of s burn s man is protected with

stake 3 s oasuelty s : 3 s mask onl
’ 3 8ls 3 severs 3 ?oot 3 !ﬁ
11 s+ ESp & death 3 feet 3 100%
47 B8, s death 3 feet ] 100%
51 s 8 $ severe feet 3 100%
56 3 !31. s death feet ] 100%
99 s+ ES,L s death feet s 100%
139 s ES s moderate 3 feet s 100%
179 1 S $ light s feet 3 100%
188 3 E s light 3 3 0
187 s 8 s severe 1 foet 3 100%
227 ] lis s death 3 feet s 100%
231 s gL st death 13 feoeot 3 100%

Average casuslties based on 18 rats positions = 61X,
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Table No, 8b

Estimated Man Casualties Based on Effeets on Goats

Position s Weture of 3 Severity s Fosition of s Este casusities when
of t oasualty of 3 burn t man is protected with

stake 3 usuultz 3 s fas negk onlx
1 s B g light - 3 0
29 s BR,IS s death 1 body s 100%
33 3 R 3 severe 1 - ] 0
T3 3 BplSeX 3 death 1body end noses 100%
il 1 EgBS s severe sbody and noses 100%
1us 3 EgRS 3 severe 13 body 100%
117 3 B4RS $ eevere 1 ears $ 100%
121 s Bgtszx 1 death 3 body 3 100%
161 3 BaRSp $ severe 1 body 3 100%
165 3 EgRSy 3 severe 1 body 3 100%
209 3 ER $ severe body L] 0

Average casualties based on 16 goats positions = 50%,

(b) Firing Period and Following Hour. During the
firing period and following hour, rats and 17 goats were exposed on the
target area, Results are tabulated in the following tables, The
position of the animals are shown on Chart 7, and estimated man casualties
on Chart 12,

Table No, %

Estimated Man Cesualties Based on Effeots on Rats

Position 1 Nature of s Severity s Position of 3 Est, casualties when
of st casualty : of s burn t man is proteocted with

stake ) oamlgys ) 8 mask only,
2% RS s severe 1 feet 1@

s 3
27 s 8 smoderate 3 foot ] 100%
s1 s BSL s death 3 feot 3 100%
67 s 8 t light foot s 100%
75 s BSL s death 3 feot ] 100%
111 s 8¢ smoderate 3  feet s 100%
115 s ELS 2t death foot s 100%
119 s ESL s death foot ] 100%
183 + BERS s light feot 3 100%
208 s BES t light feet 3 100%
207 3 BI:SL s death 1 feot 3 100%

Average casualties based on 15 rats positions = 73%,
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Table Nos 9b

Estimated Man Casualties Based on Effects on Goats

Tosition : Nature of s Beverity s Fositionm of i1 Este oasualties when

of t easualty of 3 bura s man is protected with
stake 1 3 casualty 3 s as mask onl
65 3 EgRS, t  severe tmose and bodys lm
89 s B,S $ severe 3 ears 3 100%
9% s Bgnsz $ severe s body 300%
97 s Byig s death 1 body s 100%
138 8 $ light body 3 100%
137 3 BoRS 3 severe sears and bodys 100%
141 s BIS s death 1 body ¢ 100%
181 s BEgRS $ severe body t 100%
186 s EL s death 13 3 1004
229 s ELS s death 13 body 1 100%

Average casualties based on 17 goats positions w» 59%,

(o) Periocd from Second to Fourteenth Hour After
Firing, During the period from the second and fourteenth hour after firing,
15 rats end 9 goats were exposed on the target aresy, Results are tabulated
in the following tables, The positions of the animals are shown on Chart 8,
and estimated man casualties on Chart 13,

Table No, 10a

Eatimated Men Casualties Based on Effects on Rats

Position s Wature of : Severity s Position of t Est, oasuslties when
of s ocasualty of 3 burn t man is proteoted with

stake 1 s oasualty 8 ) as mask onl
‘ 28 s E1S3 8 death 3 feoot 3 lm
1 s IS t death 13 feet % 100%
67 s ELS 3 death 3 feat % 1004
71 s ELS 3 death 1 foet t 1004
95 s ERS $ severe feet 3 100%
116 s SR $ severe feet % 100%
119 s Sy t eovers t  feet 3 100%
156 s § $ severe feet ] 100%
159 3 EﬁSg 1t death 13 feot 3 100%
163 s SgR 1 severe feet 3 100%
203 s Se $ Ssevere feet s 100%
207 s S2RE $ severe t feot s 100%

Average casualties based on 16 rats positions = 80%,
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Table No, 10b

Egtimated ¥an Casualties Based on Effeots on Goats

Position s Nature of s Severity t Position of s Este oasuaities when
of s oasualty 3 of ] bura s man 1s protected with

stake 3 3 easualty 3 $ gas mask onl
89 t EpRg t  severe 3 body L 1
97 1 B.R $  severe 3 body s 100%
137 s BoRS $  severe sears amd body: 100%
141 + Bpl8 t+ death iears and body: 100%
181 s B t moderate 1 s 0
185 + BgRs 3 severe sears and body: 100X
Average ossuslties based on 9 goats positions - 56%,
(4) Day Pel 74 18th to 18th Nour)s Om
the dey following firing, from th to the 18th nolusive, eight

rats and four goats were exposed on the target area, Results are given in
the following tables. The positions of the animals are shown on Chart 9,
and estimated mean ocasualties on Chart 14,

Table Ho, lla
Estimated Men Casunlties Based or Effeots on Rats

“Position s Nature of s Beverity s Fosition of 3 Este Oasualties when

of 1 casualty of 3 burn s man is protected with
stake 3 s oasualty s $ gas mask onl
95 + B8 $ light 13 feot 3 lm
139 s ERS $ severe feot 3 100%
143 1 _BaI8 s death feet 3 100%

Average ossualties based on 8 rats positions = 37,6%,

Estimated Man Casualties Basoed on Effects on Goets

“TPosition s Nature of s Severity s Position of s Est, casualties when
of t oasualty 13 of t burn s man is protected with

stake ¢ 3 oamltz 3 U L mask onlz
97 t 8, 8 moderate body s 100%

Average oasuslties based cn 4 goats positions » £5%,
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(e) Exposed in Shell Craters on Third Day After
Firing. On the third day after firing seven rats and one goat were exposed
on the target area in shell craters. Results are given in the following
table,

Table No, 12

Estimated Man Casualties Based on Effects ou Rats

—

~ Wature of 3 Severity of 1t Position of ¢ BEasts casuslties when
casualty s ocasualty 13 bura t man is protected with
3 3 3 as mask only,
L t death L] 3 la
EgRSa 3  severs 1 3 loo%
t+  death 2 3 100%
B ) 1ight 3 feot 3 0

The goat exposed was not a casualty.

(r) %oud in Shell Craters on Seventh Day After
Firing, On the seventh day of the firing, ssven rets and one goat were
exposed on the target area in shell oraters, Results are given in the
following table,

Table No, 13
Estimated Man Casuslties Based on Effects on Rats

Hature of 8 Severity of TFosition of Bt casualties when
ocasualty s ocasualty burn man is protected with

3 3
| ]
3 3 3 s mask onl
ES ) light t ?oet 3 Tﬁ
3 t
3 ]
3

Eg8 s severe 100%
B ) 0
ERS t _ Mght 3 feet

The goat exposed was mnot a ocasualty.

100%

(2) Downwind from Target Ares,

(¢) Firing Period and Following Hour. During the
firing period and following hour, eight rats and four goate were exposed
at positions downwind from the target area, Results are glven in the
following tables. The positions of the animals are shown on Chart 10
and estimated man casualties on Chart 16,
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Table No, l4a

Estimated Man Casualties Based on Effeocts on Rats

“Fosition s Nature of 1 Severity * Position of 3 Est, oasualties when

of s oesualty 3 of s burn $ man is protected with
stake 3 easualty 3 ] a8 mask onl

350 t ES ¢t moderate ? foet 3 10@

2651 3 BS,L t death Leot 3 100%

268 : 8 s moderate ¢t feot 3 100%

269 s ES s moderate 3 feot 1 100%

263 s By 3 severe 3 nose s 1004

271 s Sp s severe 13 nose 3 1004

Table Nop 14b

Bstinated Man Casualties Based on Effects on Goats

“Position s Wature of s Severity st Fosition of t Eat, oasualties when

of s oasuslty » of 3 burn : man is protected with
stake 3 s casualty 3 3 s mask onl

264 3 E t gsevere 3 foot 3 1004

265 s ER st moderate 3 ] 0

266 s EgRs 38 moderate 3 ] 0 »

BT 1 Bint 8 severe 3 Ce

# The author does not sgree with men casualty estimates, made by the
Medical Research Division, representing goets Hos, 266 and 267, It is
thought that theee animal cesualties should be interpreted as 100%
man casualties instead of O man casualties.

8y Discussion.

8s Shell Distribution., The shell were fired for equal
distribution of impacts on the target area, Of the 40 shell fired for
offect, 26 registered on the target. The oraters produced by these 26
shell were all within an srea of 16,000 squere yards which is about
80% of the target area. Aside from the impacts on the target aree, there
were 12 additional impacts within e distence of 70 yards from the edge
of the target area, RBight of these were partly effective on the target
area due to wind direction, This is shown on Chert 2, by the presence
of liquid BS on the extreme west zide of the area.
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bs  Impact Area. The pumber of animal positione inoluded
within the impact area, as distinguished from the target ares,
was 55, snd since each enimal was located on the center of a 20=yard
squere, for purposes of discussion, the size of the impact area may
be regarded as 22,000 sq, yde The enimsl positions on the impect
area and number of lmpacts on each 20wyard square are given in table
16,

oo Eastimated Man Casualties from Liquid EHS.

(1) Bffects of Meteorological Conditions. The only
meteorological factor having any effeot on the éize of the area
ocvered with liquid HS, by the burst of a single shell, is wirnd
veloocitys The wind velocity during the firing period in the present
test was 1,5 mepehe which was too low to carry the large BS drops very
far, since the distance they are ocarried ie dependent on the interval
of time they are in the air and wind travel during that period,
Theoretically, the wind velocity was too low to produce the meximum
nunber of casualties from liquid HS per shell due to the restrioted
size of the aree which would thecretically be covered with liquid HS
by each burst, in the presence of such a low wird.

(2) Protected with Gas Mask but Without Protection
of Impregnated Clothing, Results from paper panels in table 2, show
that personnel exposed with equal distribution on the target ares during
the firimg period would suffer 64,7X casualties from liquid HS when
protected with gas masks only. These estimated casualties were partly
due to the impact of 7 shell west of the target ares, all of which
were only slightly effeetive, ILiquid ES effects om the target ares, from
shell which burst outside of the target area, was probadbly much more
than counter balanced by effeets downwind from the target aree, by
shell which burst on the target area, The effectiveness of the HS
1iquid dowxwind is indicated by & heavy pattera en about 60X of the
panels on the downwind edge of the target area, eo that in caloulstions
no serious error will be involved to disregard effects of impacts upwind
from the target. '

If 27 shell will produce 64,7% casualties by effects
of 1liquid HS, om an area of 23,100 sq. yde, sbout 9 shell distributed
per 100-yard square are required to produce 604 casualties, when men is
protected with gas meek only,

(3) Protected with Gas Mask and Standard regnated
Clothing, From results given in %able 3, it is oc‘bimﬁ% that persomnel
protected with gas maske and standerd impregrated clothing, exposed with

equel dlatribution on the target area during the firing period would
suffer sbout 7% oasualties from liquid HS,
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If 27 shell will produce 7% casualties from the
offeots of liquid ES on an area of 23,100 sq, yds about 84 shell
distributed per 100-yard sguare are required to produce 50X
oasualties when man is protected with gas mask and standard
impregnated olothing,. '

de Vspor Comcentration Required to Produce Man Casualties.
A disocussiocn of the exposure periocd roquiroa to produce man casunities
from HS vepor is given in Test "A", ™Report of Test of HS Filled 166=mm,
Howitzer Shell®, oonduoted May 23, 1932,

In the present test, the eair temperature was 83° to 80°F,
and wind velcoity 1.6 m.peh. during the firing period and follewing
houry These meteorological conditioms were very favorable to build
up & high vapor oconeentration,

(1) Op the Target Area, Estimated man emsualties
on the target area, from the effects of BS wvepor for the different
sxposure periode, are tabulated in tables 4 to 7 inclusive, end
results are shown graphically on Charts 3 to 6 inclusive,

(a) Piring Period and Following Ten Minutes.
From the results of vapor unpgel in table 4, representing the firing
period and following ten minutes, it 1s estimated that men with the
protection of gas mask only, would suffer about 68,4% casualties from
effeots of HS wvapore This estimate is based ox the aversge results of

vapor samples taken at 5 different positions em the target area,

fiome figures are given in the fifth ocelumn of table 15,
whioh represent a mére oomplete study of the wvapor ooncentratiom on the
target areas The figures in this columm for each 20=yard square, are
ostinmates bdased orn results obtained at the five sampling positioms, the
position of pearest impacts and the wind direction. Based on the
figures in this oclumn, personnel exposed on the target area during
the firing period and following 10 minutes, would suffer adout 95%
casualties, wvhen protected with gas mesk only,

The peroent estimated casualties for each 20=-yard square
as given in table 18, is shown grasphically on Shart 8, The shaded
area on the chart represents that part of the area om which 100%
casualties would be produced by the effeots of HS wvepor when man 1s
protected with gas mesk onlye The percent oesusltises shown on Chart §,
are besed o the effeots of 28 shell, If 28 shell, distributed over
an arsa of 26,400 sqe yde Will produce 56X casumnlties by effects of
HS vapor, it will require thecretically, sbout 5,8 shell distributed
per 100=yard square to produce 50X casualties, When the area to be gassed
consists of a number of 100e-yard squares, then the number of shell
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required per square will be reduced, sinoe the HS8 wvapor from shell
bursts on the upwind square will travel downwind and be effective
on the downwind squares. The above disoussion does not teke into
consideration the effects from liquid HS, which will result in
additional casualties. For ocasualties by effects of ligquid HS,
see sub-parsgraph 8 o (2)

(b) Firing Period and Following Hour, From the
results of vapor samples glven in table €, representing the firing
period and following hour, it is estimated that man with the pro-
teotion of gas mask omly, would suffer about 98,3% casualties from
HS wvapor if exposed on the target area during the firing period and
following hour, Thia estimate 1s based on the average results
of vapor samples teken at 7 different positions osm the target area,

Some figures are givem in the fifth column of %able
17, which represent a more complete study of the vapor ecmoentration
on the target area. The figures in this columm, for each 20wyard
square, are estimates based om results obtained at the seven sampling
pesitions, the position of nearest impaots and the wind direotion,
Beased on the figures in thia columm, personnel exposed om the target
area during the firing period and following hour, would suffer about
9940 casualties whioh checks 9843%, the percent given in table 6,
representing average results at seven sampling positions, The shaded
aree on Chart 4, shows that part of the target ares on which it is
estimated 100X casunltiss would result from HS vapor on exposure
during the firing period and following hour, when man 1s protected
with gas mask only,.

If 27 shell distributed om an ares of 26,400 sq. yd,
will produce 99,0% casualties by effects of HS wapor, it will re-
quire sbout 5,4 shell distributed, per 100-yard square to produce 60%
casualties from ES wvapor, when man is protected with gas mask only,

In figuring the above shell requirements, as well as
shell requirements in the previous paragraph, for firing period plus
10 min., the fact was not takea into comsideration that the e,t, values
for each of the periods show that the wvapor concentration on many of
the 20=yard squares, was very much in excess of requirements te produce
100¥ casualties,

In the fourth eolummn of ¥able 17, the average o.t.
value is 0,98, whioh 1s ebout nine times 0,11, the 6,%, value required
to produse 100% casualties, On this basis, less tham ome shell per
100=yard squere would be required to produce 50% casualties from the
offects of HS vapor, This figure is only of theoreticeal imterest
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however, as probably only a emall part of the JO0=yd, square would

be ocovered with HE wvepor from the impaot burst of ‘a single shell,

The figures however are of interest as they show that the vapor from
one shell, Af sufficiently and evenly distributed over the area, would
produce 50X man cesuslties, when man is proteoted with gas mask, under
the meteorological conditions of the test,

(¢) Four Hour Period on Day Following Firing.
From the results of vapor semples in table 7, representing the four hour
pericd on day following firing, it is estimated that mem, with the
proteotion of gas mask only, would suffer oasualties if they ocoupied
the area for a period of three or four hours,

(2) Outeide of the Target Area. Estimated men casualties
et sampling positions outside of the targe% area, ars given in table 8
for the firing period and following hour, Vapor samples were obtained
upwind as well as downwind from the impaoct area, The fact that wvapor
samples were obtained upwind was due to the impact of shell outside of
the target area, A high wvapor concentration was obtained at all downwind
sempling positionse It is estimated, frem the vapor eoncemtration at
each of the five sampling positions, that persocmnel proteoted with gas
magk only, exposed during the firing period and followling hour, at
positions 30 ydy dowawind from the target area, would suffer 100%
casualties from HS wapor.

es Betimated Man Casuslties Based on Effects on Animals,
Animal casualties and estimated man casualties based on effeots on
enimels are recorded in tables 8a to 14b inclusive, Animel positions,
animal casualties, and estimated man casualties, based on effects
on animals, are shown om Charts 6 to 16 inclusive,

(1) Estimated Man Casualties on the Target Area, when
Men is Protected with Uas Mask Only,

(2) Firing Period and Following Tenm Minutes. From
the snimal oasuslties given in tables 8a to 8b, it is estimated that
man, protected with gas mask, exposed on the target area during the firing
period and following 10 min, would suffer 61X ocasualties, based on rats
and 50X based on goats or 55,5% based om rats and gosts,

(b) Piring Period and Following Hour, BEstimated
man oasuslties on the target area for the firing period and following
hour are given in tables Sa and 5b, It is estimated that man protected
with gas mask, would suffer about 73X casuslties based om effeots om rats
and 59% based on goats or about 66X based on reats and goats.

. (o) Period from 2nd to 13th Hour After Firing.
Bstimated man casualties due tc exposure on the target area during the
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12 hry period from the 2ad to the 13th hour after firing, are given in
tables 10a and 10b. From the animal sasualties it is estimated that
man oasualties would be 830X based on rats and 66X based on goats or
about 71X based on rats and goats,

(4) Day Pollowing Test (13th to 18th hour).
Estimated man casualties due o exposure onm the target area on the
dey following firing, from the 13th to the 18th hour, are given in
tables lla and 1lby The results show that if the target area is
oooupied dy persomnel with protestion of gas masks only, on the
day following firing for a period of three or four hours, casualties
will result,

(o) Bxposure in Shell Craters. Estimated men
casualties due to exposure in shell oratere for a period of 24 hr,
are given in tables 12 and 13, From the animal casualties, it is
oestimated that casuaslties will result, if the impaoct area is occupied
by persomnel protected with gas masks only, within seven days after
date of shelling,

(2) Downwind from Target Area.

(a) PFiring Period and Following Hour, Estimated
man casualties downwind from the target area are given in tables l4e
and 14b, From the animal results, it 1is estimated that persomnel
protected with gas masks only who ocoupy the downwind area, within 80
yd. from the position of impact, during the firing period and follow-
ing hour, will probably become casualties,

b @aﬁlm of Percent Estimated Man Casualties Based
on Measurements of the (ias Concentration Yy ects on Animals,

When Man 1s Protected with Gas Mask Only,

(1) Firing Period and Following Ten Minutes, In table
15, estimated man casualties are given for each 20-yard square, based

on the following effeets and methods of figuring casualties, whem man
protected with gas maek only, is exposed on the terget area during the
firing period and following ten minutes.

(a) HS 1liquid using panel data.

) HS vepor from vepor samples,
o) Combined effeot of HS 1liquid and HS wapor,
(d) Effeet on animals,

Figures in this table show that 100X easualties would be
produced on 9846% of the target area, based on the combined effect of
HS 1iquid and vapor and 657.6%, based on effeots on animals or $7,0%
based on an aversge of the two methods of figuring casualties.
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Table No, 15

Estimated Casualties on the Target Area Representing Exposure

During Firing and Followl 0 Minutes
(T;u 25,400 si.ﬂ.;

Stake no.simpactstFrom HS liquidsFrom HE vaporiFrom BB 1lquid:sFrom effeots on

Cote. $EBT,MANt and vapor

at oenteriwithin :Estimated men 1 animals
of 20=ydo320~yds s casualties svaluescasual-sEetimated mean tAniwa $tEste man
square  ssquare s 3 s tles 1 ocasvalties sossualtiesscasuslties
) ‘ s T 1 ] ) ] [
| ] 0 1 o 8 07T 78 78 sE light s O
3 3 0 0 3 o203 100 1 100 ] s O
5 s 0 3 4] 1 803 100 100 ] s
7 s 2 1 73 t 90t 100 100 18s severe 3 100
9 ] l 88 i 908 100 100 ] s
11 (] 0 1 88 8 5603 100 1 100 8By 83 deaths 100
23 ] 0 1 10 3 o06s 568 3 62 ] )
26 ] 0 3 368 t o153 100 100 ] s 0
27 ) l 13 80 8 10 93 1 97 ] )
29 3 t S 79 1 o803 100 100 $BgLS death: 100
1 H 0 1] s .80: 100 100 1 ]
33 s 0 3 86 8 803 100 3 100 $EgR soveres O
45 1] 0 30 8 o,0B:s &8 ] 71 1 ]
47 ) 0 3 76 t L1565 100 13 100 tEy84 desaths 100
49 s l 1 92 t 1,02 100 100 % ]
51 ] 0 1 87 st 1,6 100 100 . 88 severe s 100
68 : l 100 t 1,8 ¢ 100 3 100 3 ]
56 ] 0 3 o8 8 .80s 100 1 100 sESL death 1 100
67 ] 1l 3 62 8 4308 100 3 100 3 3
69 ] 0 1 79 t o303 100 1 100 ] s O
71 t 1l 1 87 $ .308 100 3 100 s 3
78 3 1 3 9 $ 1,808 100 3 100  $EgL8s X death 100
76 s 3 96 $ 168 100 ¢ 00 ] ]
77 ) 0 1 93 s 1,03 100 3 100 s$EgRS severs 100
89 s 0 3 83 8 o303 100 100 ] )
81 ] l 78 s 1,008 100 100 ] s O
23 s 0 13 80 8 .40 100 100 ) ]
96 3 0 : 856 t o403 100 3 100 ] st 0
97 ) 0 13 98 t 1,002 100 3 100 s )
99 3 l 90 s 1,008 100 3 100 SESgL deaths 100
111 ] 0 3 48 8 4303 100 100 ] )
113 3 l 3 8l $ 1,008 100 s 100 SE4BS severe 100
118 ] 0 1 82 s 1,00t 100 s 100 ] s
117 ] 0 8% 8 .40t 100 100 sEqRS sovere 100
119 ] 2 3 1920 t 1,00¢ 100 s 100 3 1
121 s 1l 100 t 1,008 100 3 100 $EplSe X death 100
133 ] 0 78 8 308 100 3 100 3 s
136 s 0 ¢ 81 $ 208 100 3 100 1] s O
137 s l 87 3 o40: 100 s 100 ] ]
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Table No, 16 (Cont'd,)

S%ake no,sImpastssfrom BS liquidsFrom BS veporsFrom HS LiquidsFrom effeots on
ot centerswithin sEstimated man se.t. :Bstymans ard vapor s snimals
of 20=yds120~yd, 3 casualties :valuesoasual-sEstimeted man tAnimal  sBete, man

square tsquare 3 3 s tiea 1 casualties icasualtiestoasuslties
3 N 3 3 3 3 s
139 s+ O 3 856 t .40 100 100 $ES moderats 100
141 s O 3 88 $ 1,08 100 1 100 3 s
148 s 0 13 100 3 o803 100 1 100 3 3 0
156 s+ O 1 80 8 «301 100 1 100 ) ]
157 s+ O 82 8 +08: 42 1 72 : '] 0
159 ¢+ 1 67 3 o103 O3 28 3 )
161 s O 3 78 $ 1,008 100 3 100 $EaRSy mevere 100
163 1 3 4] g8 2,008 100 = 100 ] ']
6 1 0 s 63 t 63 100 100 sBgRSp severe 100
177 s O 83 $ o303 100 1 100 ] s
179 s 0 9 8 o03s 42 3 47 88 1ight s 100
181 ¢ O 32 8 o08: 42 60 z 3
183 s O 3 64 s .10s 08 3 97 sE light 0
136 ¢ 3 83 s 2,008 100 100 ) )
187 s O 48 8 o608 200 100 t8g severs 1 100
189 s O 860 8 o20: 100 100 '] ]
201 s O 0 $ o108 93 13 938 ] ) 0
203 s 0 3 14 3 o108 8% o4 s s
206 ¢+ O 40 8 «203 100 1 100 ] ] 0
207 s O 1 87 $ o203 100 3 100 ] 3
08 ¢ 0 63 s .30 100 s 100 $EgR severet 0
221 s O 16 $ o15¢ 100 3 100 ] s
223 1+ O 1 0 t o18: 100 1 100 ] ] 0
226 31 0 1 10 8 o168 100 1 100 ] ]
227 s O 33 t o186 100 3 100 $EILS death 3 100
229 ¢+ 1 88 $ o163 100 100 s )
281 s O 1 88 t o16s 100 3 100 :szL death ¢+ 100
Total and? 3 3 3 s 3 ]
averages 3 28 1 64 ') 1 96 96,6 ] ' 87,8

HOTE: See page 10 for meaning of symbols used in ocolumn 7,
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The average percentages given in table 15, are
based on tho total target area, In table 18, which follows, results
are glven to include only the impact area as defined in paragreph 8 b,

Estimated casualties given in Eable 16, are based
on an area of 22,000 sq, yde on which there were 28 impaots, Results
in this table show an eversge of 98,6X man oasualties Lased on the
effects of HS 1liquid and vapor, and 62,1% based on effeots on animals,
or an average of 80,3% based on the two methods of figuring oasualties,
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Table No, 16

Estimated Casuslties on the ;EEAot Area (22,000 sg.yd.)
Firing Peri Following Ten Minutes.

Stake number simpacts -3 Estimsted man casualties
at ocenter of swithin t From HS 1iquid : From effeots
80-:?. ciuaretzo ZEa'ﬂa 3 and yapor 3 on animals
3 0 t 00 ]
4 ] 2 ] 100 ] 100
9 3 p § ! 100 3
11 ] 0 ] 100 ] 100
26 ] 0 s 100 3 0
27 3 1l 3 97 ]
23 ¢ 2 t 100 ] 100
31 1 0 3 100 ]
33 ] 0 ] 100 s 0
47 ) 0 F 100 ] 100
49 s 1l ] 100 ]
51 ) o) ) 100 3 100
53 1 1l ] 100 )
56 ] 0 3 100 s 100
87 ] 1l ] 100 ]
69 1 0 t 100 ] 0
n ] 1 ] 100 1
78 ] 1l 3 100 1 - 100
75 3 3 3 100 )
™ ] 0 ] 100 ] 100
89 ] 0 ] 100 |
91 ] 1l '} 100 ] 0
3.3 H ] ] 100 3
86 3 0 ] 100 ] 0
97 ] o] ] 100 ]
99 3 1l (] 100 3 100
111 ) 0 ] 100 ]
113 ) 1l ] 100 ) 100
116 ] 0 ] 100 3
117 ] 0 3 100 3 100
119 ] 2 ) 100 s
321 ] 1l ] 100 3 100
133 s 0 3 100 )
136 ] 0 ] 100 ] 0
137 3 b § t 100 ]
1%9 3 0 ) 100 ) 100
141 ) 0 ] 100 3
143 3 0 ] 100 8 0
158 3 0 s 100 ]
187 ) 0 3 T2 3 0
- 1869 ) p ] 8 )
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Table No. 16 (Cont'd, )

Stake number s Impacts t_Bstimated man casualties

at oontcr of s+ within ~ sFrom BS 1iquid sFrom effeots

B 0 X

1€3 ] -4 s 100 s

185 ] 0 8 1c0 s 100
Y717 s 0 ] 100 ]

gl ] 0 ] 60 )

183 3 0 ) 97 s 0
186 s 3 ] 100 s

187 3 0 ] 100 3 100
206 3 0 3 100 s 0
207 3 0 3 100 3

209 ] 0 ] 100 s 0
227 3 0 ] 100 3 100
229 ] 1 3 100 t

231 t 0 ] 100 ] 100

Total and Aversge 2B s 1M 3 82.1

(2) PFiring Perilod and Following Hour.

In %able 17, whioh follows, estimated man casuelties
are given for each 20-yurd square, when man protected with gas masks
only, is exposed on the terget area during the firing pericd and the
following hour,
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Table Noe 17

Estimeted Cesualties on the Target Area Repmcnﬁn;_@owro
~ Duri Flrigg and Pollowing Hour
Area 26,400 8q,yd.)

Stake no.sImpactssfrom HS LiquidsFrom HS wveporsFrom HS 1iquids From effects on
at oenterswithin sBstimated man sc,t. tEsteman: and vapor $ eanimals

of 20wydet20~yd, t sesuslties svaluescasusl-:Estimeted man sAnimal  sGst, ven

uare $squAre ¢ s 1 ties : oasunlties scasualtiessicssualties
1 3 3 ) s N s

1 s 0 0 8 o188 100 3 100 ] s

3 ‘3 o 0 8 o343 Y00 3 100 ] %

5 s 0 s 23 s 1,028 100 100 ] 3 0

7 st 2 1 73 s 1,688 100 3 100 ) ]

9 s 1 86 $ 1,698 100 100 t ) 0
1 s 0 1 66 s 1,02: 100 ] 100 ] s

23 ] 0 1 10 1 ¢08: 80 1 82 sRS wevere 100
26 s 0 36 8 +%b63 100 3 100 3 s

27 ] l 1 50 $ o173 100 3 100 15 moderates 100
29 Tt 2 3 79 s 1,36 100 3 100 ) ]

2 4 s 0 86 3 1363 100 3 100 sBSL death ¢ 100
33 s 0O 1 86 s 1,02 100 ¢ 100 ] 3

45 ] 0 30 1 o08s 80 86 1 ] 0
47 s 0 79 1 ¢25: 100 100 1 )

49 s 1 92 $ 1.70s 100 100 3 ] 0
61 ] 0 1 87 s 24508 100 3 100 3 )

83 s 1 100 1 2,608 100 3 100 sEgRSg severe 100
65 s 0 08 5 1363 100 100 s s

67 st 1 1 62 3 #51: 100 100 $18 light s 100
89 s+ 0 1 79 8 o513 100 3 100 3 s

T s 1 87 t L61: 100 100 3 s 0
73 3 l 91 5 24998 100 : 100 3 )

76 s 3 96 3 2993 100 100 $ESL death ¢+ 100
ka4 s 0O 93 t 1,708 100 3 100 3 3

89 s 0 3 83 s .51: 100 s %00 tEgS2 severe 100
91 s 1 T3 + 1,703 100 3 100 3 )

93 s 0 3 80 3 +688: 100 3 100 sEgRSg severe 100
95 ) 0 3 85 3 4685 100 3 100 ] )

97 t 0 1 06 $ 1.70: 100 100 sle.s death 100
99 ] 1l ] 80 s 1,708 100 s 100 ] ]
111 st 0 -3 46 8 o513 100 100 18, moderate 100
113 st 1 3 8l t 1s70s 100 oo $ ' )
118 st 0 82 t 1,708 100 100 sELS death ¢ 100
117 s 0 89 t o688 100 100 s )
119 tr 2 3 100 t 1,708 100 100 s$ELS death s 3100
121 s 1 3 100 t 14T0s 100 3 100 ) ]
13 ¢ 0 3 7 + .6ls 100 3 100 18 light 3 100
1356 s 0 1 8l 8 o3%1: JOO 1 100 ] s -
137 s 1 87 t o883 100 1 100 :Ezns severe 100
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Table No. 17 (Cont!d,)

Btake no, s IzpactesFrom HS liguidsirom HS vaporsfrom BS 1iguids From effscts on
et centerswithin 1Estimated men so,t, sistemsns apnd vapor & enimals
of 20~yd,320=yd. t ossuslties svaluesoasual-:Estimated man sAnimal sEsty, man

gguare ssquere 1 ) g ties 1 casualties scasusltiesscasualties
) 3 st 8 ) 3 s
139 s+ O 86 t +68: 100 100 3 3
14 s 0 1 88 1 1,702 100 3 100 aEst death:s 100
148 s+ 0 ¢ 100 t 1368 100 100 ] s
168 s O 80 t o61: 100 100 3 s (o}
167 s O 3 52 t 2068 58 1 80 s ]
188 s 1 67 $ o178 100 100 ] s 0
161 s 0 1 78 t 1,70 100 s 100 ] ]
163 s 2 3 76 s 3,405 100 100 sERS light s 100
68 ¢ O 3 63 st 102 100 3 100 s 3
177 t: 0 8% 3 o513 100 1 100 ] 3 o]
17 s O 3 9 t 093 88 3 90 ] ]
181 ¢+ O 3 32 $ o09: 88 oL $EzRS severe 100
188 s O 54 $ o173 100 3 100 ] ]
186 s 3 3 (:1.] s 3,881 100 1 100 sEL death s 100
187 s+ O 3 48 s 14022 100 100 ] ]
199 s O s 60 s ¢34t 100 1 100 ] 3 0
200 3+ O 3 0 1, o178 100 @ 100 s t
203 s 0 14 $ <178 100 100 sEg light ¢ 100
2060 3 0 1 40 t o243 100 3 100 ' ] ]
207 s+ O 3 87 1 <341 100 1 100 :mz death: 100
209 3+ O 1 83 s o343 100 13 100 1 )
281 s O 1 15 2 o263 100 100 ) ) 0
828 3 O 3 o s .28 100 100 1 3
226 s+ O 3 10 t o268 100 100 s s 0
227 s O s 33 t .30 100 100 ] 3
229 s+ 1 13 86 $ 301 100 100 $ELSp deeths 100
281 s O 86 $__o2Bs_ 100 1 100 1 1
Totel ands 3 ] ] 1 s )
average s 28 é4 s .968: 98,43 0940 s ] 6248

NOTEs See page 10 for meaning of symbols used in celumn 7,
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Figures in table 17, show 100% casualties on 99,0%
of the aree, based on the combined sffects of vapor and liquid
and 62,8% based on effects on animals, or 80,7% based on the two
methods of figuring casualties.

: Por cent estimated cssuslties in tadles 15, 16 and 17,
based on the combined effects of HS 1liquid and wapor, are oconsiderably
higher than corresponding figures, based on effeots on snimals. :
There would have bean a still greater spread between these two sets
of figures if a esmaller number of shell had been used, because on
many of the 20-yard squares the HS vapor sonocentretion was much in
exoess of estimated requirements to produce 100% oasualties,

Estimates based on effects on animals were very
conservatively made and are probably low, It is also probable that
estimates based on effects of HS vapor alone, are high for average
temperature conditions, sc that an average based on effeots on
enizals and from measurements of the HS liquid and vapor present,
is prcbably more nearly correct than either method alonse,

g+ Number of Shell Required to Produce 50% Maen Casualties.

It was estimated in paregreph 8 ¢ (2) that sbout 9
shell distributed per 100 yd, square will produce 60X easualties from
liquid HB, when msn is protected with gas mesk only,

From figures given in teble no, 16, it was estimated that
the impect of 28 shell, on an area of 22,000 sqey ydo would produce
98,6% casnalties, basged on a meagure of the HE liquid and vapor presext,
and 62,1% based on effects on arimals, when exposed during the firing
period and following 10 minutes, On this basis, the following number
of shell per 100-yard square will be required to produce 50% ocasualties
when man 1 protected with gas mask onlys

Based on HS liquid and wvapor samples = 6,5 shell
Based on effests on animals = 1042 shell
Aversge =~ 8,3 ehall

Based on the two methods of figuring casuslties, sbout
8¢3 shell distributed, are required per 100syard square to produce
80% casuslties, when man is proteoted with ges mask only,

9 Conolusions, From the results of the preseat test, the followe
ing oconoclusions are drawn with respeot to the use of 165=mm, shell
f£1lled with HS, when fired under the meteorologiesl oonditions existing
at the tims of the test,
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% The number of shell required per 100-yard square to
produce E0% oasualties when distributed as equally as practicable, are
as followss

(1) TWhen man, protacted with zes mesk and stendard
impregnated clothing, is exposed during the firing period « 84 shell
(see page 17).

(2) When man, protected with gas mask only, is exposed
during the firing peried and following ten minutes = 9 shell,
(Ses sub-paragraph g, page 28 ).

bs Personnel who oocoupy the downwind area within 80 yd,
of the impsot area during the firing period and the following hour
will suffer oesualties if protected with gas mask only, (see page 20).

ce If the impsoct area is coocupled by persormel with gas mask
protection only, for a period of 26 hre or possibly less, within 7
da, after the date it was shelled, they will suffer ocasualties,
(See page 20).

10 Recommendations,

Ko recommendations are made in view of the faot that the
next test, Test "D", was conducted before the study of the present
test was completed,

Subtmitteds

/s8/ B. G. Maeintire
B. G. MACINTIRE,
Weaponre Department,
Munitions Dev, Division,

Report of Test of HS Filled
165=mme Eowitser Shell, Test "C*

August 4, 1932, Recommending Approvels
Project A 1,1-1b /s/ Charles B, Loucks

. »
Captaina, C.W.B8.,
Chief, Munitions Deve Division,

Typed nmm 11-265-32 Approveds

/s/ E. Montgomery
E. MONTGOMERY,
lljor, C.W.S. »
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Appendix E

Repert of Test of HS-Filled 166-mm, Howitser Shell
Test "D" = mﬂaﬁ 55. 1952,
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REPORT

OFr

TEST OF HS FILLED 155-nm, BOWITZER SHELL
TEST "D" = AUGUST 29, 1932

l, 0Objeot. The objeot of this test was to determine the number
of 166 mme, howltzer shell filled with HS, which 1is required in open
ocountry under the meteorologlcal conditions which existed at the time
of the test, to produce 50X casualties, requiring evacuation for
hospitalization,

2. Authority. This test was oonduoted under authority contained
in the Projeot Program for Edgewood Arsemal, for the year 1933, under
Projsot A 141=1b » "156wmm, Shell, MII (how,), HS Filled,"

8¢ Previous Tests, A test was oonduoted on February 18th and
17th, 1932, in whioh 36 shell from each of four lote of shell, represent
ing the shell used in the present test, were fired from service weapons
to determine 1f the shell functioned normally, but no attempt wae made to
determine the gas concentrations set up,

A second test was sonduoted on May 23, 1952, in whioh
40 shell were fired for impact on a target 100 yards wide by 200 yards
desp, From a preliminary study of the results it was ostimated that
it would require about 265 shell per 100 yard square to produce 50%
easualties, when man is protected with gas mesk only,

A third test was conduocted on June 11, 1932, in whioh
40 shell were fired for impact burst on the same target used in the
proevious testy It was estimated, from a preliminary study of the
resulte of the test, that sbout 14 shell per 100 yard square are re-
quired to produce 50% oasualties, when man is protected with gas mask
only.

A fourth test was oconducted on August 4, 1332, in whioh
40 shell were fired for effeot, The fourth test was fired about one
hour before sundown wheoreas, the two previous tests were fired at
9 syme It was estimated from the results of the fourth test, that
about 8 shell per 100 yard square are required to produce 507 casualties,
when man is protected with gas mask only,

4, 1Haterlals Used in Present Test,

as Shell. The shell used was the NII, 156 mm, howitzer,
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filled with HS, from War Reserve. The history of the shell is given
in report of tests A, B, and C, referred to in parsgreph 3,

be The booster used was the M VI-E,
ce The fuse used was the MIII leng, P.D.

4. JNumber of Shell Used, Fortywseven, 18 for adjustment
and 28 for effeet.

¢ JHowitzers. A battery of four 155-mm, howitzers was
used under coxmend of Ceptain W. J. Egan of the Sixth Fleld Artillery,
The howitsers were set up on "C" field in the viecinity of ecoordinates
690.4, 1869,) as shown on the speocial military map of Gun Powder Neck,
prepared under the direction of the Chief of Engineers, U.S. Army, 1923,

6. Yarget Area, The target area was a rectanguler field of
open country 100 yd, wide by 200 yd, deep, located on “"H" field in the
vicinity of coordimates 690,85, 1864,0 with the leng exis oriemted
to line of fire. The area was covered with grass and weeds having
en average height of 1 to 2 feet, It was divided into 1l0=yard
squares by placing mmbered stakes at 10=-yd, interwvels, Paper panels,
sempling machines and animals were pleced on the ares to determine
the effectiveneses of the gas conoentration set up, Chart 1,
acoonpanying this report, shows the target area as it was prepared
for the test with positions of animals, panels and saxpling machines.

6e mrinontal.

8s Method of Conducting Test. After adjustment, the
howitgers were ranged on the target and fired as rapidly as possible
with change in elevation for distridution of impaects cver the target
area, On ocompleting the firing of the shell, the paper panels were
c0llected for tabulation of results and the animals on the target area
and at positions downwind from the target ares, were removed at definite
pericds and replaced by other snimsls. Also during the firing period
and the animal sxposure periods, vapor samples were taken with the use
of field sampling machines, The meteorological data were recorded
during the period of test, .

be Pirigi of Shell.

(1) Adjustment of Howitsers, The howitgers were
adjusted in parsllel on & target about 100 yds east of the target area
using 19 shell filled with HS, Firing for adjustment began at 3,59 pems
end ended at 4,39 pems The impacte were recorded as follows:

18 high order bursts
1 ricochet
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(2) FPiring for Effeot, When firing for effect, the
howitzers were ranged in parallel, using two elevations for distribution
of impaotes, The range was about 65100 yd, Firing started at 5423 p.me
and ended at 5,56 pemy, & poricd of 13 min, From observation at the
0«Ps, the impaots wers recorded as follows:

17 high order dursts
3 low order burats
7 duds
1 rioochet

A photostatic ocopy of a memorsrdum dated September 1, 1932, to the
Techniocal Direotor from the Battery Commender, giving the firing data
by round, 1s attached to this report,

(3) Impactse The positions of the impaots, inoluding
duds and bursts, are shown on Chart 16, Of the 28 shell fired for
offect, 22 registered on the target area of which 15 were bursts and
7 were duds, In additlon, there were two bursts within 30 yd, of
the target area,

os JMeteorological Conditions. The following meteorclogiocal
oonditions preveiled during the ?iring period and the periods following
during which vapor samples were taken and animals were exposed on the
target area,

Date ~ B=29=32 8=29w32 8=29 t0 8wl0n32 B8-30e32
6e23 to be46 to 6436 pemg to 11s00 a.me
Time = Dg48 pom, €36 Polis 9,00 a.my 40 3400 peme
Alr temperature °F, - 84 to 82 83 to 80 80 to 68 79 to 84
Ground tempersture °F, - 92 to 89 89 to 81 8l to 71 9% to 100
Ground ocondition = very dry very dry wot « rain wet
Relative mmidity % - 60 60 to 78 78 to 92 €8
Wind velocity mypehs = 249 360 1,7 8.1
Wind direction - W sw w w
Sky = partly cloudy partly cloudy = rain partly
eloudy oloudy

7. Resgults,.

(1) Size of Liguid HS Drops. The distribution of the
liquid HS was registered by meane of paper pensls 8 inches square, placed
flat on the ground at each stake position over the entire target area. The
panels having ES drops of e sise in excees of 0,1 mg, are tabulated in
the following tables
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Teble No, 1

Size of HS Drops

Fumber of 8 Panels having drope of site
drops :0e1 to 0.5 To 1 T.% to &t over

s O
2010 s ¢ s 2 1 2 s 1
1146020 ¢+ 2 1 ) s
Over 20 3 3 )

Panels on which drops of above size were registered - 11,
Total pansles exposed on the target area - 229.

(2) Estimeted Man Casualties from Ligquid HS,

(a) Men Protected with Gas Mask but Without
Protection of Imprognated Clothing,

The paper panels were tabulated for density of pettern
using the gradings heavy, medium, light and trace. A photostat
of the soale used in grading the panels is attached to this report,
The panel gradings are tabulated in the following table, together
with estimated man casualties,

Table No, 2

Estimated Man Gqsualt.tes on Target Ares from lLigquid HS

“Panel 1t Panols olsseified ; Estimated man casuaities
pettern sNumber Percent of s when man 1is protected with

] 3 total on ges mask only

—- 3 starget area 1

Heevy T 3 N 3 S.W
Medivm 8 1 Seb t 346%
Lish‘h 3 1% 3 7% 4 3 4, 6%
Trece 3 43 3 18,8 ) 11.3%
No BS : 168 s 69,0 3

Total 3 229 3 300,0 3 2204

From the results in table 2, it is estimated that persommel exposed
on the target area during the firing period protected with gas mask
only, would suffer about 22,4% casualties, The posi¥ion of ehell
craters and estimsted man casualties from liquid ES is shown graphi=
cally on Chart 2,
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NOTE. The basis for the man casualty estimates given in table 2, is
explained in report of Test "A", oconducted Msy 23, 1932, referred to
in paragraph 3 of the present report,

(b) Man Protected with Gas Mask and
Standard ﬁ-progcaﬁ Clothing,

The paper panele were tabulated for pumber and sise of
HS dreps on penels in which the drop size was in excess of 05 mge
Tho results of the tabulation, together with estimated man casualties,
are given in the following tebles

Table No, 3

Eatimated Man Casualties on Target Area from Ligquid HS

S1se of 1 Number of 3 Estimated man casualties when pro-

HS drops 1+ panels $ teoted with gae mask and standard
' $ 1 regnated olothi
.
mge 3 per penel é 31 entire target area %

Db to 3 3 : ] '

1,0 ] 8 ] 40 s 0.8

Over 1,0 3 2 3 100 3 Q9

Total 1,8

Total papels on area - 229

HOTE. Man ocasualties in table 3, were estimated from data furnighed
by the Protective Development Division, The besis for the estimmbe:
is explained in report of Test "A", conduoted May 23, 1932, which 1s
referred to in paragraph 8 of the present report,

be Bstimated Men Casualties from HS Vapor. Vapor sampling
maohines were placed to teke samples &t positions iundicated on Chart 1.
In each of the tables which follow, representing the different sampling
periods, the sampling positions are designated by letters, The ES

vapor concentration, ocets value, and per ecent ostimated men casvalties
from HS vapor, are included in each of the tables.

The cete value is equel to the vapor concentration
in milligrams per liter, times the exposure period in minutes, Estimat-
od man casunlties are based on the c.t. value using the evaluation
surve represented by Graph 1., The per cent estimated man casualties
given in the following tables, represent man protected with gas mask
but without the protection of impregnated clothing, The sampling-time
periods given in the subeparagraph headings are only approximate,

Appendix E w5 -



(1) 0On the Target Area.

(a) Firing Period and Follewing 10 Minutes.

Table Ko, 4

SamplingtElevatioas Stnyligg Period “tVole 0fs HS  sVepor 10ste tEstimated man

positions - of s tMings air i1ssmpledieoncenr-ivaluetcesualties when
s sample s ssaxpleds strations sman is proteet~
s ] s s s ] t ted with gas
—t 3 — 8 3 ot 3 smeck onl
s fte & 3 t 1itors? mg. $ ng¢7i;s ) ;
F 3 0 16423 to 5,48 pemy 8 23 3 824 s 3,1 3 L0038 3 L09: 87
K 1 1l 85028 to 5,48 pemg ¢t 256 ¢ 882 s 43,8 3 40491 1 1,308 100
0 o} 16.2% to 5,51 pem¢ s 28 s 1004 s 4,1 3 ,0041 3 L11: }1OO
G o] 85023 to 6,47 pemg 3 24 s 808 s 9,1 3 0118 s ,27: 100
L 1 36023 t0 5,49 peme 8 26 3 604 s 10,9 3 ,0121 s 4313 100
P 0 25423 to 5452 pemg ¢ 20 3 1008 3 44,7 s 0443 s 1.283 100
Avereage 595
(b) _Pifty Minute Period, 10 to €0 Min, After Firing,
Tabls Noy §
SemplingiBlevations Sempling Period . tVol, oft BHS  §Vepor $0et, sEetimated man
poeitions of s me sMin,: alr  issampledsconcen-svaluescasualties when
s ssmple s satupled: strations smén 18 protects
s 3 3 t 3 ] 3 sed wlth ges
s : s : _ s 8 smasgk onl
s £ s P.R. s t t Wge/let g
F s O $6447 to 6,36 3 49 ¢ 1764 3 8,7 s ,0060 : .24: 100
K s 1 285,49 to 6,36 3 47 1 1678 1 48,2 1 S029) 3 1,37s 100
0 s O :5.52 to 6,36 t 44 3 1674 s 0,0 : ,0000 s ,00s o]
G H o 38048 to 6,36 3 48 5 16818 3 14,4 1 L0089 ¢ 425 100
L t 1 36451 to 6,35 t 46 : 1562 1 1T.4 s L0111 ¢ .BO:s 100
P s O 15,53 to 6,56 s 43 3 1494 3 794 : 40632 s 2.39s 100
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(o) Firing Period and Foliowini Hour.

Teble Nop 8
SemplingsElevations Sempling period  1Vol, of: BB  sVapor 30sG, sBetimated man
position: of ] ime sHing: air ssampledssoncen=:valuescasualties when
$ sample 3 ] seampleds stretions sman is protect-
3 3 3 t 3 3 3 :6d with gas
3 3 ) 3 )
s : 3 Pelte 3 ) mge 3 12 g
C 1 1 8 P28 0 6,36 1 T3 ¢ 2B00 ¢ 5.9 ¢ L0024 : ,17: 100
T = 1 8 B,28 to 6,36 2 T3 s 2616 s 12,3 s 0047 s+ .34s 100
8 l $ 5,28 to 8,3 3 T3 s 2680 s 4,6 s ,0017T s ,.133 100
F 3 0 t B.28 to 6,36 s 78 s 2678 s 11,8 3 0048 s ,343 100
E @ l 8 5423 t0 6,38 1 T3 s 2869 3 01,6 + ,0856 s 2,80 100
0 0 8 5,23 to 6,36 s T8 s 2578 1+ 4,1 3 (0016 s .1l 100
G 0 3 5423 t0 8,86 3 T8 s 2424 s 23,6 3 0097 s oTls 100
L 3 1 s 5,28 %o 6,36 s 78 3 2466 s 28,3 s ,0116 3 ,84: 100
P 3 0 3 5,28 to 8,36 & 73 3 2802 :124,1 1 ,0495 3

e 603 100

(d) Four Hour Period on Dey Following Test,

Table Nog 7

Semplingehlewatinns _ Sampling period  :Vol, ofs BHS sVapor se,ts tEstimsted men

posi§ions of 3 o t¥ines air ssampledsecncen-svaluesocasualties when
s sample s ssampleds strations tman 1e protect-
] s 3 : s 3 : sed with gas
2 3 ] 8 smesk onl
[ S 4 ] ®»ge 3 :
182 s 4 211,00 to 3,00 s 2403 4170 s 0.0 13 L0000 3+ ,0O0s o)
182 2 211,00 to 3,00 : 2401 4170 s 0,0 s L0000 s ,LO0s 0
182 1 1 311,00 to 5,00 3 240: 4170 s 0,0 ¢ ,0000 5 ,00: 0
o4 4 311400 6o 3,00 s 2403 4300 s 0,0 s ,0000 5 ,OO01 o]
104 3 2 311,00 to 3,00 s 2403 4300 ¢t 0,0 s ,0000s ,OO:2 0
104 1 311,00 to 8,00 3 2403 4300 ¢+ 00 s ,0000 s ,00s o]
62 2 4 810,00 to 3,00 s 2403 4360 ¢+ 000 s ,0000 s ,O0s 0
62 3 510,00 to 3,00 3 2403 4360 3 00 s ,0000 s ,O00s 0
62 1 110,00 to 3,00 3 2403 4360 ¢+ 0,0 : 40000 s ,00s3 0
Average o]

(2) Outside of Target Area.

(s) Firing Period and Following Hour,
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Table No, 8

SarplingsElevations Saggligg Poriod ivVol, of: HS  tVapor scete sESTimated man
position: of ] Time sMin,s air s:sampledsooncen~:valuescasualties when

s sample H ssampleds ttrations sman is proteoted

) : ] 3 3 R swith gaas mask onl

s s 3 Pele 3 3 nge 3 mg s
J 1 1l 26,28 to 8,36 : T3 s 1287 31 1,6 3 ,0012s 09 13 87
J ) 2 316623 t0 6,36 2 T3 s 1287 3 8,6 s .002Ts .20 : 100
J ] 4 16623 t0 6,36 1 TS 3 1287 s+ 3,1 : ,0024s .18 3 300
B 3 1l 35.23 40 6,356 1 73 3 1308 1 0.0 1 .00008 .00 1 0
E ] 2 38628 t0 6,36 s TS 3 1308 s 0,0 s ,0000s ,00 s 0
E 3 4 35423 to 6436 3 73 ¢ 1308 3 0,0 : ,L,0000s ,00 3 0
N 3 1 85623 t0 6,36 3 73 s 1308 1 0,0 s ,0000: ,00 0
N ] 2 35428 t0 6436 31 73 1 1308 3 0,0 3 ,00003 ,00 s 0
¥ ] 4 3525 to 6,36 3 TT 3 1308 3 040 s .00003 (00 3 0
R '} 1l 85,28 to 6,36 1 T8 3 1287 3 0,0 1t ,0000 s L,00 s 0
R ] 2 35523 to 6,36 3 75 s 1287 3 0,0 s 00008 Q0 3 0
R ) 4 35423 t0 8,36 3 73 1+ 1287 ¢+ 0,0 s ,0000s .00 s 0
D 3 1l 3623 to 6,36 s T3 s 1250 1+ 0,0 s ,0000s .00 s 0
D ] 2 165023 0 6,36 3 T3 3 1260 3 0sd 3 400032 402 3 30
D 3 4 16,23 t0 6,36 ¢+ 73 s 1250 : 0.4 1 ,0003: .02 3 %0
H s 1l 8828 to 6,36 s T3 s+ 1230 s 0.0 s .0000s .00 s 0
H s 2 35,2% t0 6,36 3 T3 s+ 12303 0,4 s ,0008: .02 12 30
K ] 4 85428 40 8,36 s T3 s 1230 3 Co4 s 00033 ,02 3 30
' s 1l 35628 t0 6036 3 T3 s 1270 3+ Qg4 1 L0003t .02 3 30
M 3 2 15428 to 6,36 3 T3 s 1270 ¢ 06 s ,0006s ,04 1t 50
M % 4 385623 0 6,36 s T3 3 1270 32 046 3 .00063 04 3 60
Q 2 1 36428 to 6,36 s TZ s 1270 s 0, s L0000t ,00 3 (o
Q % 2 35623 t0 6,36 3 T3 ¢ 12708 0,0 s ,0000s .00 3 0
Q 3 4 15423 to 6,36 3 73 ¢+ 1270 s 0,0 ¢ ,0000s .OC 3 0
U 3 1 35423 t0 6,36 3 78 1 1308 31 0,0 3 ,0000s .00 : 0
U ] 2 35023 €0 6,36 3 73 s 1308 3 0,0 31 ,0000s ,00 3 0
L8] L] 4 35423 t0 8,36 31 T3 3 1308 3 0,0 3 o0000s ,00 3 0

0¢ Estimated Man Casualties Based on Effects on Animals.

Animals were pleced on and downwind from the target
ares to determine effact of the vapor concentration set up and how
long the HS persisted on the impact area, The position of the animele
during the various exposure periods 1s shown on Charts 6 to 10 inoclusive,
The animal casuelties and the estimated man casualties, when man is
protected with gas mask only, are given ln the tables which follows
The man ocasualties are estimates mede by the Medioal Research Division
who observed and studied the aeffecte of the HS on all animals exposed.
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Man oasualties estimated from effects on animals ars shown on Charts

11 to 16 inclusives On the charts as well as in the tables which follow,
the following symbole are used to designate the nature of the animal
oasualtys

Gross pathology of lung
Respiratory symptoms
First degres skin burn
Second degree skin burna
Third degree skin burns
Simple oconjunctivitis
Purulent conjunctivitis
Ruptured cornea

Injury by shell fragment
Stomatitis

[~ 3K
HW(ENWM& e

(1) On the Target Aree.

(») Firing Period and the Following Tem Minutes.

During the firing period and followlng ten minutes,
18 rats and 16 goets were oxposed on the target area, Results are
tabulated in the following tables,

The positiors of the animals are shown on Chert 6 and
ostimated men cesuslties on Chart 11,

Table No, 9a

Estimated Man Casualtiss Based on Effects om Rats

Stake sNature ofs Severity of sPosition ofsEstimated man casualties
positionscasualty s casualty s durn swhen man 1s protected with

: 3 3 : as mask onl
1% s S 1 light t feet 3 Yo0%
139 s BEIS 3 death 3 feet 3 100%
179 3 E 3 light 1 '] o)
227 1 ELS 3 death 1 feet 3 100%
Average cagualties based on 18 ra% positions 16,77
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Isble Noe b

Estimated Man Casuslties Based on Effects on Gouts

Stake sNature ofiSeverilty ofsPosition ofsEstimeted man ocasualties

positionsoasualty t casualty ¢ durn twhen man is protected with
3 3 3 3 ges mask only
29 s+ E smoderate 3 3 0
69 s+ ER ssevere H 3 100%
73 t ERS tsevere 3 body $ 100%
113 s ER smoderate ] 0
117 1 SoR sgevers 3 body s 100%
121 s E tlight H ] 0
181 s+ ERS tdsath t ears 3 100%
206 s EgRS tsevere t body 3 100%
208 1 8 slight : bedy 3 1004
Average oasuslties based on 16 goat positions B7¢5%

(b) Firing Period and Following Hour,

During the firing period and following hour, 15 rats
and 17 goats were exposed on the target area, Results are tebulated
in the following taebless, The positionsof the animels are shown on
Chart 7, and estimeted man casualties on Chart 12,

Table No, 10a

Estimated Man Casualties Based on Effeats on Rats

Stake sNature ofiSeverity of:Fosition ofskstimated man oasualties

positionteasualty 3 casualty s bdurn twhen man is proteoted with
] 3 $ 3 [fes mask only
27 & ELS tdeath t fest ] Ioﬁ
€7 s RIS tdeath t feet t 1007,
71 1 EBIS sdeath 1 feet s 100%
116 ¢ EI8 1death 3 feet 3 . 100%
118 s EL sdeath 3 : 100%
183 s E t1light s ] 0
208 s BELS tdeath t feet 3 100%
Average oasualtles based on 16 rat positions 40%
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Table No, 10b

Bstimeted Man Casualties Based on Effects on Goats

Stake sNature of:Severity ofsPosition ofi1Estimated man casuaities
positiontoasualty 1 casualty s durn twhen man is protected with

3 , 3 3 g8 mask onl
b : ER smoderate ¢ ] 0
9§ s ER smoderate 12 H 0
45 1 ER smoderate H 0
49 1 EgS ssevere $ body 3 100%
63 1 EgRS  1severe s body ’ 100%
88 s E smoderate 3 H 0
93 1 EplS 1deeth t  body 3 100%
97 s EgR tsevere 3 H 0
133 1 ERS smoderate s body s 100%
137 s+ EBS slight 3 s 100%
141 s ERS tmoderate 3  body s loo#
181 3 EgRS ssevere t body 2 100% °
186 s E, s1severe 3 3 0
225 1 ELS sdeath t  body 3 100%
Average casuaities based on 17 goat positions w AT, 1%

(o) Period from Second to 14th Hr, After Firings

During the 2nd to 1l4th hr, after firing, 16 rats
and 9 goats were exposed on the target area, Results are tabulated
in the followlng tebles, The positions of the animale are shown on
Chart 8 and estimated men ocasualties on Chart 13,

Table No, 1lla

Estimated Msn Casuslties Based on Effects on Rats

Stake iNature of:Severity ofsPosition ofiEstimated men oasualties
positionseasualty s oasuwalty s burn swhen man 1s proteoted with

s 3 3 sgas mask onl
5’; 8 :ﬁgh‘b 8 feet 3 ' !ﬁ

3

71 1 ELS sdeath 1 feet s 100%

76 s ELS sdeath 1 fest 3 100%
111 s ELS sdeath s feet s 100%
116 : ELSp; sdeath s+ feot s 100%
119 : ELSy sdeath s fest s 100%
156 s ELS sdeath 1 feet t 100%
169 s ERS, ssevere s feet s 100%
163 1 ELS, 1death 3 feet 3 100%
205 1 BESg sdeath 3 fest s 100%
207 1 EIS 1severe 3 feet 3 100%

Average casuslties based on 16 rat positions 73.3%
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Table RO. 11bd

Bstimated Man Casualties Based on Effeots on Goate

Stake slaturs ofiSeverity ofsPosition ofsEstimated man omsuaiiles
positiontoagualty s ocasualty s burn twhen man le protected with

U 3 3 ) as mask onl
89 8 Eo ssevere 0 $ 0
88 s B2 tsevers ] ] o
97 s B 1severe ' ! 0
135 s ELS tdeath ' bedy 100%
187 : BE smoderate 1 ] 0
41 s B, tsevere : ' 0
181 3 By ssevere g ] 0
186 Ei? ssevers ] ) 0
Aversge oasualties based on 9 goat positions 1118

(d) Day Following Firing (13th to 17th Hour).

On the day following firing, from the 13th to the 17th hr,
inclusive, 8 rats and 4 goats were exposed on the target area, Results
sre given in the following table, The positioms of the animals ere
showa on Chart 9, sand estimated man casualtiea on Chart 14,

Table No, l2a

Estimated Man Casuelties Based on Effects on Rats

Stake iNature oftSeverity ofsPosit.on of tEstimated man ocasualtles
positiontoasualty s easualty ¢ burn twhen man i3 proteoted with

3 3 3 3 as mask onl
1156 ¢+ E s1light sno skin : . 0
139 : B 1light : burns 3 0
Average ocasualties based on § rat positions 0

The 4 goats exposed wore not casualties,

(e) Exposed in Shell Crater. Seven rate and 1 goat
were exposed in shell craters for & peried of 24 hr, on the 7th end
9th da, of the firing, 1None of the animels were casualties,

(2) Downwind from Terget Ares,

(1) Firing Period end Following Hour, During the firing
period and following hour, 8 rats and 4 goats were exposed at positions
downwind from the target ares., Results are given in the following table,
The positions of the animals ere shown on Chart 10 and estimeted men
ocasualtiss on Chart 18,
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Table Noe 13

Estimated Man Cesualtles Based on Effects on Goats

Stake 1Nature ofiBeverity ofiPosition oftEstimated mam casuaities
positionscasualty 1 cesualty s burm swhen man is proteoted

] ] 3 3 with gas mask only
26¢ & E tlight t no sdn ¢ %
g 3 t  burn 4

None of the 8 rats exposed were casualties,
8, Discussion,

8¢ Shell Distribution, The shell were fired for equal dig-
tridbuticn of impaots over the terget area, Of the 20 bursts resulting
from the fire of 28 shell, fifteen registered on the target area arnd
two within a distance cof 30 yd, from the target areea, The three
remeining bursts were not located, The two shell which burst within
30 yde from the target were partly effective on the target aree.

be  Impact Ares., The number of animal positions included
within the impast area, as distinguished frem the target area, was
44, and since each animal was located on the center of a 20 yard
square, for purposes of discussion, the size of the impaot area may
be regarded as 17,600 s, yde The animal positions on the impact
area and the number of impacts om each 20 yard squeare, are given in
table 15,

6y Estimated Man Cagualties from Liquid HS,

(1) Effeots of Meteorologiosl Conditions, The only
meteorologiocal factor heving any effect on the size of the area
covered with liquid HS, by the burst of a single shell, is wind velocity,
The wind velocity during the firing period in the present test, was 2,9
Bepehe Which was too low to carry the large HS drops very far, Previcus
field tests have demonstrated, however, that under the prevailing wind
oonditions, a fine HS Mist whioh will produce a liquid HS pattern
oorresponding to trace, may be carried 50 yd. or more from the
position of shell burste

(2) Protected with Gas Mask but without Protection of
Impregnated Clothing, Results from paper panels given in table 2, show
that personnel exposed with equal distribution on the terget ares during
the firing period, would suffer 22,4% casualties from liquid HS when
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proteocted with gas mask only. The 'liquid HS on the area, which was the
basis of the 22,4% estimated casualties, was partly due to the impsot
of one shell ocutside of the ares, which was cnly slightly effeetive,

and to the impact of 16 shell on the terget area, Effects from the
one shell outside of the target area, were more than sounterbslanced

by effects outside of the target area by shell which burst on the ares,
so that no serious error will be invclved in ocalculations if the effects
of the one upwind shell is dlisregarded,

If 15 shell will produce 22,4% ocasuslties by esffects
of liquid HS on an ares of 23,100 sq, yd,, about 14,5 shell distributed
per 100 yard square are required to produce 50% casualties, when man
is proteocted with gas mask only,

(3) Protection with Gas Mask and Standard Impregnated
- Clothing, From results in table 5, it 1s estimated that personnel
protected with gas mask and stendard impregnated clothing, exposed
with equal distribution on the target area during the firing period
would suffer sbout 1,387 casualties from liquid HS,

If 16 shell will produce 1,8% casualties from the
effeots of liquid HS on an area of 23,100 sqe yde, 8bout 180,65 shell
distributed per 100 yard square sre required to produce 50% casualties
when man is protected with gas mask and standard impregnated olothing.

it is probable that the effeotivensss of the liquid HS
was very muoh reduced by the excessive dust cloud produced by shell
bursts At the time of the test, the ground wes extremely dry to a
disteanoce of a foot or more below the surface, and the dust cloud produced
probably absorbed a large percentage of thn HS liquid drops before they
reached the ground,

de Effeots of HS Vapor,

(1) Vapor Concentration Required to Produce Man
Cesualties. A dlscussion of the exposure period required to produce
nan casualties from HS vapor is given in Test “A™, "Report of Test of
HS Filled 156«umy Howitzer Shell®, comduoted May 23, 1932, Per cent
oasualties are based on the c.t. value, using the valuation ocurve on
Graph lo
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(2) Effeot of Meteorological Conditions on
Effectiveness of HS Vapor. A theoretical discussion of the effect of
moeteorologiceal conditions on effeotiveness of HS wapor is given in
report of Test "A", “HS filled 165-mm, Howitzer Shell™, conducted on
May 23, 1932,

In the present test, the air temperature was 84° to 82°F,
end wind velocity 2,9 mepehs during the firing period and following
hour, These meteorologicsl oconditions were very favorable to build
up & high vepor ccncentration, although the conditions were not as good
as in the case of test "C", conducted on August 4, 1932, on aceount of
a higher wind velocity.

(5) On the Terget Area,

(a) Firing Period and Following Ten Minutes. From
the results of wvapor samples in table 4, representing the firing period
and following ten minutes, it is estimated that man protected with gas
mesk only, would suffer about 9945% casualties from the effects of ES
vepore This estimste 1a based on the average results of vepor samples
taken at 6 different positions, These positions were not representative
of the entire target area, however, as some parts of the area were not
gassed,

Vapor ooncentration figures for each ZO=-yard squere
on the target area are given in the fifth column of table 14, The
figures in this column are ectimates, based on the results obtained
at the slx sampling positions on the area, the position of nearest
impects and the wind direction, From an average of the figures in this
column, it is estimated that personnel exposed in the target area during
firing and the following ten minutes would suffer about 77.5% casualties
from the effeots of HS wvapor, when protected with gas mask only,

The per cent estimeted casualties for each 20~yard
square, as given in ¥able 14, is shown graphically on Chart 35, The
shaded area on the chart represents that part of the arees on which
100% oasuslties would be produced by the effects of HS vapor when
man is protected with gas mask only, The per cent casualties
shown on Chart 3 are based on the effects of 15 shelly If 15 shell
distributed over an area of 26,400 square yards will produce 77,5%
casualties by effects of HS vapor, it will require theorstically
about 4 shell distributed per 100 yard square to produce 50% casualties,

A brief study of date representing some of the previous

tests of HS filled 166-mm, shell, show that the average spread of the
liquid HS at right angles to the wind, from e single shell, is about
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20 yde On this basis, 5 shell correctly placed will cover a front of
100 ydo¢ Results of test "C", oonducted August 4, 1952, show that

HS vapor will drift dowowind to a distance of 100 yd, or more, from

the position of burst and produce ocasualties. Considering these facts,
4 shell per 100-yard square, as figured in the preceding paragraph, is
theoretically ample to cover the area suffieciently to produce 50% man
casualties under the favorable meteorclogical conditions which existed
at the time of the present test,

(b) Firing Period and Following Hour. The results
of wvapor samples, representing the firin; period and following hour, are
given in table 6, The figures in this table were used ia estimating
the average vapor oconcentration for each 20wyard squere on the target
area, as given in the fifth column of table 16, The figures in this
oolumn for each 20=yard square, are estimstes based on results obtained
at the aine sampling positions on the ares, the position of the impacts
and the wind direction. Based on the figures in this column, personnel
exposed on the target area during the firing period and following hour,
would suffer about 83,4% casualties.

Casualties from the effeots of HS vapor are shom
graphioally on Chart 4, The shaded area represents that part of the
target area, on which it is estimated 100% casualties would result from
HS wapor, on exposure during the firing perlod and following hour,
when man is proteoted with gas mask only.

If 15 shell distributed on an area of 26,400 sq, yde will
produce 83.4% casuslties by effects of HS wapor, it will require about
%¢4 shell distributed, per 100wyard square to produce 50% ocasualties
from HS wvapor, when man is proteocted with gas mask eonly.

The numbter of shell figured per 100wjyard square to
produce 50% ocasualties is about the sams for the firing period plus
the following 10 mine wnd firing period plus the following hour. This is
due to the faot that the c.te wapor valus, for the firing period plus
10 min, was sufficlently high to produce 100% estimated casualties over
a large percentage of the target area, oonsegquently, the 50 min,
additional exposure period, representsd by firing period plus one hour,
would result in only a few additional oasualties,

(¢) Four Hour Period on Day Following Firing, The
results of vapor samples, en the day follewing firing, are given in
table 7. The sampling period was 4 hre and the results were negative,
The fact that negative results were obtained is not conclusive e¥idence
that the area oould be ocoupied by personnel without casuslties
resulting as it ig very difficult to sample low conoentrations of HS wapore
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(2) Outside of the Target Area.

Estimsted man casualties at sampling positions outside
of the target aree are given in table 8 for the firing period and
following hour, Vapor samples were obtained upwind from the target
area as well as downwind, The upwind samples were due to a shell
impact west of the target area, It is estimated from the results of
samples taken at positions downwind that personnel steationed 70 yd.
downwind from the impaoct position would suffer casuslties if exposed
during the firing period and following hour with only gas mask proteoc~
tion,

%o Estimated Man Caguelties Based on Effectl on Animals,

Animsl ossualties and estimated men cesualties based
on effects on animels are included in tables 9a to 13 inolusive,
Animal positions, animal cesualties, and estimated men casualties, besed
on effeots on animals, are shown on qhartl € to 16 inolusive,

(1) Estimated Man Casualties on the Target Area, When
¥an is Protected with Gas Mask Omly,

(a) Firing Period and Following Ten Minutes,

From the sanimal casualties given in tables Sa and 9),
it is estimated that man protected with gas mask, exposed on the
target area during the firing period and following 10 ming, would
suffer 16,7% casualties based on rats and 37,5% besed on goats or 27.1%
based on rets and goats,

(b) Firing Period and Following Hour,

Egtimated man oasualties on the target area for the
firing period and followlng hour are given in tables 10a and 10b,
It is estimated that men protected with ges mask, would suffer about
40f oasualties based on effeots on rats and 47,1% hased on goats or
about 43,6% bassd on rats and goats,

(e) Poriod from 2nd to 14th Hour After Firing,

Eetimated man casualties due to exposure on the terget
area during the l2-hr, period from the beginning of the 2nd hr, efter
firing, are given ir tables lla and 1lb, From the sanimsl emsualties
it is estimated that man casualties would be 73,3% based on rats and
11,1% based on goats or about 50X based on rats and goats,
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(d) Day Following Test (13th to 18th Hour).

Estimated man casualties due to exposure on the target
area on the day following firlng, from the 13th ¢to the 18th hour, are
given in table 12a, The results were negative but that does not positive~
ly indicate that the area could be occupied by persomnel protected with

gos mask only, as the skin of man is much more susceptidble tc HS wepor
then thet of a goat or rat,

(e) Exposure in Shell Creters,

None of the animals exposed in shell craters for e period
of 24 hr, on the 7th ard Sth days respectively after firing were casuasl=
ties, This was probably due to the very dry condition of the ground and
high temperature condition after the test which resulted in rapid
evaporation of the HS,

(2) Downwind from Target Ares.

The results of animels, stationed downwind from the target
during the firing perlod and following hour, are given in table 13.
Of the 12 animals exposed, only one wes a slight casualty. Chart 10
showing animal positions, shell oreters end wind direction, indicates that
only about 3 of the 12 enimals expcsed were actually downwind from the
position of the shell oraterss The animel which was & ocasualty was
loocated about 100 ydy downwind, in the direction of wind travel, from the
nearest shell crater, and its nature of casualty was not interpreted, by
the Medical Research Division, as representing & mean oasualty, From the
data aveilable, it is impossible to stetes definitely whether persornel
stationsd 100 yards downwind from the position of impasot, would be
oasualtiesor not, when protected with gas mask,

fo Comparison of Per Cent Estimated Man Casualties Based on
Measurements of the Gas Concentration and by Effects on
Animals, When Mean is Protected with Gas Mask Only,

(1) Firing Period end Following Ten Minutes.

In Tablo 14, estimated man casuslties are given for each
20eyard square, based on the following effeots ehd methods of figuring
cagsualties, when man proteoted with gas mesk only is exposed on the
target area during the firing period and following ten minutes,

Appendix E “ ]88 -



() HS 1liquid using panel data

(b) HS vapor from vapor samples '
(¢) Combined effect of HS 11qu1d and HS wapor
(d) Effect on animels,

Figures in this table chow that 100% casualties would

be produced on 80,0% of the target ares, based on the oombined effect
of HS liquid and vapor and 23.5% based or effect on enimels or 51.T%
based on an average of the two methods cf figuring casualties.
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Table Noq 14

Estimated Casualties on the Target Area Representing Exposure

DurigE:Firigg

and Followl

10 Mioutes

(Area 26,400 sq. yd.

Stake N o.:InpaotazFrom HS liquid:¥From HS vngortFrom HS liquidiFrom effects on

at ocenterswithin sEstimated man to.t. :ﬁit.nnn:
:valuezcasual—:!atimated man sinimal
sties

of 20=-yd.s20=yd, : casualties

square ssquere s
$ 3

1l 3 0 3 15

3 s+ 0 1 20

§ ] 2 3 63

7 3 0 70

9 s 0 1 40
11 ¢ O 3 15
23 ] 0 0
26 ] 0 1 13
27T 1 0 1 44
29 1 l 63
1 s+ 0 1 24
33 3 o 1 0
45 3 0 3 0
47 ] 0 ] 0
49 s 0 13 7
Bl ] 1 3 38
53 3 o 3 53
65 s 0 13 10
67 l 1 23
69 ] 0 ] o
Tl 3 1l 3 18
78 <« 0 1 20
76 ] 0 H 22
7 s 0 1 10
89 ] 0 3 .27
9l 3 0 13 7
83 3 2 ] 21
95 3 0 1 13
97 ] 0 1 0
990 3 0 ] 0
111 s+ 0 1 0
113 3 0 1 13
116 s O 1 42
117 s 2 48
119 3 0 1 18
121 0 20
133 ] 1l ] 23
136 1 0 1 7

]
0001
+0013
9153
«103
004‘
.043
+00s
« 053
.158
«203
+153
«10s
.008
103
.153
.303
.303
2203
.00s3
083
«1618
«203
.208
.103
'108
«10s

1,003
.60’
.253
.153
.103
+10s

1.001

1.303
.503
+ 201
.103
.102

@ OO 00 OO 00 40 00 00 OO o O OO 00 DD OO OO OO 00 B0 G0 00 P6 AR 00 OO 00 OO OO OO 05 B0 60 B W B B B B w0

o
0
100
93
50
60
0
67
100
100
100
93
0
93
100
100
100
100
0
80
100
100
100
93
93
93
100
100
100
100
23
93
100
10C

1Q0:

100
95
93

w 20 -

and vapor 8 animals
sEst. »nan
s oasualties soasuslties scasualties
3 3 %
13 ] H 0
20 ] 1 0
100 1 ')
98 3 ] 0
70 H 3
58 ] 3 0
0 3 ]
64 3 ] 0
100 3 3
100 sE moderate 0
100 3 s
93 ) 3 0
0 ] 3
93 3 3 0
100 ] ]
100 3 3 0
100 t 3
100 3 3 0
0 3 3
80 3$ER severeo 3 100
100 3 ]
100 $ERS severe s 100
100 ] 3
54 ] b4 0o
986 ] )
94 3 ] 0
100 3 ]
100 ) 3 0
100 ] 3
100 ] 3 0
93 ] ]
94 $ER moderete 3 0
100 H )
100 $SoR severe 3 100
100 ] 3
100 tB light ] 0
95 t 3
94 38 light s 100

]
3
L]
L]
1
s
s
3
3
s
]
s
]
s
3
t
$
]
s
s
3
3
3
3
:
s
3
3
s
3
3
3
3
3
s
4
L]
s




Table No, 14 (Cont‘'d,)

Btake no,simpactestrom HS iiquidsFrom HE vapor:From HS liquidsFrom effects on
at centerswithin sEstimated man 1c.t, :ﬁst.Mans and vapor 3 aq&malc

of 20-yd,120«yd, 3 casualties svaluesonsual-sEstimeted men sArdmel sEate AN
sguare ssquare 3 3 s ties 1 ocmsuslties toasualties soasualties
3 s ?t s % iﬁ 3 ¥k3f ) %
127 T 0 11 8 ¢10: 93 3 94 3 )
1%9 ] 1 1 40 1 L1038 93 @ 96 sELS death s 100
141 ] 0 1 24 3 o508 100 1 100 3 ]
143 ] 0 ] 0 t L10: 93 3 23 3 1 0
1586 1 0 1 2% t o001 D 3 2% ] 3
157 ] 0 3 7 t o083 80 3 81 ] | 0
159 T 0 1 0 $ olBs 100 s 100 ] 1
161 st 0 1 44 38 1,008 100 3 100 $ERS death 3 0
163 ) 0 ] 31 s 1,008 100 ] 100 ] 3
166 ] 0 3 0 t <102 93 ] 9% 3 0
177 1 0 P v} 1 003 c 0 ] )
179 Tt O T 3 L06s 5T 1 6l tE light 3 0
181 s 2 44 $ 208 JOO 3 100 3 ]
183 t 0 58 8 o503 100 13 1C0 ] 3 0
186 s 0 3 32 t o083 42 1 60 ] 1
187 3 0 ] 20 t o10: 93 1 96 3 ] 0
199 st 0 1 o] 8 +001 0 0 3 )
201 ] 0 ] 7 1 L0032 42 ] 46 ] 3 0
203 ] 1 71 1 L1B: 100 100 ] 3
206 ] 0 65 t o103 93 3 26 :Ezns severe 1 100
207 ) 0 3 13 Tt .10: 93 1 94 H 3
209 st 0 1 20 $ .10t 93 96 18 light s 100
221 ) 0 3 0 t ¢00: 0 0 : 3
223 ] 0 ] v} t .03: 42 ] 42 3 1 0
226 t 0 3 43 t o068 57 1 82 t 1
227 s+ 0 1 39 3 ¢10: 98 3 ‘96 $ELS death s 100
229 3 0 10 t o103 93 3 94 H )
¥2‘31 1 0 ] 20 1t ¢10: 93 3 96 3 3 0
Total ands 3 t ) ) 3 1
everage 3 1lb 3 21.4 H t 7.8 2 8040 ] 3 2346
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on the total target area,

The average percentegss given in teble 14, are based
In table 16, which follows, results are

given to include enly the impact eares, as defined in parsgraph &b,

Estimated oaguslties given in table 15, are based on an

aerea of 17,400 sqe yde On which there were 16 impacts, Results

in this table show an average of 91,4% man casualties based on the
effeots of HS liquid and vapor, and 41,2% based on effecte on animals,
or an average of 66,3% based on the two methods of figuring casualties,

Estimated Casualties on the

Table No, 16

Impact Area (17,400 sq.yd.)

Firlog Period and Following Ten Minutes

Stake noes Maots
at center: within

Estimated man casualiies

1From HS liquid s From effeots

of 20=ydet 20=yd.sqe ¢ and wapor

sgquare 3 )
Wm
00

L4

9
27
29
31
49
51
6%
67
69
o
78
75
89
91
93
96
97
111
113
115
117
119
133
136
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Table Nos, 15 (Cont'd,)

S%eke no,: Impaots 3____ Estimated man oasualties
at centers within 1 From HS liquid s From effects
of 20wydes 20wydssq, 3 and wvapor : on animals
3 3 3
187 0 3 94 s
139 12 b Y ] 96 3 100
141 1 0 ] 100 3
143 3 0 ] 93 ] 0
165 0 3 29 ]
157 0 3 81 3 0
159 0 3 100 3
161 ] 0 ) 100 ] 0
168 1 0 3 100 s
181 3 2 3 100 ']
183 ] 0 3 100 ] 0
186 0 3 80 3
203 ] 1l ] 100 ]
206 0 ) 96 ] Y00
207 1 0 3 94 3
226 1 0 ] 82 %
227 0 3 96 ] 100
229 1 0 3 04 3
Total and 3 1 3
average 3 15 ) 9,4 ) 41,2

(2) Firing Period and Following Hour,

In table 16, which follows, estimated man casualties
are given for each 20~yard square, when man protected with gas mask
only, is exposed on the target area during the firing period and the
following hours
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Teble Nos 16

Estimated Casualties on the Target Ares Representing Exposure
During Firing and Following Hour
(Area 26,400 sq. ydo)

Number of;f;pacta:Fram HS lignidaf;ai H§;vg29r;§}umgﬁ§‘11qu1d: Trom effects on

stake at swithin sEstimeted man sc,t. sEet,mans end vapor s apimals

ocenter ofseach scasualties svaluesocasual-:Eetimeted men sAnimal sEst, man
square saqueare 3 ] s ties 1 easualtiass scasualties soasualties

% % s 3 3 3 3
1l 1 0 1 16 ] Os 0 1 16 3 ]
3 s 0 1 20 % Os 0 3 20 3 ]
6 T 2 1 63 $ 427t 100 100 $ER moderate 0
7 3 0 70 1 o188 100 3 100 ) ]
9 ] 0 3 40 $ L,17: 100 100 $ER moderate 1 0
11 s 0 1 15 3 407: 73 3 k&4 H )
23 3 0 3 0 ] 01 0 3 0 ] ] 0
25 ] 0 ] 13 1 o409 86 1 88 3 )
27 s 0 1 44 s 8273 100 13 100 $EILS death s 100
29 ] 1 ] 53 3 o363 100 1 100 s 3
31 t 0 1 24 $ o273 100 @ 100 3 3 0
3 ] 0 0 3 <1823 100 1 100 3 t
45 ] o] ] 0 ] (¢} 0 1 0 $ER moderate 3 0
47 3 0 3 0 t+ .18: 100 1 100 ] ]
49 s 0 7 t o348 100 3 100 tEgS severe 3 100
bl 3 l S8 8 o543 100 3 100 3 ]
53 ] 0 63 8 o712t 100 3 100 tEgRS severe 100
56 3 0 1 10 t .36t 100 100 ) ]
87 s 1 1 23 s O3 0 3 23 $ELS death s 100
69 3 0 1t () s .15: 100 3 100 ] 3
71 3 l 3 18 t J273s 100 1 100 $FLS death H 100
73 ] 0 3 20 s .36 100 13 100 s ]
76 ] 0 1 22 3 o362 100 1 100 H ] 0
77 ] 0 ] 10 3 o182 100 1 100 ] ]
89 3 0 27 1 L1B8: 100 oo $E moderate 3 0
21 ] 0 s 7 3 o188 100 100 3 3
53 : 2 H 21 8 1,803 100 @ 100 :EzLS death 3 100
96 s 0 13 13 s 1,085 100 100 3 )
orT t 0 1 0 t o453 100 100 sESR severe 0
99 ] 0 0 $ o27: 100 1 100 ] ]
111 ] 0 ) 0 t o18: 100 1 100 3 3 0
113 ] 0 13 t L18: 100 100 ] 3
115 t 0 1 42 3 24603 100 1 100 $FLS death ] 100
117 ] 2 ] 4b 8 1,728 100 100 H 3
118 3 0 18 1 ¢84: 100 3 100 $EL death ] 100
121 3 0 20 3 ¢361 100 3 100 ] 3
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Table Noa 16 (Cont'd,)

Fusber ofsimpectsafrom HS liquidskrom HS vaporsFrom HS liquids From effects on
stake at swithin :Estimated man so0.t. sﬁgi.manz_gnd vapor ] animals
center ofseach s casualties svaluoscasuelwiEstimated man sAnimal tEste man

t8gquare s ') 1 tles : oasualties soagsualties scasualties
3 s % 3 1 %8 % 3 3
138 1 1 3 23 3 18t 100 3 100 $ERS moderate : 100
1386 ] 0 3 7T T ,18s 100 100 ) 3
137 s 0 13 11 s ,L,18: 100 1 100 $ES light s 100
139 13 1l 3 40 t o182 100 : 100 H ]
141 3 0 3 24 1 L,903 100 100 1ERS moderate 13 100
143 ¢ O 13 0 t ¢18s 100 2 100 3 '
156 s O 3 23 3 0Os 0 1 23 % $ 0
157 0 3 7 2 Gl43 86 1 100 1 3
159 s+ O 3 0 2 ¢llz 100 100 2 ] 0
16l ] 0 ) 44 3 lo86s 100 100 3 )
163 s O 1 31 3 3,608 100 100 1E light 1 0
166 1+ 0 3 0 1 J133 100 100 3 3
177 s 0 13 0 2 O3 0 1 0 ] 1 0
179 T 0 13 7 3 4093 86 1 a7 3 ]
181 ¢+ 2 1 44 1 4363 100 100 tEgBRS severe 1 100
1832 3+ O 1 68 1 .901 100 1 100 3 1
18 :+ 0 32 $ ,L,06s 68 1 70 1Ey severs 3 0
187 13 0 3 20 1 181 100 1 100 ) 1
139 3 0 3 0 3 (03] 0 3 0] ] 1 C
201 s+ O 13 T 3 L063 58 1 61 ] 1
203 : l 71 1 ¢273 100 1 100 31ELS death 4 100
206 H o 3 56 : L,18: 100 1 100 3 ]
207 ¢t O s 13 3 L18: 100 1 100 1 g 0
208 s o] 3 20 3 4182 100 1 100 3 s
22 1+ O 1 0 s (o} 0 1 o] : 3 0
223 1 0 3 0 t &0B2 56 1 68 3 ]
226 1+ 0 1 43 1 132 100 1 100 $ELS death 3 100
227 : 0 3 39 3 o093 86 : 81 3 3
229 1+ 0O 1 10 1 o343 100 100 [ 3 0
231 3 0 1 0 1 ¢lB2 100 100 ] 3
Total ands 3 3 3T 3 N 3
everage 1 16 ¢ 21,4 t o373 83+41 85,1 1 3 43,8
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Figures in table 16, show 100% omsualties on B641%
of the area, based on the oombined effeots of HS wapor and liquid
end 43.8% besed on effects on animals, or 64.4% based on the two
methods of flguring ocasualties,

Per ocent estimated casualties in tebleg 14, 15 and
16, based on the combined effects of ES liquid and vapor, are
considerebly higher than corresponding figures, besed on effects
on animals, Estimates based on effects on animals were very
conssrvatively made and are probably lowe It is also probable
that estimates based on effects of HS vepor elone, are high for
average temperature conditions, so that an average based on sffects
on animals and from measurements of the oombined HS liquid and
vapor present, 1s probably more nearly correct then either method
alone,

gs Number of Shell Requifed to Produoce 50% Men Cecualtiss,

It was estimated in paragraph 8 ¢ (2) that ebout 14,6
shell distributed per 100-yerd square will produce 50% ocasualties
from liquid HS, when man is protected with gaz meask only.

From figures given in table 15, it was estimated thet
the burst of 15 shell, on an area of 17,400 &8q. yde would produce
91,4% oasualties, based on a measure of the HS liquid and vepor
present, and 41.2% besed on effects on animals, when men is exposed
during the firing period and following 10 min, On this basis, the
following pumber of shell per 100~yard square will be required to
produce 50% oasualties when men is protected with ges mask only:

Based on BES liquid and wepor semples « 4,7 shell
Based on effects on animals = 10,4 shell
Average = 7.5 shell

Basaed on the two msthods of figuring casualties, about
8 shell distributed, are required per 100=-yard square to produce 50%
casuelties, when man 1s protected with ges mask only,

9, Conslusions,

From the results of the présent test, the followling
conclusions are drawn with respect to the use of 165=mm, shell filled
with HS, when fired under the meteorological conditlons exlsting at
the time of the test,

8¢ The number of shell required per 100wyard square to
produce 50% casualtiss when distributed as equally as practicable, are
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ag follows:

(1) When man, protected with gas mask and standard
impregnated clothing, is exposed during the firing period = 180 shell
(seo page 14).

(2) VWhen man, protected with gas mask ounly, is
exposed during the firing period and following ten mimutes = 8 shell
(see sub-paragraph 8, page 26),

10, Recommendetions,

It 18 recommended that additional tests be conducted as
followss

as Conduect a test in the late spring to determine effect of
soason on the gas concentration sget up,

be Use the minimum propellsnt charge and determine the effect
of angle of impact on the efficiancy of the shell,

¢ce Determine the effect of terrain by firing for impact in
woods,

4. Conduct one teat under favorable meteorologicel conditions
on 2 larger scale than all previocus teats and determine the vapor con=
contretion set up downwind fremthe impact area,

Submitteds

/8/ B. G, Macintire
B. G. MACINTIRE,
Weepons Department,
Manitions Development Division,

Recommendling Approval:

Report of Test of HS Filled /8/ Charles E. Louocks
155wmm, Howitzer ShellsTest “D" ‘ CHARLES E. LOUCKS,
Adugust 29, 1932, Ceptein, C.W.S,.,

Chief, Munitions Dev, Division,

Project A 1l,1-1b
Approveds

Typed nsm 12-6=32 /8/ By Montgome
o 'WT'&GO-M'ER'JE:YE,
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BATTERY "A® 81X FIBLD ARTILLERY
Forts Royle, Waryland,

September 1, 1932,
'Mn Por the Teshmisal Direster, Bigewveed Arsemal,

1. The fellowing repert is submitted en £iring of 1566 m

HS filled shell em August 29, 1932,

a. A mp transfer of fire was used for this sheot.

b. The cheek point used was 167 yards east of the
senter of the ‘arget ares and fifdy yards short of this area, A
precision odjustamt was mde en this point fer whish an adjusted

‘elovatien of 290 wms sbtained.

o. The following is & round to roud statement of the

firving giving elevation and deflestions used.

Round G Bumber D& leotion Blevatien
i K 3247 290
4 3 3248 290
3 2 3249 290
4 1l 3260 290
] 4 3247 290
[ ] 3 3248 290
7 2 32489 29
8 1l 3260 290
9 4 3247 296

10 3 3248 ' 298
11 2 2 298
13 ) 3246 " 296
18 4 247 296
) Y s 3248 296
16 | 24 208
16 4 3247 290
7 3 324 290
s 3 3240 290
19 3 3248 290
a0 3 3249 290
al 4 247 290
a 3 n2ea 290
a3 2 26 200
24 ) - 3246 290
a8 1 3246 296
26 3 5248 296
27 3249 296
a8 4 3247 296

WILLIAM J, BOAN,
Captain, 64n Field Artillery,
Commmnding.
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Appendix F

Report of Test eof HS=Filled 166-mm, Howitzer Shell
Teats "E" to 1" Inolusive,

Year 1055,
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REPORT

OF
TESY OF ES-FILLED. 166-mm., HOWITZER SHELL
BEEEEREES ;7 | | panuamnn

Project A 1.1-1b

1. Objest, The objeot of the tests descoribed in this report
was to dete o the number of HSw=filled 165=mm. howitzer shell required
under varicus field conditions to produce 50% casualties, requiring
evacuation for hospitalisation.

2. Anthori?. This work was suthorised in the Project Program for
Bdgewood Ars or the fiscal years 1832 to 1934 ineclusive under Projeot
A 1,1elb "165emm, Shell, MII (How.), BS~Filled", It was a joint C,W.S.-
Ordnanoce project and tests wers conducted in accordance with progrsm out-
lined by Ordmeance Committee Minutes, Item 9241,

3¢ Previcus Work, Five tests were eonduocted prior to the present
tests, using Bo~filled 1655-mm, shell from the same lot of ammmition
used in the present tests, A list of the previcus tests is given below.

February 16 and 17, 1932: Thirty-six shell from each of
four lots of smmunition representing shell used in the present tests, were
fired for impact burst to determine if the shell functioned normally,

tut no attempt was made tc measure the ges concentration set up,

% 28, 19321 Porty shell were fired for impact on a
terget 100 by 2 ° was estimated from the results that it would
require about 25 shell per 100 yd. sq. to produce 50% casualties, when
personnel are protected by gas mask only.

June 11, 1932: Forty shell were fired for impact on the
target used in m 25, It wes estimated from the results
that about 14 shell per 100 yd.sg. are required to produce 50X casualties,
when man is proteoted by gas mask only.,

Magust 4, 1832: Forty shell were fired for effect on
a target 100 by . was estimated from the results of the test
that about 8 shell per 100 yd. sq. are required to produce 50X casualties
when personnel are protected by ges mask only. The test of Augnet 4th
was fired about 1 hr, before sunset whereas the two previous tests were
fired at 9 aom,
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Aupust 29, 1932: Twenty-eight shell were fired about
1 hr, before IWQ% for fﬁ’& on a target 100 by 200 ydo From results

of the test it was estimated that about 8§ shell per 100 yd.sq. are
required to produce 50% casuslties when persommel are protected by gas
mask only.

4, Materials Used in the Present Test,

8e Shell, The shell used was the MII, 166-mm, filled
with HS, They were obtained from War Reserve at Edgewood Arsenal and
represent shell filled in the years 1921-1922, for shipment to the
Hawaiian Islends. The HS used in filling the shell was from War Reserve
and was probadbly made by the Levinstein process, The void used im filling
the HS 4inte the shell is not known, but was probably about 10%, based on
the maximum volume shell,

be Booster, The booster used was the MVI-B, which contains
& bursting charge of 29 g. of tetryl and 253 g, of TNT, Many of the
boosters in these shell were improperly seated,

8¢ Fuse, The fuze used was the MIII super quick point
detonating.

de Howitter Used, In all tests a battery of four howitzers
was used in firing the shell, under command of san officer of the 6th
Field Artillery. The implacement of the howitzers was on "C" field in
the vicinity sf ceordinates €80,9, 1869.1, as shown on the special military
map of Gunpowder Neck, prepared under the direction of the Chief of Engineers,

U,8s Armye

5o Target, In all tests the target oconsisted of an area 100 yd.
wide by 200 yd, deep, located on "H" field. The effectiveness of the
gas concentration set up was determined with the use of paper panels

or silhouettes, vapor sempling machines and animals which were placed

on the target at definite positiocns.

6. Method of Interpreting Hesults.
8. Paper Panels or Silhouettes. The paper panels or silhousttes
pleced on the targo% to ﬂalgor 1iquid ﬁ, wore oolleoted after the firing
and tabulated for size of HS drops and pattern produced, using the pattern

acale attached to this report. Panel or silhouette data were intsrpreted
as follows:
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(1) Casuslties Based on Penmetration of Unimpregnated

Clothing,

411 paper panels were tabulated for pattern using the
grudingl heavy, medium, light and trace, as given on pattern scale
accompanying this report. Casualties estimated from the gradings
wore based on the results of laboratoarytests given in Memorandum of
Oot, 28, 1931 to the Chief, Engineering Division from the Chief, Pro-
tective Development Division. From the results of these tests, it
was estimated that personnel protected by gas mesk and standard issue
of unimpregnated clothing would experience casualties as follows:

“FPattern on s Size of HS : Estimated man casuslties thru
panel 3 drope s standaxd issue of unimpregmated

] 3 elothgi
H ng. H
H Heavy t 4002 to 3 100
] 0s10 3
M Nedlum  : (00% to .08: 100
L [ +o Qﬁi ]ﬁ
YY) N 0 o081 80

(2) Casualties Based on Pemetration of Impregnated
Clothing,

The minimmm size HS drops, as registered by paper panels,
which will produce cssualties when persomnel are protected by gas mask
and standard issue of impregnated clothing, were determined by labora-
tory tests reported in Memorandum of Aug. 6, 1931 to the Technical
Director from the Chief, Protective Development Division, From these
tests, it was conoluded that HS drops of the following sizes would
penotrate two layers of standard impregnated olothing and produce ocasual-
ties as follows:

HS drops 0.5 mg., in size - 407 oasualties
HS drops 0.7 mg. in size - 80% oasualties
HS drops 0.8 mg. in size - 100% casualties

In the tests oconducted, no attempt was made to classify drop sizes

between 0,6 and 1.0 mg, due to difficulty in identifying the intermediate:
drop sizes,
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bo HS Vapor Samples., A desoription of the vapor sampling
machines and method of analysis of the HS is given in E.A.T.R, 66,

In the present report the respiratory effects of HS
vapor were not considered but only vesicant effeets, whioch in the case
of HS vapor was based on its c.,t. walue, The o.t, value is the pro=-
duot of vapor evhoentration in milligrams per liter and the exposure
period in minutes, Man casualties were figured from the c¢.t. walue,
using the wvaluation ocurve given on Graph 1, This curve was plotted
from results of gas chamber tests given in Pharmacologiocal Report
No. 318, Aside from the points given on the graph to establish the
curve, au additional point "B" is also given to represent exposure in
the field of a man at Edgewood Arsemal who became a casualty for about
2 wks, due to vesisant effects of HS vapor. The vapor concentration
and exposure period of this man was equivalent to s ¢.t. wvalue of
sabout ,043, which corresponds on the ourve, to 53% man casualties,

All men are not squally resistant to HS vapor but the man exposed was
shown by laboratory tests to represent an average subjest, If a group
of men, taken at random, were sxposed to a o¢,t, value of ,043 the wvalua=
tion ocurve shows that about 53% would be casualties.

8o Based on Effects on Animsls, In all tests, the animals
were handled by the Medioa]l Research Division and after each test, were
subjeocted to observatison by that division for a period of about § wks.
The following symbols were used to designate the nature of the animal
cagualties,

N = not affected

D = death

E = simple conjunotirvitis
Es = eloudy cornea

R = respiratory effects

§ e« erythema of skin

S, » second degree skin bumrms
K? e killed by shell

The severity of the casualty was classified as light,
medium, severe and death designated by LC, MC, SC, and D respectively.

All animals ocasualties were interpreted by the Medical
Research Division in terms of man casualties. From the effeots on
the animal, it was estimated by the Medioml Research Division, whether
in their opinion, & man subjeoted to the same exposure ms the animal,
when protected by gas meask and :standard issue of unimpregnated eclothing,
would have been a casualty. In the case of each animal, the anewer
was yes or no:, 8o that no intermediate interpretations are given,
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A man oasualty is defined as one having an injury sufficiently severe
to normally require evacuation for hospitalization.

In recording data in this report, at positions where
two rats were exposed, if either rat was rated an estimmted man ossualty,
estimated man ocssualties at that position are given a rating of 100 %,

7. Effective Concentration. In this report, an effective
concentration is considered to be one whioh will produse 50% ocasualties
when personnel are exposed to the effeots of the vapor for a period
of about 25 min,

8. Tosts Conduoted, The five tests were conducted and results
obtained as follows:

Ae Test of Mey 18, 1933,

(1) Objeet, The objeet of this test was to determine
the effect of spring o ions on the number of HS=-filled 166-mm.
howitser shell required to produce 50% casualties when fired at sundown
at personnel proteocted by gas mask only, who are exposed in open country
for a pericd of about 26 min., inoluding firing,

(2) DMaterials Used, Thirty-nine MII, 16565~mm, howitser
sholl, filled with HS, were used in the test, The history of these shell
and the type of fuze and booster used are given in paragraph 4.

(3) Tergets The target was a rectangular area 100 yd,
wide by 200 yd. deep, located in open country on "H" field in the wvicinity
of ocoerdinates 690.5, 1863,.8, and oriented so that the long axis was in
line with the direction of fire, It was covered with grase and weeds
having a height of about 8 in, of varying density and the soil was
extremosly wet, The target was divided into 10~-yd. squares, by placing
nunbered stakes at 10-yd, intervals, and paper panels, 8 in, sq., were
distributed over the area by placing one at each staks position, A
silhouette 20 in. by 40 in., was placed at the oenter of each 10-yd.
square and at the center of alternate 20 yd. squares, a goat was placed

in a fox-hole, having a depth of about 18 in, On intervening 20 yd,
squares, & rat in a cage was suspended from a stake at an elevation of

18 in, At alternate rat positions, a reat was placed in a cage on the
ground under the rat suspended at an elevation of 18 in, The target

was at & renge of about 5,300 yd, from the position of the howltzers

a8 given in paragraph 4.

Chart 1B acocompanying this report, shows the target as

it was prepared for the test with position of animals, panels and
sampling machines,
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(4) Firing of Shell,

(s)

Ad]ultmont of Howitzers,

Sixteen shell were

used,
of the target.

(b)

ranged in parallel using three eleva

Fire for Effect,

Registration fire was directed at a position about 100 yd. east
Firing started at 4:09 p.m. and ended at 4:46 p.nm.

The four howitzers were
ons for distribution of impaocts,

Firing for effeot started at 5:21 p.m, and ended at §5:39 p.m., a period

of 18 min,

4 photostatic copy of a Memorandum dated May 22, 1833 to

Capt. C.E. Loucks, from the Battery Commander giving the firing data

by round, is attached to this report,

(6) Meteorologieal Conditions.
(2) During the Firing Period and Following Hour.

Time; 5121 pems to 5139 pem,

Alr temperature, °F, T

Ground temperature, °F, 8l

Relative humidity, % 68

Barometric pressure 30,45

Wind velooity * 4,0

Wind direction S8gw

Sky olear
*Taken at an elevation of 8 f't.

(b) During the First 14 Days Following Firing,
“Date 1 Temp, °F. ihainfells Cloudiness
From: 10 1lex, .ﬁ 8 a.m.: i, S M, 110 8.M, 112 NOONIZ DoMs 14
45,7:.:.: Vo6 3 J 3 1 olear sclear i1 oclear

71930/20374,6165,38 8549 1 trace : olear: clear 31 4/10 3
,wa 187.5161,68 68,2 & 0,32 : 1oloudy ioloudy: oloudy
b/21:8/22:81,6160,8: 71,1 ¢« O 1 4/10 1 1 271% 10LOAT § OLOAr
B/2216/28119,0166,81 66,0 + 0 scloudys sloudyioloudy
8/2%:5/24:1 . : 85,01 61.9 1 0 soloudy:s oloudyscioud
5/2410/25300,2105.41 12,0 1 08 & 4/1 1
b/2b 15/ :8 : 4. 1 70,6 3 scloudy: chou s oloudy
L{m s e03 76,8 & trace iclear 3 571% 3 cloud
a.:.h 0 1 0,49 ' :4]1
ﬂm 179,0160,03 T0e2 1___ U soloudy: oloudyioloudy soloud
0/2915/30181,8387,9s 70,6 3 trace : 5/10 3 0 : 4/10 337161:
B/50:8/31:78,2162,01 89.0 + 0,18 1 9710 1 oloudy :el'aug T rain s raln
0/51 16 376,8:57,0s 68,0 0 soloudys cloudysoloudy scloudy: cloudy
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(6) Results.

() 1Impaots., The position of impacts are shown
on Chart 2E, Of the 23 shell fired for effsot 15 registered on the
target and 8 within a distance of 40 yd., of the target,

Of the 39 shell fired imcluding the 16 used for adjuste
ment, there were 5 duds, 1 low order burst, and 33 normal bursts,

(b) Liguid HS.

1. Size of ES Drops. The paper panels and
silhouettes on the target aree were tabulated for size of HS drops.
Results are given in the following tables:

Ta.ble No. 1.

Number of Panels Showing HS Drops of O.1 mg, or Over.

Panel; No, of HS drops —
no. 0.1 to 0ver 0.5 10ver 1,0 :0ver 3,0

10,6 mﬁu 1to 1.%_‘;50 1to 3,0 QEO: 1!»5.

-t : 1 s
7 2 3 : 3
17 3 1l Il 3
20 1 % 3 25 : 3
28 1 1 3 F H
27 3 3 1 1 1l 3
28 3 3 3 1 3 s
29 3 H 3
30 3 3 3 1l 3
31 3 26 s 50 3 3
38 3 2 3 ]
39 s 100 3 2 F
41 10 20 3 b 3
42 5 1 10 : 10 3 1
43 3 3 3 H
62 10 : 20 ) :
58 , l : 3 3
65 3 1 ] 3
73 3 3 3 3 3
B3 l . ) 3 3
86 1 15 1l 1 3
87 3 b 3 H
89 12 2 1 3
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Table No, 1 (Cont'd.)

Panel: No, of HS drops e
no.10.1 to 10ver 0,56 0ver 1,0 :0ver 3,0
10.5 mgesto 1.0 mge 1t0 3.0 mg.t mg,
) : T )
5
25

98

99
101
112
114
116 :
128
133
134
136
138
141
1456
148
148
165
157
191
192
194
198
201
202
203
208
206
212
213
214
225

76
b
2

LBV N

(S
[Vl Y]

20

bt
Nnown

80!010!
66 S0 90 S0 56 0o 00 00 G0 00 00 S0 06 OS5 00 00 G0 46 00 G OF 00 S0 G 0D 60 s S0 8 s 0
o]
B0 06 00 00 00 00 06 00 B0 G0 0 00 N6 5 00 40 00 oo 00 0p S0 PP 08 00 08 00 05 02 S0
[

00 S0 00 B0 G0 S0 00 S0 00 g0 40 SO 06 00 06 00 08 00 00 00 GO O 00 06 4e 06 U0 88 00 00
G S0 86 86 06 54 96 66 0 06 06 00 45 PE 06 S8 PO S0 T TG W 06 W WS WG WG W6 45 4 e

[
oo O
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sOver 3,0

No. of HS drops
t0ver 0,6 10ver 1,0
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Table No. lA.
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Table No. 1A (Cont'd,)

'$1 Thou=1 No, of HS Drops —
stte :BL to 10ver O.6 t0ver 1,0 i10ver 3.0

no. 10,5 mg, :to-l.g_gg. 1to 3.0 et MZe

79 3 : 3

82 10 . 20 3 10 1 6
83 10 : 10 3 10 1
101 b 1 : 3 :
102 b t 2 1
106 20 3 1 3
107 4 : ]
112 5 1 3 1 3 3
114 : 10 b 3 1l t
116 6 1 : 1
116 : 10 ! :
117 20 3 :
121 : 10 . [ : ] : 2
122 :+ 10 2 % ]
128 10 . 2 1 1
124 5 1 H 1l ]
126 5 1 2 g 1
131 20 2 3 2 ?
132 20 3 10 1 1l 1
133 b 3 1 3 3
141 3 3 g ) 1
142 3 3 3 s
178 50 1 2 ] 1
177 3 50 ] H H
178 5 H 3
182 § 1 & 3 b 1
183 1+ 10 t 1 t
184 20 H 1
185 3 5 1 2 t 1l 1 1l
186 5 1 3 3
192 2 1 : ?
193 10 6 3 s
194 ¢+ 20 b s s
196 2 1 5 1 1 3

Appendix F - 310 =



(e) [Estimated Man Casualties from Liquid HS.

1e Man Protected Gas Mask but Without
Protection o regnated Efomgg.

A tabulation of the density of pattern on paper panels
and silhouettes together with estimeted man casualties are given in
the following tables. The pattern scale is attached to this report.
The basis of estimated casualties is explained in paragreph 7,

Estimated Man Casualties on Target Based on Liquid HS
on Panels.

Patterns Panele classified:Fstimated man
s No, : Per cent of soasualties for
stotal on tartmsn protected

:
3 s got 1by ges mask
3 3 3
) : :
Heavy 1 8 3 3.5 3 3e¢6
Medium ; 23 : 10,0 s 10,0
Light 1 33 : 14,3 1 ll.4
Trace 1102 : 44,1 1 26.4
No HS s« 665 1+ 28,1 )
otal ¢ ) o 1 BLl.8
Teble No., 24,

Estimated Men Casuelties on Target Based on Liquid HS
on Silhouetiese

Heavy 1 16 3 80 : 8,0
Medium 3 386 : 18,0 : 18,0
Light 1 34 3 1740 1 1346
Trace 3 62 : 26,0 1 16,6
NO HS 62 H 31.0 ]

Total 1 200 1 100.0 t ODe?
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2. Man Proteoted Gas Mesk and Standard
reognate othing.
From results in Tables No. 1 and 1A, tabulsations are given
in the following tables of the number of panels and silhousttes showing

HS drops of 0.5 mge or larger together with estimated men casualties,
The basis of the estimated casualties is explained in paragraph 6,a,(2).

Estimeted Man Casualties from Liquid HS Based on Panel Date,

Fize of HS drops:No, of :Eetimated casualties for
ipanels man protected by gas mask

g sand standard impregnated
: 3 elothi
ng. : 1per panel ?targot ares %
One drop or more: 26 40

1
between 0,6 and :
1.0 but with no 3
drop exceeding 3
1,0 [ ]
F
]
3

3
3
}
3
3
3
[

One drop or more: 16 100 6.0
oxouding 1,0 3
ota 3 1102'

Total panels on target - 251

Table No, 3A.

Estimeted Meu Casualties from Liquid HS Based on Silbouette
Dah.

§Tze of HS drops:No, of iEstimeted casuaities for
tsilhous man protected by gas mask
s ettes:and standard impregnated

) 3 elothi

mge : tper panol ﬁugc‘t aru 4

One drop or more: 22 s

between 0,5 and

1,0 but with no

drops exceeding :
1.0 3

% 200 00 J00 o0 00 N o

One drop or more:s $7 100 18,5
exceeding 1.0
otal 3 22,9

Total silhousettes on target - 200,
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(d) Retimeted Man Casuslties from HS Vapor.

Veapor sampling meachines were placed to take samples at
positions shown on Chart 1. In Tables No. 4 and 4A which folilow,
the vapor concentration, c.t. value and per cent estimsted man casualties
from HS vspor, are given for esch sampling position, representing man
protected by gas mask but without protection of impregnated clothing,
The basis of estimated casualties is expleined ir paragraph 6 b,

1. Firing Pericd and Follwinﬁ 16 Minutes.

Table Fo, 4,

Estimated HS Vq:or Casualties on Target.

SamplingsElevation:Vol. of 1 HS  $Vepor ¢ o.t.:Estimated men casualties
positions of sair sam-isampled:conen,:value:for man protected by gas
3 .‘ih. 1 pled 3 3 g * 3 mask onl}r
: e ¢ liters 31 mg. m;./l.s 2
C l t BBB 3 88 11,0000 1 425 100
F 1 1 gt 8B0 1 1e8 11,0020 1 405 2 58
G 3 (4} 1t 814 ¢ 5,2 3,0057 : 14 ; 100
J 1 0 1 862 1 5,6 31,0086 1 .16 100
K i § : 844 g 10,1 12,0119 : .30 100
) i § s 8842 ;2 O t 0 1 0 0
0 0 t B30 3 1.8 140022 ; ,06 3 68
R ] V) 3 884 : O t 0 1 0 3 Y)
S 1 t 884 3 1.2 14,0014 3 ,03 3 41

*The time period used in figuring the c,t. value was 26 min., (1/2 firing
period plus 16 min),
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gublo No. 4A.,

Estimated HS Vapor Casuslties at Positions Qutside of
fa.rg *

Sampling:ElevationiVol, of : HS  1VApOr & C.t. Estimated men casualties
position: of tair sameisampled sconen, :value:for men protected by
as??u pled 3 3 igas mask onl

. - 1iters mg. mg./l.t : %

0 444 1.2 340027 ¢ 07 73

444 0

444 0

444
467
467
467
467
a2z

s
s
:
s
:
3
3
$
s
3
s
s 422
$
3
:
s
s
s
3
$
3
$

(=]

oLooo
o*

[
S
[ J
L]
[ ]
(]
b=
A
N

009

So
»
o e
.§
©

02

422
422
4t
415
418
416
442
442
442
442

o 00 60 0 Jeo 5 60 o 00 00 0 W [0 o0 0 s |00 0 8 e &

twﬁm*NH&hNHﬂhmw%bNH

o 00 00 GO 00 G0 60 G0 00 00 0 G0 ]2 60 0 W OO W B 0 B

s 60 60 60 JO0 G0 00 OGO 00 00 00 0 0P 0 0 W [0 0 B
n ™

NN (-N-N-¥. [N NN PSR-

ooo&oooaoood
o 09 60 o oo 0 oo W Jeo W o

(e) Estimated Man Casualties Based on Effects
on Animals.

Animels oconsisting of goats and rats were placed on the
target at positions shown on Chart 1E., Animal casualties and estimated
man ¢ asualties, when man is protected by gas mask only, are given in
Tables No, 6A, 6B, and §5C, Animsl casualties and estimeted men casualties,
based on effects on animals, are shown on Charts 4E and 6E, The basis
of estimated casualties and the symbols used to designate the nature of
the animel casualties on the charts and in the tables, is expleined in
paregreaph 7 o,
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le Firing Period and Following 16 Minutes,

Table No, bA,

Estimated Msn Casualties Based on Effeots on Rats Suspended
at an Elevetion of 18 Inches,

“Btske iNature ofJeverity of iEstimated man
gosition:ulualtx 3 oasualty euuiltiu

13 s ERS sDeath in 3 100
3 [ 5 days ] :
86 1 ERS  iDeath [} 100
] s & days g
100 1 8 & L? T 100
198 1 KF T D : 100

Total estimated man easualties - 4
Total rate suspended in cages = 26
Per cent estimated man casumltioes - 16%

Teble No. 6B

Estimated Man Casualties Based on Effects on Rats in
Cages_on Ground.

86 s ERS Death im s 100
3 s .3 days [}

129 ¢ ERS Desth In 1 100
' s 8 days 3

—178 1 B8z Desth im 1 100
3 , : 8 days :

T I8 1 ERBp; tDeath Im 1 100
U 1 8 days [

Total estimated man ocasualties - 4
Total rats exposed on ground = 13
Per cent estimated man casualties - 30.8%
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Table No, 5C.

Estimated Man Casualties Based on Effects on Goats,

Stake i1Nature of :Beverity of iEstimated

ositionicasual 3 oasual casualties
3 : s
19 3 ES 3 MC 3 100
k1] 3 ERS iDeeth in 3 100
3 1 & days 3
45 E 3 C [ "0
(1 $ ] 2 3 100
Y9 1 BR_ 1 MC_ 1O
! 3 E 3 < 3 0
Y S ' T 1]
—I86 ¢ ER @ n 0

Totel estimated man casualties - 2
Total goats exposed -~ 26
Per cent estimated man casusalties - 8%

2. Fifth and 14th Day After Firing.

Two goats were exposed in shell craters near stakes
74 and 116 for a period of 24 hr. on the fifth day after firing and
two additional goats were exposed in craters nesr stakes 59 and 151
on the l4th day after Firing,

0f the two goats exposed on the fifth deay after firing,
one was a medium casualty showing a second degree skin burn. The
other goat exposed on the fifth day after firing and the two goats
exposed on the l4th day after firing showed no casualty effects,

(1) Discussion.

(o) Shell Distribution. The positions of
impacts on and around the target are shown on Chart 2E, There were
13 normal bursts on the target and 8 outside of the target., None
of the bursts outside of the target were appreciably effective on
the target.

(b) ignot Area, For purposes of study, the
impact area may be regarded as part of the target represented
by the 20-yd. squares listed in Table No. 6A, The impact area is
shown on Chart laE,

Appendix F =16 =



(e) Estimated Man Casualties from Liguid HS,

1. Bffects of Meteorologicsl Conditions,

The only meteorlogiocal factor having any effect on the
size of the area covered with liquid HS, by burst of a single shell, is wind
velooity. The wind veloecity during the firing was 4,0 m.p.h. which was
too low to have much effect on the pattern produced by the large HS drops.
Previocus field tests havse demonstrated however, that under the preveiling
wind conditions, a fine HS mist which will produce an HS pattern correse~
ponding to trace in the pattern soale used, may be ocarried about 50 yd.
from the position of burst.

2+ Man Protected Gas Mask but Without

Frotostion of Toproguted Clothias.

It is estimated from results in Tables No, 2 and 24

that personnel protected by gas mask only if exposed with equal dis-
tribution on the target during firing, would experiemce about 51,3%
casualties from liquid HS besed on panel data and 55.2% based on sil-
houette data or an average of about §35.2% casualties based on silhouette
and panel dete, The liquid HS or the aree, which was the basis of
53.2% estimated casualties, was due to the burst of 13 shell, On the
basis of 13 shell on an area of 20,000 sq.yd. to produce 63.2% casualties
from effeots of liquid HS, when man is protected by gas mesk only, it
will require about 6.1 shell per 100 yd. sq. to produce 50% casualties,

S. Man Proteoted by Gas Mask and Stendard
Inpregmated ng.

From results in Tables 5 and 3A, it is estimated thsat
personnel protected by gas mask and standard impregnated clothing who
are exposed on the target during the firing period, would experience
from effects of 13 shell, about 11,24 casuslties, based on panel data
and 22,97 casualties based on silhoustte data oR an average of 16.5%
ocasualties based on silhouette and panel date.

On the basis of 13 shell on an area of 20,000 sq.yd.
to produce 16,6% casualties, when man is protected by gas mask and
standard impregneted clothing, it will require about 20 shell per
100 yd, sq. to produce 650% casualties,
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(d) Effects of HS Vapor.

_.'_L_. Disoussion of Moteorolojﬁi_cal Conditions.

In the present test the air temperature was 71°F. and
wind velcoity 4 m.p.h. These conditions were not extremely favorable
for the use of HS as the tempersture was a little low for rapid evapora-
tion of the HS and the wind velooity slightly high as it carried the HS
vapor away too fast for most effective results.

2. Firing Period snd Following 15 Mioutes.

(&) . On T‘m@t.

Results of vepor samples:taken at § sampling positions
on the terget are given in Teble No. 4 for the firing period and follow-
ing 16 min., The vapor concentration for each 20-yd. sq. of the target
was figured from results in this table taking into account the positions
of nearest impacts snd wind dirsction, These results are given in the
6th columm of Teble No, 6. From the average of the figurees in the
6th colummn, it is estimated that personnel with gas mask protection
only, would experience about 56.6% oasualties from HS vapor if exposed
on the target during firing and the following 15 min.

The per cent estimated casualties for each 20-yd. sq.
as given in Table No. €, is shown graphically on Chart SE, The shaded
area on the chart represents that part of the area on which 100% casualties
would be produced by the effects of HS vepor when man is protected by
gas mesk only. The per cent oasualties shown on Chart E3 are based on
the effeets of 13 shell, If 13 shell distributed over an area of 20,000
8Qeydo will produce 58.6% cesualtios by effects of HS vapor, it will
require about § shell correotly placed per 100 yd.sq. to produce 50%
onsualties when man is protected by gas mask only,

(b)e Qutside of Target.

Estimated man casualties at sampling positions 30 yd,.
downwind from the target are given in Table No, 4a for the firing
period and following 15 min, Only two positions, D and H, showed the
presence of HS, These sampling positions were located opposite the
northeast corner of the target and are the positions where the highest
vapor concentration would be expected, Personnel exposed at positions
from D to B, during the firing period and following 15 min, would ex-
perience some casualties from effects of HS vepor if they were provided
with gas mask protection only.
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(e) Estimated Man Casuslties Based on Effects
on Animals,

1. Firing Period and Foilowigi 15 Minutes,

Animal casualties and estimated man casualties, based
on effects en animals, are given in Tables No, 5A, 6B, snd 5C for
exposure on the target during firing and the following 15 min, The
results in these three tadles are consolidated in the last two columns
of Table No, 6, From the consolidated results, it is estimated from
animal casualties, that personnel protected by gas mask only, would
experience 18% casualties if exposed on the target during the firing
period and following 15 min,

2. Persistence of HS on Impact Ares,

Results given in paragraph 9,e,(6),(e),2 show one animal
oasualty out of two exposed in shell craters for a period of 24 hr. on
the 5th day after firing and no casualties out of two exposed on the
11th day efter firing.

These results indicate that if the impact aree is occupied
for a period of about 24 hr, by personnel provided with only gas mask
protection within the fifth day after firing, some casualties will be
produoed, It is probable that the area could be oecupied following the
10th day after firing by personnel without gas mask proteotion, without
experiencing serious casuslties, provided shell craters are avoided,

(f) Comparison of Per Cent Estimeted Masked Man
Tasualties Based on Measurements of tChe Gas
Concentration and by Effects on Animais,

1. On Target (100 ydo by 200 yd.),

In Table No, 8, estimated man ocasualties are given for
sach 20 yd.sq., representing su animeal position based on:

HS liquid as determined by panel data

H8 vapor as determined by vapor samples

Combined effect of HS liquid end vapor from
sample data

From effects on animals

Results in Teble Ko, 6, show 74,78% casualtieas based on

effects of HS liquid and vapor present as determined by samples and 18%
based on effeets on animals,
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Table No.6,.
Estimated Masked Man Casuslties on Target on Exposare

During Firing and the Following 16 Minutes w
(Area 20,000 'QQIEGI ﬁ:Y 18,1933

Stake iImpacts:from A5 llquid:From BS vapor:From HS 1iquid:From effects on
no, at within ;Estimated man : o.t.:Estima=: and vapor : animals
center 120=yd, 3+ ocasualties ivalueited man ;Estimeted man : Animal sEstimeted

of 20wyd. square 3 : toasual=: casualties jcusuale ; man
square 1 : 3 : tles 3 : ties ;oasuelties
: 3 % : i % % : : %
13 2 0 3 0 te«00: O 0 tERS death 100
: t $ : : s (2)
16 : 0 29 t 01 2 15 1 40 : O : 0
17 : 0 62 : 210 ¢+ 93 : 97 s O 3 0
19 3 1l 75 10,26 3 100 3 100 1ES Med, 3 100
21 ! o 3 64 1 «12 31 100 : 100 s O 3 0
35 : 0 0 t 01 2 15 : 15 : O 3 0
37 3 0 1 31 s 03 3 42 f 60 s O 3 0
39 : 2 3 67 t 12 1100 ¢ 100 sERS death 100
41 : 0 86 t 10 3 83 1 99 s 0 3 0
48 0 80 t ¢14 1 100 100 tE light 0
§7 t 0 1 27 t 06 ¢+ 58 : 89 s O 3 0
69 0 40 :t o06 ¢+ 68 75 : O : 0
61 t 0 56 t 410 3 93 : 97 : O 1 0
63 1l 71 t «14 : 100 100 1S 1light ¢ 100
85 3 1l 3 69 t 408 3 B0 94 : O $ 0
79 3 0 82 s o156 3 100 3 100 1ER Med, 1 0
8l 1 1l 3 63 t o12 1 200 100 : O 3 0
83 : 0 3 58 1 408 3+ 66 1 86 : O 1 0
86 3 b S 69 t 412 ¢ 100 100 $ERS death 100
) : ! s : t (1 &2):

87 : 0 78 1 «06 1+ 66 1 92 s O 1 0
101 0 73 t o12 2 100 100 $$ light ¢+ 100
: : : t $ : (2)

108 : 0 71 s o168 1 100 1 100 s O 3 0
105 ! 0 1 62 t o12 1 100 1 100 : O : 0
107 0 60 t 30 ¢ 100 100 tE light 0
108 1 0 56 t 006 2 66 1 86 s O : 0
123 1l 3 73 : o10 1+ 93 ! 97 s O 1 0
126 : ) 71 t «+16 1 100 100 s O : 0
127 : 1 3 73 t o102 93 3 98 : O : 0
129 : 9 a7 t o410 ¢ 93 : 97 1ERS death 100
! : : : 3 s (1)

131 : 0 1 73 1 402 3 30 3 83 s O t 0
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Table No, 6. (Cont'd.)

STake tImpaots:From HS liquid:From Ho veporifrom HS liquid:Erom effeots on
no, at 1within sEstimaned man : O,t. sEstima=: and vepor :+  animals

center 120-yd, : ocasualties ivalueited man:Estimated men : Animal :Estimated
of 20w~yd, ssquare i toasual=; ocasualties joasuale ;1 man

3
square [} 3 g ties : s ties soasualti es
3 t if : s s A; 1 3
145 ¢+ O 3 23 1 ¢00 1 0 3 93 t 0 o
147 ¢+ 1} 3 71 1 602 3 30 1 80 t 0 0
149 : O t 49 1 002 3 30 64 3 0 : 0
161 «+ O 42 1 602 3 30 3 659 ) 0 0
183 s+ O : 33 t 0l ¢+ 15 43 1 0 0
167 ¢+ 0 82 t +00 2 0 62 3 0 1 0
169 ¢ O 3 11 t o0 1 0 11 : 0 3 0
171 ¢+ 0 13 1003 ¢ 42 60 t8 light . 0
173 ¢+ 0 3 24 3t 406 1+ 58 68 1Sg death 100
: : : : : : (1)
17 ¢ O t 7 14023 30 36 3 0 0
189 + O 40 t +00 1 0 40 : o 0
191 1l 1 48 t 402 13 30 1 84 ) 0 1 0
193 ¢+ 1 gl t 606 ¢+ 68 3 88 skF (2) ¢ 100
t : : : : 1ERS2 (1)1
196 + O 1 62 t 03 ¢+ 42 78 1ER Med, 1 o
197 ¢+ 0 20 1602 3 30 44 : 0 0
211 :+ O 1 38 t 00 3 0 38 3 0 0
213 :+ O ] 76 t 0 1 0 1 7 3 0 3 0
216 :+ O 3 69 t ¢00 2 0 1 69 3 0 3 0
217 s+ O ] 27 1 4083 ¢+ 42 57 t 0 3 0
2l9 + 0 27 t 03 1 42 3 67 1 0 [} 0
Totals and ¢ 18 B2.64 T D0s01 4,18 1 157
Avorasps : ] ] ] ] ] ]

NOTE:s Symbols used in column 7 to designate the nature of the animal
casualties are explained inm;paragraph 6 o,
(1) designates rat in cage on ground,
(2) designated rat in cage suspended at an elevation of 18 in,
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2+ On Impact Ares (15,200 sq.yd.)e

The impact area as defined im paragraph 9,a,(7),(b)
is shown on Chert leaE and the 20-yd squares included within its area
are tabulated in Table No. 6A. On ite area of 15,200 sq.yd., there
were 13 bursts, Results show 77,74 estimated casualties based on
sample data and 18,5% based on animal data,

Tahle No, 6A.

Estimated Masked Man Casuslties on act Area on Exposure
ﬁrinﬁrﬂrin and the Following 16 Minutes, =
(Ares 15, 8Q.yd.) May fgl 1083,

~ S%ake :ImpaoteFrom H9 1lguid:Fram NS wapor:From HS 1lquidiFrom efTects on
Timeted man

no. at :within ;Estimated: 1 6ot,1Estima=: and vapor :  animals
center 120=yd. : casualties ivaluerted m;m 1k
of 20=ydeisquare 3 : soasual-: casualties jcasual- ; man
square i 3 1 : ties s ties soasualties
: 1 <;> t t } ‘; : t 3[
13 «+ 0 0 t 0: O 0 $ERS death 100
3 : : : : : (2)
1 ¢+ 0 29 t 601 3 M5 3 40 s O : 0
17 + 0 62 t «10 ¢+ 93 s 97 s O 3 0
19 + 1 75 t 026 ¢ 100 100 sES Med, : 100
2 + O 3 64 t o12 1 100 3 100 : 0 3 o
35 1+ 0 0 t ¢01 3 15 ] 16 : O : 0
37T + 0 31 : «03 1 42 3 80 s O : 0
3% :+ 2 67 $ 0l2 3 100 3 100 $ERS death 100
41 + O 1 86 t 010 ¢ 93 F 99 s O F 0
43 :+ O 80 t ol4 3 100 100 1E 1light 0
67 ¢+ O 3 27 t o063 68 3 69 : 0 : 0
69 0 ) 40 t 06 ¢ 58 s 1] : 0o ) 0
61 :+ O : 55 t 10 3 93 97 s O 3 0
63 ¢+ 1 71 t 14 1 100 100 tS light :+ 100
66 1l 1 69 t 08 ¢ 80 3 94 F 0 1 0
7 :+ O ) 62 s o156 1 100 : 100 tER Med, 0o
81 + 1 63 t o12 3 100 3 100 : O : 0
83 + O 3 68 t 408 3+ 68 : 86 : O : 0
86 : 1 : 69 t <12 3 1200 3 100 tERS death 100
: 3 : : 3 : (1 & 2):
87T + O ] 78 t 406 2 66 : 92 : 0 t 0
100 : O 78 t ¢12 £ 100 100 tS light ¢ 100
: : t : : s (2)
103 ¢+ O 71 t ¢18 &t 100 3 100 s O 3 0
106 + O @ 62 t «12 3 100 1 100 s O : 0
123 1 1 : 73 t ¢10 3+ 93 3 97 : 0 1 0
126 3+ 1 n 1t o186 3 100 100 : O 3 0
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Table No, 6A (Cont'd.)

“Stake iImpaots:From IS liquid:From HS veporiFrom HSIlguid:From effects on
no, st iwithin :Estimated man : o,C,:Estima=: and vapor : animals

center :20wyd, : casuslties svaluested men:Estimated men: Animal tEstimated
ef 20wyd, tsquare @ toasualw: oasualties jcasusle 3 man

t
oSquare s 1 3 1 ties 1 ties io0asuslties
3 t 4?% 3 t 1 %‘ t g
127 1l 73 1t «0 3 93 98 : 0 0
1456 ] 0 1 23 t o0 3 0 1 93 t 0 3 0
147 l 1 71 t 023 30 80 ) 0 0
149 0 49 t 02 : 30 64 : 0 0
167 0 62 t 0 0 62 g 0 0
189 0 11 t o0 0 11 3 0 0
171 0 : 13 t 05 1+ 42 60 18 light 0
188 ) 0 40 t 0 13 0 : 40 3 o : 0
191 . l : 48 t 602 ¢+ 30 64 3 0 0
183 l : 71 t «06 ¢+ 68 68 skF (2) ¢+ 100
) : t : 3 tERSp (1)1
211 t 0 38 t 0 0 88 t 0 0
213 % 0 76 t o0 @ 0 76 s 0 % 0
215 0 : 69 t &0 0 1 69 : 0 0
Total and ¢ 13 3 % S T B0.33 a7 1 T 18,08
Avoragu ] ] 3 ] t [ {

NOTE: Symbols used in column 7 to designate the nature of the animal
casualties are explained in paragraph 6 c,
(1) designates rat in cage on ground,
(2) designates rat in cage suspended at an elevation of 18 in,

Por cent estimted casualties based on the ocombined
offects of HS liquid and vapor given in Table No. 6A, are considerably
higher than corresponding percentages based on effects on animals,

The discrepmoy of these two sets of figures is partly accounted for by
the fact that estimates based on effects on animals were very conserva=-
tively made and are probably low whereas, estimtes based on HS wvapor
alons are probably high for average summer oconditions, Also in arriving
at per cent estimated man casualties based on effects om animals, no
weight is given to certain animal casualties which individuelly are not
oconsidered the eguivelent of a mm dasualty., On considering these
facts, it is probable that an average of the animal and sample data

is more nearly correct than percentage based on either method alone

of obtaining data,
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(z) Number of Shell Required to Produce 50%
Man Cesualties,

From figures given in Table No, 6A, it was estimated
that the burst of 13 shell on an area of 15,200 sq,yd. would produce
77.T% oasualties based on a measurement of the HS liquid and vepor
present, and 18,5% based on effects on animals, when men is exposed
during the firing period and following 15 min, On this beasis the
following number of shell per 100 yd.sq. will be required to produce
50% casualties when man is protected by gas mask only.

Based on BS liquid and veapor samples - 5.5 shell
Based on effects on animals = 22,9 "
Average - 12,2 "

(h) Rate of Fire,

The 23 shell used for effect were fired in a period of
18 min, This rate of fire was too slow for most effective results,

(8) Conclusions, From the results of the present
test, the following conclusions are drawn with respect to the use of
156~mm, howitzer shell filled with HS, when fired under the meteoro=
logical oconditions existing at the time of the test,

(2) The number of shell required per 100 yd.sq.
to produce 50% casualties when distributed as equally as practicable,
are as follows:

1, Vhen mean protected by gas mask and
standard impregneted clothIng is exposed during the firing period -
20 shell (see p, 17),

2. When man protected by gas mask only,
is exposed during the firing period and following 15 min, - about 14
shell (ses (7),(g), above).

(b) That this test be repeated because of the slow
rate at which the shell were fired for effect,
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be Test of June 16, 1933,

(1) Object, To determine the effect of meteorological
conditions typical of spring on the number of HS=filled 155~mm, howitzer
shell required to produce 50% casualties when fired about 1 hr. before
sundown at persomnel protected by gas mask only, who are exposed in open
country, for a pericd of about 25 min. including the firing period.

(2) Materials Used, Thirty~eight MII, 156~xm. howitszer
shell filled with HS, were used in the test.

(3) Target. The target was a rectangulsr area 100 yd.
wide by 200 yd. deep, Tocated in open country on "H" field in the vioinity
of coordinates 690,65, 1863.,8, and oriented sc that the long axis was in
line with the direction of fire, It was covered with grass and weeds
having a height of about 1 ft. and the soil was dry. The target was
divided into 10-yd. squares, by placing numbered stakes at 10 yd., inter-
valsg Paper penels 8 in, square, were distributed over the area by
placing one at each stake position., On alternate 20~-yd, squares, a

goat was placed in a fox=hole about 18 in, deep, lccated at the center

of each square, On interveming 20-yd. squares, a rat: in a cage

was suspended from a stake at an elevation of 18 in, At alternate rat
positions, a cage containing a rat was placed under the suspended rat.

The target was located at a range of about §300 yd. from the position

of the howitzers on "C" field, (see par. 4)s Chart 1F, accompenying
this report shows the target as it was prepared for the test with position
of animals, panels and vapor sempling mechines,

(4) Firing of Shell,

(a) Adjustment, Twelve shell were used. Regis-
tration fire was directed at a position about 100 yd. east of the target.

Firing started at 4:61 p.m. and ended at 65:15 p.m.

(b) Fire for Effect, The howitzers were ranged
in parsllel for impsoct on a 1ine Eﬁ;ough The short axis of the target,
Firing for effeoct started at 6:00 pem. and ended at 6311 pem., & period
of 11 min, Twenty-six shell were used.

A photostatic copy of a memorandum dated June 30, 1933

to Capte C.BR. Loucks from the Battery Commender giving firing date by
round, is atteched to this report,
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(6) Msteorological Datae

(a) Firing Period and Following Hour.

Time 6300 to 6:31 pems 6101 to 7316 pem.
Air temperature, °F, 69 67

Ground temperature, °F, 72 66
Relative Bumidity, % 41 56

Wind “10°1ty, ReDPeho* 240 less thmm 1,0
Wind direction NE NE

Sky olear clear

*Taken at an elevation of 6 ft,

(b) First Six Days Following Test.

Tate 1 Temp, °F. iRainfall: Cloudiness

Tm: Yo_qﬂsx. :lﬁn.: 8 .M, 1 1Nches 315 8., 110 ReM, $12 NOONS: 2 Pelet 4 Dole

o ) m [ 57!5 %715 3 57:5 3 37E5 TZEB

8/16 16 : teloudyselo scloudy ioloudy : rain
: B /1816 o7 ’7%% 1010 toloudy : 6/10
3 QO 5710 s clear

t gé%g : 4/10 : 5710
3 0 scloudy :oloudy
3

jolear

ojo ohoJo
°
H
B[

on Joo J0o Joo J 00 J 00

(6) Results,

(2) Impacts.

The positions of bursts are shomm on Chart 2F, Of the
26 shell fired for effect, there were 14 bursts on the target and 6
additional within 40 yd., of the target,

Of the 38 shell fired, including the 12 used for adjust=-
ment, there were a total of 7 duds,

(b) L:lguid HS e

The pesper panels on the target were tabulated for size of
drops. Results are given in the following table:
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Table No, 7.

Number of Panels Showing HS Drops of 0.l mg, or lLarger.

Panel: No. of HS drops
no. 10,1 to 10ver 0.6 10ver 1,0 30ver 3.0

— 10,5 %E:to 1,0 ng. :to 3.0 3.: mee

25 20
38 10
40 10
47 100
68
78
79
89
80
102
119
124
126
134
139
150
155
156
187

2
4

4

[
PR ORO®

[

G 00 00 00 00 00 S0 00 4 0 G s 00 o0 00 00 s G0 0 o0
At
o
- NN

00 00 0 00 S0 00 B 00 00 00 00 020 00 G0 40 0 00 00
b s s

0 00 0% 00 g4 0 90 PP 00 00 00 0 S0 OO0 00 00 S0 S0 ™

O S S0 S0 S 05 T4 B0 S0 S0 B0 00 5 0 0 5 8 8 0

N W

Total panels on target ~ 231,

() Estimated Men Casualties from Liquid HS.

1. Man Protected by Gas Mask but without
Protection of Impregnated Clothing.

The paper panels on the terget were tebulated for density
of pattern using the gradings heavy, medium, light, and trace., A
photostat of the scale used in grading the panels is attached to this
reports The panel gradings are tabulated in the following teble, to-
gether with estimated man casualties, The basis of estimeted casualties
is explained in pearagraph 6,8,
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Table No, 8.

Estimated Man Cesualties from HS Liquid Based on
Panel Data,

'f':ttum::_l;g_nols clgssified iEstimated man
t No. iPer cent of;oasualties

ttotal on stwhen man is

: target sprotected by

3 1gas mask only
P f
Heavy 1 34 13 14,6 t  l4.6
Medium: 48 20,0 3 20,0
Light :+ 49 21.2 s 17,1
Trace 3 85 1 36,8 3 22.1
No HS 3 17 1 Ted 3
Yotal 1 251 1 100.0 T 73e8

2s M Protected by Gas Mask and Standard
Tmpreguated Clothing.

From results in Table No. 7, a tebulation is given in
Table No. 9 of panels showing HS drops of 0.6 mg. or larger together
with estimated oasualties for man protected by gas mask and standard
impregnated oclothing., The basis of estimated casualties is explained
in paragraph 6,a,(2).

Table No, 9,

BEstimated Men Casualties from HS Liquid Based on Panel Data,

Bize of HSiNo. of ikstimated casualties for
drops ipanels mman protected by gas mask

3 sand standard impregnated
3 3 clothin
nge : tPer panel ié?&rget area %
One drop s & 40 s 0.9
or more be=- 3 3
tween 0.5 1 s t
and 1.0 but H g
with no H 3 :
drop ex~ 3 t
ceeding 1.,0: 3 3 _
One drop : 10 @ 100 ¢ 4.3
or more : :
exceeding 1 3 3
* 3 3 3
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Total panels on area = 231,

(d) Estimated Man Casualties from HS Vapor,

Vapor samples were taken at positions shown on Chart 1F.
In Tables 10, 10A, 11 and 114, which follow, the wvapor concentration,
cst. value, and per cent estimated casualties from HS vapa , for man
protected by gas mask only, are given for each ssmpling position,
The basis of estimated casualties is explained in parsgrsph 6 b.

le Firing end Following 20 Minutes,

Table No. 10,

Estimated Masked Man Casualties on the Target from HS Vapor.

Sampling:Elevation:Vol, of s+ HS & VApPOT: OetetEstimated man oasualtles

position: of 1alr sam-sampled tconcn,yvelue:for man protected by ges
.t semple 3 pled 3 3 * mask on;l
t+ Pt & liters: mg, &lg./i.t t
c 3 1l 1 842 1 1ll.4 1 (0136:,34 100
F : 1 s 802 1 35e3 1 0440:1,10 100
G 1 0 t B42 31 Ded 1 40064: o168 100
J : 0 : 884 ; 63.8 3 ,0720:1.81 100
K ) 1l 1 434 11 11,6 31 ,0268: 67 100
N 3 1l t 884 3 4,0 1 ,0046: .11 : 100
v] 3 0 t 884 1 10,7 3 ,0124: ,31 100
R 3 0 s 884 066 1t (0007: 402 3 30
S 1 1l 1 884 1 0,4 3 ,00006: Ol 1l
Av. m

»Based on & time period of 26 min. (1/2 firing period plus 20 min,),
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Table NO. 10A.

Estimated Masked Man Cesualties from HS Vapor Outside of the Target.

-§mpling;ﬁontionﬁal. of ¢+ HS tvapor 1 c.t, tEstimated men casualtiss for

position: of tair sam=;sampled:ooncn,:value man protected by gas mask

1 u;tplo 1 pled [} 3 3 [ only
1 s 1 ilters 1 mg, wmmg./l.t : %
D 0 1 421 s+ O 3 3 3 0
D 1l t 421 s O 3 1 3 0
D 2 t 421 : O f 3 : 0
D 3 4 : 421 1 O 3 : 1 0
—E 1 O 1t 401 1 0.2 1 o0000: 01 1 i1
| 1 H 401 H 1.0 ] .0025 H 006 3 66
: 2 t 401 3 O.4 1 ,0010: O3 42
3 4 H 401 202 3 000561 01‘ 1 100
H 0 1 422 1 L2 1 400291 .07 3 15
3 1l H 422 H 004 3 00010 3 ‘02 3 S0
3 2 t 422 3 0.4 3 ,00101 402 30
1 4 t 422 1 0.4 1 ,0010: ,02 1 _30
I 0 1 442 1 0e38 1 400081 (02 13 30
: 1 1 442 1 lel 1 400261 406 3 66
] 2 $ 442 ] 002 000048 «01 11
3 4 1 442 1 O.4 3 00103 ,03 41
L 3 0 T 434 1 0 1 T 0 1 0
] 1l 1 434 1 O 1 0 0
] 2 3 434 0 1 s 0 3 0
1 4 1 434 1 O 3 st 0 0
M 3 O 1 442 1 0 T 0 3 0
3 1l t 442 1 0 3 1 0 3 0
s 2 1 442 ¢ 0O 12 0 0
3 4 t 442 1 lost slost 3 0
P ) 0 ] 454 0 ) T 0 1 0
% ) § T 434 1 0 t 0 3 0
s 2 1 434 0 s s 0 3 0
[ 4 1 434 : O 1 0 13 0
Q t I+] ) 442 . Jost tslost ; -
f l 1 442 1 0 s 0 3 0
3 2 T 442 ;3 O f t 0 0
] 4 1 442 02 § 00041 ,02 30
I 0 1 442 1 0 3 T O 1 0
3 1 Tt 442 : O f st 0 3 0
) 2 s 442 ;3 O 3 s 0 0
s 4 1t 442 3 O 3 s 0 0

Appendix E ® 350 =



_2_, From the 30th to 66th Minute after Firing.

Table No, 11,

Estimatod Masked Man HS Vapor Casualties on the Target,

SmmplingiElevationiVol. of t HS ¢ Vapors o,t.iBEstimated men casualties

position: of tair sam-i:sampled:conon,ivalue:for man protected by

'.?F.' led $ : 1gas mask onl
1 . t liters : mg, uuﬁ?fea 1 ;

C 1 t 1180 1 15.7 1 4013331 o47 100

F 3 1 8 570 1 10,0 1 (0175: (61 : 100

G 3 0 : 1180 1 2a% 3 40019: 06 3 66

J 1 0 t 12534 1 12,9 1 (0106: 437 100

K 1 1 t 1216 ¢t 12,56 3 o0103: .36 100

N 1 t 1254 1 146 3 40013: ,O0b 1 59

0 0 11216 & bo2 1 o0043: 015 100

R 1 0 11234 1 0,0 + O : O 0

8 1 1 1 1234 1t 0,0 3+ O s 0O 0

Av, ‘€§.4

Table No. 114,

Estimated Masked Man HS Vapor Casualties Outside the Target.

D 590
590
5§90

590

5
Ot

0 0
+0007:s 002
«0017: ,06
1

-
.
o
D o

590
§90
590
890

608
608
608

608
608
608

t4
o os 080 oo 00 00 o0 s es o g s ]es 0 e o
p&wa#mw#puwopuwd
o0 60 00 00 00 00 00 00 J00 56 00 S0 |00 S o o
e o0 90 so les o0 oo oo fes PO 00 o Joe o0 0 &
ooodoooaooo&o

o op o0 oo jos oo 0 e fJoe 0 00 o Jos S0 e
o© o ojooooooooo

o 80 00 00 00 o oo S0 JOs 00 9 o
cocoojoooojooooo

o 00 oo S0 fos o0 90 v oo 0 00 0 0P 0 o0
oo ooloooooooooa ol
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Table No, 11A (Cont'd,)

SamplingiElevationiVol, of ¢+ HS  sVapor s o.V,sEstimated man casualties

position: of iair sam=-:sampled:conon. svalue:for man protected by ges
1 uglo : pled 3 3 :  mask only
: o s liters : mg. :ng./l.x t ?
T 0 : 617 0O ¢+ 0 3 O3 0
3 1l st 617 0 ¢+ 0 : O 0
: 2 s 617 0O ¢+ O : O3 0
: 4 s 617 0 ¢« 0 31 O3 0
B ) 3 T Oe2 1 00021 01 3 11
: 1l 1t 562 1 led 1 400261 (09 3 87
s 2 1t 562 31 046 1 000102 o03 42
| 4 1t bB62 31 3.2 1 o00661 420 3 100
I 3 0 T 618 +D 1 +00083 08 3 42
3 1 H 618 3 1.5 $ .0025: .09 3 87
3 2 t 618 3 0.2 3 40004: 01 11
3 4 1 618 : 046 3 400103 404 3 51
o 0 t 618 ¢+ O 3 O 1 0 1 0
: 1 : 618 0O ¢+ 0 : 0 0
: 2 t 618 0O ¢+ 0 : O 0
[ 4 s 618 3 l6et: O s O 0
T ¢ 0 T 618 & 1lost: O 1 O 3 -
3 1 : 618 0O ¢+ 0 : 0 0
: 2 : 618 3 0 :+ O : O 0
3 4 g 618 1 0.2 3 ¢0004:s 401 11

(e) Estimated Man Casualties Based on Effects
on Animals,

Animals consisting of goats and rats were placed on the
target at positions shown on Chart 1F, Animal casualties and estimated
man casualties, for man protected by gas mask only, are given in Tables
No. 12A, 12B, and 12C, Animal casualties and estimated man casualties,
based on effeocts on enimals, are shomn on Charts 6F and 6F, The basis
of estimated casualties and the symbols used to designate the nature
of the snimal ocasualties on the charts and in the tables are explained
in paregraph € e.
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1.  Firing Period end Following 20 Minutes,

Table No., 12A,

Estimtog Masked Man Casualties Based on Effects on
Rats Suspended at an Elevation of 18 in,

“Position: Nature iSeverity:Estimated man
of ¢+ of 1+ of 1 oasualties
stake :oasuulty:oasualtp

t 3 3 R

17 s S :  MC t 100

101 iz 1Death ing 1060
[ 1 4 deys

a6 : S Death in: 100
3 t b days

149 y s 100

Totel estimated man casualty positions- 4

Total rats suspended in cages = 256

Estimated man casualties on the target
based on rats suspended in cages = 16%

Teble No, 12B,

Bstimated Masked Man Casuelties Based on Effects on
Ra n Cuges on Grounde

—

17 :+ R st LC 3 0
3T ¢+ S 3 LC 3 100
6l :+ Sy : NC 100
126 :+ Sy t NC 3 100

Total estimsted man casuslty positions = 3

Total rats in cages on ground - 13

Estimated men casualties on the target
based on rats in cages on ground - 23%
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Teble No. 12C,

Estimated Masked Man Cesualties Based on Effects on Goats.

Position: Nature iSeverity:Estimated men ocas~

of :  of 1 of s ualties
stake :cnualtp oasualty:
3 3 3 T
16 s ERS s _SC 1 100
19 t ER t LC 0
56 T ERS tDeath in: 100
: t 3 dgs 3
39 1 R s LC @ 0
45 1 R :  LC 1t 0
59 @ T SC 3 _100
79 1+ BRS 1 SC 1 160
87T 1 S s IC [} )
105~ 1 BRS  tDeath in: 100
T 1 6 dJa._ys 3 -
107 E _ s _IC 3 0
123 1 ER T 8C 3 0
127 1 BR__:t_ SC 0
15&7 3 ?§§' 3 §g 3 100
147 s R 3 LC 3 0
161 ¢+ ER ___+ MC 0
167 1+ ER i MC "0
176 1 ER T MC 3 0

exposed - 24%.

2.

Total estimated man oasualty positions - 6
Totel goats exposed ~ 26
Estimated man casualties based on goats

Seocond snd Fifth Day After Firing.

Two goats were exposed in shell oraters near steke

numbers T8 and 79 for a period of 24 hr. on the 2nd day after firing
and two additional on the &th day after firing., The following results

were obtained:
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2nd Dey After Firing

Steke No, Nature %f Cagualty
8
70 severe (S,R)

5th Day After Firing

Stake No. Nature of Casualty
78 N
79 medium (sz)

(7) Discussion.

(a) Shell Distribution. The positions of
impacts on and around the target are shown on Chart 2F, There were
14 normal bursts on the target end four within the first 30 yd. north
of the target which were partly effective in the target. It is
estimated that the effects of these four shell north of the target
were equivalent to the burst of one shell directly on the target so
that total shell effects on the target were equivalent to the burst
of 156 shell, ‘

(b) Impact Area, For purposes of study, the
impact area will be omidcﬁ as having a size 160 yd. by 100 yd. and

to oonsist of that part of the target north of a line parallel with the short
axis of the area passing through the position of stake 177, The impact
area is shown on Chart 2F,

(6) Estimated Man Casualties from Liquid HS,

1. Effects of Meteorological Conditions,

The wind velocity during firing was 2,0 m.p.h. This
velocity was too low to influence appreciably the drift of HS drops
of a size in excess of Q.6 mg. but fine HS mist, whioch prodwces a
pattern corresponding to trace in the pattern scale used, may be carried
26 yd. or more from the position of burst,

2. Msn Protected 8 Magk but Without
~  FProtection of Impregnated Clothing.

It is estimated from results given in the third column
of Table No, 13, which are based on panel data, that personnel provided
with gas mesk protection only, who are exposed with equal distribution
on the target during firing will experience about 76.T% oasualties from

liguid HS, Effecte on the target were due to the burst of 16 shell
as discussed in persgreph 2,b,(7),(a), above,
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Se Man Protected by Gas Mask and Stendsrd
Impregnated Clothing,

From results in Table No. 9, it is estimated that personnel
protected by gas mask and standard impregnated clothing, would experience
about 65.2% casualties from effects of liquid HS if exposed with equal
distribution on the target during the firing period,

ReSults on the target, which represented en area of
20,000 sqge.yd., was due to the burst of 16 shell, On this basis it
will require 72 shell per 100 yd. sg. to produce 50% casualties, when
man is protected by gas mask end staniard impregnated clothinge.

(d) Effects of HS Vapor.

1. Effect of Meteorologiocal Conditions on the
Effectiveness & HS sapor.

In the present test, the air temperature was 69°F., and
wind velocity 2 m.p.he The wind velocity was favorable to build up
a high vapor concentration as the wind travel was only about 60 yd. per
mingte. The air temperature was unfavorable however, as the vapor
pressure of HS at 69°F, is only 0,656 mm./Hg which is less than one half
the vepor pressure at a tempersture of 86°F. which is a temperature
representetive of summer oonditions at Edgewood Arsenal,

2+ Firing Period and Following 20 Minutes.

(2) On Target.

Results of vapor semples taken at 9 sampling positions on
the target are given in Table No. 10 for the firing pericd and following
20 min, The vapor concentration for each 20-yd. sq. of the target was
figured from results in this table teking into consideration the positions
of nearest impacts and wind direction. The results of these calculations
are given in the fifth column of Table No, 13, From the average of the
figures in the fifth column, it is estimated that personnel with gas mask
proteotion only, would experience about 88,1% ocasualties if exposed
on the target during firing and the following 20 min,

Per cent estimated casualties from effeots of HS vepor is
shown grephinally on Chart 3F, The shaded aree on the chart represents
that part of the target on which it is estimated 100% casualties would be
produced by effects of HS wapor when men is protected by gas mmsk only,.
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(b) Outside of Target.

Estimated ocasualties at sanmpling positions 30 yd.
downwind from the target are given in Table No, 10A for the Firing
period and following 20 min. Only two position, E and I showed the
presence of HS and at these positions estimated casualties wvaried
from 11 to 100 per cent. These positions are located directly
downwind from the impacts on the target. The results given in
Table No. 10A show that personnel protected by gas mask only, exposed
about 30 yd. downwind from the impact position during the firing
period and following 20 min,, would experience some casualties,

Se From the 30th to 66th Minute After Firing,

(2) On the Target.

From results of vepor samples given in Table No. 11, it
is estimated that man protected by gas mask only would experience about
69.4% casualties from effects of HS vepor if exposed om the impact area
from the 30th to 65th min., after firing,. This estimate is based on
average results of vapor ssmples teken at 9 positions distributed over
the target,

Estimated cesualties from the effects of HS vepor on
exposure with protection of ges mask only on the target, for the
period between the 30th and 66th min, after firing, is shown graphicelly
on Chart 3aF,

(b) Outside of Target.

Estimated vapor casuslties are givenm in Table No. 1llA,
based on results at sampling positions 30 yd. downwind, From the
results obtained, it is estimated that persomnel protected by gas mask
only, would experience from 1l to 100 per cent casualties if exposed
30 yd. downwind from the impact position during the period froam the
30th to the 66th minute after firing,

(e) Estimated Masked Man Cesualties Based
on Effects on Animals.

1. Firing Period and Followina 20 Minutes,

Animal cesualties and estimated man casualties, based on
effects on animals, are given in Tables No. 12A, 12B, and 12C representing
exposure on the target during firing and the following 20 min, Results
in these three tables are consolidated in the last two columns of Table
No¢ 13, From the consolidated results, it is estimated from animal
casualties, that personnel protected by ges mask only, would experience
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26% ossualties if exposed on the target during firing and the following
20 min, In arriving at per ocent estimated man casualties on the target
from animal casualties, no weight was given to snimal casualties which
individually was not considered the equivslent of a man cesualty.

2¢ Persistence of HS on Impact Area,

Results given in Paragreph 9,b,(6),(s),2 show one animal
casualty out of two animals exposed in shell oraters for a period of
24 hr, on the 2nd day after firing end one out of two exposed on the 6th
day after firing. These results show that cesualties would probably
result if the impaoct area was occupled by personnel within 5 days after
firing, for a period of 24 hr. or less, unless they were protected by

ges mask and impregnated clothing.

(f) Comparison of Per Jent Estimated Man
Casualties Based on NMeasurements of
the Gas Concentration and aots

on Animals for Mm Protected by Ges

Yask Only.
1. On Terget (100 yd, by 200 yde)e

In Table No, 13 estimeted man casualties are given for
each 20 yd.sq,, representing an animal position based on:

HS liquid as determined by panel data

HS vepor as detemined by vapor samples

Combined effect of HS liquid and vapor from sample data
From effects on animals
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Teble No. 13,

Estinatg%hlhakq%rlan caaualtiQ% on Target on Exposure
ring Firing and the Following 20 Min,
(Area 20,000 8q.yd.) June 15,1933,

Stake timpacts :From B 1liquid:From Ho vepor:rrom HS 1iquid:From ellects
EIEEE;-

no, at  swithin ;Estimated man s c.t.: 3 and vapor ton animals
center of 120=yd., : casualties sveluested man:Estimated man : Animal iEstima-
20=yd, isquare : : toasual=3 ocasualties :casual- ;ted man
square : 3 : t ties 3 : ties iocasual-
1 1 3 3 : : : ties
: : 3{ : T % 53 $ T %
13 t: 2 : 44 1 40 ¢ 100 100 : O s O
16 : 0 3 89 t «40 3 100 1c0 $ERS s 100
: : : : : t severe 3
17 : 0 : 66 : «40 3 100 100 tpmed, 3 100
: : : : : $(1 & 2) 2
19 s O 3 40 t o34 3 100 100 $ER light: O
21 s O : 13 t o103 93 3 94 3 0 1 O
36 s 0 3 84 t 660 3+ 100 100 tERS death 100
37 s 1 3 95 11,00 ¢+ 100 100 1S light s 100
s s : : : t (1)
39 t 1 82 1 60 ¢ 100 100 R light ¢+ O
41 s O s 67 s 20 3 100 100 1 O 1 O
43 s O 3 40 1 412 3+ 100 100 s O 1 O
67 t 0 73 3 «60 3 100 100 s O : O
59 t 0O 1 98 11.10 ¢+ 100 100 tERS s+ 100
: : : : : 1 severe ;
61 : 0 ] 75 1 60 3 100 100 lSz med. 3 100
: : $ : s s (1) ¢
83 s 0 3 65 t +18 3+ 100 100 s O : O
(1] 1 0O 40 1 «10 2 93 96 s O : O
79 s 1 3 93 11,00 ¢+ 1CO0 100 $ERS : 100
s : : : : : severe 3
81 : 0 3 98 1150 ¢+ 100 3 1¢0 s O s O
83 s 0 3 82 t ¢80 ¢+ 100 100 s O s O
85 s 0 3 67 t 30 3+ 100 3 100 PR : O
87 t 0 3 €0 '3 ¢20 3 100 100 $S 1light 3+ O
101 s O : 96 11,00 3+ 100 100 15 death : 100
103 s 1 3 89 11,80 ¢+ 100 100 1 ERS : 100
] : 3 H : s death @
106 : O 73 $1,00 + 100 100 : O s O
107 s 0 76 " 1 660 ¢ 100 2 100 tE light ¢+ 0
109 s 1 3 69 1220 s 100 100 s O : O
123 r 2 3 93 11,00 3+ 100 100 sER : O
s : : : : t severe i
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Table No, 13 (Cont'd.)

Stake Timpacts sFrom HS 11quid:From HS vapor:From HS liquidsrrom effects

no. at swithin ;Estimated man s Gete!? : and vapor ion animals
conter of 120=yd., 3 casualties ivalue Bstima=gstimated man : Animal ;Estima-
20myd, isquare tted man: casualties teasual~- 3ted man

1
square : : : 1c88ual=: 3 ties scasual=-
1 1 3 1 ties : 1 s ties
3 1 ?t 1 1 3 ?z 1 :
125 ¢+ O 3 91 : 1,00 100 100 152 med, 3 100
: s : s ' ¢ (1)
127 s 1 3 80 1 #6803 100 100 1ER : 0
g s : 3 1 : severe
129 : 2 : 78 :t o602 100 100 1 O : O
131 s O 3 78 1 »80: 100 100 sERS s 100
: 3 1 ] : : severe 3
145 s 0 84 1 #4303 100 100 1S death 3 100
147 3 0 3 91 : «30: 100 3 100 sR light 1 0
145 : 1 : 80 t 302 100 100 1KF death: 100
: : : 3 t : (2)
151 3 o 3 78 : 303 100 100 1ER med, 1 0
163 : ) : 64 t ¢30: 100 100 3 0 3 0
167 t O 3 89 t oll:z 100 100 1ER med, ¢ O
169 s 0 3 93 1 ¢l1ll: 100 100 : 0 : O
1N s O 3 80 : ell: 100 100 ? 0 : O
173 t O 3 75 : ¢31l: 100 1 100 3 0O ¢+ O
175 : 1 1 73 :t #30: 100 100 sER med, 3 O
189 : O : 93 t 4063 66 97 3 o 1 O
191 : O 3 89 1 +06: 66 96 3 0 : O
193 s O 3 87 1 061 66 96 3 0 s O
1956 s O t 71 t o061 66 1 90 3 0 s O
197 s O 1 87 1 «03: 42 92 3 0 s 0
211 : 0 3 82 t «02: 30 87 3 0 : O
213 : 0] 1 71 1 o021 30 80 3 0 3 0o
216 % 0 % 73 1 o02: 30 81 ? 0 s O
217 : O 73 : o0l: 12 76 3 0o : O
219 1 O 3 73 1 o0l: 12 76 ] 0 : O
Total andt 14 3 57 n T 88e11 T2 N T 26
average ; : 3 : : : 3

NOTE: Symbols used in column 7 to designate the nature of the animal
sasualties are explained in paragraph 6 G.
(1) designates rat in cage on ground.
(2) designates rat in ocage suspended at an elevation of 18 in,
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Results in Table No, 13 show 97,24 estimated cmsualties
based on HS liquid and vapor samples and 26% based on effects on enimals,

2. On Impect Area (100 yd. by 160 yd.)

The impact area as defined in paragraph 9,b,(7),(db)
is 100 yd., wide by 160 yd. longs It includes that part of the target
north of a line parellel with its short axis passing through a point
40 yd. north of the south side of the target. It inoludes the data
in Table No. 13 exclusive of results on 20 yd. squares represented by
stake numbers 189 to 219 inclusive, A summary of data on the impact
area is given below:

Total number of effective bursts - 15

Estimated casuslties based on HS liquid - 74.,7%

Estimated casualties based on HS vapor = 99,6%

Estimated casualties based on HS vapor and HS liquid - 99,.7%
Estimated casualties based on animals e 32,57

(g) Number of Shell Requirsd to Produce 50% Man
Casualties,

From data given in the preceding paragraph it was estimated
that the burst of 15 shell on an area of 16,000 sq.yds would produce 99,7%
casualties based on measurement of HS liquid and vapor present and 32.5%
based on effects on animals, when personnel protected by gas mask only,
are exposed on the impact area during firing end the following 20 min,
On this basis the following number of shell per 100 yd.aq. are required
to produce 50% cesualties when man is protected by gas mask only.,

Based on HS liquid and vapor semples = 4,8 shell

Based on effects on animals = 14,5 shell
Average 9.7 shell

(8) Conclusions, From the results of the present test,
the following conoclusions are drawn with respect to the use of 155-mm.
howitzer shell filled with HS, when fired under the meteorological
conditions existing at the time of the test,

() The number of shell required per 100 yd.sq.
to produce 50% casualties when distributed as equally as practicable,
are as follows:

le When man protected by gas mask and standard
impregnated clothing is exposed during the firing period = 72 shell (see
Pe 56).
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2¢ VWhen men proteoted by gas mask only
is exposed during the firlng period and following 20 min., = about
10 shell (see p. 41),

(b) That a test be conducted with the target
located in woods, instead of open country, to determins the effects of
terrain on the number of shell required for effeoctive results,

o8¢ Test of July 6, 1833,

(1) oObject. To determine the number of HS filled 155-mm,
howitzer shell require o produce 50% casualties when fired about 1 hr.
before sunset at persomnnel protected by gas mask only, who are located
in wooded ocuntry snd are exposed on the impact area for a period of
25 min, inoluding the firing period.

(2) Materials Useds Forty MII, 155-mm. howitszer shell
filled with HS, were used in the test, The history of these shell
and the type of fuze snd booster used are given in paragraph 4,

(3) Targets The target was a rectangular area 100 yd.
by 200 yd. deep, located in wooded country on "H" field in the viecinity
of coordinates 690,8, 1863,7, with its long axis oriented in line with
the direction of fire, The target was covered with large trees about
100 ft, tall, with very little undergrowth and the soil was moist due to
& heavy rain four days previous. The target was divided into 10 yd.
squarss by plaoing numbered stakes at 10 yd, intervals, Paper panels
8 in, square were distributed over the area by placing one at each
stake position, On alternate 20-yd. squares, a goat was placed in a
fox-hole about 18 in. deep, located at its center, On intervening
20=yd., squares, a rat in a cage was suspended from a stake at an
elevation of 18 in, At alternate rat positions, a cage containing a
rat was placed under the suspended rat. The target was located at a
range of about 5,400 yd. from the position of the howitzers on "C"
field (see paragraph 4).

Chart 1G, scoompanying this report shows the target as it

was prepared for the test with position of animals, panels and sampling
machines,
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(4) Firing of Shell,
(a) M&ustnont. Seventeen shell were used,

Registration fire was directed at a position about 200 yd, east of the
target, Firing started at 4:569 p.m., and ended at 5:27 p.m,.

(b) Firing for Effect, The howitzers were ranged
in parallel for impact on a line through the short axis of the target.
Firing started at 6:10 p,m. and ended at 6:17 pem,, & period of 7 min,
Twenty-three shell were used,

A photostatic copy of & Memorandum dated July 12, 1933
to Capt, C.E. Loucks, from the Battery Commender giving firing data
by round, is attached to this report.

(6) Metsorological Conditions.

The following is & record of metecordogical conditions:

(a) Firing and the Hour Following,

Time 6110 pem, 7:00 pen,
Air temperature, °F, 83 80
Ground temperature, °F. - 79 77
Relative humidity, %. 45 47
Wind welocity mep.he
(on open area near target)* 4,0 340
Wind velocity m.p.h. (on target)* too low to turn vane anemomster
Wind direction SW SW
Sky clear clear

*Taken at an elevation of 6 ft,

Appendix E - 43 -



(v)

During First Bight Days Following Test.

Date : __ Temp, OF, sRainfallWind: Weather —
From: To iMax, :ﬁ%. 18 BoM.: inches imilesi BeMe 110 ReMe 12 ROONIZ DeMe 34 Dole
1/6 sT/7 187,0161.9: 74,0 2 0 : 113s0lear :oclear sclear iclear iclear
[T 17/8 1884216703 T8s8 ¢ O 3 I124iclear jolear sclear :0lear :OClear
7/8 17/9 189o6176,03 T8e5 1 O 1 1830loudy s 2/10 sclear iclear i 4/10
/9 17/10390,0162,81 7646 & trace : 97soloudy toloudy s §§10 1 6/10 1 gé!_ﬁ_
//10:7/11185.4166.8t 75,0 1 0,01 3 1§§:olnr :_Q/TGX s tcloudy soloudy
T/1117/12:T7.9183,8s Ti,1 s 160:0loudy scloudy ioloudy icloudy :cloud
[1237/13:779157483 6?:? T 0 I_ﬁacloudy soloudy scloudy 3 )
1/1337/1417869360,01 6649 3 0 1 154:cloudy scloudy 3 4/1§ [} g;g 3 g;g
F714s : : t 6242 ¢ ' :ﬂou% 1cloudy soloudy i N
(6) Results,
(a)  Impaocts,

The positions of impaots are shown on Chart G2,

There

were 20 impacts accounted for in and around the target of which 8 were
bursts on the target,

(see paragraph 6,a).

Of the 40 shell fired including the 17 used for adjustmemnt,
there were 8 duds,

(b) Size of HB Drops.

The distribution and size of HS drops were registered by
paper panels 8 in, squere placed at 10 yd. intervals over the target

tabulated in the following teble:

Appendix F
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Table No. 1l4.

Number of Panels Showing HS Drops of 0,1 mg, or Larger.

Panel:_ No, of BS drops
noe 10.1 To tOver 0.6 :0ver 1.0 :0ver 3.0

20,5 gs.:to 1,0 nslyto 3.0 mget mMEe
1

L
33 1 H ? H
651 ¢+ 60 10 s t
62 ¢+ 100 20 H 3
T4 l H g
84 ; H 3 : ]
86 : 156 1 b : 3 ) §
96 13 5 1 3 H 3 1 3
96 10 : 2 2
97 15 2 t 1l 1
107 5§ 1 1 :
108 1 3 1 : :
109 5 1 3 t ]
120 ; 3 : ]
121 : 1l : 3
132 2 16 ) [ 3 t
141 25 1 25 2 10 ]
143 15 : :
151 50 [ 1 1
152 . 26 1 3 H 1
1583 13 § 1 2 ] 3
164 20 : : 1
183 10 b 1 1
164 2 3 1l t :
175 ¢+ 11 2 1 1l 3
186 20 1 3 :
194 b 1 3 :
186 100 20 3 :
196 $ 1 : 3
200 1@ 50 1 b 1 3
206 26 1 26 ] 25 %
207 10 3 : t
217 36 1 25 1 10 $
218 2 1 b 1 :
220 2 1 4 ] 3 1
226 5 1 2 3 1l ? 3
227 1 11 7 3 3 1 3
229 b 1
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(¢) Bgtimeted Men Casualties from Liguid HS,
1. Man Protected by Gas Mask but without
Protection of Impregnated Clothing.
The paper panels on the target were tabulated for density
of pattern using the pattern scale attached to this report. Results
are tabulated in the following tables together with estimated man

casualties, The basis of estimated casualties is explained in paragraph
6,a.

Table No, 15,

Estimated Man Casualties from HS Liquid Based on Panel Data.

FattorniPanols olassified:Betimated oasualties
:+ No. sPer oent of:for msn protected by
: ¢ total on :gas mask only

3 : barget
Y : = 3 3!
Heavy : 17 3 Tt 3 Ted
Medium : 12 6.2 : be.2
Light : 18 : 7.8 3 6e2
Trece 1 19 i 8.2 1 4,9
No HS 1 1685 : Tle4 3
o ) : » T 25e7
2o Man Protoot Gas Mask and Standard

“Improgated Clothing,

From results in Tebls No. 14, a tabulation is given in
Table No., 16 of panels showing HS drops of 0.6 mg. oF larger, together
with estimated ocasualties for man protected by gas mask and standard
impregneted clothing, The basis of estimated oasualties is explained
in paragraph 6,8,(2).
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Table No, 16,

Estimated Man Casualties from HS Liquid Based on Panel Data.

Size of HS drops:No. of ikstimated casualties for
spanelsman protected by gas mask

t tand standard impregnated
$ | olothi
nge : sper panel ﬂs%argo‘ﬁ area T
One drop or more: 17 40 : 360
between 0,56 to 1 :
1,0 but with no : : :
drop exceeding t :
1,0 : 3 3
One drop or more: 12 : 100 : Bel
exoceeding 1.0 3 : :
~Totel 1 : 3 Bl

Total psnels on target - 231,

(d) Estimated Man Casualties from HS Vapor.

Vapor samples were taken at positions showa on Chart 1G,
In Tables 17, 17A; 18 and 18A whioh follow, the vapor concentration,
c.t. value and per cent estimated casualties from HS vepor for man
protected by gas mask only, are given for each sampling poeition.
The basis of estimated ocasualties is explained in paragraph €,b.
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1. Firing Period and Following 22 Minutes,

Table No, 17,

Estimated HS Vapor Casualties on Turpt.

Sempling:ElevationiVol, of ¢ HS & VAporiC.t, iEstimated oasueities

position: of sair sem=-:sampled soonen, ;vealue:for man protected by

s sample 3 pled 3 3 s * 3 ges mask onl
: ﬁ. : ?ﬂ?ers T Mge Mge/l.s : L# L

F 1 0 t 828 1 2.4 3 ,0029: ,07 : 73

G f 1 3 884 3 1245 1 o,0142; o35 3 100

B 0 t 894 : 2,0 1 400223 L,0b 68

K 1 1 922 1 1142 131 (0121: 4,30 100

K : o 3 884 1 0,8 31 ,0009: 02 3 30

0 3 1l 3 894 3 12,9 1 o0144: .26 : 100

R H 0 $ 868 4 004 .00058 .01 ] 11

8 3 0 3 842 3t 18489 3 o0224: .56 100

Av. 7I.5

*Based on a time period of 26 min., (1/2 firing period plus 22 min.).

Table Noo, 17A.

Estimated HS Vapor Casualties at Sampling Positions
Outside of Terget.

D 3 ¢] 3 460 1 55456 1t 07143 1.79: 100
f 1l 1 469 3 28,1 ¢ (06003 1,603 100
3 2 gt 469 1 14,3 3 ,0306: LT76: 100
: 4 3 469 1 846 1 o0183: o461 100
L 0 3 630 1 246 31 (004)l: L10: 93
[ 1l t 636 3t 246 1 J0041l: ,103 93
3 2 s B35 t 244 1 ,0038: ,L,103: 93
3 4 3 636 1 1,0 3 400163 043 50
E 0 1 607 1 2,6 1t ,00483 L1l: —100
: 1l t 607 1 2,6 3 ,0043: ,.1l1: 100
H 2 H 607 1 266 1t 0043: ,L1ll: 100
1 4 8t 607 31 2.4 1 o0040:3 L1103 93
P 0 1 627 1 5e4 1 <008631 <223 100
] 1 ] 627 3 8.2 3 (0131l: ¢33: 100
) 2 H 627 1 548 3 40083: 4233 100
3 4 g 627 1 2.6 31 40042: Lll: 100
T 3 0 1 598 1 2.8 1 o0047: ell: 100
H 1l t 598 1 4,6 1 ,0078;: ,L193 100
$ 2 3 598 3 202 3 000378 0098 86
1 4 1 588 1 0.4 1 ,0007: ,02: 30
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3, From the 32nd to 67th Minute after Firing,

Table No. 18,

Estimated HS Vapor Casualties on Target.

Sempling:Elevetion:Vole of & HS  $VADOT : O.t.:Esbimated casualbies

position: of tair sam-ssampled:conen, :value:for msn protected by
s+ sample 1 pled 3 3 3 3 _ges mask only
:  ft, t liters : mg. mg./i.: 3
c ) 0 gt 938 1 1.2 1t o0013: 03 i 42
F 3 0 t 1140 1 2.4 1 ,0021l: LO7 73
G 1 s 1214 1 12,7 1 o0104: .37 100
J 3 1l s 1284 ;3 O : 0 0 o
K 0 t 1270 3 840 't L0063: 022 1 100
N 3 0 s 1214 : O s O 3 O 0
R 3 1 s 1214 1 O st 0 0: 0
S 3 0 31 bB98 1 16,1 1 ,0289: P4 100
Av, m—
Table No, 18 A,
Estimated HS Vapor Casualties at Sempling Position
Outside of Target.
" 0 T 442 1 1746 1 ¢030711.50 ~ 100
t 1l t 442 31 1745 1 ,0397:11.,39 3 100
1 2 t 442 1 1746 1 o0397:1,39 100
s 4 3 442 3 11,6 1 025411489 1 100
L 0 t 462 t 5.8 1 00821 ¢20 1 100
H 1 s 462  § 4.0  § .00813 .31 100
3 2 1 462 ;1 3,0 1 ,0066: 423 100
3 4 3 462 1 3,0 1 400665: 423 3 100
P 3 0 t 447 1 16eb 1 o03463:1.21 ¢ 100
3 1l t 447 : 1Tel 1 ,0382:1.,34 100
H 2 H 447 H 13.1 H .029331.03 ] 100
3 4 ) 447 1 beB 1 4013031 o46 : 100
T 1 0 1 421 1 6.0 1 01451 B0 3 100
3 1 1 421 1 5.4 1 01283 .45 13 100
t 2 t 421 : 4,6 3 ,0109: .38 3 100
3 4 1 421 1 2,6 1 ,0062: .22 100
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(e) Estimated Man Casualties Based on Effects
on /nimals.

Animals consisting of goats and rats were placed on the
target at the positions shown on Chart 1G. Animal casualties and
estimated man casualties for man protected by gas mask only, are given
in Tebles No. 1SA, 19B, and 19C. Animal casualties and estimated man
cesualties, based on effects on enimals, are shown on Charts 5G and
6G. The basis of estimated oasuslties and the symbols used in this
table and on the charts to designate the nature of the animsl casualties,
are explained in paragraph 6,0.

1le Firing Period end Following 22 Minutes.

Table No., 19A,

Eatimated Masked Man Casualties Based on Effects on Rats
Suspended at an Elevetion of 18 in.

Position: Nature i1Severity:Estimated men cas=
of st of t of 1 ualties
stake :co.sualt,yxouualty::-
3 3 ) 7

109 8 3 Medium 3 100

149 1 ER :Death In: 100
) 1 4 days 3

168 S 1 Medium : 100

198 S 1 Medium 100

107 _gi 1 Medium 100

21T 1 S,k iDeath int 100
] _ 1.4 dals 3

Totel suspended rat positions = 26
Estimated man casualty positions - 6
Per cent estimated man casualties ~ 24
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Table No, lgB‘

Estimet od Masked Men Casuaslties Based on Effeocte on Rats
in Cages on Ground,

Positions Neture iseverity:Estimated man ocas-
of 3 of 3 of f ualties

stake waauult:yzoaaualtp

1 )

: %

85 2 s sDeath in: 100
o 3 : 4 days o
129 ) ES 3 Medium 100

Totel ground rat positioms = 13
Estimated man casualty positions = 2
Per cent estimated man cesualties = 16,4

Table No, 19C,

Estimated Masked Man Casualties Based on Effeots on Goats

19 1 ER : Medium 0
3 : ER : Medium 0
43 t E 1 Medium 0
83 s E 3 light : 0
87 ] ERS s Medium 100
107 s+ BR 1 Medium 0
127 s+ E 3 Light : 0
131 ¢t ERS 3 Medium 100
147 s ER : Medium @ 0
181 ] KF 3 Death : 100
167 t S s Light 2 100
171 s S s Medium 100
176 3 EgR 3 Severe : 0
191 3 RS2 ¢ Medium 100
1856 s+ ERS 1 Death s 100
218 ¢t ERS : Medium 100

Totel goats exposed = 26
Estimated man ocasualty positions - 8
Per cent estimated man ceasualties - 32
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2. Fourth and Seventh Dey after Firing.

Two goats were exposed in shell craters located between
stakes 194 and 195 for a period of 24 hr, on the fourth day after firing
and two additional goats were exposed at the same position for a period
of 24 hr, -on the seventh day after firing. None of these goats showed
casualties,

(7) Discussion,

(s) Shell Distribution. The positions of
impaots on and around the target are shown on Chart 2G, There were
six normal bursts on the target and two tree bursts. None of the bursts
outside of the target were appreciably effective on the target so that
total effects on the target were due to the burst of 8 shell,

(v) éﬂtot Area, For purposes of discussion the
impact area may be regerded as that part of the target east of a line
through stake § and 2265 and south of line through stakes 23 and 28,

It is shown on Chart 2G end the animal squeres (20-yd., squares) of whioch

it is oomposed are given in Table No. 21,

(¢) Rstimated Casualties from Liquid HS.

1. Effect of Meteorolo gical Conditions.

The wind welocity over the target during firing was zero
so that distribution and casualty effeoct of liquid HS were not affected
at all by meteorologioal conditions.

2. Effeots of Terrsin, Of the eight shell
bursts on the target, two were due to tree impacts, Theoretically, the
burst of shell filled with ES above the ground, as in the case of bursts
on impact ageinst trees, will result in greater distribution of the
liguid HS with a corresponding greater percentage of casualty effects
than in the case of bursts on impact with the ground,

3. Msn Protected Gas Mask but without
=  TProtection of Impregnated Clothing.

It is estimated from results in Table No, 15, that personnel
protected by gas mask only, would experience about 23,7% casualties from
liquid HS if they remain equsl ly distributed over the target during the
firing periods The liquid HS on the target was due to the burst of
eight shell. On the basis of 8 shell on an area of 20,000 sq.yde to
produce 23,7% oasualties from liquid HS when persomnel are protected by
gas mask only, it will require 8.4 shell per 100 yd.sq. to produce 50%
casualties,
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4. Man Protected by Gas Mask and Stemdard
Tmpregnated Clothing.

From results in Table No. 16 it is estirated that personnel
protected by gas mask and steandard impregnated clothing who are exposed
on the target during the firing period will experience about 8,2% ces~
ualties, if they are equally distributed, On this basis it will re~
quire about 24.4 shell per 100 yd. sq. to produce 50% casualties,

(@) Effect of HS Vapor.

1. Disocussion of Meteorological Conditionms,

During the present test, the air temperature was 83°F,
and air travel over the target was too low to be registered by a vane
aremometer, These conditions were extremely favorable for the use of
HS,.

_g. Firinﬁ Period and Followingr 22 Minmutes,

(2) On Target.

Results of vepor samples taken at 9 sempling positions
on the target are given in Table No. 17 for the firing period and
following 22 min, The vapor concentration for each 20«yd. square of
the terget was figured from results in this table, taking into con-
siderstion the positions of nearest impsots and wind direction, These
results are given in the fifth colurm of Table No. 20, From the average
of the figures in the fifth column, it is estimated that personnel with
ges mask protection only, would experience ebout 64,3% oasualties if
exposed during firing and the following 22 min,

Per cent estimated casualties from effects of HS vapor
is shown graphically on Chart 3G. The shaded area on the chart represents
that part of the arsa on which it is estimated 100% casualties would be
produced by effect of HS vapor when men is proteocted by gas mask only,.

(b) Outside of Target.

Estimated casualties at sampling podtions downwind from
the target are given in Table No. 174 for the firing period amnd following
22 min, All positions downwind from the target showed a strong concen-
tration of HS vapor. The presence of HS vepor at the five sampling
positions was partly due to the drift of HS vapor downwind from the terget
and partly to the burst of shell outside of the target near the sempling
positions,
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Se From the 32nd to 67th Minute After Firing.

(a) On Target.

From results of vapor samples in Table No, 18, it is
estimated that personnel protected by gas mask only would experienoe
about 51.9%4 casualties from effeots of HS wapor if they are exposed
on thetarget from the 32nd to 67th minute after firing., Estimated
cesualties are shown greaphically on Chart 3aG, for the period,

(b) Outside of Target.

Estimated vapor ecasualties are given in Table No. 184
besed on results at sempling positions downwind from the terget. The
results show 100% estimated casualties from effect of HS vapor, if per-
sonnel protected by gas mask only are exposed about 30 yd, downwind from
the target from the 32nd to the 67th min, after firing. The vapor
concentration set up downwind from the target was partly due to the
drift of HS wvepor from the target and partly to the buret of shell outside
of the target near the sempling positions.

(e) Estimated Man Casualties Based on Effects
on Animals,

le Firing Period md Following 22 Minutes.

Animal casualties and estimated men cesualties, based
on effects on animals, are given in Tables No., 194, 19B, and 19C
representing exposure on the target during firing and the following
22 min, The reesults in these 3 tables are consolidated in the last
two coclumns of Table No. 20 where consolidated results, based on animal
casualties, show 32% estimeted men casualties. The results in these
two colurms are also shown graphically on Charts b6G and 6G.

2. Persistence of HS on Impact Area.

Results given in paragraph 9,0,(€),(e),2 showed no cas=
ualties on exposure of two animals in shell craters for a period of
24 hr, on the 4th and on the 7th day after firing. These results indi=
cate that the area could probably be ococupied by unprotected perscnnel
following the 3rd day after firing without experiencing serious casualties
provided shell craters were avoided,
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(f) Comperison of Per Cent Estimated Man
Casualtlies Based on Measurements of
the Gas Concentretion and by Effects
on Animais, for Man Protected by Geas

Mask On1! .
1. On Target (100 yd. by 200 yd.).

In Teble No. 20, estimated man casualties are given
for each 20 yd. sqs, representing an animal position based on:

HS liquid determined by panel dats

HS vapor determined by wvapor samples

Combined effect of HS liquid and vapor from sample data
From effects on animals

Teble No, 20,

Estimated Masked Man Casuslties on Target on Exposure During
Firing end the Following 22 Min, (Ares =
i 8 i * 2 3 [

Stake  tlmpaots:From HS liguid:from HS vepor:From HS 1iquid:From effects

no. 2t within :Estimated man : c.t.:Eatima~s and vapor son animals
center :20wyd, : osasualties sveluested man:Estimated man : Animal sEstima=-
of 20wyd:square : scasual=-: casualties toasudle :ted man

3
square i : 3 s ties 3 s ties scasuale

$ 3 1 3 3 1 s ties

: : af f $ i{ : ?Z s P %
13 f : 0 1 0 3 0 g 0 g 0 s O
16 3 3 0 1 01 3 11 f 11 : 0 : O
17 : f 0 s 03 3 42 i 42 t 0 : O
19 3 $ 0 : 403 ¢ 42 t 42 $ER med, ¢+ O
21 3 : 13 2,03 :+ 42 : 50 g 0 s O
35 t t 0 : 0 0 3 0 t 0 : O
37 3 : 0 t .05 3+ 658 : 68 : 0 s O
39 t 1 36 t +20 3 100 3 100 tER Med, ¢ O
41 : f 29 t +20 ¢ 100 : 100 1 0 s O
43 : 3 16 t «16 : 100 g 100 tER med, 3 O
57 t 3 0 s 0 0 s 0 i 0 s O
59 f i 0 t 407 ¢+ 73 t 73 s 0 s O
61l s 3 53 : 420 ¢ 100 s 100 : 0 : O
83 3 s 56 s +35 3 100 s 100 g 0 : O
65 : : 0 t 15 : 100 g 100 s 0 s O
79 1 t 0 s 0 0 3 0 t 0 : O
8l : t 0 t «06 ¢+ 658 : 58 i 0 : O
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Table No. 20 (Cont'd.)

Stake 1ImpactFrom HS ligquid:From HS vepor:From HS 1lquid:From effects
no. at withinikstimeted man : c.t.:Estima=: and vapor ton animals

center of : 20-yds cesualties :value:ted man:Estimated man : Animel :Estima=

20=yd, 1sqQuare t scasual=; casualties tcasual~ 1ted man
square 3 $: : : ties : ties :casuale
3 2 3 t [ : 1 ties
1 t — % t T R @ Z t I}
83 t 42 t 020 ¢+ 100 100 tE Light )
85 t 1 3 69 3 030 + 100 100 18 death : 100
: t ) 3 t : (1)
87 $ : 18 t ¢15 ¢+ 100 100 tERS med,: 100
101 2 3 0 s 0 3 0 1 0 3 0 t 0
103 $ t 0 t 6065 58 58 : 0 t (o]
105 : t 18 t 020 ¢+ 100 100 : o t (o]
107 3 : 58 $ 030 : 100 100 $ER med. : 0
109 : : 68 t «20 ¢ 100 : 100 1S med. : 100
123 t 3 0 t O 1 0 1 0 3 0 ? 0
126 t H o :t 604 ¢+ 61 51 1 0 1 0
127 t t 9 t 016 ¢+ 100 100 tE light o
129 t 3 29 t 36 ¢ 100 100 tES death: 100
: : : : : : (1)
131 t 13 35 1 ¢35 ¢ 100 100 sERS med.: 100
146 ) : 0 : 0 0 0 3 0 s 0
147 t s 0 : 003 ¢+ 42 3 42 tER med, : 0
: : : : : : (1)
149 : : 15 t 012 ¢ 100 100 tER death: 100
5 :+ 2 80 t «60 ¢ 100 100 : KF : 100
163 t s 86 t o35 3+ 100 100 tS med., : 100
167 : 0 t o0 3 0 o] :S light ¢ 100
169 : t 0 t 002 13 30 1 30 t 0 : (o]
171 t 1 15 t «15 ¢+ 100 100 tS med, ¢ 100
173 3 t 44 t 29 ¢ 100 100 : O ) 0
17% : 74 t 615 ¢ 100 100 tEgR : 0
3 3 t s : t severe 3
189 : 3 0 : 0O 0 0 t 0 t (o]
191 t 2 0 $ 01 ¢+ 11 11 tRS hed, : 100
193 t : 20 t 615 ¢+ 100 100 1S med, ¢ 100
195 T 3 69 t 40 : 100 100 tERS death 100
197 3 : e7 t «15 ¢+ 100 100 S med, ¢ 100
211 $ 3 0 t 0 0 : 0 : 0 : 0
213 t 2 0 1 01 ¢+ 11 11 3 0 s 0
215 : : 33 3 «10 3 93 96 : 0 : 0
217 t 1 90 t 30 ¢ 100 100 tSoR : 100
H 3 H : : st death
219 2 : 60 3 o1l6 ¢t 100 100 tERS med,: 100
Toﬁ}l and 3 8 23.8 3 : 64.3: 64,8 : 2 32
average 3 3 : : g )
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NOTE: Symbols used in column 7 to designate the nature of the
animal casualties are explained in paragraph 6,o0.
(1) designates rat in cage on ground. -
(2) designateas rat in oage suspended at an elevation of 18 in,

Results in Teble No. 20 show 64.8% casualties based on
sample data and 32% based on effects on animels,

2¢ On Impact Ares (10,800 sq.yd.).

The impact area as defimed in paragraph 9,0,(7)(b) is
showma on Chart 2G and the 20-yd. squares, included within its grea,
are tabulated in Table No, 21. On its area of 10,800 sq.,yd. there
were 8 bursts, Results in Table No. 21 show 97,6% estimated casual=
ties based on sample data and 51.8% based on animal data.

Table No, 21.

Estimated Masked Man Casualties on act Area on Exposure

During Firing and the Fo ng 22 Min,
Aresa - 15,355 sq.y_a.z 3u§j E,I§35.

STake ‘Impactifrom BS liquid:From BS vapor:From HS 1lquid:From eflects
no. at twithin;Estimated man : C.b.:Estime~ : and vapor : on animals

center  120wyd,: ocasualties ;value;ted man iEstimated men: Animal :Estima=
of 20=yd, :square: tcasiiale 3 casualties icasual- 3ted man

s
sguare 3 1 3 t ties 1 : ties icesual=~
: 1 : 3 : 1 1 tles
3 ) T 3 1 X 1 z : T B

3% ¢+ 1 36 t 20 ¢+ 100 100 tERmed, : O

41 t t 29 1«15 3 100 100 tEmed. : O

43 3 3 16 t 15 : 100 100 tEmed, : O

61 t 3 43 t +20 3 100 100 3 0 s O

83 t $ 66 t ¢35 13 100 100 : 0 T

686 : : 0 t ¢35 3 100 100 f 0 s O

83 3 42 : +20 ¢ 100 100 sE 1ight ¢+ O

85 : 1 69 t +30 1 100 : 100 1S death : 100

: : : : : : (1)

87 3 3 18 t o15 13 100 100 tERS med.: 100
106 s : 13 t +20 3 100 100 g 0 s O
107 s H b8 1 30 3 100 100 tER med. : 0
109 : s 58 t «20 12 100 100 S med, : 100
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Table No. 21 (Cont'd,)

Stake no, zlmpact:From HS liquid:From HS vapor:From BS 11quid:From effects
at centerswithin:Estimated man : o, tEstima-:

and vepor

son aninals

of 20-yd.:20=yd,: oasualties ivalue:ted man:Estimated man : Animal Eetims=
square isguares 3 scasuale; casualties socasual- 3ted man
3 3 : 1 ties : :+ ties icasuale
) 3 3 3 i3 3 s ties
: : ® : T % 1 % : T T
127 : 9 t o156 3+ 100 100 tE light 0
129 : 29 t ¢35 ¢+ 100 100 tES death: 100
3 ) H 1 1 : (1)
181 s 1) 1 o556 ¢+ 100 100 tERS med.: 100
149 : 1 15 1 o085 ¢+ 42 51 1ER death: 100
1561 s+ 2 80 s «12 ¢+ 100 100 : KF 1 100
163 [ 86 1 o536 ¢+ 100 100 1S med, : 100
i . : 15 t <16 ¢+ 100 100 S med. 3 100
) § £ : 44 1 ¢29 ¢ 100 100 1 0 0
176 3 : 74 t o156 ¢ 100 100 1EoR s (o]
3 3 s : : $ severe i
193 : 20 t o156 1+ 100 100 S med, 1 100
196 s+ 3 1 €9 t 040 ¢+ 100 100 $ERS death 100
197 : 67 t o151 100 &+ 100 S med, 1 100
215 3 33 t 4103 93 3 96 : 0 (o]
217 + ) 3 90 $ «30 ¢+ 100 100 1SoR :+ 100
t ' 1 : 3 1 death
219 t 80 $ +16 3 100 100 $ERS med.s 100
Total and: 8 43.8 1 97‘? L 7 Bl.8
average 13 : 3 ) : :
NOTE: Symbols used in column 7 to designate the nature of the animal
casualties are explained in peragraph 6,c.
(1) designates rat in cage on ground.
(2) designates rat in cage suspended at an elevation of 18 im.

(2)

Number of Shel)l Required to Produce 507

Han Casualties.

From deta given in paragraph,9,b,(7),(f),2 it was estimated
that the burst of 8 shell on an area of 10,800 . sq.yd. would produce 97,.8%
casualties based on sample data and 51,8% baeod on effects on smimels,
when personnel who have only gas mask protection are exposed on the impaot
area during firing and the following 22 min, On this basis the following
numbsr of shell are required to produce 650% casualties per 100 yd.square:
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Based on HS liquld and vapor semples - 3,8 shell
Based on effeots on animals = Tel shell
Average Be8 shell

(8) Conclusions, From the results of the present test,
the following conclusions are drawn with respect to the use of 155-mn,
howitger shell filled with HS under the meteorologiocal and terrain condi-
tions of the test,

(a) The number of shell required per 100 yd. sguare
to produce 650% casualties when distributed as wqually as practiceble, are
as follows:

le When man proteced by gas mask and standard
impregnated clothing is exposed during the firing period = about 26 shell
(see paragraph 9,c,(7),(c),4)s

2, When man protected by gas mask only, is
exposed on the target for a period of 26 min, including firing - about
6 shell (see paregraph 9,0,(7),(g) above).

(b) This test should be repeated due to the small
number of bursts on the target and the fact that all these bursts were
on the downwind side of the target,

de Test of Mngust 11, 1933,

(1) object, To determine the number of HS~filled 155-mm,
howitser shell required tTo produce 50% casudlties when fired about 1 hr,
before sunset at persomnel protected by gas mask only, who are located
in wooded country end remain on the impact area for a period of 26 min,
ineluding the firing period.

(2) DMaterials Used, Forty MII, 166-mm. howitzer shell
filled with HS were used in the test. The history of these shell and the
type of fuste and booster used are given in paragraph 4.

(3) Target. The location of the target and positions
of vapor sampling machines, panels and animals were the same as in previous
test conduoted on July 6, 1833, At the time of the test, the soll was
wet from effects of a rain on the previous night,

Chart 1H, shows the target as it was prepared for the test
with positions of animals, panels and vapor sampling meachines,
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(4) Firing of Shell.

(a) %dgultmnt. Fourteen shell were used.
Régistration fire was dire at a position about 200 yd. west of the
target, PFiring started at 4:45 p,m. and ended at 5:10 p.m., a period
of 25 min,

(b) Firing for Effect. The howitrers wers ranged
in parallel for impact on a line through the short axis of the target.
Firing started at 5:46 p.m. and ended at 5:52 pem., & period of 6 min,.
Twenty-six shell were used,

A photostatio copy of a Memorandum dated August 11, 1933
to Cept. C,E. Louocks, from the Battery Commander giving firingdata
by round, is attached to this report,

(6) Meteorologicael Conditions.

(a) During Firing end Following Hour.

Time 6350 p.m, 6:15 pem. 7:00 pem,
Alr temperature, °F, 72 72 €9
Ground temperature, °F, 74 74 71
Relative humidity, % 80 80 86

Wind veloeity (on open. ares

m ar target)* slight drift slight drift slight drift
Wind velooity (on target)* slight drift slight drift slight drift
Wind travel NE NE NE
Sky : cloudy - cloudy cloudy

sAt an elevation of 6 ft,
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(b) During the First Nine Days Following Test,

Date &+  Temp, °F,  sRainfall: Cloudiness
From: To iMax,Mlin, 15 .M. 1 inches 15 8.Mm, 110 A.,M,s 12 noons 2 Pem. 3 4 pem,

D 1 40 t 1s 2 1s 2 Lo t 1, T L.
T8+ 0 1 .8 et o T e 1 e2
69 o3l 3 1: 3 s 3 loj s L. t 1,

L 3 0 t: O s 02 3 &6 [} 6 13 o6
ﬁ 3 ._5? 3 .g 3 .5 3 05 ] c?v H ro
E 3 ﬁ ] T§' 3 o 3 o0 3 ojé 3 or
75 3 0 3 1. 3 10 [ 4 .9 3 o? 04
T4 0 s 1. t le 1t o s le s 1,
71 s 0 s 1. t le 3 L. s 1. t e

(6) Results,

() TImpacts, The positions of impacts are shown
on Chart 2H, There were 28 &pacta accounted for on end around the target
of which 7 were bursts on the target.

Of the 40 ghell fired including the 14 used for adjustment,
there were 11 duds, 5 low order bursts and 24 normsl bursts,

(v) Liguid HS.

l, Site of HS Drops, The paper panels on
the target were tabulated Tor size of HS drops., Results ere given in the
following tebles
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Table No, 22

Number of Panels Showing HS Drops of 1.0 mg, or Larger,

Panel: Ro. of HS drops
no. 0.1 %o s0ver 0,5 i0ver 1.0 i0ver 8.0

so.gﬁ. 1to 1.0 mg, ko 3.0 mz.:  mg.

) Y : 1 : :
7 13 B 3 2 ) 1l 3
8 3 16 1 2 3 !
9 16 2 3 :
10 3 3 1 2 $ 1l
12 26 3 H H
18 ¢ 100 : 100 1 50 3
20 5 1 2 3 1
23 1 100 : :
31 3 3 1 : :
35 1l 3 :
34 9 1 3 1
46 3 16 3 t 1
48 S 3 1 1
49 5 1 3 :
62 : 15 1 3 :
67 : 15 3 3 1 3
59 1 15 ) 2 3 ] 2
8l :+ 16 2 $ :
83 1 16 ] 3
64 : 100 1 9 $ :
656 2 1 H s
69 1 b 1 3 t ?
72 1 3 3 H s
74 2 1 1l t 1 1
75 1 6 2 t 3
B2 1l s s
102 1l 5 3 3
103 2 1 3 :
136 1 11 3 [
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(¢) Estimated Man Casualties from Ligquid HS.

l. Man Protected by Gas Mask but without
Frotection of Impregnated Clothing.

The paper panels on the terget were tabulated for demsity
of pattern using the pattern scale attached to this report. Results
are tabulated in the following tables together with estimated man casuale
ties, The basis of estimated casualties is explained in paragraph 6,s.

Table No. 23,

Estinmated Masked Man Casualties from HS Liquid Based on

Pane] Date.

PatterniPenels classilied Estimated casusle

¢+ No, tPer oent of ities for man pro-

1 itotal on  iteoted by gas mask
: ; target s onl
: t = 1 fl

Heavy 1 6 3 2,6 : 2.8

Medium ¢ 24 : 10.4 ) 10.4

Light 1 32 : 13.9 : 11,1

Trace : 50 : 21,8 3 13,0

No HS 11190 s bleb 3

Total 1281 & 100.0 1 ST.1

2e Man Protected by Gas Mask and Stendard
Epreggated Clothing.

From results in Table No., 22, a tabulation is given in
Table No. 24, of panels showing BS drops of O.5 mg. or larger, together
with estimated casualties for men protected by gas mask and stenderd
impregneted clothing. The basis of estimated casualties is explained

in parsgraph 6,8,(2).
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Table No, 24.

Estimated Masked Man Casuslties from HS Liquid Based
on Panel Date.,

Bize of HS dropssNo. of :Estimated cssualties for man
spanels sprotected by gas mask and

s sstandard regnated olothin
3 tper panel ;sper :lrget A

One drop or mores 11 40 1.9
between 0,6 to 3 s
1.0 but with mo : 3 :
drop exceeding : t 1
1.0 mg. ) : !

One drop or more: 6 i 100 2e0
exceeding 1.0 : 3
nge : 3 3

IT L] 3 4.37

~ Tot t

Total panels on target =.231

(d) BEBetimated Man Cesualties from HS Vapor.

Vepor semples were teken at positions shown on Chart lH,
In Tables No. 26, 26A, 26 and 26A which follow, the vapor concentra-
tiona, c.t. value, and per cent estimated casualties from effects of
HS wapor for man protected by ges mask only, are given for each sempling
positioms. The basis of estimated cesualties is explained in pars-
graph 6,be

e  Firing Period end Following 22 Minutes.
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Table No. 256,

Estimated Masked Man Casualties from HS Vapor on Terget.

Sampling:ElevationiVol. of 1 B5  iVapor 1 C.T.:Bstimated man casualtles

position: of tair sam-isampled soconon, :veluesfor man protected by gas

) eq;glo 1 pled : : : * mask onl

: e t liters 1 mg. :mg.ﬂ.z : f
¢ t 1l 1 860 1 373 1 (0438: 1,102 1C0
F 3 1 t 836 1 4,0 1 ,0048: L12: 1c0
G 3 0 1 824 1 16,7 1 01503 447: 100
J H 0 1 880 1 11,0 1 o,0129: ,32: 100
K 1 1l s 836 t 5.0 1 o,0080: L1163 100
N t 1l t 824 1 82 1 o0039: ,L10: 93
0 t 0 t B24 3 242 1 J002T7: 072 T3
R : 0 s+ 816 1 1le0 1 400123 ,LO3:s 42
] t 1l : 824 : 0 t 0 1 O3 0

*Based on & 25 min. period (1/2 firing period plus 22 min,).

Table No. 2bA.

Estimated Masked Man Casualties from HS Vepor at Position

Outside,of T&rget.
D T 0 T 42D ¢ 0.8 1 <0010: .0b: ~ 58
1 1l t 425 1 244 1 L00083 Gl4: 100
s 2 3 426 1 0¢4 1 00003 ,02: 30
$ 4 s 426 t le0 2 ,0023: 406: 86
B T 0 T 418 . T o00L&: o043 B0
3 1l : 418 t O0e8 3 40014: o04: 50
3 2 H 418 ] 006 3 600148 004 3 B0
) 4 1 418 t 0,6 3 o,001l4: ,04: 50
N 0 T 412 1 1.8 1 ,0044: oJli: 100
3 1l : 412 t 248 1 00683 ,L1Ts 100
1 2 t 412 t l.6 3 ,0039;: ,10: 93
t 4 1 412 1 2,6 1 ,0083: ,L16: 100
T 3 0 T 420 1 2e2 1 o0062: 1%t 100
] l s 425 1 0,8 1 ,0019: ,0b: 68
3 2 : 425 t 044 1 ,0009: ,02: 30
3 4 1 425 1 _Oc4t 1 ,0009: .02 30
L 0 T 418 1 1.6 1t ,0088: o102 13
: 1l t 418 ¢ 0.4 : .0010: L02: 30
3 2 1 418 t 4,0 1 ,0095: o24: 100
3 4 : 418 : le4 3 ,0033: ,08: 80
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Table No, 25A¢ (Cont'd,)

Sampling:Elevation:Vole Of & HS 1 Vapor: O.t.:Bstimated oasualties

position: of :alr seam-isamplediooncn,svalue:for men protected by

3 sangrle s pled 3 3 % 1 gas mask on;y
3 e 3 liters : mg, :ng.ﬂ. : :

P ) 0 1t 412 1 0,8 1 00181 (05 2 58
) 1l s 412 1 1.8 1 ,0039: ,10 3 93
H] 2 s 412 1+ 144 1 0034: ,08 : 80
3 4 gt 412 1 1,0 3 ,0024: 06 66

L 0 t 412 & 0.4 1 0010t .02 3 50
: l : 42 ;: 6 s+ O : O 0
: 2 1 412 1 0.4 1 .0010: ,02 : 30
3 4 s 412 0 t 0 1 0 0

Semples taken at positions M and Q showed negative results.

_g. From the 32nd to 87Tth Minute After F:lrin/g_:_

Table No., 26,

Estimated Mamked Man Cesualties from HS Vepor on Target.

T @ 1 1 1258 1 26.1 1 LO211: .74 100
G 3 O ¢ 1216 ¢ 1943 : o0159:s .56 : 100
J @ O s 1144 1 1.4 : 0012: 04 80
K 1l t 1234 3 0,8 : ,0004: .01 1)
R 0 : 121 : O s 0 s O 0
0 : O ¢ 1216 : O t 0 31 0 3 0
N 1 s 1234 : O t 0 3 O 1 0
S % 1 1 1216 3 O ] 0 2+ 0 3 0
Ave 3246
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Table No, 26A,

Estimated Masked Man Casuslties from HS Vepor at Positions
OQutside of Tll'ﬁ_‘_‘h_o

Sampling:Elevation:Vol, of 3 HS  ivapor s G.t.:Estimated casualties

position: of tair sam-:sempled :conocn. svalue:for men protected by
: sample : pled 3 3 ) tgas mask only
) #T ) g.iterl T mge xmg.ﬁ..: xﬂ 4
D 3 0 1 Bl7 1 0Oed 1 00063 ,02 30
: 1l g B1l7 31 142 31 o0019: 07 : 73
: 2 1 617 1 1.2 1 ,0019: ,07 78
3 4 1 617 1 le2 1 400193 ,O7 73
E 0 T 836 1 1.2 1 o0018: .07 1 ki3
: 1 1 635 ;3 16 3 (0025: .09 87
1 2 g 635 31 1le2 1 (0019: oO7 73
1 4 1 636 1 1.2 1 ,0019: ,O7 3 73
H 3 0 1 608 1 1.2 1 400203 407 1 L£3
1 1l 1 608 1 1.0 : o0018: (06 1 66
: 2 1 608 3 1.0 1 ,0016: .06 : 66
1 4 ? 608 1 0.8 3 40015: ,06 1 58
1 3 0 1 B72 1 0e% 1 400073 402 1 30
1 1l s B72 + O 1 0 1 0 0
H 2 1R 572 3 004 H .00073 g02 H 30
1 4 1 bBT2 1 O t O 3 O 1 0
L 0 1 617 1 046 1 0010t 408 1 42
t ) 3 t 617 :+ O s 0 3 0 0
3 25 617 1 046 1t 40010: ,O3 1 42
3 4 gt Bl7 1 046 1 o0010: ,03 1 42
Tc 3 6‘- H 6J6§ 3 604 H 066068 .62 H 35
3 1l g 608 1 0,4 1 ,0006: 02 3 30
1 2 s 608 : O s O 3 0 3 (o}
3 4 1 608 31 0.4 1 (000631 402 3 30

Smples taken at positions M, Q, and P showed negative results.
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(e) Estimated Man Casualties Based on Effects
op Animals,

Animals consisting of goats and rats were placed on the
target at positions shown on Chart 1H, Animal casualties and estimmted
men casualties for men protected by gas mask only, are given in Tables
No. 274, 27B, and 27Cs 4Animel casualties and estimated men casualties,
bagsed on effeots on animals, are shown on Charts 5H and 6H, The basis
of estimated casualties and the symbols used in the tables and on the
charts, to designate the nature of the animal casualties are explained
in paragraph 6,c.

_l. FiringrPeriod and Followiqgfzz Minutes,

Table No. 274,

Estimated Masked Man Casualties Bagsed on Effects on Rats
Suspanded at en Rlevation of 18 ih,

. Position: Nature sSeverity:Estimated man caes=
of 1 of 1 of 3+ ualties
stake zoasualtyscasualtyx

: : : B

17 : 8 sLight 3 100

41 1 ERS  sDeath in: 100
[ t 4 days 3

57 1 S sMedium 100

61 3 ERS sDeath in: 100
3 t 2 days 3

106 11§ 1Light 2 100

146 1 &  sLight 1 100
149 T S ;Ei;ht I} 100

Total suspended rat positions - 26
Estimated mem casualty positions - 7
Per cent estimated man casualties =~ 28
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Table No., 27B.

Estimated Masked Man Casualties Based on Effects on Rats
In Cages on Ground.

Position: Nature tSeverity tEstimeted man
of : of t of : cesualties
stake socasua ltlx oasua.lty %

1 : t 4

41 3: ERS iDeath in: 100
1 t & days _

61 : ERS iDeath in: 100
3 1 & days

123 3 § 3 Li n 1060

Total rats in ocages on ground ~ 13
Pstimated men cesualty positions - 3
Per cent estimated man cesualties =~ 23,1

Teble No, 27C.

Estimated Masked Man Cesualties Based on Effects on Goets,

15 )_ER: s Medium @ 0
19 1 ERS 1 Medium 100
36 1 ERS :Death ings 100
.t $.2 days

39 3 ﬁ s Medium 3 [a]
45 31 R 1 Nedium 3 0
59 1 BRS 3 Medium 3 100
63 ;ﬁ s Medium 3 —g
85 1 ER s NMedium 0
87 1 E 1 Medium ; 0
100 &+ E ¢ Medium s ] §
127 1+ ER 3 Light 1 0
147 1 ER s Medium 3 0
191+ R 3 Light 0
211 3 R Medium 3 0

Total goats exposed = 25
Estimated man ocasualty positions - 3
Per cent estimated men casualties - 12
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2o Fifth Day After Firing, Two goats were
exposed in shell craters located near stake 47 for a period of 24 hr,
on the fifth day after firing. One of these goats was unaffected
but the other was a light skin casualty.

(7) Discussion,

(a) Shell Distribution. The positions of impacte
on and around the target are shown on Chart 2H. There were tw low order
bursts, 1 tree burst and four normal bursts on the target, Three bursts
north of the target were probably slightly effective on the target, If
it is assumed that thess three bursts outside of the target are equive-
lent to 1 burst on the target, the total effects on the target wers
equivalent to 8 shell.

(b) Impact Areas, For purposes of disoussion the
impact area may be regarded as that pert of the target represented by
the 20-yd. squares listed in Table No, 29, The impaot area is shown
on Chart 2H .

(s) [Estimated Casualties from Liquid HS.

.l’ Effeots of Meteorological Conditions.

The windwlocity over the target during firing was zero
so that distribution and casualty effect of liquid HS were not affected
at all by meteorologicel oonditions,

2. Effeots of Terrein., Of the seven shell
bursts on the target, one was due to a tree impact, Theoretically,
this shell should be more effective than a ground burst, due to dis=-
tribution of liquid HS over a larger ares,

.2‘ Man Protected by Gas Mesk but without
Protestion of Impregnated Clothing.

From results given in Table No. 23, it is estimated that
personnel protected by gas meask only would experience about 37,.1%
casunlties from liguid HS if they are equally distributed over the
target and remain there during the firing period. The liquid HS on the
target was due to the burst of 8 shelle On the basis of 8 shell on an
area of 20,000 sq.yd. to produce 37,1% casualties from liquid HS when
personnel are protected by gas mask only,it will require 5.4 shell
per 100 yd. squars to produce 50% casualties.
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4. Man Protected by Gas Mask and Standard
Impregnated Clothing,

From results in Table No. 24, it is estimmted that per-
sonnel proteeted by gas mask and stendard impregnated olothing, who are
exposed on the target during the firing period will experience about 4.5%
casualties if they are equally distributed over its area, On this basis
it will require about 44.4 sghell per 100 yd.square to produce S0% casual~
ties,

(d) Effects &f HS Vapor.

1. Disoussion of Meteorologicel Conditions.

During the test, the air temperature was 72°F, and

there was almost no alr motion. The temperature was low for most effeow
tive results, The absence of air motion theoretieally resulted in the
vapor being very effective directly over the aree sprinkled with HS but
resulted in a very slow spread of the vepor beyond the contaminated area,
Under such stagnent conditions, if personnel moved off the impact aree
within the first 26 min, after firing, & large percentage would not be so
troroughly gassed as they would if there was slightly more air motion,
due to the long period required for the vepors to spread downwind from
the contaminated area,

2+ Firing Period and Following 22 Minutes,

(a) On Target.

Results of vapor semples taken at the 9 sampling positiomns
on the target area are given in Table No., 25 for the firing period and
following 22 min, The vapor concentration for eamch 20-yd, sq. of the tare
get was figured from results in this table taking into consideration the
positions of nearest impacts and wind direoction., These results are given
in the fifth column of Table No. 28, From the average of the figures
in the fifth column, it is estimated that personnel with gas mask pro=-
teotion only, would experience about 84,.6% oasualties if exposed on
the terget during firing and the following 22 min.

Per cent estimeted casualties from effects of HS vapor
is shown grephicelly on Chart 3H, The shaded area on the chart repre=
sents that part of the ares on which it is estimated 100% oasualties would
be produced by effects of HS wvapor wheh man is proteoted by gas mask only,
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(b)e Outside of Target.

Estimated ocasualties at sampling positions downwind from
the target are given in Table No. 25A. Results show estimated casual-
ties varying at the different positions from about 30 to 100% from
effects of HS vapor for persomnel protected by gas mask only, who are
exposed 30 yd. downwind from the impact area during firing and the follow-
ing 22 min,

E. From the 32nd to 67th Minute after Firigg.

(2) On Target,

From results of wvapor samples in Table No. 26, it is
estimated that personnel protected by gas mask only would experiemce
about 32,6% casualties from effects of HS vapor if they are equally
distributed over the target and exposed from the 32nd to 67th min.
after firing. [Estimeted casuslties for this period are shown graphi-
cally on Chart 3aH,

(b) Outside of the Target.

Estimated vepor casualties are given in Table No. 264
based on results at sempling positions 30 yd. downwind from the target
for the period between the 32nd and 67th min, after firing., Estimates
from these results vary from about 30% to 8T% casualties, for man pro-
tected by ges mesk only.

(e) Estimated Masked Man Casualties Based on
Effeots on animals,

1. Firing Period and Following 22 Minutes,

Anima] casualties and estimated man casualties, based on
effects on animals, are given in Tables No, 27A, 27B, and 27C, represente
ing exposure on the target during firing and the following 22 min. Re~
sults in the three tables are consolidated in the last two columns of
Table No. 28 where consolidated results, based on animal casualties,
show 22% estimated man casualties. The results in these two columns
are also shown graphically on Charts 6H and 6H,

2o Persistence of HS on Impact Area,

Results given in paragraph 9,d,(6),(e),2 show one animal
oasualty out of two animals exposed in shell oraters for a period of
24 hr, on the fifth day after firing. Thess results indicate that
the impact area could not be occupied on the 5th day after firing by
personnel with only gme mesk protection for a period of eabout 24 hr,

without experiencing casualties,
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(£) Comparison of Per Cent Estimated Masked Man
Casualties Besed on Measurements of tThe Gas
Concentration and by its Effects on Animals,

1. On Target (100 yd. by 200 yd.).

In Teble No. 28, estimated man casualties are given for
each 20~-yd, squars representing an animel position based on:

HS liquid determined by panel data

HS wvapor determined by wvapor samples

Combined effeats of HS liquid and vapor from sample deta
From effects on animals

Table No, 28,

Egstimated Masked Man Casualties on Target on gsosuro During
ring and the Yo owingrr_m% (Area = 20,
Bq.ld.) . ﬁlzsuﬂt 2 [

Stake no. timpactiFrom HS 1igquid:From HS aorﬁron BS 1iquid:From eZlects

at centerswithiniEstimated man.s o0,.%. ¢ s+ end vepor s on animals
of 20=yd,:20-yd.: cesualties ivaluerted man:Estimated men s Animel sRstima-
square 3 squars : tcasuale: ocasualties :casual~ :ted man
: : : t ties t ties roasual-
3 1 1 [ 1 1 : ties
: : % : T B 3 % : T ®
13 s O 3 49 t 60 3 100 100 T | s O
15 1 0 9 1 040 3+ 100 100 tMed, ER ¢+ O
17 : 0 64 t ¢60 3 100 100 tlight S ¢+ 100
: : : t : . (2)
19 : O 82 11,10 :+ 100 100 tMed, ERS: 100
21 1 0 3 60 t ¢60 ¢+ 100 100 t N 1 (0]
36 : 1 3 73 t «30 ¢+ 100 100 sDeath s 100
] t ] t 3 s ERS 3
37 1 1 : 47 t «40 1+ 100 100 1 N s O
39 T 1 60 1 .60 3+ 100 100 tMed, ER ¢+ O
41 s 0 3 78 t 60 3 100 100 1Death : 100
: ] ] ] : s+ ERS 3
: : : : : t (1&2):
43 s 0 1 35 t 40 ¢+ 100 100 tMed. R 1 O
67 t: 0 82 t 412 1+ 100 100 tMed. S : 100
: : : s : s (2)
69 t 0 87 t 12 ¢ 100 100 1Med, ERS: 100
61 : 0 1 78 1 50 ¢+ 100 3 100 1Death 1 100
: : : : : tERS 213 :
: s : : : tERS (2) 1

|
-3
ot
|
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Table No., 28 (Cont'd,)

Stake no, :Impact:From HS liguid:From HS vapor:From HS 1iquid:'rom EIfects

at centeriwithin:Estimated man : o,t.iEstima=: and vapor t on enimals

of 20=yd,:20=yd,: ocesualties svaluested maniEetimated man : Animal sEstima~
square 1square: toasual~;: casualties scasuale j;ted man

t
H H ] s ties : t ties jcasuale
: 3 ] 1 3 H 3 ties
: 1 E4 : T %3 % : S 4
63 s 1l 82 t ¢47 1 100 100 stMed, E 0
65 : O 58 t 30 ¢ 100 100 3 N 0
79 s 0 56 t «30 ¢+ 100 100 ! N 3 0
8l 1 0 87 t ¢30 ¢ 100 100 : N 0
83 : 0 68 t 30 3 100 100 tMed, ER : 0
86 : 0 44 t «30 3+ 100 100 : N 0
87 s 0 3 33 t ¢20 3 100 100 tMed, E ¢ 0
101 s 1 51 t 30 ¢ 100 100 t N o
103 s 0 3 87 t «32 ¢+ 100 100 tMed, E 0
106 : 0 38 : o206 3+ 100 100 stlight S ¢+ 100
: : : : : s (2}
107 t 0 0 t «16 ¢+ 100 100 3 N 0
109 t 0 0 t <13 ¢+ 100 100 : N 1 0
123 2 1l 3 73 t 20 3 100 100 3 N 3 0
126 : 0 89 1 32 ¢ 100 3 100 t N 0
127 t 0 60 t ¢20 ¢ 100 : 100 tlight ER3s 0
129 t 0 18 t «156 ¢+ 100 100 tLight § ¢+ 100
t : : : 3 s (1)
131 1 0 1 0 t «11 ¢ 100 100 : N 0
145 : 1 47 t 156 ¢+ 100 100 slight 5 ¢+ 100
: 1 s : $ s (2)
147 : O 3 (23 t o16 ¢ 100 100 tMed, ER 3 0
149 s+ 0 3 27 t «10 s+ 93 96 tLight S s+ 100
3 s : 3 t s (2)
151 s O 7 1 «10 3 93 93 s XN 3 0
153 : 0 0 1 409 ¢ 87 87 t: N 1 0
147 : 0 42 t «09 87 92 : N 3 0
169 t 0 44 t 10 : 983 3 86 s N : 0
171 1 O 3 0 1 09 ¢+ 87 87 : X 3 0
173 : 0 (o] t 07T : T3 3 73 s N s 0
175 tr 0 0 2ee07 ¢ T3 73 : N $ 0
189 s 0 24 t 03 1+ 42 55 t: N : 0
191 t: 0 22 1 408 2+ 66 73 tLight R 3 0
193 s O 3 0 1 05 s 42 42 + XN 3 0
196 1 0 0 t 402 ¢+ 30 30 : N 3 0
197 z 0 1 o 3 «03 ¢+ 42 3 42 : N 3 0
211 1 0 0 1 03 ¢ 42 42 tMed. R 0
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Table No, 28 (Cont'd.)

‘Stake no.:impactsirom Ho 1iguld:rrom HO vapor:From ES liquidtFrom offects
of centerswithin;Estimated men : o,t,sEstime=-3_and vapor : on snimals
of 20-yd,:20~yd.: ossualties values ed man:Estimated man : Animal sEstima-

square ssguares 3 scasual=: casualties ¢ casual-:ted man
H : 1 : tles : ties :ocasual=-
3 1 : [ [} [ : ties
3 } j% : 3 f s ? : : “2
213 s 0 13 1 «03 1+ 42 60 t N : 0
215 3 0 3 0 1 +02 1@ 30 1 30 H N ) 0
217 : 0 0 te0 ¢+ O : ¢} 3 N ! (¢}
219 t 0 3 0 t 401 ¢+ 11 11 t N : 0
Total ands 7 38.2 N 1 84,61 85,4 : T 22
AVOrage 3 $ : 3 : $ $

NOTE: Symbols used in ocolumn 7 to designate the nature of the
animal casualtiss are explained in paragreph 6,e.
(1) designates rat in cage on ground. -
(2) designates rat in cage suspended at an elevation
of 18 in,

Results in Table No. 28 show 85.4% casualties based on
sample data and 22% based on effects on animals.,

2, On Impact Area (10,000 sq.yd.).

The impact area #s defined in paregraph 9,4,(7),(d) is
shown on Chart 2H and the 20 yd. sq. included within its area are tabulated
in Table No. 29, On its area of 10,000 sq.yd. there wers 7 bursts and
offects from other bursts outside of the target, estimated as equivalent
to one additional burst, making the totel effects equivalent to 8 bursts,
Results show 99,5% estimeted casuslties based on sample data and 32,0%
based on enimel date.
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Table No. 29,

Estimeted Casualtles on Impact iree on E;gpsure During

Tiring Period end the Followin Hinutes
(ires = 10,000 8q.yd.J Auggs%-ﬁm .

Stake no, :impact:From S liguid:from HS vapor:From HS 1iquid:From effects
at center:within:Estimeted #an : o.t,:Estima-: and vapor s_on enimals
of 20=-yd.120=yd.: casualties ivalue:ted manikstimeted man i1 Animel ;Estima-

squeare isquarei : scasual=: ocasualties icasuale= ited men
: : 1 s tiles ¢ ties icasuel~
% ] ] T 3 3 t tles
: 1 % T T % 1 % N T
18 s 0 3 49 t o850 ¢ 100 100 3 N s 0
15 3 o 9 s o40 ¢ 100 100 sMed, ER 3 (v}
17 ¢+ 0 64 t +60 ¢+ 100 100 tLight 8 : 100
3 : : : : s (2)
16 : O 3 82 11,10 ¢ 100 100 tMed, ERS: 100
21 : O 60 t 00 ¢t 100 100 : KN ) 0
35 ] l 73 t ¢330 ¢+ 100 100 :Death s 100
: : 3 ] 3 s ERS 3
37 t 1 47 t «40 ¢ 100 : 100 1 XN 3 0
39 1 1l 80 : ¢60 ¢ 100 100 stMed. ER 0
41 t 0 78 1t ¢50 ¢ 100 100 tDeath ¢ 100
g 1 : 2 : $ERS (1)
s : ' : : sERS (2) 1
43 s+ 0 3 36 t «40 + 100 100 tMed. R 1 0
57 3 0 82 t +12 ¢+ 100 3 100 tMed, S 1 100
: : 3 : 1 t (2)

59 ] 0 87 t o2 3 100 100 iMed, ERS: 100
6l : O 3 78 tt 30 ¢ 100 100 1Death :+ 100
: : : : ) $ERS (1)

: 3 : : 1 1ERS (2)

63 t 1 1 82 t 47 ¢+ 100 3 100 tMed, £ 1 0
656 1 0 1 b8 t 30 ¢ 100 3 100 : N 3 0
79 s O 3 65 1 «30 ¢ 100 1 100 :+ N s 0
8l :+ O 67 t ¢330 ¢ 100 100 t+ N : 0
101 ] 1l 61 t ¢30 3 100 3 100 ) N t 0
103 3 0 87 t «32 1 100 100 stMedium 0
123 s 1 3 73 t ¢20 ¢+ 100 100 : N 3 0
126 3 0 87 t 32 ¢+ 100 3 100 : N 3 0
145 ] 1l 47 $ 015 ¢ 100 100 tLight 8 ¢+ 100
: : ) $ : : %2) :

147 s 0 71 t ¢15 ¢ 100 100 tMed ,ER 3 0
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Table No, 29 (Cont'd.)

Stake No,simpact:from HS liguid:From HS vapor:From HS llquidi:From effects
at centeriwithin:Estimated msn :e,t, :Estima=; and vepor

of 20-yd, :20~yd.:

casualties

t on animals

ivaluested manEstimated men ; Animal :Estima-

sguare t8quare: 1 scagual-: oasualties icasusle ;ted men
H 3 3 1 tles : s ties scasutl=
] 3 3 ! : s s ties
% : % 3 : f 3 f : :
167 t 0 42 t o089 2 87 92 3 N ! 0
169 t: 0 1 44 .3 10 ¢ 93 96 3 N 0
Total and: 7 62.7 ) ) 99.21¢ 95.5 s t 3%
average i : ] t : [ :

NOTE: Symbols used in column 7 to designate the nature of the enimal
casualties are expleained in paragraph 6,0.
(1) designates rat in cage on ground.
(2) designates rat in oage suspended at en elevation of 18 inm,

(g) Number of Shell Required to Produce 50% Masked
¥an Casualties per 100 Yerd square,

From data given in peregraph 9,d4,(7),(f),2 above, it was
estimated that the burst of 8 shell on sn area of 10,000 eg. yd. would
produce 99,5% casualties, based on sample date dnd 32.0% besed on effects
on snimals, when personnel who have only gas mask protection are exposed
on the impact area during firing end the following 22 min. On this
basis the following number of shell are required to produce 50% oasualties
when man is protected by gas mask only,

Based on HS liquid and vepor semples = 4 shell

Based on effects on snimaels - 1256 shell
Average = 8.3 shell

(8) Conclusions, From the results of the present test,
the following conclusions are drawn with - respect to the use of 155-zm,
howitzer shell filled with HS under the meteorelogical and terrain condi-
tions of the test,
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(2) The number of shell required per 100 yd. sg.
to produce §0% casualties when distributed as equally as practicable,
are as follows:

1. Vhen man protected by gas mask and stendard
impregnated olcthing is exposed during the firing pericd - about 44 shell
(see page T1).

2+ When man protected by gas mask only, 1s
exposed on the target for a period of 26 min. including firing - about
8 shell (see paregraph 9,d,(7),(g), above).

(b) 1In view of the small number of bursts on the
target, this test should be repeated,

e. Test of September 19, 1933,

(1) Objeocts To determine the number of HS-filled 155-mm,
howitzer shell require o produce 50% casualties when fired about 1 hr,
before sunset at personnel proteoted by gas mask only, who are located
in wooded country and remain on the impact ares for a period of 25 minm,
including the firing period.

(2) Materials Used., Fifty MII, 156-mm, howitzer shell
filled with HS were used in the test, The history of these shell and
the type of fuze and booster used are given in paregraph 4,

(3)  Target. The location of the target and position of
vapor sampling machines, panels and animals were the same as in previous
test conduoted on August 11, 1933,

Chart 11, shows the target as it wasprepared for the test
with position of animals, panels and sampling machines,

(4) Firing of Shell.

(a) Mamtment. Twenty=two shell wereuused,

Registration fire was dire at a position about 200 yd. west of the
target, Firing started at 4:01 pe.m. and ended at 4:356 peme

(f) Firing for Rffect. The howitzers were ranged
in parallel for impact on m%mg short axis of the target.
Firing etarted at §:10 p.m. and ended at 6:16 pem.,a period of 6 min,
Twenty-eight shell were used,
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A photostatic copy of a Memorandum dated September 19,
1933 from the Battery Commender to the Commanding Officer, Edgewood
Arsenal glving firing data by round, is atteched to this report.

(6) Meteorological Conditiens.

(a) During Firing and One Hour Following,

Time 5120 pems 5140 poms ©6:00 pom, 6:256 pom,
Air tempersture, °F, 72 70 67 66
Ground tempersture, °F, 74 72 69 68
Relative humidity, % 73 77 87 87
Wind velooity, m.p.he* slight drift only

Wind direection W W N NN
Sky Partly cloudy

*Recorded at an elevation of 6 ft,

(b) During the First Ten Days Following Firing,

“From 3 Temp, °F.  tHainfall: Cloudiness
From: 1o sMax, :!ﬁn. %) 8., inches 18 8,M, 110 8.M, 112 BOONIZ Pelle 14 Dels

i ol 1 o8 1 o7 3 o

1 1, 1 T, 1 Y. 1 .0
T o6 1 s 1. 1 le
1 1l 3 ° L] od 1 1l
3 6 3 3 3 6_
3 ﬁ 3 .5 3 .31 3 01
3 1.).: 3 10 ] 1. 310
3 Py 3 .? 3 OT 3 1‘

H .rt .1 ] ‘3 3 lc

T O 1 T 0 1 0
1 0 1 <0 3 o1 1 o1

(6) Results,

(a) Impacts,. The positions of impacts are shown
on Chart 2I, There were 28 impacts sccounted for on and around the target
of which 14 were normal bursts on the target,

Of the 50 shell fired inoluding the 22 used for adjustment,
there were 7 duds snd 1 low order burst noted.
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(b) Liquid HS.

l, Size of HS Drops. The paper panels on
the target were tabulated Tor size of‘ﬁ§4drops. Results are given in
the following table:

Table No. 30.

Number of Penels Shoiing Drops of O.1 mg. or Larger,

Panel: _ " No. of HS drops
no, 10,1 Lo 30Vver 0.6 10ver 1,0 i0ver 5.0

3045 mgetto 1,0 mg,:to 3.0 mg.s °
%?i, - 2 - g

%0 3 3 3 s
31 3 1l 3 :
36 1 98 33 1 11 1
41 : 26 6 3 1
45 1 7 7 1 7 1 5
b2 5 1 l 1 F
69 4 1 2 s 3 ! 1
70 1 8 1 3 3 1 1 1l
71 s 2 1 s
73 3 s 1 3 3
80 3 7 1 7 ! 1l 3
8l : 21 11 t 3
82 i 9 1 5 $ 3
83 3 : l :
84 : 3 1 s
86 3 7 @ 4 H 2 1 1l
87 1 17 7 3 :
88 : 99 3 3
89 16 4 3 3
91 : [ 1 1 2 $
93 ! 1 t 1 t
95 : 21 3 : 3
98 B 2 ! 3
99 3 25 12 t 3
106 : 80 15 3 :
110 3 1 2 H 3
117 3 59 1 11 3 3
129 : 1l ] ?
130 : 16 3 : 2 3
131 3 3 H H
132 1z 3 : !
141 2 1 H 1
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Teble No, 30 (Cont'd,)

Penel: ¥o. of HS drops —
No. 0.1 To 10Ver O.b :0ver 1,0 :0ver 340

30.5 etto 1,0 mg,2t0 3,0 me. .
142¢ %ﬁ 1 3 = 3 : 5
143; 15 5 s :

1563 2 3 3 t
156 4 3 3 :
157; 5 : 3
198: : : 3 1l
206 ] s : 1l
207: : 3 1l H 1l
208 6 3 H : 2
209; 25 25 t 25 :
210; 2 s 3
211: 25 16 t :
212: 18 5 s 3
218 S 3 : 3
219: 16 3 3
220: 25 X 2 2 1l
226 : : 1 :
227: 1 3 l s
228: 12 7 : 1 : 3
229: 2 t [
230 : 3 : 1
231: 2 4 : :

(e) Estimated Men Casualties from Liquid HS,

1l Man Protected by Gas Mask but without
Protection of Impregnated Clothing.

The paper panels on the terget were tabulated for density
of pattern using the pattern scale attached to this report., Results
are tabuleted in the following table together with estimeted men casual~-
ties. The basis of estimated casualties is explained in paragreph €,8.
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Table No.31.

Estimated Men Casualties from HS lLiquid Based on Panel Data.

FatterniPanels classifled :hstimated casualties
t No. sPer cent ofifor men protected by
ttotal on : gas mask only

]
] target H
3 : z

3

: 1
Heavy : 32 1@ 13,9 13,9
Nedium : 24 3 10.4 s 10,4
Light 33 : 14,3 H 1l.4
Prece : 53 3 22,9 2 13,7
No HS ¢ 89 3 38,5 :
Total 3 231 &+ 100,00 40,4

2o MNan Protected by Ges Mask and Standard
Tmpregnated Clothing,

From results in Table No., 30, & tabulation is given in
Table No, 32 of panels showing HS drops of 0.6 mg. or larger together
with estimated casualties for mem protected by ges mask and standard
impregneted oclothing. The basils of estimated casualties is explained
in paragraph 6,a,(2).

Teble No. 32,

Estimated Man Casualties from HS Ligquid Based on Panel Data.

Fite of HS dropsiNo, ofskEstimated cesualties for man
tpsnels sprotected by gas mask and

3 sstandard imgreﬁnated clothinﬁ

mge ) iper psnel arget area %

:

One drop or more: 23 1 40 3 4,0
between 0.5 to t :
1,0 but with no 3 : :
drop exceeding 1 g
1.0 3 3 3

One drop or more: 18 100 3 Y3
exceeding 1.0 3 3 3

Total 3 s s 12,2

Totsl penels on target - 231
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(4)

Estimated Masked Man Casualties from HS Vapor.

Vapor samples were teken at positions showm on Chert 11,
In Tables No, 33, 33A, 34 and 34A, which follow, the vapor concentration,
c.t. value and per cent estimated oasualties from effects of HS vepor
for man proteoted by gas mesk only, are given for each sampling position,.
The basis of estimated casualties is explained in paragraph 6,b.

Estimated HS Vapor Casualties on Target,

1.

Firing Period and Following 22 Minutes,

Teble No, 33,

Sampling:Elevation:Vol, of ¢ KS

1 Vepor:c,t, thstimated cesuslties for

position: of sair sam-ysamplediconcn, :valueiman protected by gas mask
s sample ’42}9d 3 3 : 3 on
: fte s liters: mg. mg./l.: : ¥4
C 3 1 t 860 1 16,5 : ,0194: .49 : 100
F 2 1 1 826 1 12,3 3 ,0154: .38 : 100
G 1 0 t 836 s 10,8 : ,0129: .32 : 100
J 0 :t 216+ : 1,2 3 ,Olll: .28 100
K 1 t 800 1 4,2 1 400b2: o13 : 100
N 1 t 826 3 14,1 3 J0171: 443 3 100
0 : o) t 836 1 4.4 : ,0062: ,13 100
R 3 0 t 8l4 1 2,4 1 ,0030: ,O7 : 73
S 1 t 212% 1 Q.6 3 ,0067: .14 : 100
§7.0
NOTE:  *Ssmpling machine stopped 6 min, after firing began due
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Table No, 33A,.

Estimated HS Vapor Casualties at Positions Qutside

s

of ﬁrset.
Sempling:ElevationsVol., of : HS  1Vapor i O,t.:Estimated casualties
position: of sair sam=isampled:oconcn, svalue:for man protected by
: sample :  pled 3 : : _ges mask only
: ft, : liters : mg.e mmg./l.s : o
D : 0 : 425 1 0.6 3 ,0014: ,04 : 50
: 1l g 425 1 1,0 1 ,0023: .06 1 66
H 2 H 425 3 104 H 000532 008 H 80
_ 3 4 3 425 31 1.6 3 ,0038: ,00 1 87
E 3 0 3 413 : 1,0 : ,0024: ,06 : 66
: 1l : 413 : 1.6 1 (0039: .10 3 93
: 2 g 413 : 2,0 1 ,0048: ,12 100
: 4 g 413 : 2,0 3 ,0048: .12 100
H 1 0 ¢ 418 1 2.0 1 .0048: 12t 100
: 1l 3 418 : 2.4 : ,0067: .14 : 100
1 2 3 418 : 2,8 1 ,0068: .17 100
1 4 1418 1 24,6 1 ,0062: 415 1 100
I ) 0 : 425 1 1,0 3 ,0024: ,06 : 68
) 1l ) 425 3 0,8 ¢ ,0019: .05 13 58
: 2 1 425 't 0.8 1 ,0019: ,0b : 58
$ 4 : 425 1 0.8 1 ,0019: 06 3 58
L : 0 1 400 1 4.6 1t .0l15: 429 3 100
1 1l t 400 3 bBegR 3 40130: (32 : 100
H 2 s 400 3 6.4 H 301603 040 $ 100
: 4 t 400 .3 4,2 : ,0106: .26 100
M 3 0 t 413 @ 1.0 : ,0024: .06 : 66
: 1 : 413 : 0,6 1 ,0014: ,04 : 50
t 2 : 413 : 0,6 : ,0014: .04 50
: 4 3 413 : 0,4 : ,0010: ,02 : 30
P : 0 & 418 1 4.2 1 0100t .25 3 100
3 1l t 418 : 5,2 1 ,0124: .31 : 100
: 2 t 418 : 5,2 : ,0124: .31 : 100
3 4 3 418 : 6,2 3 ,0148: .37 100
Q : 0 ¢ 407 1 0.4 1 ,0010; .02 30
s 1 g 407 s 0,4 : ,0010: ,02 30
f 2 : 407 ¢+ O : 0 3 0O 0
3 4 3 407 0 3 0 2 O 3 0
T 3 0 &t 418 1 248 1 ,0068: .17 3 100
: 1 3 413 3 1,8 1 ,0043: .11 : 100
3 2 t 418 : 2,0 : ,0048: .12 100
| 4 3 418 1 3,2 1 00763 L19 100
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2. From the 32nd to 6Tth Minute After Firing,

Table No, 34,

Estimated HS Vapor Casualties on Target,

Sampling:ElevetioniVol. of 3 HS & VADOrt: C.G.:Estimated casualtles

position: of sair sam-:sampled:concn, :value:for man protected by

: sample 3 pled 1 : 3 3 _gas mask only
: te 1 liters : mg. mg./l.t : %

c : 1 t 1262 1 544 1 400433 (16 100

F 1 1216 : 4,0 s ,0033: .11 100

G 0O ¢+ 1236 : 3.8 1 ,0031: .11 : 100

K 1 & 1180 1 3.6 1 ,0030: .11 : 100

N 3 1 1 1216 3 1645 1 401356: .47 : 100

0 s 0 1 1272 31 2.8 3 o0022: .08 : 78

R s 0 ] 1196 3 004 H .00033 .01 3 ll

Av, 84,1

Table No, 34A.

Estimated HS Vapor Casualtlies at Positlons Outside

of Target.
Sampling:klevation:Vol, of ¢ HS  :Vapor :0.t. :Estimted casualties for
position: of tair samwisampled :conon, ivalue:man protected by gas

: sample 3 led 1 ] t : mask only

s I, 1 liters + mg. ang./ila ! A
D 1 0 1 626 31 1.2 1 40019: .07 : 73

s 1 1 626 : l.4 3 ,0022: .08 3 80

1 2 t 626 1 l.4 : ,0022s5 .08 80

L] 4 3 626 3 ]'-04 3 oogz_gi 008 $ §0
B3 N 0 : 608 1 0.4 1 ,00073 .02 1 30

s 1l s 608 3 0,8 11 ,0013: .06 1 68

: 2 3 608 1 048 1 ,00)13: 0B : 658

: 4 1 608 1 0,8 3 ,0013: .05 3 58
H : 0 1 613 1 1.6 3 ,0028: .09 : 87

3 1 T B8l8 t 2,2 1 ,003531 ,12 100

1 2 :1 618 1 2,2 1 ,0035: .12 100

: 4 i3 618 s lest 3 1 3
i 3 0 : 608 3 O 1 O 1 O 1 0

| l : 608 0 t 0 : O 0

: 2 :+ 608 ¢+ O : O : O 1 0

3 4 1 608 : 0,4 3 00063 .02 3 30

» 85 =

Appendix F



Teble No, 34A, (Contt'd,)

Sempling:EBlevationivol. of & HS  $Vapor t o.G,:Eetimm ted oasualties

positions of sair samwisampled sconon,:value:for man protected by
: semple : pled 3 t: : gas mask only
oy ft. s liters : mg, ung./i.x :‘EA *%
L t 0 t 590 1 240 1 o,0034: ,12 : 100
: | 1 590 31 1.8 3 ,0030: 411 : 100
s 2 t 590 1 244 3 ,0040: 414 : 100
3 4 t 580 31 1.8 1 ,0030: L1l : 100
P 1 0 1 638 1 4.2 1 ,00661 ¢28 1 100
3 1 1 636 1 402 1 4006631 .23 : 100
? 2 :t 636 1 4,2 1 ,0066:1 423 100
1 4 1 636 t 360 1 00473 17 100
T 1 O t 618 1 I1e2 1t 00181 4O7 3 73
: 1 : 618 : 0,8 1 (0010: .03 : 42
: 2 1 618 @ 1,2 1 ,0019: .07 1 73
: 4 g 618 3 0e4 31 ,0008: 4,02 3 30

Semples taken at stations M and Q showed negative results,

(e) Estimated Man Casualties Based on Effects
on Animls.

Animale oonsisting of goats and rats were placed on the
target at positions shown on Chart 1I, Animal casualties and estimated
man oasualties for man protected by gas mask only, are givem in Tables
No., 36A, 36B end 35C, Animal casualties and estimated man oasualties,
based on effects on animals, are shown on Charts 5I and 6I, The basis
of estimated casualties and the symbols used in the tables and on the
charts, to designate the nature of the animal casualties ars explained
in paragraph 6,c.
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l, FiriqgﬁPeriod ard Followiqgrzz Minutes,

T‘blo Bo ® 35A.

Estimated Masked Man Casualties Based on Effects on Rats
Suspended st an Blevation of 18 in.

Position: Neture i1Severity :Estimsted mAn cas—
of t of of ualties
stake :oasuulty:oanualng

, I e

3

17 3 R :Death in: 100
3 t 2 days 3

4] t ERS sDeath in: 100
3 t 4 days 1

81 1§ iMedium : 100

105  :No rec~ :Death in: 100

s ord 1.1 dey 1
t ERS tDeath in: 100
3 1 3 days @

Total suspended rat positions -~ 25
Estimated man casualty positions - 6
Per cent eastimated man casualties - 20

Table No, 36B.

Estimated Masked Man Caeualtieé Based on Effects on Rats
in Cgsga on Ground,

41" 1 ERS :Death in: 100
1 1 2 days @

81 1 ER 1Death in: 160
$ t 4 days

106 @ ERS  :Death ing: 100
3 1 2 days

140 . ERS 1 Medium 1@ 100

Total rats in cages on ground = 13
Estimated man casuelty positions - 4
Per cent estimated man casualties - 30,8
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Table No, 35C,

Estimated Masked Man Casualties Based on Effeots on Goats.

TPosition: Nature :Severily:Estimated man cas-
of 1 of ¢ of 1 ualties
stake jcaswumltyi:casualty:

: : 1 f

16 :+ ER Death in: 100
3 1 & days

19 & ER  iDeath in: 100
: 1.3 days 1

35 R 1 Medium : 100

45 1 ER 3 Medium i K

b9 : E s Medium 3 o]

6o : ER 1 Medium 3 )

79 1 BR : Death 160
3 1in b das1

87 1 ER 3 Nedlum 3 — 0

127 1 E aLiEht 3 0

151 +  ERS 1 Medium 3 100

147 E 1 Light 3 0

151 3 BER 3 Medium i 0

187 : & : Light 0

jll T B s Light 0

219 1 ER 3 Medium 0

Total goets exposed - 25
Estimated man casualty positions - §
Per cent estimated men casualties - 20

2. Seventh and Tenth Days After Firing,

(2) Seventh Day After Firing.

Two goats were exposed in shell craters located between
stakes 145 and 147 for a period of 24 hr. on the seventh day after
firing. Goat casualties and estimated casualties for mean protected
by gzas mask only are as follows:

Goat No. 103 - ER light - no man casualty
Goat No, 127 - E light - no man casualty
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(b) Tenth Day After Firing,

Two goats were exposed in shell craters located between
stakes 145 and 147 for a period of 24 hr., on the tenth day after firing,
Both of these goats showed negative results.

(7) Diseussion,

(a) Shell Distribution.

The positions of impacts on and earound the target are-
shown on Chart 2I, There were 14 normal ground bursts on the target
and two bursts east of the target which were partly effective on the
target., It is estimated that the effects of these two shell east
of the target were equivalent to one burst directly on the target
so that on this basis total effeots on the target were equivalent to
the burst of 15 shell,

(b) Impact Area,

For purposes of discussion the impact area may be re-
garded as that part of the target represented by the 20-yd. squares
listed in Table No, 36. The impact area is shown on Chart 2I,

(¢) Estipated Casualties from Ligquid HS,

1. Effects of Mchxrolg;ical Conditions.,

The wind welocity over the target during firing was zero
8o that distribution and casualty effect of liquid HS were not affected
at all by meteorological conditions.

2. Effects of Terrain.

All shell bursts on the target were ground bursts so that
each burst represented a normal burst in open country, The location
of the target in woods in the present test, had little or no effect
on the total area covered by the liquid HS, other than effects due to
e retarded wind velocity.

Se Men Protected by Gas Mask but without
Protection of Tgpregnated Clothing,

From results in Table No. 31 it is estimated that personnel
protected by gas mask only would experience about 49,47 casualties from
liquid HS, if they are equally distributed over the target and remain there
during the firing periods The liquid HS on the target was due to the burst
of 16 shell. On the basis of 15 shell on an area of 20,000 sq.yd. to
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produce 49,4% casualties from ligquid HS when persomnel are protected by
gas mask only, it will require 7.6 shell per 100 yd, sq. to produce
50% casualties,

4. Man Protected by Gas Mask end Standard
Impregnated Clothing,

From results in Teble No, 32 it is estimated thet personnel
protected by gas mask end standerd impregnated clothing who are exposed
on the target during the firing periocd will experience about 12,2% casual-
ties, if equeally distributed over its area, On this basis it will re=
quire about 30.7 shell per 100 yd. &q. to produce 50% casuelties.

(a) Effects of HS Vapor,

l. Disoussion of Mctcrolo:&ical Conditions.

During the test, the air temperature was 71°F, and there
was almost no air travel, These oconditions were almost identically
the same as in the previous test (Test of August 11, 1933) which is
discussed in peragraph 9,d,(7),(d),1,

2. Firing Period and Following 22 Minutes.

(a) On Target.

Results of vapor samples taken at S sampling positions
on the target are given in Table No. 33 for the firing period and follow=-
irg 22 minutes, The vapor concentration for each 20-yd, square of the
target was figured from results in this table taking into consideretion
the positions of nearest impacts end wind direction., - These results are
given in the fifth column of Table No., 36. From the average of the
figures in the fifth column, it is estimated thaet persomnel with gas mask
protection only, would experience about 97.9% oasualties if exposed on
the terget during firing and the following 22 min,

Per cent estimated casualties from effects of HS vepor
ie shown graphically on Chart 3I, The shaded area on the chart represents
that part of the target on which it is estimated 100% casualties would
be produced by effects of HS vapor when men is protected by gas mesk
only,

(b) Outside of Target.,

Estimsated casualties at sampling positions downwind from
the target are given in Table No. 33A., Results show estimated cesualties
varying et the different positions from about 30 to 100% from effects of
ES vepor for personnel protected by gas mask only, who are exposed 30 yd.
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downwind from the impaoct position during firing end the following
22 min,

S« From the 32nd to 67th Minute After Firing,

(2) On Target.

From results of vapor samples in Table No. 34, it is
estimated that personnel protected by gas mask only would experience
about 84,1% casualties from effects of HS vapor if they are equally
distributed over the target end exposed from the 32nd to €7th min.
after firing, Estimated casualties for this period are shown
graphically on Chart 3al,

(b) Outside of Target.

Estimated wvapor casualties are given in Table No. 33A
bagsed on results at sampling positions 30 yd. downwind from the target
for the period between the 32nd and 67th min, after firing. Estimates
from these results wary from about 30 to 100% casualties for men pro-
tected by gas mesk only who are exposed from the 32nd to 67th min,
after firing,

(e) Estimated Men Casualties Based on Effects on
Animals,.

1. Firing Period and Following 22 Minutes.

Animal cesualties and estimated men casualties on the
target resulting fram exposure during firing and the following 22 min,
are given in Tables No. 36A, 36B, and 35C. The results in these three
tebles are consolidated in the last two columns of Table Ko, 36, From
the consolidated results it is estimated from animal ocasualties, that
personnel protected by gas mask only would experience 22% casualties if
exposed on the target during firing the following 22 min, In arriving
at per cent estimated man casualties, no weight wes given to the large number
of animel casualties which individually, were not considered the equivalent
of a man oasualty.

2, Persigtence of HS on Impact Area.

Results given in parsgraph 9,0,(6),(e),2 show two slight
enimal casualties out of two animals exposed in shell craters for s
period of 24 hr, on the seventh day after firing but no animal casualties
out of two animals exposed on the 1lOth dey after firing.
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(2) On Seventh Day After Firing.

The animal casualties on the seventh day after firing
indioate that the impact area could not be ocoupied by persomnel for
a period of 24 hr, without experiencing casualties unless they are
protected by gas mask and impregnated clothing.

(b) On the 10th Dey After Firing.

From the animal results it is probable that the impact
area could be ocoupied by personnel without gas protection on the 10th
day after firing, provided shell oeaters were avoided.

(£) Comperison of Per Cent Estimated Masked Man
Casualties Based on Neasurements of the Cas
Concentration and by its ELfeots on Animalis.

l. On Target (100 yd, by 200 yd,)

In Table No, 38, estimated man casualties are given for
each 20 yd, sq, representing an animal position, based on:

HS liquid determined by panel data.

HS vapor determined by vapor semples

Combined effects of HS liquid and vapor from sample date
From effects on animals
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Teble No., 36,

Estimated Casuvalties on Target on osure During Firin
and the Following 22 Min, (Area - 20,000 sg.yd.),

Sept, 19, 1933,

Stake no, 1impacts:From HS liquid:From BS vapor:From HS liquid:from ellects

at centeriwithin :ks ed man 3:0.t. 3kEstima=: and or ton animals

of 20=yd.:20=yd, : cpsualties ivalueited manaEsEIEE%eE man : Animal Estima-
square i squares tcasualss casualties tcasual- sted man

3
: 3 ] 1 ties : t ties sicasuale
1 : 3 3 3 3 -t tles
3 3 % 1 1 if 1 %; ) P ?i
13 3 1l 64 t ¢80 2+ 100 100 1 N 0
15 3 0 1 42 st «60 2 100 3 100 1Death ER: 100
17 3 0 7 1 «30 2 100 3 100 tDeath R ¢ 100
: $ : : : 1 (2)
19 1 l : 66 t 49 ¢ 100 100 tDeath ER: 100
21 | 0 1 63 t ¢30 ¢+ 100 100 f N : 0
36 1 0 1 64 1 440 ¢ 100 100 tDeath ERS 100
37 1 0 1 pY:] t 30 ¢+ 100 3 100 : N 0
39 3 0 13 t ¢330 ¢ 100 100 tR Mod. 1 0
41 T 0 1 73 1 «30 ¢ 10C 100 tDeath ERS 100
: s : : : : (1)
s s 1 H t sDeath ERS
t : 3 3 : : (2)
43 : 0 3 62 t 430 : 100 100 sMod. ER 0]
57 : 0 3 b8 t 40 ¢ 100 3 100 ] N 3 0
59 1 0O 3l t #38 ¢ 100 3 100 tMod, E 0
61 1 0 14 1 «30 ¢+ 100 3 100 : N 2 0
63 3 1l 60 t «32 3+ 100 100 tMod,. ER 0
65 1 0 35 t 30 ¢+ 100 100 $ N t 0
79 : l 89 t ¢30 ¢+ 100 100 sDeath ER: 100
8l : l 3 89 t +30 ¢ 100 100 sDeath ER: 100
s : : : : : (1)
) : : : ) 1Mod.S (2)
83 3 0 75 t ¢20 2 100 100 % N H 0
85 t l 73 1 430 1+ 100 : 100 3 N : 0
87 ) l 69 t ¢30 ¢ 100 100 sMod, ER 3 0
101 : 0 bl t 420 ¢ 100 100 2 N 3 0
103 1 0 38 t <28 ¢ 100 1 100 [ N : 0
1056 g 0 64 : 420 ¢ 100 @ 100 tDesth ERS 100
: : 3 s : s (1)
t : : : : :Death (2)
107 3 0 69 : 013 ¢ 100 100 3 N F 0
109 ] 0 1 60 t J13 ¢+ 100 100 s N s 0
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Table No, 36 ( Cont'd,)

Stake no.:impacts:From HS liquid:From S vapor:from HS 11quid:From effects
at coenmter:within :Estimated man : G.T,:Estima=; and vapor son enimals

of 20-yd,:20-yd, : casualties ivalue:ted man:Estimated man : Animal :Rstima=~

sgquare : squarei : toasuales ocasuslties jcasuale~ 1ted man

: H : t ties : g ties :casuale
] H 3 3 : 3 t ties
1 1 ;Z ' 1 ’t' t ﬂﬁ? : 1 ﬁf’
123 0 35 t «20 1 100 100 : N 0
125 0 1 22 t &30 3+ 100 100 3 N 0
127 0 31 : 16 ¢ 100 100 tLight E 0
129 o 82 t J16 : 100 100 1 N t 0
131 2 13 73 t «30 1+ 100 100 tMod, ERS: 100
146 1l : 35 t «20 ¢ 100 100 t N 1 0
147 0 1 20 t 30 ¢ 100 100 tLight E 3 0
149 0 20 1 413 ¢+ 100 100 tMod, ERS: 100

: : : : : s (1)
151 1l : 73 t 15 ¢ 100 3 100 tMod. ER : 0
163 0 88 1 «20 3 100 100 H N H 0
167 0 : 46 $ «20 ¢ 100 100 slight E 0
169 0 : 60 1 443 ¢+ 100 100 1 N : 0
1711 0 : 13 t «30 ¢+ 100 100 : N t 0
173 1 0 : 33 3 13 ¢ 100 3 100 : X : 0
175 0 80 t 510 ¢+ 100 28 t . 3 0
189 0 7 : 410 9% 93 : XN t 0
181 0 20 3 +20 ¢t 100 100 3 N 3 0
133 . 0 7 "3 016 ¢ 100 3 100 : N H 0
196 o 33 t 13 ¢ 100 100 : N s 0
187 0 76 t +10 93 98 : N s 0
211 0 31 t 04 : 60 66 iLight E 0
213 0 11 t JOT ¢ T3 78 :Death ERS 100
215 : 0 36 t +10 3 93 95 3 N ' 0
217 0 64 t o14 1+ 100 100 ] N 3 0
219 3 1 95 t 20 1 100 100 tMod, ER @ 0
Total and: 14 48,3 ) T 97.91: 0846 ) 1 22
average : : 3 1 3 3

NOTE: Symbols used in column 7 to designate the nature of the animal
easualties are explained in paragraph §,c.
(1) designates rat in csge on ground.
(2) designates rat in cage suspended &t an elevation of 18 in,
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Resulte in Table No. 36 show 98,67 sasualties based on
sample deta and 22% based on animal data. It will be noted in the
table, that no weight was given in the final average to a large number
of animal casualties which were not severe enough individually to be
classed as the equivalent of e man casualty requiring evacuation for
hospitalization,

2+ On Impact Area (16,200 sq.yd.).

The impact area as defined in paragraph 9,e,(7),(b)
is shown on Char® 21 and the 20~-yd. squaresincluded within its aree
ars tabulated in Table No. 37, On its area of 15,200 sq.yd., there
were 14 burstes end effects from two other bursts atside of the target,
ostimated as equivalent to one additional burst, making a total of
16 bursts, Results show 99,9% estimated casualties based on sample
data and 26,3% besed on animal datas.

Table No. 387,

Impact Ares - (15,200 8q.yde)s.

Stake no, simpacts:From HS liquids:From HS vepor:rFrom HS liquid:From effecte
at center:within ;Estimated man : o.t,:bEstima-: and vepor son animels

of 20-yd.:20=yd. : ossualties ivalue:ted man:Estimeted man : Animal :Estima-
square® 3 square: s0a3ual=1: casvalties : casual-ited man

:

H : : s ties s ties :omsual-

: 1 1 1 3 : 1 ties

1 3 ?% : : 35 3 55 3 2 af
13 3 1l : 64 t 4,80 1 100 100 t N 3 0
15 ] 0 : 42 t «60 ¢ 100 100 tDeath ER: 100
17 t 0 3 7 t 630 ¢+ 100 100 tDeath R ¢ 100

: : : : : : (2)
19 3 1 65 t «49 1 100 100 tDeath ER: 100
21 : 0 3 63 t «30 ¢ 100 100 s N 3 0
35 : 0 s 64 t «40 ¢ 100 : 100 sDeath ERS 100
37 s O 3 18 t «30 3+ 100 100 : N ) 0
39 1 O 1 13 t +30 ¢+ 100 3 100 iMod, R 0
41 : O 3 73 $ «30 : 100 : 100 1Deeth ERS 100

2 : : : : : (1)

H H H H H Death ERS:

3 3 : : : :  (2)
43 s 0 ] 62 t «30 ¢ 100 : 100 sMod, FR 3 0
57 : 0 3 58 t +40 1 100 : 100 H N t 0
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Table No, 37 (Cont'd.)

Stake no.:Impacts:from HS liquid:From HS vapor:From HS liquid:From effects
at center:within :Estimated man io,te iEstima=: and vapor

ton animals

of 20-yd,:20-yd. : omsualties ivaluested man:Estimeted msn : Animal :Estima=-
square : square: 3 tcagsual-: casualties s casual-:ted man
: : s s ties : tles icasueal-~
3 3 : 3 3 3 : tles
3 f Ei : T % 2 ?Z : ) A
59 3 0 1 31 1t ¢38 ¢ 100 100 tMod, E 0
61 : 0 : 14 t «30 ¢ 100 100 3 N 3 0
63 : l . 60 $ «32 1+ 100 100 tMod. ER : 0
65 3 0 1 356 : 30 3 100 100 : N 3 0
79 s l 89 t 30 2+ 100 100 tDeath ER: 100
81 3 l . 89 t «30 ¢+ 100 100 tDeath ERS 100
: ) t ' : : (1)
$ : : : s 1Mod.S (2)
83 t 0 1 76 : «20 ¢ 100 100 . | : 0
86 ! 1l 73 t 30 : 100 100 t N 3 0
87 3 l 69 : +30 3 100 100 sMod, ER (4]
101 3 0 51 : +20 2 100 3 100 ? N 3 0
103 ] 0 1 38 t «28 ¢ 100 100 s N 3 0
106 F 0 64 t 20 ¢ 100 100 sDeath ERS 100
: : : ) : r (1) s
: : : 3 3 1Death (2)
107 3 0 69 1 «13 ¢+ 100 100 s N 3 0
108 0 60 t 13 ¢+ 100 100 t N : o
123 ! 0 36 t 20 ¢ 100 3 100 : XN ? 0
1256 ) 0 3 22 t +20 3 100 100 : N : 0
127 s 0 3l t ¢16 ¢ 100 100 tLight E : 0
129 3 0 1 82 t «15 : 100 : 100 : N : 0
131 ) 2 T3 t 30 ¢ 100 : 100 tMod. ERS: 100
145 ) l 36 : +20 ¢ 100 100 : N ) 0
147 : 0 : 20 t 30 ¢+ 100 100 slight E (4]
149 0 : 20 1 013 + 100 100 tMod,ERS : 100
: : : : t : (1)
151 : 1l 73 t «16 1 100 100 stMod. ER 0
153 0 : 86 t «20 ¢ 100 100 : XN t 0
175 ) 0 80 1 410 ¢ 93 98 s N : 0
197 3 0 : 76 t 410 : 93 98 : XN : 0
219 ) 3 3 05 1 420 ¢+ 100 100 tMod. ER 3 0
Total end: 14 : T 00,81 99,9 : T 26.35
average i : s 1 : s :
- 96 =
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NOTE: Symbols used in column 7 to designate the nature of the
animal casualties are explained in peragreph 6,c.
él) designates rat in cage on ground, -
2) designates rat in cage suspended at an elesvation of 18 in,

(g) Number of Shell Required to Produce 50%
- Wasked Man Casualties,

From date given in paragraph 9,e,(7),(f),2 it was estimated
that the burst of 15 shell on an aree of 15,200 sq.yd, would produce
99,9% casualties, based on sample data and 26.3% based on effects on
animals when personnsl who have only ges mask protection are exposed on
the impact area during firing end the following 22 min. On this basis
the following number of shell are required per 100 yd. square to produce
50% easualties when man is protected by gas mask only:

Based on HS liquid end vepor samples = 4.9
Based on effects on animals =~ 18,6
Average - .

(8) Comclusions., From the results of the present test,
the following conclusions are drawn with respect tothe use of 156-mm, howitzer
shell filled with HS under the meteorological and terrain conditions of the
tost,

(a) The number of shell required per 100 yd. square
to produce 50% casualties when distributed as equally as practicable, are
as follows:

1. When man protected by gas mask and standard
impregnated clothing is exposed during the firing period = about 31 shell
(see parsgreph 9,8,(7){c),4).

2. VWhen man protected by gas mask only, is exposed
on the target for a period of 25 min. including firing, about 12 shell
(see paragraph 9,e,(7),(g), above),

9e General Diascussion,

2. Duds, Of the 207 shell used in the five tests discussed
in this report, there were 38 duds or an average of 18,3%.
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be Results. From the results of the tests, the following
number of shell are required per 100 yd, square to produce 50% casualties,
depending on terrain and meteorologiocal conditions.

For man protected by gas mesk only, from 6 to 14 shell,

For man protected by gas mask and standerd impregnated
clothing, from 20 to 72 shell,

0s Future Tests, It is believed that sufficient tests of
HS~filled 166=mm. howitzer shell have been condusted to determine the
number of shell required for effective resulte under different terrain
and meteorelogical conditions, It is believed that a atudy should be
made of the results of the 9 tests conducted and theat an E,A,T, report
be prepared thereon.

10, Recommendations,

That an E.A,T. report bs prepared covering the 9 teste
of HS-filled 166-mm, howitzer shell which have been conduoted,

Sutmitted by

ésé B,G. Macintire,
oG, MAC R

Test Section,
Munitions Development Division,

Report of teat of HS-Filled Approval recommended
155~zm. Howitzer Shell

Taste "E" to "I" inoclusive élé Charles E., Louoks,
Year 1933 . s

Captain, C.W.S.,
Chief, Munitions Development Division.

Typed nsm Approved

December 12, 1833
. LOUCES,
Captain, C.W.S.,

Acting Technical Director,
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BATTZRY "C" 8IXTH FIELD ARTILLERY CCB/fob
Fort Hoyle, Maryland.
June 20, 1933.

umhidlC : To Captein C.E. Loucks. C.W.S,

The following record of the Mustard Gas Shoot performed by
this battery on June 15, 1933 is submitted.

; AEGISTRATION
Weather Clear, gentle wind from i.W. Initial data corrected for
drift only. Registration point 140 yarde East of East side of

impact area et center range. First round fired at 4:50 P.X.

Compaes 3311 on Io.1 ¢

close 4, 3hell llustard: : : : :
~3as, fuse loang chiarge H : : H
5 No.l. 1 rcund 3 303 ¢ r e : : 1
R S $1303 3 & % - : 3 2
L 3 3 300 ¢ s 3 - : DUD : 3
L2 1890 3 4+ ? : : 4
— 2380 ¢ - + : 3 5
R ~ 1354 1 & + : H 3
R1L io.l recoré 5.5, : : tAdj.Elev:
: : : $383 :
i0.0 aAdj.N0.2. 1 rd, 3283 % - < . : 7
R 2 285 s + 3 + 3 : 8
R 1 io.2 record B.D. : : : tAdj.Elev:
L H : HI 1394 :

- No,d adj.¥0.3. 1 rd. 3283 ¢ - ¢ + : LUD )
R 2 1224 1 - ¢ + : : 10
R 3 iio.3 Trecord B8.Z. : : tAdj.Zlev:

: 3 : 3285 @
20,4 adl. No. 4. 1 1d.:384 - 3 * : DUD s l%
R 3 395y ¥ + € : t 1
No.4. record 3.D. C.F.: : : tAdj.Elevs
-t $ ; 3354 i
U

Btry adj B.D. Rigat

28 on No.4 open,5, : : :
Shell X.G. fuse long : : : :
c¢h.5 Rigut Flatoon 2363 ¢ : : H
4 _rTound 312384 : G -~ : C c : : 14
Battery 5 rounds 1395 : : :
. 1394 : : : g
1395 : tlst. R4.:
169% 1= = = -t S 1 DU ¢+ 13
. H i S ton i 33
digimunm Blev. 2 :gils ¢ i+ -+ &3 < 33rd, Ré,: 26
v : 1 Mol 3 H C t4th. Rd.: 30
_ by = = < C: C :S5th, Rd.: 34
Btry. 1] R4. Same Elev.: t- = = C: C : s 38
all senstngé iz fire for effect are made on panel center of sarea.
&+ OVER </’ Ry ) ‘i
- SHORT — el A oy Bt
¢ CORRECT : o Chas. C. Brown,

Captain 6th Field Artillery.



MINO

Vs .~: -J’
BATTERY 'o' auxrn FIELD ARPILLERY

- Fort Hoyle uaryland. )
..&ay a3, 1933.

t To captaan C.E. Loucks,-c.n,s.

d

CCB/fob - -

The tolloMng report 1s submi tted as e record of the Mustard
- Gas Bhoot performed for the C.¥W.8. School by Battery "C" 8th
!’ eld Arti].lery on May 18 1933

. .IEEI§!§LIL_!__ '
Weathey clear wind from 8.¥. Initial data corrected for drift
: ,y. Dgﬁatmtion poi.ntluo yds East of Eaat eide of impact area

DEFI.E IOK nmms NO.RIB
- ? 1
? 4+ 2 .
t - ? 3
. - ? 4
il = - 5
_ + 5 - - 8
L eft 3 = - 7
8it 1 + - 8
_ EL llo.!I Reoorgda .D. -
NG ‘d » 0,4 l $ 9 .
R1/gh o+ - 10
(eft 1 No. .Record B.D. D
\d]. No. ' T Ei‘ ‘ ].%
- = 1
N OR + 1
Mipght 2 No.,S5 Record B.D. :
Nd.d Adj. No.4 1 rd. CR = 14
. 241K - CR 15
e — — + = 18
. [eft ] No.4 Record B.D. ,
FIRE FOR EFFECT 5:30 P.MN, )
Bdse Def.Right 36 On #4 No.3, 910
en 5. No.3&3 1 rd. No.3,308 + - CR ~ 18
1 Round 309 i+ + 22
09 ++4 CR <6
- 1h CUD
Nde. 2 & 3 1 Round lio. 2, 308
_ B N0.3,300 CR CR CR 28
4 B?ttery‘ 1 Round No.1l, 302
). No.2,302
’ lo.3, 300 . CLE
~ _ _ §0.4,302 -CR CR CR TUD a2
Battery 1 Round No.l,303
. No.2,303 CR CR
¥0.3,302 CR %
_ . lio.4,303 SR N 23
Bgttery 1 Round ~ 308 CR CR Io. ool
CR CR FIi=Z2
SLEFECTIVE
— N Szell 3G
Cnas. C. Brown,
Nerwmdndnm 26w e o~y 3 . e o



Dompass 3?11 on & : : : :

' N6.1 Close 4,8hell: = : : : : :
. MustapdGps,Fuse : : : : :
- longOhkrge 5, No.: .t ¢ : : :
S : 2300 - ¢ . SR LI S
~ B :3%5 : + s ? 3 : 3 3
o : R N A A | -
_ - 1902 : & ¢ ?_ : 1 4
— ' aiggf 3+ ¢ + : : 5

‘ y 3395 1 - 3 - : T 6
£§§§55§’ — 297 .1 % . - : A
Left 2 2397 3 & ¢ ? i HIER - -
B :g%% ! & . - H $ 95":

feft 1 : T - 3+ C : s 10

: 3295 ¢+ ¥ O s s 11 ¢
lo.l Record B.D. : s ' : H :
"Jo.3 Ad No.2,] rd;395.5: ¢ ? 3 H 2
1294.5: ¢+ + :Low‘brder 13

ﬁight 2 No.2 Rec-: : H : s :
ord B.D.No.Z Adj. . : : A |
NO.3 rd. :1304.5y - . - H : 14 ¢
~_9-f_‘—}_Lg t3  .294.5: 0 C : : 15
No.5.Record B.D. ¢ ~ ¢ K s : ¢
No.4 Adj. No.4, H : ' : H R

1, rd. :1394.5: + + : s 16
%;EE} g 1 04.5: - + : 17

g 0.4 Rec-: : : : : :

ord B D.Cease Fir-: : : s : H

‘ 2 ‘FIRE FOR EFFECT :6:05 P M. :
Battery Adj.Base ¢ FE , : : :

T u M0

| 1 open 5 Shell Mus:

6 rounds :1308.23:

BA‘M" e 'uxrn'rmn m'rILLm’~ - GCBfob
A ort noyle. )la.ryland. NS |

July 12, 1933.

:'To Gaptain~d{f; Loucks, C.¥.8.

The following record of the Mustard Gas Shoot performed

by thie battery on July 6 1933.

- REGISTRA:ION o
leathpr Clear, gentle wind. from the leat. Initial data

| corrected for drift only.

WY —

Def.left 50 on No.:

tard Gas fuse long:
charge 5 Battery :

Qbaervation of effect not possible

- :33 rounds fired for effect.

: : i 40 :




~ « ‘;- v . .}’v
 BATTERY "@" SIXTH FIZLD ARTILLERY, . CCB-FOB
Fort Hoyle, Maryland,
August 14, 1933.

Memo : To Gaptain C.E. Loucks, C.".S.
The following record of the Mustard Gas shoot performed by

this battery on August 11, 1933.

REGISTRATION
Weather overcast, no wind. Initial corrected for drift only.

First Round fired 4:46 P .M.

El e —— e e e
DATA RANGE: CEFLECTION:REMARKS: ROUND:

Compass 3311.Cn No.l ¢
close 4 B8hell M.G.fuse:

longCha.rge 5. No.l,1rd: : : : : :
Quad. t300 : ¢ ¢ + 3 : 1l
Right 5 1300 ¢ - ¢ - : T 2 @
ge%x 3 - 1300 3+ ¢ + : -
Right 1 1300 + CR : T4
rounds 1297 4+ - = + ¥+ ¢ : +5,6,7 ¢
Right 1. No.l record : : : T t
base deflection : : : : : :
No.2 Adjust.No.2.1 rd.:298.5: ¢ - : : 8
Leit 5 -898 s = + : : 9
Right 3. No.2 Record : : : : : :
Base Deflection : 3 i : : i
No,S Adjust. No.%,1.7d;208.5: & - : i 10
Left 5 1398, 5: + + : s 11 ¢
Right 2. Ng.s Record : : : : : :
Base Deflection 1 1 1 : k] 1
No.4 adjust. No.4.1 rd'ggg.g° + - : : ;g :
Left 5 : D1 - 8 - : : 1 :
Left 2 - - . 1298,5: = + : 14 ¢
- Right 1. No.4 Record : : : : : :
Base Deflection : H H : 1 :

— FIRE FOR HFET FIRBT ROUND 5:47 P.M.
Battery Adiust Base . 3 : l t i
Def. Left 0. On No.l :. : : : :
open 5.'8hell M.G. 1312.2: : FIRE FOR EFFEC‘I’ : 15
fuse long.Charge 5. : : + NOT OBSERYED. T to
Battery 7 rounds i i ! : : 40 :

(f/ - J*‘”
) / Chas. C. Brown,
Nantatn Q4K Diara Av+~l11bv-"




BATTEKY "A" oIXTH FIBLL AETILLBKY

Fort Hoyle, Maryland.

September 25,

SUBJECT: Feport on 166 rm Shoot, September 19, 1933.

To s Lieut. Colonel J.W. Lyon, Edgewond Arsensl, Mervlend.

1933,

derewith is report of 156 um Howitzer, iusterd Gas Shocrt,
fired by this Bettery at 4:00 P.li, September 19, 1933,

Clear to pertly cloudy.
"Wind, mouerate westerly,

Temperature 65 degrees - 70 degrees,

Time of sdjustment: 4:00 P,L,

" Time of fire for effect: 4:50 P.I,

‘Number of rounds for adjustment - 22,

Nunber of rounds for effect - 28,

- ADJUSTMBENT

COLaNDS : BABV. ‘¥ OF RD:RANGE : DEFL, ‘PEMATK @

Caupess, 8211 : : : i : :

(n #1 close 4 s : : : s :

Snell :{.G. Ch.5.FL : : I : s s

#1, 1 Rd Qued. : 300 1 : plus : ¢ :+ dud

s 285 2 sminus : minus :

‘Left & : 298 : 3 : 1 : 1 s dud

t 298 : 4 :minus : plus H

Right 3 ¢ 300 : b :minus : minus : :

leoft 2 : 302 : 6 :wminus : ¢ : H

‘ ¢ 303 1 T ¢ plus : minus : H

Left 1 3 kds. : 302.5 ¢ 8. :Minus : Yinus : H
s : ) :tminus : plus :Def.Correct

: : : 10 : plus : minus g s

# 1 record Base Deflection.

# 2 sdjust, : : : : : :

#2, 1Rd ¢ 302.6 : 11 : plus : plus :

Right b s 300 s 12 sminus : ¢ :Picochet

s 301 s 13 tminus : 7 : s

¢ 302 ¢ 14 sminus : ¢ : :

: 302.6 : 16 : plus : minus : s

Left 2, # 2 record Base Deflection. ‘

#3, adjust. : : : : 3 :

. #3, 1 Rd : 302.6 : 16 :minus : plus : :

Kight ¢ : 302.6 ¢ 17 : plus : plus : H

Right 2 s 302 : 18 :correctcorrect: :

#3 recora Base Leflection.

. 1‘-

Lﬁ?//w‘oz







PATTERN SCALE (155-mm. Shell, HS)
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PATTERN SCALE (155-mm. Shell




PATTERN SCALE (155-mm. Shell, HS)







. 2. A test be conducted using HS=filled 155~mm,
howitzer shell meeting present standard specifications for the
purpose of ocomparing the casualty-producing effects with those
obtained in the tests covered by this report,

w )8 -





