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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.




I.
II.
111,
Iv,

Ve

vi.
Viia.

TABLE OF CONTENTS

INTRODUCTION CO9 00000 00 100000 PP SO0 NONSEROOOPRCETROROITEOTIOETRRIOTOTTYN
HISNRICAL L] . L] * L ] L] L . L] L] L] L] . . L * L] L] L L] L ] L]
mORETIcAL LA L I R I BB BN B BN R N R I DN Y BN BN BN BURN BN BRI BN BN AU BN BN BN BN N N )
mERI:MENTAL L] L L] . L * . . * . * L] . L] L] L) ® L] L] L L4

A. HO'thO TOBtl WO!‘O Conductﬁd 00 000000000000 00 0000
B. How Data were Interpreted in Terms of Man
Casuslties o o ¢ ¢ o ¢ ¢ ¢ ¢ 5o 0 06 06 06 06 0 o o

le Paper Panels and Silhouettes esccecesccccees

8, For Personnel Protected by Gas Mask
and Impregnated Clothing o « o +» + o

be For Personnel Protected by Gas Mask
and Nonimpregnated Clothing seeceess

2o Casualties Based on HS VAPOr o ¢ o ¢ ¢ « o o
Se Casualties Bated on Effects on Animels cess.
4, Shell Required for Effective Results « « o «
6o Effective Gas Concentration cececsocecscoces

Ce The Percentage of Normal Bursts ¢« « ¢ ¢ ¢ ¢ o « o
De The Number of Shell Required for Effective Results
E, Persistence of HS on Target « ¢ ¢« o ¢ ¢ ¢ o o o o

DISCIISSION S0 0 000600000 000000080 P00 0008000000 GOEOOTNS RN

A, Suitability of Remaining Shell for Service . . .
B, Future Tests of HS-Filled 155«mm, Howitzer Shell

CONCLUSIONS GO0 0 0000000000000 080008000000 0c0c00000000
RECOMMENDATIONS.-.-.....’...‘.'.-O

REVIMR'S NM‘E O 0 000 000 C0GO 00O GO0 00 B0 OGO P0G OO 00NN 0P OAN BN

9

10
10
10
11

11
11
16
16

16
17

17
17

19

P rntes o 1o



Appendix

Appendix

Appendix

Appendix

Appendix

TABLE OF CONTENTS (Cont'd,)

APPENDIXES

Report of Test of HS=Filled 155=-mm, Shell
from Wer Reserve, February 16 and 17, 1932,

Report of Test of HS=Filled 155~mm, Howitzer
Shell.  Test A - May 23, 1932,

Report of Test of HS-Filled 165-rm, Howitzer
Shell, Test B = June 11, 1932,

Report of -Test of HS-Filled 155~mm, Howitzer
Shell, Test C = August 4, 1932,

Report of Test of HS=-Filled 166-mm, Howitzer
Shell, Tests E to I Inclusive, Year 1933,

Page



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,

- 16 =



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.
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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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Appendix B

m of Test of HE~Filled 156-mm, Howitzer Shell,
Mt A~ ®
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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 oca