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Underwater-blast injuries, at increasing ranges beyond the lethal zone from
small charges, were studied using animals. The study was conducted in an arti-
ficial pond that measured 220 by 150 ft at its surface. The pond was 30 ft deep
over its 30—~ by 100-ft center portion. Sheep, dogs, and a few monkeys were
exposed to the blast oriented vertically in the water (long axis perpendicular to the
surface). Most were exposed to the blast at 1-ft depths, heads above the surface,
and a limited number at 2- and 10-ft depths. Explosive charges were mostly bare
spheres of Pentolite weighing 0.5, 1, 3, and 8 Ib. All charges were detonated at
10-ft depths. The imiersion-blast injuries were of minor severity and consisted
mainly of lung hemorrhages and small areas of contusions in the gastrointestinal
tract. The incidence and severity of the injuries were correlated with the impulse
in the underwater blast wave. Tests were run with dogs beneath the surface to
evaluate eardrum rupture. The subjects were right-side-on to the blast, and a
probit analysis run on the data for the right ears yielded an impulse of 22.6
psi-msec for 50-~percent eardrum rupture.

Based on the results of this study, a safe impulse level of 2 to 3 psi*msec for
unprotected swimmers, head above the surface, was proposed. This safe impulse
level was discussed in relation to the underwater blast-wave parameters in the test
pond and existing response data for personnel. -
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et Underwater-blast injuries, at inereasing ranges beyond the lethal zone from
small charges, were studied using animals. The study was conducted in an arti-
ficial pond that measured 220 by 150 ft at its surface. The pond was 30 fl deep
over its 30 by 100-ft center portion. Sheep, dogs, and a few monkeys were

exposed to the blast oriented vertically in the water (long axis perpendicular to

P the surface) . Most were exposed to the blast at 1-ft depths, heads above the

E 3 surface, and a limited number at 2- and 10-ft depths. Explosive charges were

; . mostly bare spheres of Pentolite weighing 0.5, 1, 3, and 8 1b. All charges were
. detonated at 10-ft depths. The immersion -blast injuries were of minor severity

and consisted rainly of lung hemorrhages and small areas of contusions in the

gastrointestinal tract. The incidence and severity of the injuries were correlated

-
LN

with the impulse in the underwater-blast wave, Tests were run with dogs beneiath

' the surface to evaluate eardrum rvupture. The subjects were right-side-on to the
E blast, and a probit analysis run on the data for the right ears yielded on impulse
o of 22 .6 psi-msec for 50 -percent eardrum rupture.

§ Based or ‘he results of this study, a safe impulse levei of 2 to 3 psi-msec
' i* for unprotected swimimers, head above the surfuace, was proposed. This safe

?@ impulse level was discussed in relation to the underwater-blast-wave parameters
j :7 in the test pond and existing response data for personncl.
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FOREWORD

This report presents the results of tests run to determine the far -field
underwaler-biast injuries in large animals (mostly sheep). The tests were
carried cut in Lake Christian an artificial pond on Kirtland Air Force Basc { East),
Albuqueirque, New Mexico,

The work was performed by the Lovelace Foundation for Medical Education
and Research under contract with the Defense Nuclear Agency, Contrucl ivu.
DASA-01-71-C -0013, The funds were provided by the U.S. Navy Bureau of
Medicine and Surgery (BUMED 7111) and the work was under the direction of
the U.S. Naval Ordnance Laburatory (NOL). The NOL representative was
Miss Ermine A . Christian of the Explosions Research Department. Because of
limited annual funding, the study spanned a 3-year period.

Twenty-one tests were run from September throiagh November in 1970
involving 42 sheep, six monkeys, and six dogs exposed at 1-ft depths.

Fifteen tests were run from May through July in 1971 with 38 sheep and
seven dogs exposed mostly at 2- and 10-ft depths. A preliminary data report
was prepared in December 1971,

Nineteen tests werc run in July and September of 1972 involving 21 sheep
and 24 dogs exposed at depths of 1 {t or less.

The information gained in this study can be applied to estimating safe and

deterrent ranges for swimmers in lhe environment of underwater explosions.
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INTRODUCTION

What is a side distance from an underwater explosion for personnel in the
witer? The problem this question poses has existed for a long time. In partic-
ular, what is the closest range for no-cffects from a given underwaier explosion
for unprotected swimmers? Although there is some information on the response
of persounel clothed in diving gear, summarized in reference 1, data for unpro-
tected swimmers are notably meager. Usually, volunteer swimmers were at
such great distances [rom underwater explosions that the findings were not useful
(references 1 through 3). The only safety criterion existing today for unprotected
persounel in the water is- -get out of the water during the explosion. The Naval
Ordnance Laboratory (NOL)-Lovelace Test Facility provided an ideal opportunity
to conduct systematic tests to determine the fur-field underwater -blast effects
in biological specimens. The tests could be run under carefully controlled condi-
tions wherein the blust-wave parameters were measured precisely with the most
up -to-date piezoelectric gages.

The purposes of this study were: (1) to determine how the bivlogical
effects of underwater blast fell off with range beyond the lethal zone from srnall
charges, (2) to obtain some information on the response of ears to underwater
explosions. and (3) to correlate the effects with the impulse of the underwater-

blast wave so that the resulls could be scaled to other exposure conditions.
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METHODS

The Test Pond
The test pond was 220 by 150 ft and was 30 ft deep over its 30~ by 100-ft

center portion, fipures 1 and 2. The entire pond was lined with black polyvinyl

plastic 20 mils thick. A §-inch-deep layer of sand was located beneath the plastic
in the 30-ft-deep portion of the bottom. The sides of the pond had a 2 -to-1 slope.
Two sets of rigging spanned the pond in a north-south direclion. The main rig-
ging, located 80 ft from the west end, consisted of a grid 14 by 24 ft which could
be raised and lowered by an electric winch on the south bank. The other rigging
was approximately 30 ft from the east end of the pond. Its center grid was 5 by
10 ft which could be raised and lowered by a hand winch on the south bank, The
test pond contained approximately 3.2 million galions of tap water.
‘The ambient air pressure at the pond was 12.0 psia.

General Procedures

In general, threc animals were exposed per test. With few exceptions, they
were all at the same range on a given shot. All the test subjects were mounted
vertically in the water (long axis perpendicular to the surface). The depth of the
shezp was measured from the water surface to their xiphisternum. Dogs and
monkeys were submerged to about their glottis level, shoulders beneuth the
surface, but were designated at 1-ft depths., All animals were right-side-on to
the charge.

Animals Vertical in the Water

The first tests were run by placing animals at increasing distances from the
charges. The animals were at 1-ft depths, and the 1 -, 3-, or 8-lb charges were
detonated at 10-ft depths. Based on the initial results from the 1-1b charge
firings, tentative biological endpoints (a given severity of injury) and corre-
sponding impulse levels were chusen. These were to he evaluated with dogs and
monkeys cn the surface and with subjects beneath the surface. The endpoints
were: threshold for lung injury (about 40 psi msec), threshold for G.I. tract

contusions (near 20 psi-msec), and no-effect level (approximately 10 psi*msec

or less).
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The 30-{t-deep portion of the pond was too small to confirm a no-effect range
with 3~ and 8-lb charges with animats at 1-ft depths. 1t was soon learned that
even for the 1-1b charge il was necessary to work at ranges beyond 100 ft in order
to obtain a certain no-effect range. A rigging was placed across the east end of
the pond so that animals could be exposed at the 130-{t range. The charge was
60 ft from the west end of the pond, and the targels were in water 15-ft deep.

Later in the testing, animals were placed at 2- and 10-ft depths to confirm
some of thol endpoints in targets be’negth the surface. It was necessary to use
0.5-1L charges to get impulses-of 10 psi-msec or less for subjects at 10-{t depths.

The life-support system that supplied air to the sheep at 2- and 10-{t depths
consisted of a face mask (made from polyethylene bottles) having an air inlet
hose in the side and a one-way outlet valve in the front of the mask. it covered
the animal’ s nose and mouth and was held in place by four strings tied to the
back of the head. The compressed air was delivered to the mask via plastic
tubing connecied to a manifold of five pressure regulators fastened to two air
bottles in series. When animals were exposed at 10-ft depths, 2 psi was applied
to the system once the mask waéattachcd to the animal. The pressure then was
increased to 6 psi and the ri;:g:ing' lowered to place the animals at the 10-ft
depth. Following the detonation, the animals were returned to the surface within
1 min, the delivery pressure reduced to 2 psi, and the face masks quickly
removed and inspected for water.

A summary of the shots lived, the ranges used, and the animal numbers
are given-in tables 1 through 4 for each chavge weight.  In addition to those
listed in the tables, four shots were taken to get additional bottom reflection data.
Aninals Hovizoatal to the Saelace

A series of four tests was run with the animals horizontal to the surtace,
table 5. On two of the tests, live animals were at 0.5 {t depths in the prone
and supine positions, and one was in the upright orvientation at a Ut depth, On
the two tests with animals at -1 depths, they were all prone. The depths were
measured from the water surliacee to the under surtace of their frunks,

Eavdrum Response Tests
Faght tests were run speciflically for eardrum vesponse data, table 6. Dogs

were used beecause the size and geometry of the eardrum and middle ear
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turgets vertical in the water to anticipated impulse

levels of 10 psi-msec and less.

Table 1 .---Rangés at which 0.5 1b charges were {ired to subject

1

E Shot No. Slant Range. 1t Target Depth, It Animual Numbers

F
sl 110 L sheep Nos. 136, 129, 143

: 182 110 1 Sheep Nous. 138, 1144, 150

'

? 178 93 2 sheep Nou, 247, 120, 124

: 166 Lo 10 Sheep Nos. 2387, 556, 490
169 100 10 Sheep Nos. 108, 121, 114
170 100 10 Sheep Nos. 123, 101, 122
180 100 10 Dogs Nos, 121, 122, 118
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13
v Table 2. --Ranges at which 1-1b charges were fired to subject
targets vertical in the water to anticipated impulse
: levels of from 40 to 2 psi-msec, ‘
¢ shot No, Shunt Range, 1t arget Depth, It Animal Numbers .
, : 136 26 1 Sheep Nos. 156G, 185, 189
- ! 152 206 1 Monkey No. 76; Dog No. 224
137 30 1 Sheep Nos. 118, 167, 169
; 151 34 1 Monrkey No. RO; Dog No, 208 ;
M , 138 o4 1 Sheep Nos. 115, 116, 171
; 139 38 1 Sheep Nus, 138, 177, NN
- 141 46 1 Sheep Nos. 18K, 165, 191
151 46 1 Monkey No. 43; Dog No, 207
179 56 1 Dogs Nos. 213, Z12, LGL
153 56 1 Monkey Nu. 84; Dog No. 221
1145 56 1 sheep Nos. 211, 217, 212
208 56 1 Dogn Nos. 116, 200, 210
2051 56 1 Dops Nos. 220, 110, 20%
147 78 1 Sheep Nos. 162, 199, 228
154 75 1 Monkey No. 85; Dog No. 216
207" 78 1 Dogs Nos, 261, 102, 262
._ 2097 78 ] Dugs Nos. 117, 253, 163
: 155 110 i Monkey No. 33; Dog No. 00
! 156 1o 1 “heep Nos. 222, 172, 193 .
; 158 110 1 No animals, To get P-T at !
3 ‘ 110 1t for shots 155 and 156, i
1 § 190 130 1 Sheep Nus, 66, 64, 65 :
] inl 130 1 Sheep Nos. 67, 68, 69
o * 192 L0 1 Shuep Nos. 71, 70, 72
N 193 130 1 Sheep Nos. 73, 74, 75
3 175 53 2 Sheep Nos. 102, 116, 104 :
y 176 54 2 Sheep Nos. 106, 107, 111 ‘.
5 177 s3 2 Sheep Nos. 118, 50, 119 !
: 168 48 10 Shuep Nos. 103, 115, 105
g lud 48 10 No animuls.
be 1G7 84 10 Sheep Nos. 113, 148, 117
f 164 K4 L0 No animals.
; [t 171 §4 10 Sheep Nos. 110, 125, 109
i .
1 Charge was TNT.
X
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! Table 3.--Ranges at which 3-1b chzu-gesa were fired to subject : _“
| targets vertical in the water to anticipated impulse l .
: levels of 40, 2v, 10, and 6 psi-msec. g k
| ' i
i Shot No, Slant Range, ft Target Depth, fi Animal Numbers _
i 143 36 1 Sheep Nos. 179, 97, 173 ’
! 144 61 L Sheep Nos. 215, 225G, 201
i 146 72 1 Sheep Nos. 229, 224, 214 3
' 148 97 1 Sheep Nos. 206, 184, 205 : S
149 97 1 No animals. To get P-T for P
. shot 148, :
aCharge actually weighed 2. 6-1b. 7
!
Xt f Tabie 4.--Ranges at which 8-1b charges were fired to subject .
| targets vertical in the water to anticipated impulse '
i levels of 40 and 20 psi-msec.
‘ Shot No. Slant Raunge, ft Target Depth, ft Animal Numbers
) 1 -
- 140 52 1 Sheep Nos. 186G, 194, 161 B«
} 112 G0 1 Sheep Nos. 114, 187, 85 ;
| o N
| ‘ g
h ; -
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I =
: ; 3
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Table 5.--Ranges at which 1-1b charges were fired with targets i 1
horizontal t the surface. : ' : S i
i Shot No. Slant Range, ft Target Depth, 1t Animal Numbers Cd
i ] 3
187 13 0.5 Sheop Nos. 56%, 36, 57 -
; 188 13 0.5 Shecp Nos. 58, 59, 60 i
i
: 189 16 1.0 Sheep Nos. 62, L1, 63 .
} 183 26 1.0 Sheep Nos. 141, 154 '
Dog No. 231 ¥
3Animal was oriented vertically in the water right-side-on to charge. 3;
e

Table 6.--Ranges at which 1-1b chargesa were fired with
dog ears at 1-ft depths.

Shot No. Slant Range. 1t Animal Numbers
194 20 Dogs Nos. 204, 217, 215
195 40 Dogs Nos. 1, 217', 218
204 40 Dogs Nos. 200, 116, 210
208 40 Dogs Nos. 261, 102, 262 .
21v 40 Dogs Nos. 263, 117, 163' :
200 45 Dogs Nos. 120, 253, 200 :
206 45 Dogs Nos. 220, 1un, 208 ;
197 60 Dogs Nos. 205, 163, 202 ;
4all charges were T'NT. 4
.
3
{
i j
|




. approximate man' s more so than other animals. The 24 dogs were oriented
vertically in the water with their ears exactly at 1-ft deptli. They were right-
side-on to the charge with their right ear facing the charge. In order to maintain
the exact position of the head, freshly sacrificed animals were used. After
sacrifice, the pinna of the ear was clipped to approximate the size of the humans. :
Twelve of the 24 dogs used in this series had been exposed previously at 1-ft
depths, head above the surface, in the first series of tests mentioned. To evalu-
ate the extent of ear injury, the middle ear was dissected open from the brain
side of the skull and then photographed.

e ———

Animals

One hundred and one Columbia-Rambouillet female sheep, 37 Dalmation
dogs, and six rhesus monkeys were utilized on these tests. In addition, nine
sheep and one dog were used as control animals to check out the effects, if any,
that were due to handling of the animals, tethering them beneath the grid, and
subjecting them to going beneath tie surfuce using the lifa-~support system, Ali
the test subjects were autopuie! 2 hours following the test. At postmortem, the
i entire length of the G.1. tract vias examined carefully. It was slit open, its
’ contents washed out, and the conditica of the mucousal lining in the contused areus

wag recorded.

. Explosive Charges

The explosive charges used in these experiments were bare spheres of cast
Pentolite and 1-1b blocks of pressed TNT. The Pentolite spheres had 5/16-inch-
diameter detonator wells. The charges were fired with electric blasting caps,

— e -

DuPont No. E-09. The charge weights were designated at 0.51b, 1 1b, 3 1b, and
8 1b., The actual measured weights of these charges, mean and range, wereas :
follows: 0.51b, C.487 (0.485 to 0,492) 1b; 1 lb, 1.052 (1.047 to 1.058) 1b; i
31b, 2,618 (2.608 to 2.626) lb; and 8 1o, 8.373 (8.369 to 8,377) lb. All the :
charges were detonated at 10-ft burst depths.

Pressure-Time Measurements

Tthere were four channels of pregsure-time measuring instrumentation., The
methods and equipmént used for measuring and recording the underwater-blast
wave basically are those described in references 4 and 5. The pressure-time
gages were a recent modification of the NOL gage Type B. Sensing clements of .

. e s e

10




the gages consisted of four 1/4-inch-diameter tourmaline discs mounted in a 3
Tygon“") tube filled with silicone oil {Dow-Corning No. 200 dielectric oil). Signals :
| from the gages were passed through a cathode-follower K amplifier unit and
' recorded on a dual-beam oscilloscope (Tektronix Model 555 with Type D pre-
amplifier plug-in units) . To ensure accurate time measurements, timing
marks were placed on the oscilloscope with a time-marker generator.,

On each trial, recording gages were pli.ced ut the same ranges and depths
1 as were the animals. The dnly exception to this routine was on Shots 187 and 188
where targets were at 0.5-ft depths and the gages were 1 ft deep. Attempts were
made to locate the gages awady from the animals s0 that the subjects themselves .
i‘ would not alter the pressure-time pattern. Trigger gages were located just up- " '
! stream from the recording gages so that their signals would initiate the sweep of

the oscilloscope.
The system was calibrated by the voltage-step method. A voltage-step °,
b generator supplied a known voltage impulse to the system. The calibration "

S otk Wil -t

E ! voltage step and time markings were placed on separate oscillograph records :
f immediately before each test. 3
Pressure recordings were enlarged photographically and semilogarithmic i

plots made for each one. Pressure values were obtained from the curves by the S

l following equation: . j
t

F . C SEC aP ‘;
3 KA aVv ;
P = pressure, psi -

i CS = standard capacitance, microfarads
i E, = calibration voltage, volts ;3
AP = deflection on record due to pressure 1

4V = deflection on record due to calibration 3

KA = gage sensitivity, coulombs x 1074 :

§ | ‘The KA of the gages was determined at NOL., 4
' {

A computer program was developed to extrapolaie the pressure curve back
to one-half the rise time on a particular record to obtain the peak pressure. ‘

1 This added area under the curve was included in the integration for the impulse.
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i :
; The theta and energy parameters likewise were furnished by the computer. In
determining the peak pressure in the bortom reflection records, the curves were
4 not extrapolated back to one-half the rise time.
i !
-
g 4
i i
! 2 :
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§ |
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RESULT

Animals Vertical in the Water

Nature and Severity of Underwater-Blast Injuries

In the main test series wherein animals were oriented vertica.ly in the
water, the.e were no deaths from blast injuries. As will be mentioned later,
two of the subjects died as a result.of an inadequate life-support system whe-'n; '
they were located ai the 10 -ft depths. The only animals that from external signs
appeared hurt were the three sheep from Shot 136 which were tested at a 1-ft
depth and at a slant range of 26 ft irom a 1-1b charge. They were docile and
remained lying down after removal from their mounts but were on their feet at
5 minutes when the raft was docked. They did not run around the raft as the
other sheep did when released from their mounts. .

The immersion-blast injuries were, for the most part, confined to the
lungs and G.I. tract. Some eardrums were ruptured in those animals tested
beneath the surface at the shorter ranges. The injuries were similar to those
repeatedly described in the literature (i.e., references 2, 6, and 7) but of minor
severity. There were no instances of either ruptured lungs or vuptured G.1.
tracts. At the shorter ranges, animals sustained slight amounts of lung hemor-
rhages as illustrated in figure 3 and multiple contusions of the G.I. tract,
figures 4 and 5. The contusions were small in area and ccattered throughout the
small intestine, caecum, large intestine, including the spiralis, ansa terminalis,
and rectum. There was only one case of contusions in the stomach. Some of
these contusions, even though small in area (172 inor less), were of sufficient
severity to ulverate the mucosal layer of tissue that lines the lumen of these
organs, figure 5. These ulcerations would «@ccount for small blood clots found
in the feces of many of the animals. In no instance did the blood clnts in the
feces amount t¢ more thar a fet. drops of blood. This commonly would cause
the animals to defecate soon after their removal from the water. In general, the
number and size of these contused areas would decrease with distunce from the

charge. The most far-field lesions were a few petechia or small hyperemic

13
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Figure 3.--Slight lung hemorrhage from Sheep No. 186, Shot No. 140,
| Target at a 1-ft depth, 52 ft from an 8-lb charge detonated
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Figure 4.--Lower portion of G.I. tract from Sheep No. 186,

Shot No. 140. [ Multiple contusions of spiralis,

: ansa terminalis, and rectum (lower left). Tar-
get at a 1-ft depth, 52 ft from an 8-1b charge

detonated at a 10-ft depth. |
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Figure 5.--Lower portion of G.1. {raet from Sheep No. 161,
Shot No. 140. |Large colon opened to show
uleeration of mucosal Vining (upper hemostat) .
Target at 1 -ft depth, 62 ft from an § 1b charge
detonated at @ 10 -1 depth. The peak pressure
was 493 psi: the impulse was 6.5 psic msec. |
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spots on the lower portion of the rectum near the anus. A more severe form of
gcattered multiple petechia lining the rectum is illustrated in figure 6.

The blast effects recorded in animals from the eight charge-target con-
figurations are listed in tables A-1 through A-10, appendix A. Included in each
table are the peak pressures, impulses, and durations (cutoff times) measured
at the animals' designuted depths. Also included are pressure-time values
calculated at 2- and 3-ft depths in connection with the animals at 1- and 2-ft
depths, respectively. Unless stated otherwise, pressure-time values pertain to
those measured at the animals' designated depths. The contusions of the G.I.
tract were termed as contusions if ulcerations of the mucosal lining were associ-
ated with any ot them and were termed as mild contusions if there were no
ulcerations of the mucosal lining. Exceptions to this scheme were noted; i.e.,
the subject had only mild contusions, yet there was a drop or two of clotted
blood observed in its feces.

Underwuter Blast Injuries in Relation to Distance From 1 lb-Charges for

Animals at 1-ft Depths

Lung Hemorrhage

The incidence of lung hemorrhage in animals tested at 1-ft depths,
in reiation to range from 1-lb charges, uppears in figure 7a. At the 26-ft slant
range, slight lung hemorrhages occurred in the dog and monkey, and petechial
hemorrhages were found in the lungs of one of the three sheep, table A-4 of
appendix A. There were no lung lesions dztected in animals at ranges beyond
26 ft.

Gastrointestinal Lesions

The general pattern of G.1. tract damage in animals at 1-ft depths,
in relation to slant ranges from 1-lb charges, is given in figure 7b and table A-4
of appendix A. The general stepdown pattern of severity of G.[. tract lesions
with range can be seen in figure 7Tb. Contusions of the more scevere form ex-
tended out to 35 to 40 ft. Beyond the 60-ft range, the lesion found was a 1-in
diameter mild contusion in the caecum of a sheep at the 78-it range. All 12

sheep tested at the 130 -ft range were entirely negative.
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Figure 6.--The rectum of Sheep No. NN opened to show scattered
petechiation and contusion, Shot No. 139. [The only
other lesion was a 1/8~-inch-diameter contusion in the
caecum. Target at a 1-ft depth, 38 ft from a 1-1b
charge detonated at a 10-ft depth. The peak pressure

; was 400 psi; the impulse was 25.8 psi-msec.]
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injuries in animals at 1-ft depths in relation to

slant range from 1-lb charges.

’
|
|
T
!
|
3
|
8

Y Sull o I St c W M o o IR N S P0G s S EENAUE FRON DRI SO
bl B B b el plb s R £
A gy AUl Rl . SENPRAE Rt SIS LR
il S N T o U T SN U i IS F-%
Biiahuinwioten SIS St Sy et SR 0 b

T A A ORI Tt S Sl R D
e e i s o —— e o r [, i =i e =4O

T SUOIENIU0Y) | ORUBIIBH 33 uoN
pr'n oWy WS

Figure 7.--The incidence of lung hemorrhage and G.I. tract
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Underwater Blast Injuries as a Function of Impulse

The incidence of lung hemorrhages and G.I. tract lesions, along with the

agsociated impulse values for all the animals exposed to the underwater blast in
a vertical position, appear in figures 8a and 8b. The impulse values correspond-
ing to each animal data point were those measured at the animals' designated
depth, 1, 2, or 10 ft. As already mentioned, all these animals survived the
underwater blast,

As seen in figure 8a, there was about a4 50-percent incidence of slight
lung hemorrhages at an impulse of 34 psi -rmsec. At an impulse on the order of
20 to 25 psi-msec, about half the animals sustained petechial hemorrhages.
Below 20 psi-msec, there were no instances of élight lung hemorrhages. At
impulses of 8 psi-msec and lesgs, there was only one instance of petechial iung
hemorrhage recorded in a sheep at 5.9 psi-msec. It is interesting to note that
at the higher impulse levels some of the animals sustained no lung injury whatso-
ever. Lung lesions extended to lower impulse levels in those animals exposed to
the underwater blast beneath the surface.

According to figure b, there was about a 50-percent incidence of G.I.
tract contusions at impulse levels of 25 to 27 psi-msec. There were no contu-
sions with ulcerations of the mucosal lining below an impulse level of about 15
psi-msec. About one-half of the animals subjected to an impulse of 21 to 23
psi+-msec had either contusions or mild contusions in their G.I. tracts. The only
lesions encountered below 10 psi:msec were two cases of animals with mild
contusions at 6 to 7 psi-rmsec,

Animals Horizontal to Surface

Table A-9 of appendix A compares the severity of lung injury to that for the
G.I. tract in six animals placed horizontal to the surface at 1-ft depths. The
rationale was to expose the thorax and the abdomen of the animal at nearly the
same depth and to the same impulse. Any air- or gas-containing organ, then,
might be damaged to the same extent. The anhimals at the 26-ft runge sustained
slight lung hemorrhages and a few mild contusions of the G,I, tract. Those at
the 16-ft range sustained slight to extensive lung hemorrhages and mild to

multiple contusions with ulcerations into the lumen of the G.1. tract. As far as
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one can go in comparing the severity of damage between two different organ
systems, the results indicate the extent of damage to be about the same. Possibly
the lungs were more damaged than the G.I. tract.

Table A-10 gives the results obtained with horizontal subjects at 0.5-1t
depths in the prune and supine positions along with one animal that was vertical
in the water at the usual 1-ft depth., The vertical animal received extensive lung
hemorrhage and multiple ruptures of the small intestine. None of the animals at
0.5-1t depths received G.I. tract ruptures, and the extent of lung hemorrhage
was less than that found in the upright animal. There was not a remarkable
difference in the extent of injuries in the supine compared to the prone animals.
The lung weights of the supine sheep (1.45 and 1.49 percent) were slightly
higher than those from the prone ones (1.23 and 1.27 percent),

Ear_Injury in Dogs

Table 7 gives the eardrum rupture dala for dogs in terms of the percent of
area destroyed and the corresponding range and pressure-time parameters.
Photographs illustrating the different severities of ear injury are shown in
figure 9. In general, the eardrums on the right side of the head (the heads were
right-side-on) were more damaged than the left ones. The right ears from
animals at the 20-ft range were more damaged than those at the 40-ft range in
terms of the area of the tympanum destroyed and ossicular damage. In three
cases, eardrum rupture was bilateral; the rest were unilateral,

Figure 10 gives the results of probit analysis that was run rclating right
eardrum rupture as a function of the log impulse. The data for animals at the
40-ft range were divided into two groups. The results predict that 50 percent of
the right ears would be ruptured at an impulse nf 22.6 psi-myec. The 85-percent
confidence limits were 21.7 Lo 25.2 psi*msec. For both right and left ears there
was a 36-percent incidence of eardrum rupture in dogs at the 40 -ft range. The
mean impulse measured on these four shots was 22.0 psi*-msec; the mean peak
pressure was 320 psi.

Control Animals

Table A-11 of appendix A lists the lesions recorded in control animals that
were used. During the period of these tests, the life-support system appeared
inadequate. Some of the contrul animals died when lowered to a 10-ft depth
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Table 7.--Ear injury in dogs exposed right-side-on with
their ears at 1-ft depths to underwater blasts
from 1-lb TNT charges detonated at 10-ft

uzpths,

Slant

Eardrum [upturo, ercunt Destroyed

Penk Prossuro, psi Right Left
Shot | Range, (Impulse, pai-msce) Dog —— i
No, it [Cut-Off Timu, msec| Na. Ruptured Intact | Rupturad { Intnet T'otols
194 20 676" 204 oD -
(68.2) 217 guy b . /6
[0.214 215 Loogh 60%, (46.7")
105 10 319 1 N/AY -
(23.5) 217! GOY. - a/s
[0.113] 218 60% 40%,
204 40 327 200 g0 5%
(22.M 116 60Y. 3/5
[0.108] 210 - N/A
208 40 428 261 - -
{21.5) 102 - - 1/6
(0. 103) 262 - 304
210 10 ouT 263 -
(20,:4) 17 30 - 1/6
0.105] 163" - -
8/22
(36.4%)
200 45 292 120 - -
(19.2) 263 - . 0/6
{0.099] 200" -
206 ] 203 220 - -
{1y, 0) 100 - 204 1/5
1 0.092} 208 - N/A -
i/11
(9. 1%)
187 ;e 215 200 - -
(12.1) 163 - - 0/6
[ 0. 0781 202 - -
dpressure time was measured at 1-1t dupths.
l)O:-mic:lo:s fravtured ov disrupted; otherwise intact,
“Not nssessible.
-Indicates cardeum Intact.
23
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. Figure 9.--Dog eardrum and ossicular damage viewed
from the middle ear.
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for 4 minutes. No reason could be found for this malfunction. It was found that
the life-support system could, in some instances, prbduce lung damage und
héhxorrhage in the lining of the middle ears and frontal sinuses. In addition,
contusions of the endocardium were found in these subjects and in animals that
received no blast, One of the animals placed ot a 10-ft depth exhibited petechia
about the anal sphincter. This lesion could be a result of placing the unimal ina
seated position, Hyperemic spots in the lining of the G.1. tract have been found
in control sheep from other experiments in this facility. Histological examination
revealed them to be caused by parasitic round worms. In some of the experi-
mental sheep in the ﬁfesént study, hyperemic dreas were assessed histologically
and found to be agsociated with these parasitic rcund worms,

Pregsure-Time Measurements

Incident Shock Waves
Pressure-time records showing the pattern of the incident shock waves,

at selected ranges, are illustrated in figure 11. These records show that there
is little tu be desired from the NOL underwater-pressure gages which have the
tourmaline crystals inside a Tyg<)|1<'?"tube filled with silicone 0il. The values for
peak pressure, impulse, enérgy, theta, and cutoff time for each pressure-time
record are listed in tables B-1 through B-10 of appendix B. As already men
tivned, these values were calculated by a computer. The mean values for peak

pressure, impulse, and cutoff time measured at 1-ft depths on the 1-lb charge
firings are plotted in figure 12 in relation te slant range. The curves in figure

12 are those calculated from these empirically derived cquations:
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Pm = 18300 | W /RJ1.10 (1)

Wx‘/a -0.168 1/
¢ = 0.0603 /R w (2)
tc sz ( R +4 Dngﬂl) / Cu ‘ (3)
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Figure 11, -Oscillograms of incident shock waves from
1-1b cnarges at 10 -fi depths recorded by
vapges at 1-ft depths.
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where W = charge mass, lb; R = slout range, ft; tc = time of arrival of the
surface cutoff wave, msec; 8 = tiine constant, msec; Pm = peak overpressure,
psi; 1 = impulse to cutoff time, psi'msec; DW = depth of charge, {t; I)g = depth :
of gage, ft; and C0 = speed of sound in water, 4.75 {t/msrc.

As seen in figure 12 the measured data points for peak pressure, impulse,
and cutoff time fall closely aloag the calculated curves. Moreover, there was
little variation in the values measured by different gages, on a given shot, in
regard to peak pressure, impulse, and cutoff times, tables B-1 through B-10
appendix B. '

Negative Pressures

The peak negative pressures measured in the incident shock wave uppear
in tables B-1 through B-10 in appendix B. The peak negative pressures were
read from the records from the preshock baseline to the maximum deflection the
trace went below baseline. The mean peak nepgative pressures on each shot are
plotted in figure 13 in relation to scaled slant range. The magnitude of the

negative pressures decreased with increasing slant range. They ranged from

110 to 150 psi at scaled ranges of 13 and 16 ft to 20 to 25 psi at scaled ranges of
140 ft. The nepative pressures were of short duration-on the order of 10 usec, !
which, in terms of the frequency response of gages, could account for some of '
the scatter in these measurements, There was fair agreement between the
puints measured in this study and the curve for tap water from reference 8. The
curves were obtained by measuring with piezoelectric gages the tension in the
reflected wave in a vertical pipe f{illed with water. The bottom of the pipe con-
tained a piston that was driven by a lead bullet fired at its center. The upper end
of the pipe was open, The results showed that, the greater the pressure in the
incident wave, the greater was the tension in the reflected wave, with maximum
values in the tension wave leading off at 8.5 atmospheres for tap water and 15
atmospheres for builed Jdeionized water,

Bottom Reflections

A limited number of measurements were made of the waves that
reflected from the bottom of the pond. The waveforms of these bottom reflections, '
recorded by gages at 1-ft depths on 1-lb charge firings, are illustrated in figure

14. As seen in the figure, the reflected waves recorded over the 13- to 45-1t

29 :




Vet s —

30

F IO L A0 o ree oo
- N R

PEAK NEGATIVE PRESSURE, psi

..I». . 1
™ Charge Wt,1b Gage Depth, f1 —
;2 o -l

ro

o
(]

[0 ]

+

[+]

D

i S S Qg

N
!
t
1

o e e L P e
10' 2 4 & 8 10% 2 4
SCALED SLANT RANGE, ft/Ib%

Figure 13.--Peak negative pressures as a function of scaled range
from charges detonated at 10-ft depths. [The data
points were measured; the curves were taken from
reference 8. |




Shot No.: 188 Scale: shot No, 205 Sceale:
Gauge No.: 3414 Vertical: 583 psi/div Gauge Noo @ 3264 Vertical: 124 psi/div
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Shot No. @ 194  Scale: Shot Ne, 199 Scale:
Gauge No.: 3257  Vertical: 243 psi/div Gauge No.: 3412 Vertical: 89 pai/div
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Shot No, : 200  Scale: Shot No, : 193 Scale:
Cauge No, @ 3204 Vertiedd: 109 psi/div Gauge No,: 3264 Vertical: g3 psi/div
Slant Range: 45 ft Horiz. . 0.1 msee/div Slant Ranpe: 130010 lHoriz. : 0,09 msec/div

Figure 14,--Oscillograms of bottom reflected waves recorded by
gages at 1-ft depths when 1-1b charges were deto-
nated at 10-fl depths.
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ranges were altered markedly from fhe ideal form that could be expected. The
peak pressures were not on the leading portion of the waves. At and béyond the
60-1t range, the reflected waves appeared more normal in their pattern. Figure
15 gives the measured peak pressures and impulses in the bottom reflections
along with the calculated curves. The peak pressure in the bottom reflected
waves can be seen to be well below the calculated curves within the 45-ft range.

e e ARSGR!

Beyond 45 ft they were more near the curves, Measured impulses were an order
of magnitude below the theoretical curve.

Tn contrast to peak pressure and impulse, the time between the incident
and reflected shock waves and the cutoff times for the reflected wave were in
; fair agreement with the calculated curves, {igure 16. The time between shocks
' ranged from near 10 msec at the closest range, down to 1,0 to 1,5 msec at the

130-1t range.
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charges detonated at 10-ft depths. [The data points
were measured; the curves were computed. ]
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between the incident and reflected shock waves
at 1-ft depths as a function of range from 1-1b
charges detonated at 10-ft depths. [The data
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DISCUSSION !

Safe Conditions Froim Underwater Explosions

This study has demonstrated how underwater-blast injuries fall off with range

from small charges and has correlated these injuries and absence of injuries ,
with the impulse parameter. This information well may be applied to establishing
safe impulse levels (range<) for swimmers in the environment of small under~

water explosions. The results also may be applied to larger charge weights,
provided swimmers are near the surfice wherein the duration of the wave is
qoverned more by the cutoff time than by charge weight., The results of this
study also are helpful in establishing safe ranges because the results overlap

animal data with volunteer swimmers. 7

According to the results of this study, large animal specimens did not re-
ceive any underwater-blust lesions at {inpulses of 1.8 to 3.0 psi-msec associated
with peak pressures of 106 to 111 psi while at the 130 -ft range from 1-1b charges
with their heads out of the water., Thus, an impulse of 2 to 3 psi: msec, asso-
ciated with a peak pressure on the order of 100 psi, apparently is a sure-safe . ',‘_
underwater-blast dose for unprotected swimmers with their head out of the water.
That these are a safe set of conditions for man, also, was confirmed by a volun-
teer swimmer, who was at the 130-ft range in the present study along with the
sheep on Shot 193. The volunteer, clad only in swim trunks, was oriented
vertically in the water immersed to his chin. He was face-on to the charge with
arms outstretched to the side. The subject felt only one pulse in the forin of
some slight pressure over a 4- to 5-in diameter with a transient inward move-

ment of the abdominal wall area around his navel which was approximately 1.5 ft

T - MY STREDY A et e # e« + ¢ 1

beneath the water surface. Nothing was felt on other body reglons. On the
three preceding tests with 1-1b charges 60 ft from the west end of the pond, the
volunteer was standing in the water at the southeast corner of the pond, a hori-

PRSP}
i

zontal range of about 165 ft. The only sensation experienced from the underwater

blast wae a mild sting-like effect-like getting poked with the sharp end of a thumb

tack. The effect was felt only at one point on the body: between the knees and N
ankles while in water 2.5-ft deep, between the hips and knees in water 3.5-ft

. T AT P’ s — .,
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deep, and at the lower abdomen while in water 5-ft deep (neck decp). Other
pertinent information regarding unprotected swimmers is reported in reference 2.
Volunteer swimmers wearing just swim trunks approached 110-1b charges at
decreasing ranges wherve the calculated pressures were 22.5 psi to 69.2 pei and
only experienced slight abdominal sensations with no feeling of impact on the
thorax. The 110-1b charge was detonated at a 3-ft depth. The swimmers were

in shallow water 5-ft dé'ep_-with a soft mud bottom. On another occasion, with’
conditions paralleling the aforementioned ones, the voluntcer was at 140 psi.

The impﬁlse levelsrrwere not given but were calculated to be 0.0128 psi- msec

‘assoclated with 22'psi, 0.114 psi-msec for 89 psi, and 0.440 psi-msec for 140

psi. Unfortunately, the impulses were very low because the cutoff times were so
short (0.58, 1.85, and 3.14 usec) due to shallow burst depths and relatively long
ranges, : : -

Since blast lesions were rare in animals that received less than 10 psi*msec,
the nondamaging impulse for man is probably higher than 2 to 3 psi:msec, but
until more investigations are carried cut, one would hesitate to predict the
higher impulse levels that could be tolerated by unprotected swimmers. The .
underwater -blast impulse levels that humans could tolerate may deperd on such
factors as the amount, size, and distribution of metabolic gas bubbles in the G.I,
tract. These factors could explain why the data suggest that the dog can.tolerate
higher impulse levels than the sheep without sustaining abdominal lesions,

Ear Injury 7 7 7

The authors are unaware of any information in the literature on eardrum
rupture from underwater blast that could be compared with that from the present
study. According to the results from the dogs, one would not expect eardrum
rupture in swimmers with heads immersed at 2 to 3 psi-msec impulse levels.
How obnoxious the sound intensity would be to a person at that impulse level can
not be stated at this Ltime. '

The severity of ear injury encountered in the dogs tested at the 40-ft range
could be important in terms of safety. At the 40-ft range (impulse 20.4 to 23.5
psi-msec), the ear injury was probably as serious an injury as the lung or G.I.
tract injui‘ies. At that range, half the dogs sustained eardrum rupture. When
water enters the middle ear, especially unilaterally, it seriously disturbs man's
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sense of equilibrium. Obviously, this is a condition undesirable for someone
swimming beneath the water' s surface.

Bottom Reflections

There are several reasons why bottom reflections encountered in the test
pond were not significant in regard to adding to the underwater-blast dose that
the animals received.

First, based on the response of animals to air blasts having various wave-
forms (reference 9), the aberrant waveform of the bottom reflection over the
ranges out to approximitely 45 ft would not be expected to produce damage. Even
though these impulses appear rather high in some instances, 10 to 15 psi-msec,
the.associated peak pressures were low, and the peak pressure was not at the
leading edge of the wav.-. Beyond 1 ft, tihe waves are more ideal-like, but the
peak pressures are low, and, more importantly, the pulses are of short duration
so that the impulses are small.

Second, if the bottom reflections were to add to the incident blast-wave dose,
one could expect to find a rise in the incidence of injuries at ranges that corre-
spond to those where the reflected pressure waves are greater. That is, from
40 to 60 ft the pressure and impulse in the bottom reflections were the highest,
yet the biological effects decreased over those ranges for targets at the 1-ft
depths.

Third, some unpublished information exists in this laboratory that suggests
that two pulses do not add to the damage effect unless they are delivered within
a very short time--less than 2 msec. Furthermore, if these pulses are of low
intensity, they are not additive even if delivered within the critical time. In
order to have an additive effect from two pulses, they must be near lethal levels
to begin with,

The reason that the bottom reflections are altered markedly from their
classical waveforms cannot be given at this time. This effect is probably asso-
ciated with the reflected wave having to travel through the bubble pulse and
surrounding disturbed water, cavitation of the water, nature of the bottom, its
angle of incident to the bottom, etc. Whatever the reason, it is beneficial not to

have a strong reflectior from the bottom in this test pond.
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i
Although the biological effects correlated reasonably well with the {mpulsc ' t
delivered by the underwater blast wave, the impulse may not necessari'y be tle o

[; exact damage parameter. It is not clear at this time whether or not the negutive

pressure could have something to do with the damage mechanism. If the nega:ive

pressure plays a part, one would expect the biological eftects to cerrelate with .
~ sumwe parameter(s) of the negative part of the pressure-time curve. ’I“'his study ' ,

was not designed to elucidate the damage mechanisms that must await futulx"e - . ' :

investigations.

Targete Horizontal to the Surface

o The results of the tests run with animals horizontal to the surface suggest

' that the impulse necessary to inflict G.I. tract damage may not be much different
from that necessary to cause lung hemorrhage, It has been stated repeatedly in
the literature, for instance reference 10, that for personnel near the surface the
impulse delivered to the deeper portions of the body is greater than that received
by those closer to the surface. Consequently, for targets upright in the water at
a given range from an underwater explosion, one would expect the abdominal
lesions to be more severe than those in the therax, However, for animals ‘
horizontal to the surface, there is little difference in the damage to these body -'5‘ ‘
regions. In this connection, the information obtained on the tests run with b
. arimals at 0.5-ft depths demonstrates well that a swimmer in the vicinity of an 7 o
: underwater explosion is far safer if he is attempting Lo get horizontal to the 7
. surface and as far cut of the water as possible than if he is treading water; the
difference in orientatinon could mean the difference between lethal and nonlethal
blast injuries. One could not conclude froin the limited arnount of data whether

! _ or not the prone or supine orientation affords more protection from the underwater
i - blast.
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RFCOMMENDATIONS

1. Perform tests to determine the effect of bubble sizé and distribution of

v e e il A 7 o S TR — .
PO e br N T BB 2L

metabolic gas on injury to the G.I. t>aci.from underwater explosions,

2. Obtain pressure-time measurements inside a.nimalns during underwater-blast
exposure. This showid aid in underatinding the mechanisms of underwater -
blast damage and in deve;qp'iﬁg a general damage model. '

3. Investigate the possibility of using special clothing and ear protectors to

i reduce the severity of minor 1mmersibn-blast injuries. '

{ 4. Evaluate the dound effects produced by underwater explosions from small

; charges in'the very far-field with animals and/or volunteer swimmers.
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: Table A-1,--Effects of 0.5-1b charge fired at 10-ft
] depths on sheep at 1-ft depths, . . o
L : Aniinal
1 Slant Range, ft Pressure, psi No.
v Shot (Horizontal (Impulse, psi- muec)] (Body
; No, Range, It} Duration, msec) Wt. , kg) Effects
] 181 110 89 & 136 | No lung hemorrhage,
4 3
f (110) (3.1) (41) (lu:'g welght, 0.4%:.9%).
3 {0.047) No CT tract lesions;
; no bleod clots in feces.
. ¥l b
f {4.5) 143 No lung hemnorrhage,
[0.076) (47) (lung weight, 0.90%).
[ No GI tract lesions;
no blrod clots in feces.
b 129 No lung hemorrhage,
(42) (lung weight, 0.889;).
No GI tract lesions;
no fuces,
]
: 182 8g @ 138 No lung hemorrhage, :
| (3.0) (36) (lung weight, 1.04%).
4 . C0.0‘N] No Gl tract lesions;
. i no feces.
: (4.5) 144 No lung L_.norrhage,
: [0.076] (33)  |(lung weight, 1,22%).
; No GI tract lesions;
: nou frees,
A ! :
! 130 No lung hemorrhage, '
3 ; (36)  [(lnng weight, 1.064), !
. ‘ No GI tract lerions, \
! no fecues. .
} ! ] i
F i 8 Precsure time measurced at 1-ft dcpths, H
g b Pressure time calculated for 2-1t depths, ‘
b i
1
f i
3 ; i
} 1
4 :
i
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Table A-2.--Effects of 0.5-1b charge fired at 10~ft
depths on sheep at 2~ft depths.

Anima!
Slant Range, ft Pressure, psi No.
Shot (Horizontal {(Impulse, psi-msec) (Body
No, Range, ft) [Duration, msec] wt, , kg) Effects
178 93 103 2 120 No lung hemorrhage,
(93) (5.9) (40) (lung weight, 0.88%).
[0.091] No GI tract lesionae.
Both cardrums intact.
97 b
(7.6) 124 No lung hemorrhage,
{0.135) {32) |(lung weight, 1.04%).
Nec Gl tract lesions,
Both cardrums intact,
247 Petechial lung hemor-~
(36) rhage, (lung weight,

b

0.86%). Mild con~
tusicns of GI tract,
Both cardrums
intact,

L

4 Preswsure time measured at 2-{t depths.

b Pressure time caleutated foir o -ft deplhs,

e s el

. S . D




. !
Table A-3.~-~Effects of 0.5-1b charge fired at 10 -ft > !
depths on targets at 10-ft depths, :
a ; 3

Animal ' , 4

. Stant Range, f{t Pressure, psi No. . \

- shot (Horizontal {lnipulse, psi-meec) | (Body :

' No. Range, ft) [Duration, mscc] | Wt., kg) Effects ' -

180 100 93 @ D-121 | No lung hemorrhage,
(100) (12.13 (19) (lung weight, 0.83%). i
(0.454 No GI tract lesions. : k.
Both vrardrums intact. . I
LY D-122 | Pectechial lung hemor= : ]
Y 18) rhages, {lung weight, !
E” 0.86%). No GI tract s
P lesions, Both cat-
v drums intact. . =
| D-118 | Petechial lung hemor-
b (20) rhages, (lung weight, .
! . 0.82%). No Gltract ,
_ lesions. Both ear-
} drums intactl,
Lo 170 1y 2 5-123 Petechial lung hemor- ;
. (11.7) (34) rhages, (lung weight, .
Lo [0.372] 1.05%). Mild contu- !
B ¢ siuns. Both eardrums !
y: ! intact. Nubloodin feces. : :
3 % S-10l Pctechial lung hemor- \ .

1 (37) rhage, (lung weight,

i : 1.18%). No Gl tract .

l s lesions, No blood in

3 sl feces, Both cardrums 3

L intact, i

- §-122 | Petechial lung hemor-

Co (36) rhage, {(lunpg weight, : L
1.00%). No Gl tract ' e
lesions, Left ear drum : :

a ruptured, right car-

H drum intact,

i - ' h
g 169 g2 @ 5-108 No luny hemorrhage, ,
- (11.5) U (38} | (lung weight, 0.86%) o
N [0.400) | No GI tract lesions! no 4

N feces. Right eardrum "
! ruptured, left cardrum
v intact,
[y H (continued) ,
Lo ¢ 1
¥
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Table A-3.--(Continued).

:
| .
{ 33
§ Animal
i Slant Range, ft Pressure, pai No.
f Shot (Horizsontal (Impulac, psi-msec) | (Body . .
l No. Range, (t) [Duration, msec] Wt,, kg) Effects X
: 169 S-121 | Lungs discolored,b '
! {con.) {(41) | (lung weight, 1,30%). ‘
! : No GI tract lesions.
i Both cardrumas intact. R
‘ ; S§-114 | Lungs discolured, b
s (40) (lung weight, 1,32%).
i No GI tract lesions. )
: Both eardrumas intact. i
' ‘
i 166 100 97 * §-237 | Petechial lung hemor- |
(100) (11.2 (50) rhage, (lung weight, :
(0.38 0.82%), Hyperemic !
apot in rectum; no ! L
, feces, Both cardrums . .
intact. ! 2
§-55 Petechial lung hemors= 5 s’.'.
(50) rhages, (lung weight, : X
0.83%). No GIltract 3
lesions; no feces. ) . o
. Both cardrums .
4 intacl,
S5-49 Petechial lung hemor-
(48) rhagcs, (lung weight,
1.05%). Mild contusionas s
| of G. L tract. No feces. o
. Both eardrums intact. i £
: i
! % P.essurc time measured at 10-ft depths, :
b Sheep died-drowned or asphyxiated. i :.~
: k l.
; | 1 ;
| L)
) i )
i H g
.
!
I )
i T
A-6 '

RS £ T

Pavme, =+ v gm——tve v




© e e -

e e—— e

i
|

< - o1 B 8 e R = 4 % oy . S5t o —— e 1 e

Garee m e be hmaemt s meee o deeems et —

Table A-4.--Effects of 1-1b charge fired at 10-ft
depths on targets at 1-ft depths.

) Animal
Slant Range, ft Pressure, psi No.
Shot| (Horlzontal (Impulse, psi-msec)| (Body
No. Range, ft) uration, mseq wt., kg) Effects
152 26 4782 D-224 | Slight lung hermorrhage,
(24) 41.5 (20) (lung weight, 0.76%).
60.16 Mild contusiona of GI
tract; no blood in feces.
sosb
{55.6 M-76 Slight lung hemorrhage,
®.31 (6) (lung weight, 0.68%).
Contusions of GI tract;
blood clots in feces,
136 5633 5-156 Potechial lung hemorrhage,
(40.6) (41) (lung welght, 1.02%).
[0.127] Contusions of GI tract;
blood clota in feces,
508"
(55.6) 5-185 No lung hemorrhage,
[0.315] (37) (lung weight, 1.04%).
Contusions of GI tract;
blood clots in feccs.
S-189 No lung hemorrhage,
(42) {lung weight, 0.78%).
Contusions of Gl tract;
blood clots in feccs.
137 30 4818 S§-169 |} No lung hemorrhage,
(29) (34.7) (38) (lung weight, 1.16%),
' (0.121) Contusions of GI tract;
blood clots in {eces.
434b
(46.2) S-118 No lung hemorrhage,
f0.275) (38) (lung weight, 0.94%),
Contusions of Gl tract;
blood clots in feces.
S-167 | No lung hemorrhage,
(41) (lung weight, 0.897%),
Contusions of GI tract;
blood clots in feceu.
{continued)
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Table A-4.--(Continued). § &
Animal .
y i Slant Range, ft Preissure, psi Na. I
Shot | (Horizontal {Impulse, psi-mscc)| (Body .
o No, Range, ft) (Duration, msec] Wt., kg) Effects
151 34 3892 M-80 No lung hemorrhage, . i
(33) (29.7) (5.6} (lung weight. 0,57%). : !
(0.140] Contusions of G tract; ' _
blood clots in feces, . E .
378b .
(39.1) D-208 |No lung hemorrhage, !
(0.244]) {21) (lung weight, 0.72%]). !
Contusions of Gl tract; i )
i no feccs. {
!
138 4078 $-171 | No lung hemorrhage, '
(27.5) (41) (lung weight, 0.94%).
[0.107] Contusions of Gl tract; .
bload clots in feces, |
378b .
(39.1) S§-115 No lung hemorrhage, iy
(0.244) (36}  |[(lung weight, 0.91%). -
Mild contusions of GI ;
tract; no feces. '
S-116 No lung hemorrhage, : ¥
(37) (lung weight, 0.97%).
Mild contusions of GI .
+ Lpact: na faces, i ~.' .
139 38 ig1a S-NN No lung hemorrhage,
(37) (23.9) (38) (lung weight, 0.59%).
i (0.219) Mild contusions of large
lI intestine, contusions 3
v 135b and petechia in rectum; :
{33.0) blood clots in feces. ) R
_ f0.219] : ;
: S-154 Nou lung hemorrhage, '
= (39) (lung weight, 1.27%), i :
Mild contusions of Gl ! Py
- tract; no feces. :
$-177 No lung hemorrhage,
(37) (lung weight, 1.05%).
Contusions of GI tract; v

no feces,
{continued)
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Table A-4.-~-(Continued) .

e ———— Wy Ry

] Animal
Slant Rangc, ft Pressure, psi Na,
Shot| (Horjzontal (Impulse, psi-muec) | (Body
No. Range, ft) Duration, macc] Wt., kg) Fffccts
141 46 3064 $-165 | No lung hemorrhage,
(45) (18.2) (40) (lung weight, 0.%7%).
[0.086] Mild contugions on
large intestine and
z271b "hyperemic! spot in
(25.5} rectum; no feces,
[o181]
S-191 No lung hemorrhage,
(36) (lung weight, 0.81%).
Petechia in rectum;
no feces,
S5-184 No lung bemorrhage,
7) (lung weipght, 0,839%).
No GI tract lesions;
no feces,
151 2744 D-2u7 No Jung hemorrhage,
(18.2) (1K) (lung weight, 0,K3%.),
[0,104) Mild contusivons of
Gl tract; no feces,
znh
(25.5) N~-43 No lung hamorrhage,
(0.181) (1) (lung weight, 0.647,).
Petechia in Gl tract;
no feces,
179 56 246 D-213 No lung hemorrlage,
(55) (14.2) (21) (lung wuight, 0,799%),
[v.087) No Gl tract lesions.
218b V'-212 I'No Jung hemorrhage,
(.9.0) (2 i) (Vaing weight, 0.83%),
[0.i49} No GI tract lesions,
D-1¢d No lung hemorrbhage,
(24) (lung weight, 1,02%),
No GI tract lesivns,
{continued)

]

ey ~1—WW

o o S b, e < M et

|




P m e e cem e m

N
:

e

A-10

Table A-4,--(Continued).

Sl e, ——

Animal
Slant Range, fl Pressure, psi Nu.
Shot| (Horizontal (Impulse, psi:masec)| (Body
No. | Range, ft) (Duration, msec] Wt., kg) Effects
203 56 2634 Del16 |No lung hemorrhage,
(55) (14.0) (20) | (lung weight, 0.82%),
"[0.078] No Gl tract lesions,
218b D-200 | No lung hemorrhage,
(19.0) (19)  |(ung weight, 0.88%).
[0.149) No Gl tract lcajons.,
' D-210 |No lung hemorrhage,
(20)  [(lung weight, 0.84%).
No Gl tract lesions,
205 21H3 D-220 | No lung hemorrhage,
(11.7) (14) (lung weight, 0,88%),
[0.077] Nu GI tract lesions.
218b D-210 [ No lung hemorrhage,
(19.0), (14) (lung welght, 0,81%),
{0.149] No GI tract lesions.
D204 No lung hemorrhage,
(14) (lung weight, 0.987.),
Focal mucusal hemor-
rhage in arca of {lco-
cecal valve,
153 2007 D-221 No lung hemorrhage,
(11.0) 21) (luny welght, 0,849%).
[0.080] No Gl tract lesiong;
no fecaos.
218®
(19.0) M- K4 No lung hemorrhage,
[0.149) (5.9) (lung welght, 0,48%).
Hyperemic spots near
anus; no feces,
(continucd)
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Table A-4.--(Continuved).

I Animal
Slant Range, ft Prcssure, psl No.
Shot| (Horizontal (Impulse, psi+msec)| (Body
No. Range, ft) [(Duration, maec) Wwt,, kg) Effects
145 56 2078 §-212° | Nu lung hemorrhage,
(55) (10.4) (46)  {(lung weight, 0,85%),
[0.068] 1 ¢ew petechia &t anus;
. no fecos,
218b
(19.0) §-2117 No lung hemorrhage,
[0.149] {(4#6) ] Qung weight, 0,91%).
Small hyperemic arca
in rectum; blood clots
in feces.
S§-211 No Jung hemorrhage,
(13) {lung weight, 0,89%).
Few petechia at anus;
no bhlooud clots in feces,
= = =
207 78 1603 D-261 | No lung hemorrhage,
(78} {6.6) (20) {lung weight, 0,87%),
f0.057] No GI tract leaions,
152b D-102 | No lung hemorrhage,
(11.1) (15) {lung weight, 1,22%),
[0.108] No GI tract lesions,
D-262 No lung hemorrhage,
(19) (lung weight, 0.87%).
No GI tract lesions,
147 156° §.228 | No lung hemorrhage,
(6.0) (36) {lung weight, 0.88%).
(0.053] No Gl tract lesions;
no blood clots in feces,
152b
(11.1) 5-162 No lung hemorrhage,
(0.108] (37) | (lung welght, 0.99%),
No GI tract lesions;
no blood clots in feces.
$-199 No lung hemworrhage,
(39) (lung weight, 0.77%},
Mild contusion in caccum;
no blood in feces.
(continued)
= L4 IR .
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' Table A-4.~-(Continucd).
;
; Animal
: Slant Range, ft Pressure, psi No.
! Shot| (Horizontal (Impulse, psiemsec)| (Body :
' No. | Range, ft) [Duration, masec Wwt., kg) Effects ! :
i i
' 154 78 1578 D-216 | No lung hemorrhage, !
(78) (6.2) (21) (lung weight, 0.75%). t "
‘ {0.055) No Gl tract leslons; H 1
. ' no feccs, ] 3
, % 152b § '
: ) (11.1) M-85 No lung hemorrhage,
, : (0.108)] {4.6) | (lung weight, 0.56%). ,
. No Gl tract lesions; i
no feces. ;
209 1362 'D-263 | No lung hemorrhage, .
(5.0) (19) (lung weight, 1,05%), ; 3
(0.050] No GI tract lesiona. .
152b N-117 | No lung hemorrhayge, ; -
R (11.1) (14) (lung weight, 1.41%). !
! ; [0.108) No GItract lesions i
' cxcept for few pin-head ;
size spots in rectum. i |
' D-163 | No lung hemorrhage, :
! (14) {lung weight, 1. 62%).
; | No GI tract lesions,
B 13538 110 1043 D-0 No lung hemorrhage,
: (110) (4.2) (1) (lung weight, 0.8Y9%). v
-y {0.048] Nu Gl tract lesions,
, 104% NM-33 No lung. hemorrhages .
k {6.1) (3.4) (lung weight, 0.63%), v
5 {0.076]) No Gl tract lesions, 3

1a6aL ju4a S-1913
(4.2) (36)
[0.048]

No lung hemorrhaye;
(lung weight, 0,85%), .
No Gl tract lesions. '

Lo4b S<172
{6.1) (39)
[0.076]

No lung hemorrhage;
(lung weight, 0,92%), ,
No Gl tract lesions,

¢ —— . — —— ———— s, @ DY [ S WA -
Ly

: S.222 No lung hemorrhage;
' i (36) (lung weight, 0,90%), .
; No (il tract lesions, '
| (continued) ;
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Table A-4.--( Continued).

Animal
Slant Range, ft Pressure, psi No.
Shot| (Horizontal {Impulse, psiemsec) (Body
No, | Range, ft) [Duration, mscc] |Wt,, kg) Effects
192 130 1112 S-71 No lung hemorrhage,
:130) (3.2) {16) (lung weight, 0,83%j),
{0.038] No GI tract lesions;
no feces.
g7b .
(4.5) §-7C No lung hemorrhage,
[0.065] (45) {lung weight, 0.89%),
No GI tract lesions;
no fecca.
5-72 No fung a¢morrhage,
(47) (lung weight, 0.97%).
No GI truct lesions;
no feces.
193 1088 5-74 No lung hemorrhage,
(3.0) (40) (lung weight, 0,85%).
[0.036} No GI tract lesions;
no feces,
87h ’ )
(4.5) S-74 No lung he: o hage,
[0.0065 ] (455 {(lung weight, 3.86%).
No Gl tract lesions;
no fecans,
S-75 No lung hemorrhage,
(45) (lure weight, 0.70%).
No Gl tract lesions;
no fecoes,
190 1063 S 66 No lung hemorrhageo,
(2.}) (49) (Jung weight, 0.76%),
(0.028] No GI tract lesions;
no fuces,
87b
(4.5)1 5-64 No lung hemorrhayc,
(0.065] (45) (lung weight, 0.80%),
No Gl tract lesions;
no feces,
S-65 No Jung hernorrhage,
(50) (lung weight, 0.88%),
No Gl tract lesions;
(continued) no feces,
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Table A-4.--(Continued).
: Animal
| Slant Range, ft Pressare, psi No.
Shot| (Horizontal (Impulse, psis msec)| (Nody
No. Range, ft) [Duration, msec] Wi, kg . Effects
191 130 1102 §-67 No lung nemorrhage,
(130) (1.8) (50) (lung weight, 0.877%).
{o0.023) No Gl-tract lesivns;
no feces,
87b
(4.5) S-68 Ne lung hemorrhage,
[0.065] (50) (lung weight, 0.76%).
No GI tract lesions;
no feces,
§-69 {o lung hemorrhage,
47) {lung weight, ©.85%).
No Gl tract lesions;
no feces,
Pressure time mcasurcd at 1 -ft depths,
b Pressure time calculated for 2-{t depths.
¢ Pressure-time valucs taken from shot no. 158,
A-14
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Table A-5., --Effects of 1-1b charge fired at 10-ft
depths on sheep at 2-fl cepths.

f_.” T ) | Awma | T T T 1 ' 3
Slant Range, ft Pressure, psi No. - . . L .
Shot {Itorlzontal {(Impulsce, psi- msuc) (Body ' H

No, Range, ft) Duration, macc Wi, ky) " Efferts
B

175 33 ' 436 * S5-102 [SHght lung hemorrhage,
: (32) (44.4) (37) (lung weight, 1,2770), B

Lc.236] Contusions of Gl trace,
"y b petechia in rectum;
191 blood clots in feces,

(46,2)- Both cardrums rup-
[0.377] tured,

S-116 | SHght lung hemorrhage,
: (41} (lung weight, 0.977%.),

. Cuntusions of Gl tract;
L ) no feces. Right car-

- - drum ruptured, left
cardrum not rcadable,

[T VT

L3
d, ai

5-104 | Extensive lung hemine-

(34) rhage, (ung weight,

! L.45%),  Contusions

] . of Gl tract, no ulcera-

) ton, blood clots in

feces, Right cardrum

intact, Jleft cardrum

K not readable,

e . .

176 54 250 S5-106 | Pe o hial lung hemor-

(52) 219 h) rb L {tung weight,
Lo.u'»o'] 0.94%),  No Gl tract

lesinneg,  Eardrue

227b intact.

L((;):3)Z)] 5-107  fPetechial lung hemor-

(34) vhape (Jung weight,
L), No G tract
lvsrons, Eardrume
intact,

.«
ool el XA ) aoes Bt x

S-11 [Pewechial luanpe hemors
(34) rhapge, (lung weight,
L109). Foew poetechia .
in rectum,  Right car-
! drum intact, lefl ear- 1
L . drum nol readable, i
) {continued) .
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Table A-5.--(Continued) .

= e g
1721
=
=1
-~

*

L ad

%-, -

Slanl Range, ft
(Horizontal
Ranguy, ft)
83
(83)

SR—

H b Pru

Pressure

(Im

prst

pulse, psi- msec)

(Duration, msec]

150&
(9.7
la.1o1]

14eb
i12.8)
{v.15¢])

atinial

Na.
(130dy
L Wt., kg'n

Effects

S-118
(43}

S-50
(40}

5-119
(33)

‘holrtd

® Pressure thne measared at 2-1t depths,

time caloulated for 3-ft depths,

e

Petechial lung hemor -
rhage, {lung weight,

0.90%). No Gltract
lesions. DBoth car-

drums intact,

Petechial Jung hemor -
rhape, (lung weight,
0.74%). No GI tract
lesions, Bothiear-
drums intact.

No lung hemorrhage,
(lung weight, 0.91%).
No Gl tract lesions,
Boliv cardrums intact,

p S
,
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Table A-6. --Effects of 1-1b charge fived at 1C -t
depths on sheep at 10-ft depths.

P .

Shot
No.

Slant Range, ft
(Horizontal
Range, ft)

Pressure, psi

(Impulse, psi-msec)
[Durat'wn. msev

Animal
No,
(Body

Wt., ky)

Effccts

—

o b

168

~

Rt & i A e e

boome o

167

—~———

48
(48)

B4
(84)

{contiraed)

269 @
(45.5)
(0.809]

5-103
(42)

5-115
(41)

S-1us
(40)

Slight Juny hemorrhage,
{lung wceight, 0.8B0%).
Mild contusions and
petechia in Gl tract;

no feces, Both car-
drumas intact,

Slight lung hemorrhage,
(Jung wuight, 0.90%),
Mild contuxions of Gl
tract; trace of blood in
feces. Both eardrums
intact.

Slight luang henorrhage,
(luny weight, 1,26%).
Mild contusions of
stomach and sinall in-
testine: scatt d con-
tusions of lay tese
tine and rectum, no
ferees,  Hoth ecardrums
intact.

1532
{22.8),
fo.s16]

Few petechia! jung
hemorrhape, (lung
weight, 0.83%). No
Cltract lesions, Both
ecardrums intact,

Slight tung hemorrhage,
(lunp woeipghl, 0.739%).
Contusions of rectum;
no feces.  Both car-
drums intact,

No Tung hemorrhajpe,
(lunp weipht, 08100,
Mild contusions of GI
tract: nu leces,  Both
cardrums intact.
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Table A-6.--(Continued).

Animal
Slant Range, ft Pressur:, psi No.
Shot {Horizontal {Impulse, psi-msec) | (Body
No. Range, ft) [Duration, meec] | Wt., kg) Effects
171 K4 1663 $-110 | Petechial lung hemor-
(84) (21,7 (43) rhage, (lung weight,
[0.429)] 0.89%). Mild cone
tusions of Gl tract;
ru feces. Both car-
drums intact,
$-125 | Petechial lung hemor-
41) rhage, {lung weight,
0.909.)})., One contusion
of caccum; no feces,
Both cardrume intact.
$-109 | Petechial lung hemor-
(57) rhage, (lung weight,

1.134%). Mild contusions
of large intestine, no
ulcerations; no feces,
Eardrums not rcadable,

3 Lressure time measured at 10-0t depths.
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Table A-7.--Effects of 3-1b charge fired at 10-{t .
. deptlis on sheep at 1-ft depths. ! *
; ' , : A o]
. : Animal ' =
] i Slant Range, It Presgure, psi No. ; i
3 i Shot | (Horizontal (Impulse, psi-msec)| (Body . t
L . No. Range, tt) (Duratinn, muec] Wt., kg) Effects H 3
: i
L : 143 36 514 3 5-179 | Slight lung hemorrhage, :
i : (35) (40.3) (36) (lung weight, 1.25%), o
' [0.106] Contuesions of large ine ! B
}‘» : testine: blood clots in { '
! ! 532 b feces. H
T 64,4 \
3 ; ,~E)’2 mﬁ §-173 | Slight lung hemorrhage, .
‘ T L= (34) | (lung weight, 1.09%). ‘
Contusions of Gl tract; ' -
: no fecues. . .
{ ‘ S-97 Petechial lung hemor- ' .
! (36) rhages, {lung weight, ! &
; 1.02%). Contusions of g
:-, Gl tract; no feces, .\(
i" t 144 61 299 2 §-201 | No tung hemorrhage, 4
! (60) (15.9) 41) (lung weight, 0.849), J
. (n.066] No GI tract lesions; no .
: ' feces, ;
‘ : PRLR §-215 | No lung hemarrhage,
: (27.4) (45) {lung wuight, 0.88%.),
: E [0.137] Single contusion of
[ large intestine and
3 g rectum; no blood h
":’ h clots in fecey, -
'.' « $-225 j No lung hemorrhage,
.8 (43) | (g weight, 0.84%),
2 Scattered petechia in i
i rectum; blot ¢lots in -
4 feces, B
i 146 72 248 A §-214 | No lung hemorrhags,
¥ 4] (71) (11.4) (39) (lung wueight, 0.86%). e
i g [0.059] Scattered petechia in ,
! :.; rectum, no bluod clots 3
. S 245 b in feces, . ‘
w (21.0) |
. ] Lo.tte]
i— s (conrtinued) l
. B
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Table A-7.--(Continued) .

: Animal
Slant Range, ft Pressure, psi No.
Shot | (Horizontal (Impulsc, psi-msec) | (Body)
No, Runge, ft) Duration, msec Wt., kg) Effects
146 $-229 [ No lung hemorrhage,
(con.) (42) (Jung weight, 0.94%).
Scattered petechia in
rectum: no blood in
feces.,
5-224 | No lung hemorrhage,
(41) (lung weight, 0.78%:),
Scattered petechia in
rectum; blood clots
in feccs.
148 97 191 ¢ §-206 | No lung hemorrhage,
97) (7.4) (1Y) (lung weight, 0.99%).
[u.047] No Gl tract lesions;
b no bluod clots in feces,
“12';') S-184 | No lung hemorrhage,
[0 Oi’!7] (39) (lung weight, 1.04%).
' No GI tract lesions;
no blood clowg in feces.
5-205 | No lung hemorrhage,
(39) (lung weight, 0,87%).
Foew poetechia in anus,
no blood clots in feces,
? Pressure time measuved at 1-ft depths,
Pressure time calculated for 2-ft depths,
Pressure«time values taken from shot no., 150,
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Table A-8. --Effects of 8-1b charge fired at 10-fi
depths on sheep at 1-{t depths,

'
{
’ E Animal
b . Slant Range, fi Pressure, psi No,
‘Shot { (Horizontal (Impulse, pei-meec) | (HBody
: No. Range, ft) [Duration, msec] | Wt., kg) Effects
1
140 52 5564 S-186 |Slight lung hemorrhage,
; (51) (33.2) (36) {lung weight, 1.07%).
‘ {0.074] Contusions of GI
. b tract; blood clots
E : SQ]B in feces,
E : [é?lélﬂ] 5-194 [Slight lung hemorithage,
! (37) (lung weight, 0.91%),
Cuntusions of GI
; : tract; nvu fecns.
t ' $-161 |S8light lung hemorrhage,
t . (36) | (lung weight, 0.92%),
v Contusions of GI
b : tract: blood clots
zE ; in feces.
1]
» 142 60 4774 5-187 No lung hemorrhage,
i (59) (26.4) (34) (lung weight, 1.08%,).
) [0.067] Mild contusions of
i rectum: blood clots in
! 4340 feces.
i ((;"‘1‘470) 5-114 No lung hemuorrhage,
) (0.140] {34) |(lung weight, 1.11%).
N Countusgions of Gl
P tract; blood clots
i g in fecew.
!
. S-H5 No lung hemorrhage,
i (37) | (lung weight, 0.720.).
X Contusions of G!
- tract; blood clots
é in feces.,
Poi
[ S 1 a )
o Pressure timce measured at 1 -fU depths.
‘ " L Pregsure time calculated for 2-ft depths,
&
'
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Table A-9.--Effects of 1-1b charge fired at 10-ft depth on targets " 3
at 1-ft depths horizontal to surface. 3
Animal :
Slant Range, {t Prcessure, psi No.
Shot | (Horizontal (Impulse, psi-msec)| (Body 2
No. | Range, ft) (Duration, msed] | Wt., kg) Effects ]
189 16 9872 S-62 Extensive lung hemorrhage, ' g X
(13.2) (99.6 (43) (lung weight, 2.38%). Bloody t
[0.281 froth at nares, Scattered i e
light contusions with slight . , -
ulcerations of mucousa; feces,
no blood clots. Hemorrhage ¢
in tracheal wall, t
! )
5-61 Slight lung hemo:rhage, ] : 4
(46) {lung weight, 0,87%), Sub- .
scrusal extravasation in the i P
cagcum; no feces, FExtensive
hemorrhage in tracheal wall.
S5-63 Extensive Jung hemorrhaye, 3
(45) (lung weight, 1.34%). Bloody -
froth at nares. Multiple cune ! -
tusions with ulcerations of G, I. »
tract; no feces. lHemorrkage :
in trachcal wall,
133 26 5882 5-141 Respiration normal.  Petechial ‘ !
: (24) (50-65 (36) lung hemorrhage, (lung weight, ‘
i (o.173 0.95%). A few small (1/8=1/4-
- i, ) hyperemie arcas in the ansa ) ;
¥ terminalis, No feces,
S-134 Respiration normal. Slight lung
. (34) hemorrhage, (lung weight, ;
: 1.08%). Several mild countus- ;.
ions in the ansa terminalis, No .
feecs, 4
: D=?231 | Respiration normal. Slight lung
5 {16) hemorrhage {lung weight, 0.91%), ' .
_ : One small (1/8«in.}) mild con- ’
N _ lusion in rectum, No foces, )
: Pressure time measured at 1 -1t depths, -
' All animals were oricuted proue in the water, .'
———— - - — .




Table A-10.--Effects of 1-lb charge fired al 10-ft

bl e a2 < 2 ik

= depths on targets al 0.5-ft depths. ,
- S
‘, . - Animal i 4
: Slant Range, ft Pressure, psi No. . ]
; Shot | (Horizontal | (Impulse, psi-msec) (Body )
Nc. Range, ft) (Duration, msed) wt., kgl Effects : 4
K 187 13 ' 11472 S5-55 Extensive Jung hemorrhage, ’ i
(1c) 1326 (43) | (lung weight, 1.60%). Down; : E
; 0,35 VRSOFC | grunting respiration. Six d
, ' rupturce of small intestine, P
lugyb Multiple large arcas of sub= :
(85.7) mucosal contusions with ul-
[L.157) cerations of mucusal lining

: : throughout stomach, large
and small intertine, and
rectum. Frank blood from
anus.

§=-56 Slight lung hemorrhage (lung
(49) weight, 1,27%), Fwr one~
Pronet |inch segments of submucosal
! mild contusions in ansa ter= \
N . minalis and rectum, Feces;
no hemorrhage. !

K 5-57 Extensive lung hemorrhage,
- 8 (43) (lung weight, 1.45%). Foew

: Supine¢ | half inch subscrosal contu-
= sions and hyperemic areas in
{ anga terminalis. No ulcer-
. | ations of mucosal lining, No
fecaes,

188 13 12242 5-58 Extonsive lung hemorrhage,
X (10) 135.4 (48) | (lung weight, 1.49%). Two
i 0.3%8 Supine submucosal contusions with

: ulceration of mucosal lining
1049P and one ymall mild contusioen
(BS,7) in caccum. Petechia surrounde
) (0.157] ing tecal pellets in ansa spiralis,
: Feces: no blood clots.,

(continurd)
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Table A-10.~-(Continued).

i
1 . Animal i
Slant Range, ft Preasure, psi No. :
Shot| (Horizontal (Impulse, psicmsec)| (Body .
No. Range, ft) (Duration, meec) | Wi, kg) Effecte '
i
188 (continued) $-59¢ | Extensive lung hemorrhage, '
(50) (lung weight, 1,27%), Slight i
Pron+® |amount of bluody froth from :
8 nares, Small contusion on
) stomach, four }/8«1/4-inch :
! ' subinucosal contusions on
' ! ; !small intestine and scattered
| ' small areas of submucosal
i contusions throughout spiralis .
and ansa terminalis with pin= .
head size clots of blood In
lumen,
! 5-60 Fxtensive lung hemorrhage,
: (49} (luny weight, 1.23%). Ros=
! Prone® |piration slightly labored; slight

. amount of bluady froth from

: nares. Multiple small arcas

! of subscrosal contusiuns in

' small intestine, A 2-inch
submucosal contusion in large
colon and a few lainch suba
mucosal contusiony in anga

J terminalis,  No feces,

-

N i
. !

i

-

Pressure time measured at 1=t depths,
Pregsure time caleulated for 0.5-1 deplhs,

» © Anima) Orientations: VRSO - Aniwal mounted vertically in the water rightsuide-
‘ on (lony axis perpendicular to gurface). Suplne = Animal mounted horizontally in
the water, gupine. Prone = Animal mounted horizontally in the water, prone,
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Table A-11.--Lesions recorded in control animals,

Treatment

Animal

Effects

None

No, a

§.250

All organs negative,

Lung weight, 9.85%,

Lungs negaﬂve; lung weight, 0.83%.
1 /B-in¢ hemorrhagic spot on
mitral valve.

Placed on animal
mounts on the
grid and held at
1 -1t depth.

S5-190

5-112

All organs negative,
Lung weight, 1,20%,

All urguns negatlve,
Lung weight, 1,28Y,,

———

Placerd on animal

- mounts on the

grid and held at
10 ~ft depth for
4-mirn, no blast.

5-127

S-141

§-228

5-69

Died, water in face mask. Lungs
discolured, many petechia, Lung -
weight, 2.02%. Hemorrhages
benceath lining of middle cars.

Died, no water in face mask, 1 tng 8
discolored. - Lung weight, 1,75%.
Middle ~ars negative.

Sacrificed at 1 hr. Lunygs negative,
Lung weight, 0,94%, Twu smail
subcapsnlar contusiuns in spleer.
Hemorrhages beneath lining of
middle vars,

Air hungry, Many acattered
petuchia throughiout Jungs. Lung
weight, 0.92%. Mild contusgions

in endocardium. Pctechia at the
anus. Pctechia lining middle cars,

Died. Lungs discolored, light
colored hemorrhages. Lung welght,
2.07%. Pctechia lining middle ears,
Air bungry. Scattered petechia
throughout lungs. Lung weight,
0.89%. MHemorrhages bencath
lining of middte cars and fronial
sinus. Contusions of sndocardium,

S =

gheep; D = dog.

et s e . et ——

b — e o T ———T— .

o e e " ——




L

APPENDIX I3

PRESSURE-TIME PARAMETER TABLES




T e

ra— s &

N A

) !E.IPEIPE‘u PR EEEEI"E[IIL

s asal e B s al bk e ome

“2|qRpPROI 10N q
‘sio19wered UOWIDIINT WONOGY e
— -~

L9671 - - 9s5¢€°0 100°0 10 L e Q7€
- rr A 0L0°0 £+0°0 oo 0°¢ EE] ueaN

- 02 - o+0°0 €070 9°2 e Fite

- 81 #3070 L50°0 tg'o 2°¢ to 21%e
- 62 9L0°0 GEO'O F0°0 et So 9001 611 LE2¢ 281

00072 - - rZam) £00°0 01 02 e 97t
- 144 86070 L+0°0 to°e 't 08 uesN

- 6t €€T°0 2v0°0 ¥0°0 87 £R Fite

- qidN SL0°0 +s0'0 +G°0 [ 3 to Z1te
- 62 L8070 9t0°¢C 00 ¢ 16 9°601 ory [AT4) .81
Jasw 1sd ~Yasus J3sw 2 °ul/qre Ut | sasw .1sd 1sd z:10} | wue[s o “oN
‘gyyooys | ‘o1nssaid | ‘emiayl | ‘awrl .\u._ aug ‘asinduay | ‘9anssoig T ague ¥dnen |j04sg

uaamidayg sanedaN J3O-IN) s5ead J q
[eaz133u;
auny
-syydap }1J~0Q 1B PaIBUOIDIP 3aam sadreyd
qi-§ " uaym mﬁnov -1 % paanseawl slajourel=d suy-ainssaad---1-d alqel

Bl

Preceding page blank




a

e v baEA T

Lo

S e h e e e -

[

ST Al
v A

) > N S = 2 L PO IS . ;
- e .T?G.nﬁ,l),, LI e R e SRR & g @ ewmat
‘szajourczed UONDS(3 ol wiolleg
vLUZ - - £50°0 200°0 <o £c | er9es
- o £60°0 160°0 8070 6°s £01 i M JEDY
- 141 L6070 S80°0 070 z’s to ! _ Flte
- rA4 266°0 Led°C 6070 59 [Q 8 FAS 41
- 134 060°0 160°0 80°0 0°9 So1 1726 €6 LEZt st
i
REL 1sd T 5asw J3swt zai/qr-ur | vasw ~tsd 1sd rzvioy | el ‘ON 1 ON
‘sxo0Yyg ‘axnssald | ‘maayl | ‘swurg *A310ouzg ‘aginduw | ‘arnssorg Py, a3nen |10yg
udamiag | aanedayn 33O-IinD ! yead Y *d
{eAL 33U
swily

-sywap 3J-01 i€ pajyeuolap a.ram sadieyo

q1-G "0 uaym syjdap jJ-z je painseaw siajourered awi-Inssald---"g-4q Iqel

B-4




1
4

R LR R T CR VRS P UL TN

[P

e e ol

T T AT SR 5 T e S e

PP v Cy e

I e e PR D s A a0 B R

T T T T H
6Tr°1 - : - 55070 #00°C A TR __ _qmon ~
: « | A,_
- o zito | oo:o 010 st 26 ! _ i ves
—— —_ ;
- 133 - 11€°0 oro I3 ST oh i [ e |
- N <10 vivo 60°0 Py 16 ; ! Ioztre !
- 34 21170 I1¥°0 91°0 6711 6 | 061 i 00t Lege nQ1 !
R — _— e i e e e L L
e SresqUN-==-omomoo- Meemmemmem—e e . L F43 | ,
- !
| Y 960°0 | 2250 zo o sTU nr _ 2RI
- 1€ -] 6690 1 ¥1£°D 210 ) 0°2n I . 21r¢ |
_ - | rAs £60°0 ! 0L£70 o Pt €1 ©oa01  fogor 22 ) oart
1 — | — : i I ]
¥ T * T
€890 | - _ - L¥ZG 60’0 2°! , 9t _. 2¥92¢ m
- 65 | 1iUe | Sk or°0 vz €6 L_ ! weap
- 79 601°0 | €9%°0 o0 T o'zr 6 | TIFE |
- 85 621'0 | SSF0 or'o | 821 98 ; i 21¥E
- 85 960°0 | S¥E0 or°o 9711 co1Y Poeor o091y L6 081
. ] H "
[ | . h |
T Sosw i sd sasus | sasw 2 ui/qp.cut ”.uouE .1sd 1sd 1 szrzoy ! jueis *oN | roN
fSYDOUS | ‘eanssaig | “e1dyl | swny ‘A310uF | uwn:m:.: ‘ainssaalg a8nen) | 10yg
usamiag | 2an3edapN ) BG-nD - yead ! 33 ‘afue !
{eAalajul _ { !
i _ | | ]
“syydap 1J-QI T8 pajenc)ap aI3m sasaeyo
¢ 9 :w:? syidap 33-01 1€ paanseaw siajpuresed Juii}-3INSSaTg-- ¢-€ 231qer
[ LY




T T ST I T L wer T

‘o @1 0N :
[cepe oN o «
.%,y.Ju.J‘.__ﬂ..NNQ ,L\ba.uu.,aﬁm..uh oy oeg ° :
M - _ T
L0%°7 _ e - _ 0f0'0 BOQ°C FAl | ’ 09 | X481 |
: !
+— - — -
- €6 | 260°0 | 80 _ 0170 11 ¢o RIS
- ¢¢ | teto ! rsg0 [ ol0 ST e ETEE
- R 4 _ FOL'0 1s£°0 ' 0170 L1 . B POt .
! - z. {6900 . HEL70 £ror | %5 t g Lege £y
| — . B 1. U EE
sty - - __ §50°0 L eb9Te |
- <t $50°0 | 2850 0ro | e : SEEIN
| - <g 1 9010 ¢ 180 oo e S L orire
= Ot m 386°0 ' 0B: 0 [OF 1) ! 20 B £01 | “ clte
- te | 260°0 | sgeo | 630 | 0t (43 261 OO SN+ SN
f . .
. | C SN S -
sasu 15d ddsw | dISW | 5 uyqQrecut fooastaasd 154 _ *ZILOPT Ul _ CON L CUUN
syooys | ‘aanssaag | ‘el | ‘owil | ‘A¥1acg ‘as\adwy | teinsserd —— | 33nen RS !
usaviag | sanedan 130-15) sead , 13 'aduey | _ w
[eaxa3u] _ | | : m !
awry ! [ [ | _ 1!
T (peuuniuod)-- "g-g alqel
w
]
=
S ™ M e Tl e e bt . © PR at ok m i - & - larad Saema . s
F . VP s —— PR A n e ittt MM Bl i o it N e am e s




prow T LTI o iasaaiabtiack s S aennitis o b g ol IR il b o st heatilo [ ol tialiiiiaghs . - |
e
- v . .
e | - - 120°1 - - i< _ [ eTine “ :
: - | :
- €51 z0t0 | 132°0 91 9% s M ) svay
— - !
- sl 201°0 | S82°0 £y MR t0C1 I “ .
= H 6t 1 €01°0 LT <y 7 ! B ' A _ el 4, LeTe e
. l
IM “
FIETE - - - - | !
- Z1 ROT'O | reg0 BLEl *
- : €01 €110 | ¥26°0 boel
- 221 L0100 £50°C =Tt “
! ! !
) = i . T
299°e1 - ! s - 1 -
]
RPN S S, T + - i
- 121 001’0 - Re:0 9°H1 L2 22! SR
- 021 | 2010 ] 15£°0 L I ST ezl _ 21 |
- zzt | re00 ) szco _ IR .= " 1z21 E P LIt “-
i ; !
. — ' —_— - ——
295 1sd I Dasw Dasw A JIR B * fu.E.ﬁL,_ Ted [rzidery JEEA RN .
fs¥d01g '2inss3ag | ‘eIdyT fowuty ‘ "{310uy fasmndw, ‘oo ussaid ' i LS
usawing | vaneduy Ho-1m> | P aeag T aaey 1
TeAlau] _ ! e ! !
swry M | . _ |
. "eyydap 13-0i v
PIIBUOIFP 3I3M SIodBYD JI-T udym sydap -1 j& pa:inseauwr sI1330wrIed all1}-2InSSaIJ -~ "f-g alqer,




T A

- 8L 991°0 2€°2 s1r ELEY
- % ¥91°0 372 &r ? b
- 8¢ L9170 127 "1t _ L t €=l
; N |
B . . . i !
¥6°¢ m = L9270 10°0 e ”
- j 911 £L1°0 R GE s8¢ ue ol
: ! T , .
= 71 LT 1T f RS ! _ “
- 921 FLTD LSRR R K i L5 : _
= ist €Lrn 0t z'os “ 5% _ £E .
4 : .
Jpsw 1sd d3sur |, ourigretut j oS <1sd “ _~ M/
‘suooyg ‘2anseaxg ‘awly f£910u3 rasmduil * | 1°Ug
REEYSETe ] sanedoNn 31O~ _
[eAI?iU] .
3wt ) _ 1 L
“(psnunjuoj)--p-4 21qe)

e i A g

n-8



Laind

— et

we @

e

ARSI )

. Ty T

R e EIEEE S DTRV S VN = 7 - S SRR Sgvegeve o ¥ - 1 5 S D ST

s T Y WL WV TR e L e oty Ty
- 90170 | t60°0 ’ : y BRI
o1 6 021 o €7 ﬁ 1e¢€ _ﬂ | 4_
|
- €L 1110 | €600 611 tee Tre i +1Es _
- £9 €0i'0 | 96070 9171 M QL ] tere !
- L £01°0 | 64070 12°1 rat F5€ : FARN -
- 96 £01°0 | 10170 +2°1 27 agg [ oag /¢ L33t | €T
i 0 lw
1 ? ===y
- 8 80170 1o | GE° | ¢z ot | _ uraly _
) .
- 28 21170 30170 L 1Lz tar R 3 A
- 08 61170 | o150 CH 022 1253 | tace |
P 96 tor'a | 50170 cr1 6797 cTE | LK ,
! - 89 20170 | 901°0 11 ¥L7 atr R v LIV G ety
TSI S P —_ —_— = = 2oz == B SR 2= .|l,,.."|l|4r\l‘lln =§
- 611 CIVC | oF1°0 (08 Le? CEA Eand 3 T TiRE 1 1€1
“ — L oY 4 4
- 19 goro | 121°¢ 012 | T ! K _“ TN
i o Iqi
- 79 £01°0 | €110 267 | i€€ 18t £11g !
- _ 2t QLT0 | £T10 0€°? voooTes Y- ! ! t3T€
- i 9L 7010 | gzi'C €62 kg 9 ' LoTite
- <9 6010 | 1270 10°¢ 3t 19 937 _ oT S X S B o
_ . L
Jaswt 1sd dazui Dasw 2 uqr _ saswi-15d 15€ N
‘s 20YS ‘aanssalg | fejoyl | ‘owary *Adseuy m ‘asncuy CAINSSedd nys
usomiog aaueday 33O~ v Neaq g
[eA191U] ; |
aurt | . ; |
1 i .
*(panimuo) )--"p-g 3qel

Lo e by o

B-9




e x_......&..,.,‘):q.;_..,, . . \
L4
. ] _ . . - - ] e 1
LR - _ S51°0 60°0 9 L (etals *
1
- T 080°G | 1800 650 ] T F1 att _ M ueoy
— _ | _ m
- L5 - +80°0 §t°0 | o€l ez _ : s1g
- 06 290°0 25070 ot 0 'l i [N ! 21ty
- SO a0 +80°0 SET0 _ 13 i 9:7 P_ Yl ; 9< ledd ool
T _“ o
- 12 otvo | roro ECRURE 202 S R X et LT ) U=l
4 + +
- 89 Lrre | 9o R " i RN
. :
=t T s —— ~ ! ;
- B 2e1°0 +8o°¢ L) ‘» ¢ Rl ' Le7 { L Sl
- L9 gzt | 2”00 6Ll0 S AR i 108 ' “ e
- k9 5016 | 63070 110 ST re i Y
- 3 201°0 18070 Ll 'St _ Cre T'et 4 9t relt (]
: - m
Jaswa mmn_ Jasua Saswi 2 Jr/qy-ocu pasus -ted “ 1sd _ ZiICcp{ | wue(g m oN EIRN
$y20yg ‘aanssarg |‘eeul | ‘awarg ‘{dasuz ‘asindw] | caamssasdg e fd afnen _ W GG
ussmdog | vanedaxn J3O~inD _— NEEW ) ndurd W |
[eAzsIUl ,
U L | |
" (panunuo)}-- "p-g alqey
B o e e

A At ol e M+ 0 kB Bt £ 1 s ks BN s n . L ek acien R I ——

R O U I

B-10




= 95 at[so | ge0’o ! £€°0 0l 102 !
ag1°0 | ¥LC70 A AR e _
Gepo | oI907e 1o [ 7o Dot bows
— = = S — I||“ el e A ———y m“l i
- jeyre ;w00 _\ o X i
Sl ] oot S
=210 G it
| RR0°0 bt T
i 0170 : ¢ 7 ¥ e
_— = 2 o= —— “ul”".. |I.J|.||l|..|||w. ".',.lJ —
- 1 ART0 11°¢ IR ¢ Fl
- | - - . - -
1 X ; :
T 1
. IO RLOTO (O i
A S Al e U - S .
- : € gzZ1°0 1 QL0 =70 " ioEany
- : 9 b 3C170 L 0l079 £ ! BRI
- QN 1 F20°0 | 6L070 GFo ; i R S
| - : €01 “ FOT'0 | 62070 L0 ¢ Gy LITt
| | . L ! i
B i K _ !
| Jasid i 1sd t Qasud Jast - o UG Sasl ..u.nﬁ c2v10d ner
| “s¥q204S | «asnssaig “ ‘viay fauat] ) ..:L;cm Dortagindiut ot0anss E& p— L ..J:vO,
fusuwing | eanedoON | $30-1m0 irod _ ™ ' : ,
| peazaquy _ | ! | . .
5 ; .
it | w 1 | | |
“(panuuo))-- "p-g 3IqEL
L4 . - .
MRk i e o
PO TR — J o T TP Pl P T P S SO wndhad

——

3-11



4 k A CIh (- - TP RN PRI et a g B : L
an\ Sl e o e e 9w A . . -
{
i
8S¥°2 - - - - - - ﬁ 2F1HE
- 1€ BLD0 050°C o1°0 376 9¢1 “ ueN
- e 8500 15970 01°0 0°% 6t +9ee
- 61 60170 0c0"0 or'o 2°S 1ed Fite
- S¢ 690°0 8%0°0 60°0 Lt 9¢l Zitt
- 9t 920°D 6+0°0 010 0°s 6¢l i StrL 8L Ls? 50?2
;e
- Zr 201°C | 55070 ti'o 29 251 S e X 7ite <1
- 9¢ 6¥1°0 | £50°0 9170 99 9ct T T lean
- <t SEI0 | ¥s0°0 81°0 oL 17 Fite
- (41 L0 | 2070 L1°0 9°9 ast keze |
- ot 251°0 | tSO°0 s1°0 9 0s1 21vE |
= 9t /€10 : 25070 910 9°9 cs1 ERA gl 153t m AN
- LE 980°0 | L50°0 ST'D 9°9 05t “ ; UBIIN
- 6F 901°0 | i50°0 U0 <9 681 Im D41 _
- 92 801°0 | 950°0 ¥U°0 29 134 | Fife
- 19 ¥30°0 | 850°0 L1°0 0L 8L1 | 21k
- 25 S90°0 | L5070 9170 i9 [PA izl v 8L <TE L 102
225w tsd Jasuz 3asw Z°uy/qr.cut | oasw «1sd 1sd *Z110}] | WelS "oN f08
‘sMocyS | ‘aanssazg | ‘eidyl | ‘aum] ‘{31sug restndwy | ‘oanssaag \ ‘o3uey adneq | Joys
usanisg aanedan 330-wW) syead 3
[eaxaju]
PwITL
* (Panunuo) )-- "p-d 3lqel
)
—t
'
o}
- Mtk e s i i atani - Easteigh acrd ..l..:,»:.” o P gO Gl E Mgt pe 1y s F ..-.‘ A Ny o - g xt B o 20 o B R . .



!u.!.v.,l‘!.d.gv.ux PR P

BT TN SO RS o T e e T P SR
T L P TR I R T S R TR P SRR TR W T e T SR It 3 W T T AL NI T . N

B-13

{ v "
- - - ost0 | zon | ez R | “ Leroze
A S - - - - * - m - | b eFIve
- i — +— : ;
- - ' sT ) 29079 S€0°0 i LY w e x01 i ! Leai
- 62 " fec0| se00 | 00  ¢7T T sor : AL _
- | Q2 !190°0 9¢0°0 c0°0 0°¢ ColeTe AN
e b T : e e ——t
1C1 8 SR - _ - - - -
e y * F, i
T 7T v zgeto ) sE0TO G S0°C 2's
i M e
- te | 23070 o¥0'0 | <070 : 3
- ! xt ” 19070 9¢0°0 | 5070 ; re
: - ; 92 ©qL1°0 88070 . 80°0 “ TE
“ T iz 49r0 0 i¥00 i 070 x| ol : , Tiee |
: = : az SLYTO | 3070 | 80°0 , £°F €y 96011 01T tege 0 Esl
; . I ! ! ! ' ,
u _.|u...mE _ . 1ed , 25w _ Jastu | ur/qr.tul ~saswi.Isd . verd [ ~ziaoy "werg o o M\.c.ﬂ
i | sa2eys | *ozmssazg | ‘®ieyl !l ‘auull € «({Szaug ' fosndiuy | "#INSSI3d o owaryg adnen | 0US
i uavmidyg anntedaxn | .“‘«.NO,L:U ) ' yeag ‘_ = ’ : |
: 1RAIIU] _ ) . R ! ,.
i 4 N v . . 1 i
euil | i | i — ! . { 1
. . Gm:aﬁ:oUT- ‘p-¢f 3EL
1
!
!
1
]
i
!
- ' - -
, € = - v e .. b Pt o 3 - - _ "
- _p ) i . N - N ) 3 . T o . .
. g .



IR TR e ST W e

ra[qepeas 0N

Q
"s1ajoweded Jn1y337Fad wd0g e
21 | - - - - - . oF1FE _
- BFO°0 | £2070 £0°0 3§ 611 " aeaiy
— — —— . e — . b ————— — ———— R i
- 1 e ¥50°0 | €200 £0°0 17 ' " ot _
- _ 52 £€0°0 €70 £0°0 81 101 Yoguzrloesr oy reze 161
i ! ! | _
. h T o b
wrr - - - - - - | i etiee |
- g2 +90°¢ | 82670 +0°0 €2 201 | ! ueap
. i 1
- i€ 190°0 220°0 #0°2 [ so1 | i 218¢
- s2 590°0 £20°0 00| L' ¢ 1528 061
i
J>asw 1sd a5 Jaswt z Y/ qr- ut _ sasut.15d TON ToN
‘syO0US | ‘sInssaig § ‘mayl| ‘auny ‘A313vg ) ‘asindug a3nes} oyg
usamiag rantefon 330~ :
Teaxayuj _
sw L i

" (PAnUNUOD }~ - §-€ AL

B-14

e ——



.
i
:

7

16§27 - - cseg £00° L0 3t EA _
1
- ¢ TIrn 015 ! L1e AT 0c1 _ LRI
| ! :
* + {
- i 5+ €11°0 § 660'3 f7ra 6o IR : ; Fire !
- i o9 rote !l soto | 61 176 £et ! Tiss
- | 09 JIT0 | $60°0 i €170 e 141 SIREN RS LETe o
1 j— —
orgg - - arg. b ara Qo 801 rugy !
_. . — H -
‘ - L8 £60°0 , 03770 | £3 o w AT _ ELANN
! Il
+— T .
- i ztio | ezt0 1270 ter | ear _ A
- 18 1600 | esle 060 nTIC ,, IET L S
- €01 0070 R R rae 154 _ 7Ly #ree bote LETE L Lt
! |
R —meo--- S YN tmmmmme mmemmmeeeceoomaeoo wFI0C “1
- N 1o | erzo i0°¢7 torF S ELEHN
I
- AN 1210 1 it TR civ Tt : tire |
B UN 65070 | 12270 | Se Y 0TE Y s | Titt
- qdN FITC L 6ETT0 a1 ey ' e coze |ogs JelE sl
! , i | |
b : —

Jaswa _ 1sd . Josw SIS 7 UL QLU | desw -1sd 1sd “TII0H X 1uels TN O
fsioeys 1 'ernssaxd | ‘eidyl o ‘ol "L{8:suy tasgndwur | ‘sanswaad p 3} fofcey afaroy | 048
uaagniag aspedan’ , FO-nD qeos _ ]

IR RS Eitéy)
aurry |
‘syadap 37-01 1B pejzusIap aIam
sadieys q[-1 vaya syydap -z e pasnsesun saaldwered awn)-3Inssald--"¢-g 3192y

(Vo)
—
]
~~
—



te

T T T
F6S°1 - - 860G S6°0 Lt : Fel _ PA ]
— ;i I_ i
- 9¢ H SIto 915°0 €D $722 €51 uraeyy
|~ ! - :
- #£ | #e1°0 | 815°0 teo | BT T i
- AN | 600 | LI5S0 T I P61 FEl _
- LE 911°0 21870 _ T ; 1°¢2 651 bR B £
. 1
S S—
£65°2 - - 0 oreze | L AN 681 EiH :
| : 1 e
- ¥N 8Zi'o ! g6r70 0071 _ §rlt 7:2
- dN Zvo | sosoy L0 1 wiy T T ez T
- 4N oli’0 £91°0 * et : et ReY4
- qiN ET°0 | 108D : 040 “ 700t 7.7 s i+
!
crez | -
- €3
- LS ESARCE B S TS IR A SIS ST A ; Flte w
- 69 2¢T1°0 6872 1 1670 : 28 of B=rs ’ i 21¢ :
- L) tZ1°0 g§t10 _ €071 e DET 5= st IRTAY _ §91:
- ———— meet , |_, —= ; —
J9s5Wi 1sd J3sw JasL: 5 /ey, cur | sasw .1sd isd ! -zm0g [ avers N N
's)y20YS ‘ainss2ig | ‘eiayl ‘auitl m T *Ad1ouy rasinéuy - ‘danssalg { adn=c, | 1038 |
aaamiayg | »aneday JO=-1nD ! ! Nedd 13 *3duvy ! ‘
(zasmul . : : . I ]
Wit : ) o ! )

sagIeyd qI-1 oum sy3dap 13- 01 & painseaws sIajpwered auwy-aInssald--"9-9g d1qel

‘syydap 3J-01 18 D2IeU01IP II93M

B-16




Swn

; o~
g
T ave > 8]
. - PRI N
TEIDISIURIVG UOLIDILIAL vy
| ‘ T | v e
RN S - - | oweo ' tuoa SSIE 23 . : RIS :
: .. o Lm l|w r . i ‘
- 53 vzZr'o R2ETL <€’ L . %31 ) LeR,N
1 B M UL . S S A
- | 9¢ i 6210 | BFF0 tety | Lo TR =91 IR ,
-0 e Laere ! eero R3C IR N 2 SN AT B ziss i
- 1t | ¢s0'n ! cgero ! 3 BN S ary 1 we LR +2 S A
: , I e Uy WSy S S| 4
N . ] +
- zs 22170 __ YA U 0€u ez it _ __ U2
- F I TS S A0 A S S T
- 9s 22170 . Aly'o { I£°0 ! 2ee =zl i vt
< 6% t11°0 _ lot'0 1 €870 : Ea BRI ! 218E
= + +21°0 X £8E°G 1¢°0 . s lel iR TR LETE L RGH
: e e e ; — g
Jasul 1sd RETAT] J3sw m..N.E\n:.E: l sosus1sd 3+ *ZYION 1 ITURIS  CoN N,
‘syooys | ‘aanssaid | *edyy | ‘eunty ! ‘48isul *asindu] } fdanerarg L, a8nen i anug _
uaawnyay | aanedan 30-10D | : wead ! ﬂ ;
{earang ! b ! : " : 4 ; _
I ? g : i i
i B R NS i S S
" (pPanunuo)~-- "9-gq IqEL
< . - -

PR SR N CA S N . A
2 M e Dt n. 't s o e,

L B O T O A . i Pl 8 2L, St X a” S bt e . 3 et U PORE oA . SO




| aika o dr O

seslh

T —_ \
£:0°t - - - - a - - f. F1EE
- - - £rr 0 oo | =@ 78 25928 i
. , < 4 i
- i 8 10 | 807D AT £ 12 weopy |
T 5 - T = —
- 96 F21°0 | 801D R EFI | +oes .
- 9¢ T210 § ot1r'0 AT T A 12 t1rg i
- 00 €070 | 301°0 I ez sef 0of | oror | ozire | osaz )
i _ ; | . ‘
€€TF - - - - - - | _ e
ey 1. - - - - - - LiThe m
PR - - - _ - - - ! ! pieZt “
; +- 4 — i
R sg | ele | g% | 09k | RIre | el
' ! '
LE9°¢ - - GRETO ~ +0°0 43 ag ueapy |
— — i
c0r°¢c ~ - - ! - . - - e FIHC '
695°S - - corto +0°¢ 1 2t _ ug w225 i
. : j :
- 89 L60°0 | #1270 og'e | 7'3) 915 TR
- 3L 6380') | #02°0 1Lt 0719 369 rozg !
- 29 SUE0 | o220 £8°F 67 ) 3¢9 €21 09T | wirL et
mﬁ _ l
Jasw 1sd Jaswa 235w N.cr\n_ .*ut | vasw -1sd _ 1sd *zwzop | wuers CoN joz
sy 20ug ‘a21nss3zd | ‘eI9yl | ‘swr] ‘Ldraug tasindwyy } *oanssarg p—-—i——— ainen _ RS
uaamiag aamedapn JIO-1D 2oq 33 ‘aduey i B
1eAx3juj m
swry | |

2134 S9a3Ieyd INL q1-1 usya syxa

" (s?s93 wnapres 3op) sudap 3y-pi JE pateuo)ap
P 3}~ J& paJnseawi sdajgurered 3tU1}-31asSald--"4-9 21981l

St zamed A . smin3 Eﬁggi —




L ez ag el DYy T

Y WETT T T T Ty g < 5 e Lasda o L a2

B-19

i -
.
1 -
|
5= - 1 -
- H |
- 1 - i -
tiate - ﬂ -
- 9 ORI
- ) 11279
N - m 3 O
ey ——
tzot | K R
-- - _ -
- 1 2n{"3
- Ak PogenTy
= ! < ! n1717)
- 13 1 of170
- €5 _ izeu
125 | - ! S -
- - : - 1 gqen
I - £6 RS
ool 507D 12170 !
- 99 R0170 A A i
- ot €01°0 L0170 ¢ ! :
- §11 [ >3 BT BT Yo hto I hard3 LoDeg [N ! !
_ i | i ;
. — .
i s 1sd >asw -3V Ul g7t m .5d | “ziaoy |sueiS _.3% w
: '$3o0uS ‘aanssarg | ‘eidyl faurr T 2 Adaoun froussaag b loyg _
- UIDIMIG aangeday 3J10=-10) {ead : 1) 'atuey ;
Tes 193Uy !
aury I L L

“{pantnuo))---L-9 319l

PPy I U e Sup e U

T e P P I T




e RS ]

S HA e 2

- - * . s o - N » - .
‘s1aiawered uon3daral wollod
! !

»
190°¢ - - 9t1°0 - - t8 uealy
900°¢ - - 0L1°0 - - 6/ 252
Z21°¢ - : - 222170 - - 08 wlGZ¢

- It M 9+1°0 | 810°0 6£°0 +21 ste uedly
- 68 1 280°0 | L1070 0+0 +21 o€z +92¢
- it 1z o 8L0°0 H€°0 t°21 002 £76¢ 0°09 tite L61
LGR'€ - - - - - : L3 2
- - . - 68£°0 2l ) I3R! Lol 2¥92¢
- t6 1 ZE1°6 | 260°0 8.0 0°61 £62 aeIN
- 26 A 4 Y] 560°0 2870 961 162 +92¢
- L 0S1'0 | 260°0D 6L'0 2°61 (414 Fite
- (R FIT'0 | ¥60°0 6170 £°61 €0t P4 § 21
- 201 221°0 | 880°0 or-o Ll 182 1°Fv 0°s¥ LeTf 902
—
Jasw 1sd 295 dosw | 5 ui/qp.cut | dasws .tsd 15d *z110{{ | wels ‘ON *oN
‘83 o0Yys ‘aanssaldg | ‘elayl ‘auty, ‘A31ouy ‘asndurng ‘ganssalg afnen | joys
Gaamiag aanedan JIO=InD sead 31 ‘a3uey
Teaaajuy
suny

*(panunuo)d)---L-4 diqelL

.o v

B-20




. iz - 1070 0 1oy 151 N uray |
: ; - 150°0 0 t'g 11 ! TS
$2 - ++0°0 0 179 ag1 ratd
| 143 - L¥0°0 0 L 681 9°94 16 L67¢ | 0%l
3 681°0 | 65070 LE°0 811 8F7 uesN
| o+ 881°0 | ®s0'0 6+70 0721 £c FIse
_ 1t 84170 | #50°0 €LG 0Tl ce? £92¢
_ bt z07°0 | 190'0 0 2711 BE? rA13
. ot §0Z°0 ] €900 670 to21 92 t 1L 2L 2e28 | 9t
|
e §L1°G { 9900 €L 6Tel o7 ue3a)y
6< 910 | €900 €270 el T oot rive |
" ga 20z°0 | 200 8L°0 Lo 147 £97¢
i tt 9:1°0 | 907D 2170 Fool £62 21t€
| 09 0910 | 6%0°0 Lo Faf £0€ £°09 15 LeZ¢ | t¥1
i ] | ]
b 8o €sto | 90170 50°¢ ¢ot Q€C ueay
! 5 LS10 | 2oto <0t 6% 9¢S Pl
* tol 9910 | otto 2¢°¢€ 67t TS +97¢
101 st1o | orto 86°2 7ot Fe¢ raLd3
m 06 F1°0 | €010 F3°7 £ HE _ig 54€ 9¢ LSz | €F1
m isc 295t Jusiu Z ur/qi-ut | oaswa .tsd 1sd ‘ZVYIOH | wuElg ON toN
;faanssaag | ‘erayg | fewry ‘L3s0ugmy tosndug ‘Aantsarg 590w 3dnen | 10yg
.r.;:nmuz JIO-1mD Aeagq | eduRy

syidap 13-(0] 18 DIJBUDIIP S1aMm S95IeYyd

q1-¢ usym sydap 3j-1 1€ paanseaw saajdwesed au.1}-2InSsSaIJ -~ "g-d 3qEL

B-21




r N L B o - N o S D R S Nt A LR £ A B S R NS o TTELVRR T o Y e T o Ty e S e g emem e ey ooy e e BREATE e

PIOBINIR: i vsn r o decaw et - AR W S TN TREERPTN 1 BN ST VLR IRV R IMINIXN Dot e WIS T PANRA €I WIS 0t enr = tm e —

i C ,,
b |

€9 s12°0 190°0 t0°¢C ta¢ Lt uealN
99 912°0 £90°0 66" 1 EI-Te gLt tite
55 £22°0 990°0 00°? 0°92 [ +92¢
I 65 012°0 1L0°0 2172 L'ic ORE 2ite
m L9 212°0 19070 0°7 £°92 Lt £76¢ 09 Leee rA |
9 0020 +L0°0 76°C [aR31 9¢¢c uraN
€5 302°0 €070 to'2 Z2°¢g 956 Five
39 81z 0 vLo°0 £6°2 7'ttt £SS $92¢
oL 6LT°0 2:.0°0 L1°? o' 1€ 8¢S 21t¢
L9 661°0 3L0°0 c0°¢ [ 43 LSS F [4:] L5¢¢ Ct1
]
1sd >asw Saswt S Uy qf - Ut a d>asuz.1sd tsd *2Zvi10H _uﬁﬁm CON CON
‘arxnssaag | ‘2iIaql | fouwany T tABaoug ! raspnduwg ‘oanssaadg 53 a3nen | 10yg
aaneday 13O-107) ; qesg 1} ‘sduey

P "sy;dop }J-01 & pajeuolap alanx sadIeyo
i q1-g uaym syjdap 3j-1 je pasnseaw sigjaurered auwi)-a1nssaIg-- *6-4d 219el

B-22




TR e T

Lt ———— ————— | P S

-

T R . TR 6 fn a3 TR

LA Rl

B o7 SRR, W e TR il A AN 420
“ -
_ 221t " - - __ nE1"0 80° ] 601 ued\
< R 1
_. - - ST 200 £ ~ 021 ! | eF92€
£ - - - - | - ! - , _ _ 1206231
‘ - - ! - ErT°0 £0°0 A ! ¥4 : e2I¥€
Poczie - : - - - “ - ; - ! | v YAE41
1 | L. —— X e 4’ ' ,
! - : ag bz €10%0 £6°0 Bt ! _ _ weas
T T T19 T Toarco [ tena T te T m Poreze |
Vo= ze Dgkoto |osroto e ces | 0o | rire | vor |
i 1 ' . N
! f i e . i =T I e |
| £T2°F ; - m - vl -_i.l-.-..,é 0 L" _ ! qeIjy .
. - i - | - £OF°C _ 500 Coon : _ mi.cmm _
- _ - | - - - , - - : _ &,:,m d
} - - ' - Aty ! 790 MO £ : | e2lre |
S ot - - - - - ! - w lelC2€
- T - 1 . .
- q ) 321°0 211°0 RSN 0ee ; £1e : 0°6¢ ot tive 361 __
. ' ]
295w ” 1sd _ Dasw _ N._::: Ut Mucmﬂc.wma 154G _ *Z1I0H | uelS ‘ON R LN
fsyo0yL _ '21TSSIIg 1 ‘eIay L “ .of:.H t ‘Af1eug 3s (nduaj faanssdxgd 7 ‘adury adnen) | 30ys
usswing | ostiedax | { oo yead !
[eaxau] _ w
ouny | . _ |
- (s198xe) ou ‘SuOIII[IDI WOROq
aanseaw 03 §3S33) Syjdap J-gI I8 Pajcuoldp 3Iam sadxeyd LNL
ql-1 uayas sudiap jj-1 ye painseawr siajourered sur}-aInssalg-- 'Qr-gd 31qel

Cratenem = o

B-23




BN PR e et g g T

g R ISHE RSN TR I PR

. e —

ssaojowrexed uordayyaL woned
9£8°2 = - £ET0 ic'o ol £ ueaw
- - - EET°0 10°0 5°1 89 eb9?t
0sL e ; - - - - - 8L eci¥t
22672 ! - - T - - - el52¢
= | 8¢ _oervo 250°0 w 22°0 0°8 081 ued
- 8¢ 680°0 | 9500 |  22°0 R°L LY t9ze
- 32 AR MY 800 2270 '8 €81 S'ol 08 Five 102
J2sW 1sd Jasw >asw 2 sur/qr-cut | dasw .1sd 15d *Z11o[] |uels *oN *ON
*sxooys ‘arnesazd | ‘eidyl | ‘swity “A313ulg “asndwy ‘oanssaag a8nen | 0us
usamidg | ‘»anedoN J3O-InD sead 13 ‘o8uen
[eat1sa]
surt

*(psnunjuo) ;-- "91-d dIqelL

— e r o

=
<
a

A SAAAREL St DO v s trtnas sty ... » o a A PRIt oty a b e = -




