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A

I. INTRODUCTION

One purpose of this report is to bring together all the basic data collected
by LWL in the conduct of physiological testing of less lethal devices. How-
ever, the major objective in writing this report is to present an assessment
of the meaning of the data collected and present any findings which will aid
in the design and evaluation of less lethal weapons.

The emphasis here is not on the overall evaluation procedure but focuses pri-
marily on the physiological effects and, consequently, mainly on the "undesir-
able effects of less lethal weapons. Although an effort will be made to make
this report useful without referring to other reports, it is inevitable that
certain jargon and inbred concepts will be used; hence, it is recommended that
the reader examine "A Multidisciplinary Technique for the Evaluation of Less
Lethal Weapons (Volume I)'"! which gives considerable background discussion on
the evaluation of less lethal weapons.

The type of physiological effects examined in this report are generally clas-
sified as blunt trauma as opposed to penetrating trauma. However, in certain
of the devices tested, especially the smaller projectiles at high velocity,
there were same fairly deep tissue penetrations. Hence, we cannot be con-
strained to blunt trauma discussions only, but to the effects of allegedly
less lethal impacting projectiles in general.

An alternative way of stating the nature of this study is that it investigates
the relation between kinetic energy of impacting projectiles and damage to
living tissue. It has been widely assumed that tissue damage is related to
the kinetic energy of the projectile.

Although the emphasis of the report is placed on physiological response to
impacting projectiles, some consideration will be given to the choice of an
“optimum'' projectile for achieving certain objectives using "nonlethal' (less
lethal) weapons.

ligner, D. 0., Shank, E. B., Wargovich, M. J. and Tiedemann, Jr., A. F., "A
Multidisciplinary Technique for the Evaluation of Less Lethal Weapons (Volume
I),' USALWL draft report, July 1973 (to be published as-a National Institute
of Law Enforcement and Criminal Justice Monograph in 1974).



1I. ANALYSIS OF THE TESTS

A. Musures of Physiological Effect

Three measures of the PhYSiologicgl reggonsssgg ?ﬁiﬁﬁi gigggiigztggn?héAiffeCts
- " thal" weapons have pegen U

2§r2§ ﬁziéegeegégigeloped fég LWL's evaluation of less lethal we:g:niﬁirgwgs
of the measures are independent measures of well-being, whereas
primérily an auxiliary measure of well-being.

. 3 e
The fixst messus i cho dmage levol graing Sten, e SR, orid

. i areas and organ m ihe b : :

agiéﬁrggigegggiiates tissue damage on the basis of 1ncreas}nge3§¥§§12yéivgﬁy
of six different levels gf d:mage (giEEZE“ggaiéem:ﬁ gi o organ, and a
i of "0" denotes no : ) : ! eula
tggﬁgtéf ﬁsxaéggotes a complete disruption of the tissue 1n tge gé;ﬁ;g:iTgf
area or organ. In the necropsy associated with speciflc toss, 2ee photographs
"'sharp"’ color'photographs are taken of the affected ar:Z» igvels Ufgetailé of
become the basic data utilized in the assignment of ga tﬁe Medicél Group
the testing procedure, the accompanying necropsies :?1 the damage level
assessments are given in References 1 and 2). ActuaLy, sets of criteria
rades represent nine different submeasures, 51ncea§he§ea§;?skull) heart.
%or nine different body areas and organs, ViZ., head ( {_ ) S fanoous fis-
lung, liver, kidney, spleen, other viscera, bone, and & tﬁ Zrea are given in
sue%ﬁuscle.’ The specific criteria for each grade and ea

Appendix A.

| » L3 - . 1
The second measure of physiological effect is the probability of an undesirable
effect (PUE). > Lor P
i ini ade levels, but the specific nature o
ey uiéd lziigfzzglgtﬁgrtgifgzmation* on the gnlmal‘s cond1t122) 13e:?¥:gle
ggigdagicggg to assign a probability of an undesirable effect. un
effect is defined as follows:

i i ists longer
i and/or functional effect which persist ;
Eﬁiﬁ gzaﬁggigaind pﬁevents an individual from perforzxggnzggﬁlne
daily tasks and/or produces permanent impairment as deii Y
the American Medical Association (AMA) ratings.

omp i i ffect, the latter mea-
i irst two measures of physiological e » I
iﬁrg (Par;ngstgziz izrge more highly correlated with the well-being (or lack
UE

we j i d. In fact, the
~bei individual subjected to a particular woun

gf (;iggzggggt;fozna;?u;desirable effect) value also takes into account the
UE

i f the Physiological
i . and Tiedemann, Jr., A. F., “"Evaluation Of 4
zézizgg’o%.Hgghfg Spheres Inpacted Against Laboratory qségals (Volumes I an
L s - Regéﬁf Noé ﬁgﬁégg'glgzzﬁéﬁfgﬁié info;matidny death or
is i des the actual damag _ :
:3¥$§VZRC£% the animal, volume of blood in the cavity, etc.

et e e A3 s s O e 3

In this measure, the Medical Group examines the same color photo-

difficult problem of scaling, that is, the transfer of information on a species
of test animal to the effects on a human. One of the disadvantages of the Pui

value is that it is judgmental and requires a group of medical specialists to
provide technically acceptable estimates. Furthermore, the tissue damage
levels are much more specific and the mechanics of tissue disruption through
kinetic-energy impact or blunt trauma are more understandable than the relation
between systemic abnormalities and kinetic-energy impact.

Looking at the two measures in another way, there is reason to suspect that
tissue damage levels and kinetic energy (along with other projectile parame-
ters) will provide a relatively precise relation, whereas Pur provides the

more meaningful data for evaluating the hazards of impacting devices. At this
point, however, it is worthy of note that for many of the organs and body

areas graded there is a high degree of correlation between the two measures,
damage levels and PUE'

The third measure of physiological effect is the electrocardiograph (EKG)
grading system. The EKG was first introduced into the tests to provide a
bitter understanding of the animal's preimpact and postimpact cardiac condi-
tions. However, several impacts were observed where the EKG indicated serious
abnormalities in the cardiac function after impact but where the gross tissue
damage %o the heart was small. Since the heart appears to be a much tougher
organ (i.e., less subject to tissue damage than the other organs examined for
given kinetic-energy levels), it appeared that gross tissue damage levels for
the heart should be augmented with additional quantitative information which
would be more sensitive to kinetic-energy impacts than tissue damage levels.
Hence, EKG grade levels were established by the cardiologist of the Medical
Group as an auxiliary quantitative measure of the damage induced on the animal
subject. To date, no separate analysis has been made using the assigned EKG

grade levels, so the EKG grades are excluded for the present from the physio-
logical data base in Appendix B.:

Some further comnents on the damage grade levels are in order. When we attempt
to measure with a linear scale the amount of tissue damage induced, there is

no denying the value of the attempt. WNe can quote classical statements from
the history of science which say, in effect, that we cannot really understand

a phenomenon until we can measure it. What is contestable, however, is the
validity of the scale. Since we know of no other scale of physiological

response which measures tissue damage, it suffices to show that the damage
level scale has some positive merits.

First, the grades are meaningful in the extreme, i.e., Grade 0 indicates no
observable tissue damage, whereas Grade 5 indicates extreme disruption of tis-
sue, The intermediate grades are defined such that intermediate damage is
ordered. For example, we can always say that Grade 2 is between 1 and 3, as
opposed to saying only that Grades 4, 3, 2 and 1 are all somewhere between 0

and 5. In technical terms, we can say that the grade levels represent an
ordinal scale.



The real question then is do the changes in grade represent constant intervals
of damage? A rough observation of accumilated grades (Appendix C) shows a
reasonable distribution of grade levels between 0 and 5. This does not vali-
date a constant interval between grades, but any unusual (frequent or infre-
quent) intermediate grade may indicate a case of improperly weighted grade
intervals. In fact, several cases of unusual intermediate grades do occur;
but, rather than pointing out a deficiency of the grading system, these cases
are medically interesting. For example, there is only one Grade 1 for the
liver for all of the projectiles fired into the liver area, but there are
nineteen Grade 0's and eight Grade 2's. Looking at the liver-grading criteria
(Appendix A), this means there was only one case of a liver injury where the
only damage was a subcapsular hematoma; whereas, there were eight cases of
subcapsular hematoma with a simple fracture (less than one centimeter deep
and/or less than five centimeters long). Another obvious nonuniformity is
the relatively small number of cases of Grade 4 damage to the skin, subcutane-
ous tissue and muscle (treated as one body area). Essentially, the difference
between Grade 4 and Grade 3 for a skin area impact is that Grade 4 involves
laceration of fascia, muscle and/or fat, whereas Grade 3 involves no lacera-
tions. The difference between Grade 5 and Grade 4 is that Grade 5 includes
laceration of the skin. A further examination of the data shows that all
cases of low frequency for Grade 4 occur with the four smallest-diameter mis-
siles, whereas the three largest-diameter missiles result in Grade 4 frequen-
cies which appear consistent with the accompanying Grade 3 and Grade 5 fre-
quencies. Physiologically, this indicates that severe damage below the skin
. will be accompanied generally by laceration of the skin for smaller missiles;

but for larger missiles, skin lacerations need not be expected with lacerations

below the skin.-

Before getting into the analysis of the data, a comment is in order on the
composition of the Medical Group whose efforts were essential to this whole
program. Whenever a medical group is assembled to provide a critical input
to an investigative effort of this type, there is frequently a great ''to-do"
about the qualifications of the participants. Furthermore, since much of the
activity of a medical group involves the exercise of medical judgment, there
is a tendency to want ax average of judgments from many different experts.
The overall evaluation group approach to this problem was to assemble a few
experts from the Baltimore area and indicate to them the basic objectives of
the program. Then as part of a small team, rather than as separate indepen-
dent medical experts, this group was asked to propose procedures for achieving
the objectives that were the responsibility of the Medical Group. The pro-
posal, which was accepted, consisted of a small working group of different
medical specialists, viz., a forensic pathologist, a surgeon shock-trauma
specialist, a cardiologist, a veterinarian-pathologist and a physiologist.
This group's main function is to review assignments of damage grade levels,
synthesize measures (or scales) of physiological response and provide esti-

mates of pUE'

B. Analysis of the Damage Level Information

A series of tests against animals was conducted by LWL, beginnihg in December
1971 with the testing of a high-energy rubber sphere (Superball) as a less
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TABLE II
DESCRIPTION OF DEVICES TESTED
Item Weight Composition Configuration Dimension(s)
Superball 11.5 gm High-energy rubber Sphere, Solid 1.09" dia
Stun-Bag av 190.5 gm Fabric-covered bag filled with metal shot Flat Disc, 3" dia
Flexible
Waterball av 263.7 gm Soft plastic shell filled with a 40% Sphere, 3" dia
glycerin § water solution Bursting
Ping Pong Ball av 29.8 gm Hard celluloid shell filled with a 40% Sphere, 1.375'" dia
glycerin § water solution Bursting .
Paintball 3.2 gm Soft plastic shell filled with oil-base Sphere, 0.625" dia
paint Bursting
Ricochet Round 8.2 gm Clay-like substance, similar to "Silly Cylinder, 0.75" dia x
: Putty"” Pliable Solid 0.75" long ,
RTV Round 17.0 gm- General Electric silicone elastomer Sphere, 1.25" dia

Break-Up



Damage Level 4 row in the column for 75 ft-1b kinetic energy means there were
two shots graded Damage Level 4 for kinetic energy of impact between 60 and
75 ft-1b. The basic data for each shot, along with most of the results of

interest, are given in detail in Appendix B. The data in Appendix C (grouped
by kinetic-energy bands) give only those grades for the area impacted, whereas

the detailed shot data in Appendix B give individual kinetic energies and
In the analysis of damage level vs kinetic

grades for all areas affected.
energy which follows, although based on Appendix B, only one area (or organ)--
the one impacted--is associated with the damage level. The same shot, however,
may be used in several relations, e.g., a thorax shot will yield a heart grade,
a lung grade, and, a skin grade; all other shots will yield just two grades,

i.e., the underlying organ grade and the skin grade.

A cursory examination of the grouped data in Appendix C indicates that there

are many instances where there is quite a spread in damage level grades as
Consequently, it appeared that the most signifi-

impact kinetic energy varies.

cant and useful analysis of the data would be to approximate the physiological
response by a linear least-squares fit. Hence, the least-squares fits were
calculated (based on the basic data in Appendix B rather than the grouped data
of Appendix C), and the results of this effort are given in Table III.

Obviously, the nature of these linear fits is influenced by several character-
First, damage level grade can take on only one of

istics of the basic data.

six values (0, 1, 2, 3, 4, 5); hence, there is a limit to the precision of

the fit due to the large intervals between different physiological responses.

Second, the kinetic energies of impact were primarily in the region from 30

to 90 ft-1b; this limited range provides some linear fits which are somewhat

distorted for those projectile/body area combinations which are relatively

gniensitive in the 30-90 ft-1b range. This will be discussed in more detail
elow.

The combination of the Ping Pong Ball projectile and the heart damage levels

is selected as an example of the linear fit between damage levels and kinetic

energy. The information is presented in Figure 1; i.e., both the data points

from Appendix B and the linear least-squares fit to these data are presented

in Figure 1,

In order to provide some comprehension of the overall results of these experi-
ments in a single picture, the 49 linear least-squares fits are plotted on

one graph (Figure 2); but, in order to avoid the appearance of a mass of 49
lines, each line is represented by a point. That is, in Figure Z, each linear
least-squares fit is represented by a point, the abscissa of which is the
slope (m) of the line and the ordinate of which is the y-intercept (b) of the

line; for example, the line of Figure 1 is represented in Figure 2 by the

circled point P-H (.06874, -2.324).
Some orientation of this technique of presentation is provided by the two
The points of

lines on Figure 2 which bound all but two of the data points.
the upper line represent a ray of lines going through the 90 ft-1b, Damage
Level 5 point for data presentation of the type given in Figure 1. The points
of the lower line represent a ray of lines going through the 40 ft-1b, Damage
Level 0 point. If the two lines were extended, their point of intersection

e

e i e s
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2.149
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0.196
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Correlation Sample 3
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e relative damage caused by these two
al arrangement of the two subsets of points portray in an
T that the Waterball (W) is much less damaging than the Ricochet
£ Round (R) for equi i
e
3

_ evels. Figure 4 shows the same type
for the RIV Roungd (V) and the Paintball ™). Although the
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isons are Presented in Figures 5 and 6. These
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o 5LV
¢ R-K
o
£
S
®
e
g
5
n
5
3
th

08
T
~
Q
<
(7]
Pt
g
m
]
:
5
&
=2
(o]
Y
&
7]

t relative vulnerability of the liver
occurs in cambination with the RTV Round (V) and the Waterball W), the two
least damaging pProjectile types over

all; otherwise, the heart area is less
§ 0SS tissue damage than the liver. It st be emphasized that
12 | Most of th i i

€se points were established on sample sizes of the order of ten

intercept plane is subject to considerable f
owever, a comparison of Figure 5 with Figures 3 and 4 indicates that ‘
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phyeiological Tesponse measured is the result of

=)o

the greater difference in the

the projectile impacting rather than the organ impacted.

Figure 6 presents. an interesting compar ison of the vulnerability of the two

different skin (skin, subcutaneous_tissue and muscle) areas, i.e., the skin

of the head (sH) and the skin of the bady (SB). In this instance, each of the

points represents a sample size O 20 to 30 test observations, and it may be
points in the slope/intercept plane are

inferred that the jocation of the
most interesting observations fram Figure 6

relatively well-established. The
e skin of the body is consistently more vulnerable than the skin ‘i

of the head and that there are two totally different relations in evidence, }
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viz., the steep slopes connecting four pairs of points an the shallow slopes

connecting three pairs of points. The conclusion drawn from these observa~

tions is that the body skin is more sensitive than the head skin, both at the

1ow-energy levels (shallow slope) and the high-energy levels (steep slope) 3
i of a slope/intercept presen-

This conclusion demonstrates primarily the value O

tation rather than a significant finding on high/low—velocity projectiles, "

and it should be remembered that the conclusion is based on tests against {
i (body skin), i.e., tWO different animal species. |

baboons (head skin) and swine

Although it is obvious that one of the limitations of a linear description of
i be nonlinear, there are certain z
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the data is that the physiological response may
ich should be noted. The correlation coefficients of each
in Table III, provide some indication of the

" 1inear least-squares fit, given in
£ the‘correlatlon coefficient

value of the linear fit. Approximate values O
i ne fraction of the circles

arekdisplayed‘graphically in Figure 7, where t
i xi value of the correlation coeffi- i

vhich is black represents the approximate V
i :des a significant insight :

cient. It is felt that this representation provides
t plane are most meaningful. However,

into what regions of the slope/intercep _
i rrelation coefficient with jincreasing
t be attributed to the fact that the correlation coefficient is
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andard deviations of the

equal to the slope multiplied by the ratio of the st
jndependent and dependent yariables. On the other hand, some of the low cor-
relations in the interval of slope from .00 to .02 must be attributed to
other factors, viz., @ variation in the response which is sufficiently large
to preclude a good fit (5-H, S-L, B-L, V-K, M-H, W-X) or, the kinetic-energy
1evels selected did not correspond to the region in which physiological
change occurs (W-iD, B-H, M-SB). In the latter examples, W-1D (Waterball/
{lead) and B-H (Stun-Bag/Heart) are excellent examples, since therc were no
M-SB (Paintball/Skin—Bo@y),_

damage levels other than "0." In the case of M (
snance of Grade 5 1calls'' over a relatively large kinetic- i

projedtile/body area

ination.
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M—ch

represents the i
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of correlation gqoefficient f(:ﬂue
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comb

circle to entird area of circle
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there was a predominan
energy interval, and there were very few outcomes for damage levels 1less than
5., Consequently, the M-SB set of data was represented by a line of small
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slope with a large intercept, whereas a more sophisticated criterion* for a
linear fit would have given a steep slope (about .1) with a small intercept
value. In general, the message of Figure 7 seems to be: if the predicted
damage level is relatively high, the linear relation predicting this level
is more believable (higher correlation coefficient), and/or if the linear
relation forecasts a large change in the test interval (large slope), the

relation is more believable.

Before reviewing and summarizing some of the physiological findings, another
presentation of the data, which is more direct, is given in Table IV. The
entries in Table IV are the predicted damage levels for an impact kinetic
energy of 50 ft-1b, based on the linear least-squares fits of the data. The
entries tend to confirm our previous observations based upon the slope/inter-

cept presentation of the data which, of course, they should because they
represent a special case (50 ft-1b) taken near the center of the kinetic

energies tested., Rephrasing these observations, they are:

1. The Waterball and RIV Round are generally the least damaging projec-
tiles for impacts of fixed kinetic-energy levels.

2. The heart is one of the organs least vulnerable to gross tissue damage
from projectile impacts, with the exception of Superball impacts, where it
was noted that the significance of the fit for this combination (S-H) was
small.

3. The liver is one of the organs most vulnerable to gross tissue damage
from impacts for all the devices, with the exception of the Waterball and RIV'
Round which are the two least damaging projectiles.

4. In every case, the skin of the head is less vulnerable than the skin
of the body to gross tissue damage from projectile impacts.

It must be emphasized that these linear relations describe the damage to the
immediate area impacted. The analysis which follows will provide some modifi-
cations to the above conclusions.

*It appears that a piecewise fit of the damage level/impact kinetic-energy
data would be more useful. For example, if slope m and intercept b are
chosen to minimize the following sum of squares, Q:

Q=zy? By - mg - b)2 2(5 - ¥;)?,
i 1 i 1 1 i 1
b b 5-b 5-b
for X< mEN AT X

whete x; is the impact kinetic energy of a given shot and Y3 is the corres-
ponding damage level, then the predicted damage level would be '"0" for

b 5-b . b 5-b
x<~ﬁand5forx>—n—l-—andl1nearfor SLX ST
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C. Probability of Undesirable Effect (PUE) as a Measure of Physiological
Response

jological response measures that Pyp

to scale the results from the test animals to & human
and that Pyp represents the well-being of a human more accurately than damage
level. Unfortunately, there is no assurance that for any given shot the organ
damage which a human might sustain would be the same as that exhibited by the
d swine) were selected in an effort

test animal, but test species (baboons &n ) )
imi i damage conversion problems. Later in this report,

some results on correlation of damage jevel with animal weight will_be dis-

cussed, and the qualifications on these data as applied to humans will be

more evident.

It was noted in the discussion of phys

represents an attempt

The nature of thes damage jevels does influence the outcomes of the PUE'S,

since the gross tissue damage is one of the most important pieces of informa-
tion used by the Medical Group in estimating Pg: The extent to which a pre-

assigned damage jevel grade influences the Medical Group estimates of Pyp is

there is no question that the convenience of a single numbeT ,

not clear; but, '
i1led medical description of the wounded area, aided the

rather than a detal
ge level grade was also frequently used by

estimation of PUE's. The dama
ersonnel to check on the consistency of Pyg estimates.
Level 3

analysts and support p

For example, on reviewing minutes of medical meetings, if 2 Damage
to the skin were accompanied by a Pug of .10 in one case and Py of .30 in

4 be raised as why there was a difference in Py

for the same grade 1evel. The Medical Group response to this type of question
invariably resulted in a detailed statement of the differences in systemiC
effect of the tWo wounds with the sameé damage level grade.

the

another case, & question woul

onbinations of projectiles and

body areas is handled in much the same manner as the damage level analysis.
One of the basic differences betwscit the two analyses, nowever, is the number
of body areas considered in each. The Medical Group assigned one Pug value

for each impact, i.e., considered the effect on the body as a whole for each
body area impacted, whereas up 1o eight dif

assigned for a body shot and two different damage 1evel grade
1 level analysis did not consider dam-

age to combination body areas 1ike the thoraX, where a thorax shot was broken

down three ways as heart, lung; and skin (skin, subcutaneous tissue and

mscle--SSM) damage. That is, in the damage level analysis,

data points were generated by a s .
generated in the PUE analysis. The skin (SSM) , both body and head, 1S also

excluded in the Pug analysis as a S€p
of the damage 1evel analysis ar
sis as follows:

The analysis of the Pip values for yarious C

arate body area,
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'so the seven body areas e

e reduced to four pody areas in the Py analy- =

e e O et

™
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B

2. Thorax (heart and lungs) - TH
3. Liver - LV

4. Kidney - K.

The same seven S
. ; IO i
tion with the agovéeggtieiogf the damage level analysi
y areas in the P . an 1ys%s are used in combina-
yg analysis, and the results of

linear least-s .
V. The three 3Qares fits to these 28
- ight-mo (7 x 4) combinati .
e S A o o e e o B

as was used in Fi Y. e same £ e linear fit
level vs kineti in Figure 7 for th e form of slope/i

ic e . e 49 device- Pe intercept -
(Pyg Vs kinetic en2$;§§)ilsF§150 used for the ;glggverea combinat.ions %da£;§e
n Figure 8 below. As in Fi;ﬁiéageatﬁombinations
, the correlation

coefficient of i
the Pyp vs kinetic energy relation is indi d
icated by shading the

] 1- ] . ] E ] ] . EE. .
b b X C ‘
f

There are sev
eral fundam
gross tissue damage ental changes to previo i
the P, .'s thus deg, to the impacted area whic:hus conclusions, based oni
UE rived. First, the large should be made y on
, the larger projectiles (especia?gy 2iseg oo
: e Stun-

hazardous for gi
r given kinetic-
at ) els than .
of cases in Stun}‘ézéysﬁgzrer showing is undoubtetgi Srcrllall?r projectiles. The
I L R L R L B
result in a sick patient he medical judgment is in the liver
Pyp for a relatively 10£a§;;2t for at least sevgﬁal dZ;§ tgﬁt such necrosis
ge level. Generally, it apéearzstﬁzzlzﬁ a high
e larger

projectiles are causi
though the dama causing damage in a lar
) ge at th . ° ge body area (e. .
large. This PhenomenOnecggént of impact (heart lun(e gi? the thorax) even
es the Pp's for such 1a§ée b;g; ;s not extremely
reas to be

relatively hi
y higher when compared to P,_.'s for
UE smaller body areas. To repeat
3

the smaller 3 :
the projectigroJeCtlles position did n
es, " 1 not necessarily i
Shaljest Projectiigd e bits oo indication iﬁgtlihzmg;gX§briiative to all
e larger projectiles i some of the less- . all (M), the
areas o bepda%aggélzio;n that there seemed to g:tzagzige characteristics of
a single shot of the Paintball en%%efor multiple
. re is no direct

evidence assembl

ed, but it i i

resul R ’ it 1s con

t from the 'penetration tYpeﬁeazigéeozhiﬁetge'multiply*damaged areas
aintball.

The'previous
. conclusion (b
invulnerability of ased on damage level analys?
counted when the rezﬁitgeait to gross tissue damaZiy;istOEIY) on the relative
of the D, analysis st be generally dis-
UE are taken into account. It
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TABLE V

PROBABILITY OF UNDESIRABLE EFFECT, P

, VS KINETIC ENERGY

P

at Indicated Energy Level

Area Correlation Sample UE -
Projectile Impacted Intercept, b Slope, m Coefficient, p Size, N 30 ft-1b 50 ft-1b 90 ft-1b
Superball Head -0.190 0.0102 0.747 25 0.12 0.32 0.73
Thorax 0.576 0.0012 0.076 12 0.61 0.64 0.69
Liver -0.300 0.0156 0.913 9 0.17 0.48 1
Kidney 0.009 0.0064 0.640 9 0.20 0.33 0.58
Stun-Bag Head -0.026 0.0071 0.551 24 - 0.19 0.33 0.62
Thorax 1 0 0 6 1 1 1
Liver -0.003 0.0158 0.875 6 0.47 0.79 1
Kidney 0.217 0.0075 0.560 5 0.44 0.5% 0.89
2 Waterball Head 0.153 0.0020 0.335 14 0.21 0.25 0.33
Thorax 0.185 0.0054 0.211 11 0.35 0.46 0.67
Liver -0.270 0.0124 0.711 11 0.10 0.35 0.85
Kidney 0 0.0005 0.158 8 0.02 0.03 0.05
Ping Pong Head ~-0.365 0.0120 0.589 16 0 0.24 0.72
Ball Thorax 0.127 0.0106 0.662 12 0.45 0.66 1
Liver 0.898 0.0013 0.388 11 0.94 0.96 1
Kidney 1 0 0 11 1 1 1
Paintball Head 0.134 0.0096 0.640 17 0.42 0.61 1
Thorax 0.278 0.0096 0.569 11 0.57 0.76 1
Liver 1 0 0 7 1 1 1
Kidney 0.922 0.0008 0.307 8 0.95 0.96 1
Ricochet Head -0.168 0.0118 0.722 18 0.19 0.42 0.89
Round Thorax 0.315 0.0071 0.472 12 0.53 0.67 0.96
- Liver 1 0 0 9 1 1 1
Kidney -0.517 0.0156 0.930 7 0 0.27 0.89
TABLE V_(conry
Projectile  Inpace ) p -
M % Slope m CCOI' r?l!:ltion Sample UE at IndlC&tEd Energy Level
Thorax "0.214 0.0068 T /=20 30 ft-1b 99 froqp
Liver 0.216 0.0139 0.546 20 T
o -0.350 0 0.644 0 0.12
Kidney -0147 0.76 9 0.20 0.40
0.040 0.0156 -/02 8 0.48 1
. 0.262 5 0.09 0.38 0
0.21 0.32 o
. 0.54
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to undesirable effects as the liver area in this analysis. This does not mean
that the heart is not a tough organ physically (the results from the damage
level analysis verify this statement), but it does mean that the toughness of
the heart organ is not a critical factor in the overall morbidity of thorax
impacts. For example, the PUE value for thorax impacts includes gross damage

to the heart and the lung. The thorax PUE value also reflects contributions

from EKG abnormalities as well as the specific nature of the gross tissue
damage and its anticipated systemic effect.

The comparable vulnerability to undesirable effects of the thorax and liver
area impacts is really more surprising than the above discussion would indi-
cate. An examination of the damage levels of Appendix B indicates that the
small missiles impacting against the liver area cause damage to the heart and
lung (as will large missiles) and also introduce EXG disturbances, so that
one might expect that the compounding effect of Py values would make the

liver that much more vulnerable and, in fact, it does. For the P, M, and R
projectiles (Ping Pong Ball, Paintball, and Ricochet Round, respectively),
the liver area impacts are more dangerous as measured by P .. than the thorax

area impacts. For the remaining projectiles, the thorax area is more vulner-
able (in some cases, for example, the RTV Round, only slightly more vulner-
able) than the liver area, but it will also be noted for these projectiles

that thorax area shots will tend to produce liver damage, which is not the
case with the P, M and R projectiles.

Before making conclusions on the overall 'nonlethal' weapons implications of
these findings, it shculd be noted that the Pug results tend to be more

revealing than the damage level results, i.e., where damage level for the
area impacted only is examined! There are only two results, S-TH and W-K,
which appear in a bad region of the slope/intercept plane with a small corre-
lation coefficient, and even W-K could be a reasonable description of the
Waterball-Kidney interaction since there were only three non-zero grades
assigned for the damage level other than the skin. Two of these were kidney
damage grades with values 1 and 3, respectively, and there was a damage

level 1 for '"other viscera.'" It should also be noted that the W-K value is
located in about the same relative position for both the P and the damage

level vs kinetic energy analyses. Furthermore, the correlation coefficient
between damage level and PUE is .95 which means that PUE’ in this case, is

based primarily on the gross tissue damage to the kidney. There is also
sane understanding of the S-TH value and it will be described below. It

too appears in the same relative region as the S-L and S-H values for the
damage level vs kinetic energy analysis.

The pertinent question now is what has been learned about the effects of these
seven different projectiles? First, the RTV- Round, which is the most flexible,
elastic projectile pf the seven, and the Waterball, which is the largest fran-
gible projectile, are the least damaging projectiles for fixed kinetic energy

levels. These conclusions are independent of which analysis, PUE vs kinetic
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energy or damage level vs kinetic energy, 1S examined.

that the high-energy sphere (SWp

Pug analysis than in the damage level analysis, and
be inferred for the Ricochet Round. On
Ping Pong Ball look relatively more dangerous

simple averaging of
we have

in the

the various devices by a
responses for neritical' body areas,

Average Damage Level
70 Ft-1D 0 £L-1D

Projectile
Waterball 0.50 0.74
RTV Round 0.50 0.88
Paintball 1.20 2.04
Ping Pong Ball 1.36 2.00
Stun-Bag 1.48 1.84
Superball 1.58 2.32
1.58 2.36

Ricochet Round

It should be not
Ping Pong Ball an 11,

jstics of the
condition.
during the tests which were Tun for record.

1, but this

to rupture for the Ping Pong Bal
face to provide fracture lines.
relation can be established on the critica
jectiles, but jt does appeal
and the 3" Waterball there is
impact.
Ping Pong Ball to the
change in physiological effect.
t the smaller proje

Another observation is tha
jocalized damage, but for the smallest projec

mean’ localized to 2 wound tract; hence,
and deep penetration of small missiles,
would appear that there is some intermediate
will give primarily local damage. Finally,
projectile characteristics ijs that a s
any of the concepts consi

overall

dered in this evaluation.

erball) looks relatively
a similar conclusion may

the other hand,

i1led projectiles, viz., P
i d the physical

shells contalning ¢
can be stated that all projectil

was resolved by scoring
The point ijs that no

Paintball did not result in an

oft elastic consistency 1S

It is fairly evident
less dangerous in the

the Paintball and the
analysis. f we rank

the predicted physiological
the following:

Average PUE

30 tt- 50 ft-1
0.17 0.27
0.12 0.32
0.74 0.83
0.60 0.72
0.52 0.68
0.28 0.44
0.43 0.59

aintball,

initial failures
the sur-

definite conclusions OT
liquid-filled pro-

ctile tends to produce more
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for relatively high kinetic
multiple areas
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eater than those £ - tios for the kineti ch of the
frequently highly sig;iﬁge body weight variables. éngsgigy variables were
kinetic energy are majo cant. The conclusion is that both both ratios wete
sured both by damage iesegogﬁglgUtlons to the physiological Bgdy weight and
yg Furthermore, kinetic en sponse as mea-
ergy 1s the more

dominant variabl .
of 20 to 30 oune' Since the animal weights
observed is greai:; %ﬁaSOUId be. inferred that the gﬁsggggtly within the range
proportions. A less ¢ would be expected fram a lar ogical response
haVe foceTvedl a5 ok grtaln conclusion 1s that full-ger animal of grown human
In the test animals Aémage for given kinetic-energygigznlhumans would not
Tesults outside the te tgre?t deal of care must be exer vels as that observed
weight correlation witﬁ dgglght interval. For example Ctied°ln extrapolating
the same maturity, the 1i ge could very logically mea e inverse body

, the lighter animal is more suchptiggetggtdfor animals of

amage.

The decision
) to test small pi
cutaneous tissue all pigs was based upon a j
than that of a 1a?§grm:i§;ellayer W9U1d resemble %ﬁg%mggtatﬁat the skin, sub-
al of equivalent adult human weighzmanFmoiﬁ nearly




it was assumed that the skin would provide a more sensitive response than the
critical soft organs. In general, this assumption holds for damage level
response as exhibited by the consistent positive intercepts (of Figure 2) for

the different skin/projectile relations.
D. Other System Considerations Influencing Less Lethal Weapon Characteristics

A1l the previous discussions were oriented toward understanding physiological
response as a function of impact (or preimpact) conditions. At this point,
some discussion is warranted on an approach to establishing the characteris-
tics of less lethal projectiles where these projectiles follow ballistic tra-
jectories from laumch. Since a projectile must act at a distance in order to
provide some effect on target and safety to firer, there are two dominant con-
ditions, viz,, gravity and air drag, which will influence the choice of a
projectile size. In the following discussion, only spherical projectiles of

the density of water (1 gm/cc) will be considered.

Figure 9 is a plot of the impact kinetic energy vs range for "water' projec-
tiles of various diameters. The launch angle is 5° in all cases. An inspec-
tion of Figure 9 indicates that the heavier (larger diameter) projectiles are
extremely range-limited for kinetic energies of launch which are reasonably
safe (low kinetic energy)! Essentially, what is pictured in this figure is
the trade-offs for launch impacts vs stand-off (downrange) impacts; i.e., if
an attempt is made to provide a projectile which would cause little damage at
the muzzle (if someone were inadvertently hit at the muzzle) yet the projec-
tile must have some "effect' downrange, then there is a tremendous difference
between a 1/2" projectile and a 3" projectile. It should be emphasized that
the trajectory information in Figure 9 is based upon a 5° launch (super ele-
vation) angle. Depending upon the sight utilized for a launcher, this could
be an appreciable source of error in hitting a target. .For example, at 200
feet range a 5° launch angle would require the firer to aim about 15 feet

above the intended impact point on the target.

Before discussing the additional information on Figure 9, it should be noted
that a very specific and restrictive set of objectives was stated above for
impacting less lethal projectiles, viz., low chance of injury at the muzzle,
combined with a capability to produce an "effect' downrange. Unfortunately,
the scope of this report must be limited and the various discussions on
Yeffect' in Reference 1 can be stated only briefly. However, it is fairly
evident that the only effect that nonhazardous kinetic energy projectiles can
be expected to achieve is pain or threat of pain. If "nonlethal" devices are
characterized crudely as either incapacitating or dispersing, then it must be
concluded thst individual impacting projectiles can only disperse if there
is a requirement that the projectiles produce little, if any, injury on
impact. Furthermore, there is no certainty that painful impacts will induce
a crowd to disperse. However, the utilization of chemical irritants (tear
gas) in crowd control has in many cases evoked the desired control force
objectives, i.e., crowd dispersal, and it is probable that much of the desired
effect was achieved when crowd members avoided the discomfort of respiratory
distress, tears and painful irritation rather than when crowd members were
physically experiencing the specific physiological responses of exposure to
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large doses of chemical irritants. Both the analysis of crowd behavior under

actual confrontation conditions and the calculation of required dosages of

chemical irritants for open areas tend to confirm that a crowd disperses to
direct result of chemical irri-

avoid the threat of discomfort rather than as a i
The above comments are jinjected as

tant doses which are highly discanforting. ‘ .
a caution in the event the results of this report are ipterpreted-1n the sense
that all that can be expected from kinetic energy "nonlethal" pro;gctlles is
pain. It is canceivable that threat of pain is sufficient to obtain the
desired effect. Additionally, one of the reasons for considering kinetic-

energy projectiles is that under many wind conditions and tactical situations,
chemical irritants are unreliable.

Returning to Figure 9, constant kinetic energy pain levels for the vagious_ .
diameter projectiles are indicated by dashed lines for the corresponding kinetlc

energy Vs range relations. The kinetic energy pain levels are based upon exper-
t of tests were run with

iments (vecorded in Reference 1) where a very simple se ‘
human subjects to establish impact pain threshold levels for seyeral different
diameter projectiles. The values indicated for pain level on Figure 9 are

based upon an energy per unit area which is ten times the e§tima§ed pain
threshold. The limitations of the 'ten times threshold" pain criterion are
appreciated; however, this criterion is the most ?easonable information avail-
able which provides a quantitative measure of desirable effect at low impact

energy levels.
It seems fairly clear that there are two opposing factors affecting range/
velocity which will influence the selection of a specific diameter for a water-
filled sphere, viz., gravity tends’to limit the range of larger projectiles
and air drag makes the smallest projectiles ineffective'phrough rapid velocity
slow-down. The specific maximum neffective'' ranges which may be achieved for .
a given projectile depend upon the physiological response information devel-
oped in this report as well as the selection of an "optimum" 1aunch angle
and required range for that angle. The optimization process is not complete.
Additional tests should be Tun against animals to obtain more reliable infor-
mation in the .75-1.5'" diameter region. It is very reasonable that these
tests should be restricted to projectiles constructed from a soft elastic
material. In addition, more precise trajectories should be calculated_based
on actual characteristics of rounds. Another optimization.factor, viz.,
time of flight, should be considered since short times of flight tend to

increase accuracy of shooting.

However, it does appear reasonable to conclude at this point in.time @hat the
RTV Round tested has a distinct superiority over the other.conflguratlons

tested and should provide very few injuries on impact if fired belowoso ft-1b
jaunch energy. An RIV Rcund fired at 30 ft-1b muzzle energy and a 5° launch

angle should be safe at the muzzle and provide a painful impact at 200 feet
range. ,
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E. Tests with the Water Cannon and Other Mechanisms of Desirable Effect

I ‘s s .
tsegiglziggngg ;h:igggjecplle firings discussed previously, LWL conducted
oMby 0% i swine using a water dispensing system (see Reference 7)
The parameters thlmpact are,_of course, completely different from those .
it Py te seven projectiles. Nominally, the conditions for the
physio gThe . iS~§ were a 2.9-gallon pulse of water at 300 psi from a 3/4"
calculated messuring cbserved shifte in the water red in the highspeed

Tl hifts in the water rod in the high- -
%fgggfio ggg gggtlmpacgsenergy of the water rod was caICUlatedl%S Egeggtaggﬁo
% the altual fest Firings. The rasiits of thees tests sre not given in f
1 - - The results o ese tests are not gi i
iit%agizevgfbé§g$?d1§tB{Sbg$i§1g21§1cant parameters and test resﬁizznaig Egsen

ent from the PUE values that there is no appre-

ciable correlation of damage with i
S elat ge with range and, in addition, the a
UR of .27 indicates a relatively low hazaré considering the amgszgggfogggié;

puailaple prior to dapect, Unfortumately, the closing of the Lo arfare
?ﬁetﬁ:sﬁgiefifgddg;gécggtwﬁgirio$sa?egoiple:efy ggﬁ%:geggdmgggiﬁiga gﬁvg%&ed
s cosidernie et of pery 1t veter it o o it cavn 5
e o s gy T Tl T ctr T Sl i
o o poving hioer o nt o water after some time is impinging
sizﬁgiﬁgezaggoégriﬁgggsa;aa geg;dlgﬁ ggiigﬁii;.lsTﬁét2§€u215i;;§stgzsggigzgd
surement task was not acco%plgsﬁzgfmated From the_Fastax Fin but this mea-

32: §5g§icg;§£e§§n§§d§2aigetg:zure of the tests (water cannon vs projectile)
: - : C massive amounts of energy may b i .
impact without inducing a correspondi i : gy may be available pre-
: . a CccC onding massive tissue disrupti
animal at impact. The 51gn1fica§t diff isruption to the test
the water rod in the wat ifference between the massive energy of
: er camnon tests and the other tests wi ject]
is that some specific desirable eff ests with projectiles
- - - geslranle ect on the targeted individ
achieved in addition to the int i el |individual may be
roduction of pain; namely, th i indivi
ual may be stopped or knocked down wi pain; namely, the moving individ-
. with a water rod, sin i .
force available to decelerate or overturn an indivic’lual.Ce there is sufficient

It is unfortunate that sufficient ti i
: s 1 time was not available to provid -
32:;§n§15ggiz;ogosggd:?:%{51§ gf th:.desirable effects aspecgs of ie:g ?2iha1
i e information was developed in th ;
LWL proérams on desirable effe i D e e ot the
! r cts estimates. However, th i
information was such that is was j o e
r : : _ judged to be of smaller value t
p2y51olog1cal effects information discussed at length in thiscrehigchﬁ
it was, for the most part, excluded. pores hence,

In addition to the unreported desi i

addit t sired effects information for kinetic-

gggéeggéézig g?Lcﬁgﬁizgin 13voived wit? evaluating the desirablénggécugggggi—
and electrical devices. For exampl i

Rhesus monkeys and the TASER (an i i o Doon conuctod 1o

_ . : electrical device) have been j

an effort to grossly quantify electrically incapacgtating effeE:S?UCted "
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TABLE VI
III. OBSERVATIONS AND ‘COMMENTS

RESULTS FROM WATER DISPENSER TESTS

There is now consi i
onsiderable information to support what can and what cannot b
e

done with i i : .
Pulse impacting projectiles in the
_ T i . are A
Range to _ . Duration _ P : ;ﬁizief:aguch evidence that a device/projeztgfelzzz éethal weapons. First,
Impact (£t) Orientation Shot No. (sec) Velocity UE launcher) 2 écaﬁ§ehno appreciable damage from impactsea?aiﬁ which will be
, ' nd which will provide desired e muzzle of a
6.5 Front 906 722 193.5 0 ] EZiinge; there are some data and analySe:fizcﬁzlat-zang?s °£ in?erest, Fur-
Front 907 --- - .25 | Tes of such a projectile. if the projectile is sphericals
Front 914 725 151.3 0 { The LWL investi ) is spherical.
Front 915 .753 167.8 0 ! ' . estigation has not extensivel
Front. 916 .735 150.9 .25 é iggii;§5212§gzndéor immobilizing individﬂa?dgzggizé ;sz:viethii mechanisms
3 : ests that hazards must b i f T, the evidence
d 1] . e a . .
17.0 Front 900 752 160.8 0 ; iiii;gbIY" stop or immobilize an individugiegﬁeg :f a device 1s to be used to
Front 901 .602 159.1 0 g es consideration of electrical, chemical apdn areas. This statement
Front - 902 “-- .- 1.0 | In sumnazy 5 nd mechanical devices.
Back 903 .700 . 157.2 .5 B X , a great deal of basic data fro i '
Back 904 665 148.8 0 IR i R A eioud® b s bl oot taa b
Back 905 -- o .25 i fits to ts:P§332i03° projectile impacts are summérizes ﬁ?rifﬁggﬂd}"g E“Y5i°‘
i S P1‘°jeCti1e/bod s . east-squares
H T T area
37.5 Front 908 --- 123.7 0 1 aﬁzlii IiI and V of the report. Irzespectzgzbzgaiigns ?"d are presented in
Front 909 .571 134.0 0 i sideragi usions given in the report, this basic info value of the analysis
Front 910 .523 147.0 0 | e value to any group interested in blunt-t rmation should be of con-
Back 911 656 133.0 .5 ! rauma injury.
Back 912 .555 130.0 .5 !
Back 913 .552 120.0 0 |
45.0 Front 917 .484 141.7 10 B
Front 918 482 149.5 1.0 |
Front 919 .455 142.0 1.0 1
%
|
|
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APPENDIX A
DAMAGE LEVEL CRITERIA

Criteria for the Evaluation of Damage

Resulting From Blunt Trauma

I. Skin, Subcutaneous Tissue and Muscle
(Grade) Criteria
1 Superficial blemish or signature in skin
2 Grade 1 plus subcutaneous hemorrhage and/or edema
3 Grades 1 and/or 2 plus subcutaneous and/or intramuscu-
lar hematoma
4 Grades 1, 2 and/or 3 plus laceration of fascia
5 Grades 1, 2, 3 and/or 4 plus laceration of skin
II. Kidney
1 Superficial contusion with subcapsular hemorrhage and/or
perirenal hemorrhage
2 Grade 1 plus superficial laceration of cortex not pene-
trating more than 2-3 mm
3 Grade 1 plus simple laceration of kidney penetrating to
pelvis
4 Grades 1, 2 and/or 3 plus multiple lacerations
5 Grades 1, 2, 3 and/or 4 plus rupture of capsule and
destruction of kidney
III. Liver
1 Subcapsular hematoma with no visible fracture of liver
2 Grade 1 plus simple fracture of liver less than 1 cm
deep and/or less than 5 cm long
3 Grades 1 and/or 2 plus rupture of capsule and fracture

of liver 1-2 cm deep and/or less than 10 ¢m long
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III.  Liver (Cont)

(Grade)

4
5
VI, Other Viscera

1
2
3

[

Criteria

Grades 1, 2 and/or 3 plus fracture
T
deep and/or greater than 10 cm longg seter than 2 cm

Fragmentation of liver

Subcapsular hematoma less than 5 cm in diameter

Subcapsular hematoma greater th in di
: : an 5 am in diam
Or minor intrasplenic hemorrhage eter and/

G
1§§ges 1 and/or 2 plus rupture of capsule less than 1 cm

G
C;a?g;gl and/or 2 plus capsular rupture greater than 1

Disruption of spleen, lacerati
torn capsule o Coceration of substance of spleen--

Small contusion of lung with subpleural hemorrhage less

}ﬁgg 5 cm in diameter and extending less than 1 cm into

Subpleural hemorrhage greater than 5 cm in di
X in di
or multiple hemorrhages less than 5 cm in diaﬁgigir and/

Grades 1 or 2 with pleural rupture and pneumothorax
Grade 3 with bilateral pneumothorax

Deep tears in lung parenchyma with hemopneumothorax

Less than 1 cm subserosal hemorrhage
Greater than 1 cm subserosal hemorrhage

Grade 2 plus serosal 1 i
_ aceration and/or mesenteri
lacerations / erie

39



VI. Other Viscera (Cont) : | x ' ,
i . eart (Cont)

of pleura (rib)

(Grade) . Criteria ;5 (Grade)
4 Single rupture of viscera and/or diaphragm gg s - Criteria
. . Multiple rupture of one or more viscera ; d;:ggtgrplus myocardial necrosis less than 2 cm in
VII. Bone ' 4 Grade 2 plus ~ o
1 Periosteal hemorrhage without visible fracture g diameterp ossriel necrosis greater than 2 cm in
2 Simple fracture with no displacement ig ’ fuptute of heart
3 Fracture with lateral displacement without perforation fg

4 Fracture with lateral displacement plus perforation of {
pleura (rib) or multiple simple fractures or compound ;

fracture of long bone

5 Fragmentation of bone
VIII. Head
1 - Linear fracture of skull and/or minor epidural or sub-

dural hemorrhage znd/or contusion of brain less than
2 mm in diameter

2 Grade 1 plus subcritical intracranial hemorrhage*®

3 Depressed fractures of skull with subcritical intracra-
nial hemorrhage and/or limited brain contusion

4 Critical intracranial hemorrhage and/or multiple linear ;
or depressed fractures of skull ;

5 Massive intracranial hemorrhage with extensive lacera-
tion and contusion of brain--immediate death or death

prior to sacrifice

*Critical intracranial hemorrhage is defined as that volume of accumilated é
blood required to produce coma due to increased intracranial pressure.

IX. Heart
1 Epicardial and/or myocardial hemorrhages 2 cm or less in
diameter
2 Epicardial and/or myocardial hemorrhages greater than

2 cm in diameter
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APPENDIX B
DATA BASE

; jectiles discussed in the
ic data from the seven less lethal projectiles he.
ﬁé;oﬁgehgsglgee: placed in a data basi éor.compgtz;r;giztigilng§li?§éyz;;-
ise i igital Equipmen lon F -
The complete data base is on a Digi ot ione  Along With
i lose-out of LWL, the less lethal investig ;
ggte;éanﬁlggrsgﬁngl and computer Zplus data base), have been trgnsfgigsgdtoMD.
thgnUS Army Human Engineering Laboratory (HEL) at Aberdeen Proving ,

i i different
i i3 ins selected printouts of 16 of a possible 40
gﬁ;itggggggigngogﬁa:ach test shot. Table B-I gives a qe§c?1ptlggdo£ e?:ga?f
the currently possible quantifications; hence, the deflnlgtopsed d iﬁecking
tions of the entries of Tables B-II through.B-;X may be ob a%gble %—I
the table column headings against the descriptions given in .

i i i i : tinually update the information
i ention of the investigators to con . .
iﬁ tﬁethtzééase, at least to the extent permitted by supporting funds
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TABLE B-I
DATA BASE DESCRIPTIVE INFORMATION

Spaces
Field Occupied Field Content Remarks #*
1 4 Record Number#*
2 4 Shot Number
3 6 Date of Shot Month, day § year; e.g., P64774
to represent June 7, 1974
4 4 Time of Shot Hour § minute; e.g., §852 to
Trepresent 8:52 a.m.
5 2 Test Item* #1 = Superball I, f2 = Superball
II, 3 = Superball III, g4 =
Stun-fag, @5 = Waterball, g6 =
Ping Pong Ball, g7 = Paintball,
#8 = Ricochet Round, @#9 = RTV
Round
6 6 Projectile Velocity* Feet per second
7 5 Projectile Weight* Grams
8 6 Projectile Area Sq em, represents presented area
9 3 Animal Number
10 2 Species of Test Subject* g1 = baboon, #2 = swine
11 6 Animal Weight* Kilograms
12 3 Animal Dimensions Inches
13 2 Target Area, Nominal Pl = temple, @2 = anterior head,
#3 = posterior head, 4 = nasal/
oral, @5 = heart, @6 = lung,
#7 = thorax (heart & lung),
#8 = liver, g9 = kidney, 1¢ =
thigh, 11 = spleen
14 2 Target Area, Hit* Same as above.
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*Field content item printed-out in subsequent tables of this appendix.
**In those cases where information is not presently available, -1 has been
used as a temporary indicator.
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TABLE B-I (CONT)

L e i

Spaces
Field chupied Field Content Remarks**
15 5 Time on Target Milliseconds; -@2@¢@ = imbedded
" Hi lifier @@ = 0K, @#1 = glancing blow, §2 =
e : it Qualifl missed éarget organ, @3 = glanc-
ing impact § missed target organ
Heart Grade® PD (physical damage, as opposed
Y ‘ ) to EKG changes)
18 2 Head Grade* Includes both skull and brain
damage
19 2 Lung Grade*
20 2 Kidney Grade®
21 2 Spleen Grade
22 Liver Grade®
23 2 SSM Grade* Skin, subcutaneous tissuu §
muscle
24 2 Other Viscera Grade*
25 2 Other Grade
26 2 Bone Grade
Bane Number Code for identifying bone
“ ’ - affected
28 2 EKG-1 Grade CD (conduction disturbance)
29 2 EKG-2 Grade MI (myocardial infarction)
P, .* Probability of undgsirable
% ¢ UE effect (all scenarios)
h 31 4 Pyp SA-1 Probability of desirable effect,

Army Scenario I

*E] i inted-out in subsequent tables of this appendix.
R A : presently available, -1 has been

**In those cases where information is not

used as a temporary indicator.

Spaces
Field Occupied

TABLE B-I (CONT) -

Field Content

Remarks*#*

32

33

34

35

36

37

38

39

40

*Field content item printed-

4

2

PDE SA-2
PDE SA-3
PDB SC-1
PDE SC-2
PDE SC-3

PDE SC-4

Time of Death

Death Qualifier*

Shot Qualifier

Probability of desirable effect,
Army Scenario II

Probability of desirable effect,
Army Scenario III

Probability of desirable effect,
Civil Scenario I, LEAA

Probability of desirable effect,
Civil Scenario II, LEAA

Probability of desirable effect,
Civil Scenario III, LEAA

Probability of desirable effect,
Civil Scenario IV, LEAA

Minutes, measured from time of
shot to time animal dies or is
sacrificed

f1 = test induced, P2 = sacri-
ficed, @3 = suspicion of over-
dose of anesthesia, §4 = animal
died overnight, @5 = unexplained

g¢ = OK, @1 = animal shot twice,
#2 = questionable velocity

out in subsequent tables of this appendix.

**In those cases where information is not presently available, -1 has been
used as a temporary indicator.
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TABLE B-II

SUPERBALL 11
. r OTHER
PROJ. PROJ. F}NIMAL D[_E]AT};- ~:§S§ SSM HEAD HEART LUNG LIVER KIDNEY VXSFERA
NECORD TEow VP VIt O MR en’ PUE  HiT  GRADE GRADE GRADE GRADE GRADE GRADE  GRADE
NUMBER ITEM  F/S G SPECIE  KG FIE ¢ 1 3. 3. -1, =1 -1 -1. T
11.6 te -1.00 le 8.8 . 5 - -1 ~1. -1. -1.
1. 2. 298.9 3 Be 1. .
11.6 1. -1.20 2. g.08 1. - -1. -1. -1
2 2e 285. 08 . e Be -le 1.
1 1. -1.00 2. .00 2. - -1 ~1. ~1.
3. 2. 279.0 i1.6 2 o, Do -1, l. *
11.6 1. -1.80 2. - ©.00 . - -1. -1 -1.
' 2. 287.0 . 2. B ~1e | S B
11.6 1. ~1.22 2. 0.22 3. - -1 -1. -1.
5. 2 288.9 . e Be “le 1s hd b
11.6 1. -1.88 2. 2.00 3. - -1 T -1.
(X8 2. 297.08 . 3. 1. -1 1. .
s 1. -1.008 2. 2.0 1. N o s I
7o 2. 8414.9 13, 3. 4, -1. 1. . .
1.6 1. ~1.00 2. 1.80 1. - - -1. -1.
8. 2. 410.8 1. 2 1. 1. ~1e Le I.
11.6 1. -1.40 2. 2.00 . - -1 ~1 ~1.
G, 2. 406.8 2 3. B -1le 1. .
8 11.6 i. -1.00 2. 2.00 . - -1 -1. -1.
10. 2. 248. 1. DBe -1l 1. .
11.6 1. ~1.20 2. 2.00 3. - -1 -1. -1
11« 2. 481.08 3 Lo 3. -1 | 3 .
12 2. 4all.8 11.6 1. -1.00 2. ¢.80 : 5 5. -1. -1. -1 -1 -1
11.6 1. -1.29 2. 1.8 1. * - - -1. -1.
13. _20 491.0 2 1.0 1e Se Se -1 1. 1.
14, 2. 491.8  11.6 b 1iee o. .08 2. 5. 5. -1. -1. -1. ~1. -1.
1S 2. 489.9 1.6 i -1.008 X 'ga 2 Se Se -1, -1. -1, -1. -1.
P 2  11.6 1. -1.08 2. 1. ° - -1, -1, -1
o 16 2 491. e 3 D 1e -1 1.
17. 2. 481.8 11.6 1. -i.088 2. 0.2 : 5 3. -1. -1. -1, ~1a -1.
11.6 1. -1.08 2. ¢.8¢ 3. . 2. 2.
18. 2 486.9 1 -1 [ B B
11.6 2. ~1.008 2. 2.00 8. . @ 2.
19. 2. 291.0 . p 2 2.00 8. 1. -1. 8. 8. o. .
28. o 286.0 11.6 2. -1.0 . 1.60 a. Se -1 [ 18 i. Se B 2.
21. 2. 406.9 11.6 2. -1.62 2- .ﬁ(», 8 S -1 Do le Se B. 2.
. 11.6 2. ~1.08 2. 1.0 i ~ @. Be
22. 2. 4258.0 . 8 5 ~1. 2. | Se
116 2. -1.9¢ 2. I's 50 . * 2. o.
23. 2. 483.0 . P 7 S ~-1. Se 1. Bs
.6 1l.6 2. -1.028 2. 1.0 . 4. 2.
24. 2. 484 2 2 1.08 9. Se -1l Do 1. )%
25, 2. 483.8 11.6 2. 1.9 . 2.286 9 5. -1 Be. 1. 2. 2. B.
26. 2. 498.8 11.6 2. -1.08 2, : . 3 -1. 2. 1. 2. 2. 2.
11.6 2. -1.00 2. P.42 9. . a.
27. 2. 404.9 , 2 2 B.40 9. 3. ~1e 2. l. 2. 3.
28, 2. 413.8 il.6 2. o8 2. .66 9. 2. -1, 2. 1. 2. 3. 2.
29. 2. 276.9 11.6 2. ~1.00 . . 2 9 2 “1. 3. 1. Ge 1. B
2 11.6 2. -1.02 2. 8.2 . . 2 B
3. 2. 284. 7 2 -1 De 3. 2. .
11.6 2. -1.920 2. 2.80 . . & 2.
31l. 2. 283.9 2 5 —1e 2. . B .
. 11.6 2. -1.08 2. P.928 1@. . 2 3.
a2, 2. 490.0 3 -1 G. 2. G. .
33. 2. 483.8 11.6 2. -1.08 2. C.00 10. }' -1 B. a. A. Da 2.
L) 11.6 2. -1.00 2e G.002 16. . . 8.
34. 2e 290. 2 ) 1.00 Te 3. -1l De Se B .
35. 2. 378.9 11.6 2. -1.0 X 1.ee 7. 3. -1. B S. 2. . B 2.
36. 2. 486.8 11.6 2. -1.99 1. .
TABLE B-III
SUPERBALL III .§ SUPERBALL I
PROJ. PROJ. ANIMAL DEATH TARGET OTHER
RECORD TEST VEL. VT. ANIMAL VWEIGHT AQtaLI- AREA Ss5M HEAD HEART LUNG LIVER KIDNEY VISCERA
NUMBER ITEM F/s G SPECIE KG FIEP PUE  HIT GRADE GRADE GRADE GRADE GRADE GRADE GRADE
370 3. !/9308 11.5 2. 14.50 2. .00 8. 3. -1 G. Ge Do 19 B
38- 30 19900 11-5 2- 13-6@ 3- ﬁ.ﬂﬂ 8- 2' ‘l' ﬁ. GO E- ﬂ. 2.
39. 3. 191.8 11.5 2. 17.20 2. .00 8. 2. ~1. 2. g. 2. 2. 2.
40. 3- 271-0 1105 2' 13-48 20 ﬂ-ﬂﬁ -lu 20 "l- 9. ’.0 go ﬂ. g-
4], 30 2730@ 1105 2e 19-50 2e 9.00 s le -1. Be 1. De 2. [2)8
42, 3. 265.0 11.5 2. 13.40 i, 1.29 7. 3. -1. Se 2. B 2. a.
43. 3. 279.0 11.5 2. 13.40 2. 2.0 -1}, 1. ~1. a. 2. a. 2. 2.
44. 3. 481.0 11.5 2. 13.28 1. B.50 8. 1. i 2. a. 3. 2. a.
450 3- 39705 H.S 20 15029 l- l-Bﬂ 7- 5' -lc 4- 40 B. go @-
46. 30 402-“ llos 2- llz-BZ 2. 0- SD 7- 30 ‘l- 20 2- Z- G. ﬂ-
47. 3. 399.9 11.5 2. 12.68 2. g.25 7. 3. ~1le 3. 4. 2. G. 2.
48. 3. 462.8 11.5 2. 18.20 2. 0.50 7. 3. -1. 2. 4. B B 2.
49, 3. 457.8 11.5 2. 15.38 2. 1.082 7. 5 ~-1e 4. 3. 2. B 2.

& 52. 3. 455.0 11.5 2. 15.90 2. .10 T. 3. -1 1. 3. 2. Be 2.
Si. 3. 462.8 11.5 2. 14.58 2. 2.25 7. 3. ~1. 4. 2. B 2. 2.
52, 3. 397.8 11.5 24 18.88 2. -1.08 7. fe -1 2. 1. 2. 3. @.
53. 30 187.G 11-5 20 IIuBB 20 B-BG 9» l- "lo E. @- B. ﬂ. ﬁ.
54, 3. 192.8 11.5 2. 15.2¢ 2. 2.8 o9, 2, -1, @ 2. 2. B. 2.
55. 3. 191.0 11.5 2. 15.18a 2. %.00 9. i. -1. 2. g. 2. B. Q.
56. 3. 195ug {1.5 1. 10.70 2e 2.00 1. Be D -1. -1 -1 ~le -1le.
570 30 186oﬂ ll-S l- 16-65 2- G.GG lo lO Q. 'lo "lo —1- ‘lo "'l-
58. 30 ISQ-G 11-5 lo IB.GZ 2. ﬁ.@ﬂ lc l‘ ﬁ- "I- -l. ‘l' "‘lo -lo
590 30 1860Z ll.\s lo 10060 2- GOEZ l- 2' g. -l- "ll -l. ’l. ‘l-
60, 3. 186.0 11.5 t. 11.99 2. 2.00 1. 2. 2. -1. -1 -1. -1. -1.
61@ 30 187~0 ll-5 ln 10.99 2- G.ZZ l. go go ’l- -l- -l- -l- ‘10
62- 3. 1900@ 11-5 l' 10-82 2- 0-52 l- !- Z- "l. ‘l. -l- —lc ’Io
630 l' 37‘(09 ilos l. -I.GZ 2- ‘1-66 I- 3' ﬂ. -Io "l. -l. ‘!- ‘{;o
640 l- 392-@ ll-S lo -I-ZD 25 -1.@5 ln 3' ﬂo "l. -lo -l- -l- ‘lb
65. ie 4089.0 11.5 1. -1.00 2, -1.09 1. 4. 3. -1. -1. ~1. -1. -1.
66. 1. 424.0 1{.5 1. -1.082 2. ~1.09 1. 4. 3. -1. -1. -1. -1, -1
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TABLE B-1IV

STUN-BAG
PROJ. PROJ. ANIMAL DEATH TARGET OTHER
RECORD TEST VEL. WT. ANIMAL WEIGHT QUALI- AREA SSM  HEAD HEART LUNG LIVER KIDNEY VISCERA
NUMBER ITEM F/S G SPECIE KG FIER PUE HIT GRADE GRADE GRADE GRADE GRADE GRADE GRADE
67, 4 128.0 198.9 | 9.68 2. 2.80 1. Be B -1l -1 -1 -1. -1e
68. 4. 550” 197.9 le 11.302 2. P.20 | 3 B Be -1. ~1e -1 “le ~1.
69. 4. 87.9 191.2 1e 1.0 2. 8.20 1. 2. 1. -1l -1 -1l -1 ~1le
T72. 4. 95.8 128.5 | 12.20 2. B.20 1. 3. 1. -l -1 -1 -1l -1.
710 Hde 63:9 19205 1. 9.080 2 0.00 | 8 2 Qe -1a £ -1 s ~-1le -1le
T2 4. 49.5 185.8 {. ) 7.79 2 2.80 le 28 Pe -1 -1 -1 -1 -1.
73. 4. 90.5 191.5 1. 11. 49 2a 1.900 1. 4. B -1. -1 -1a -1e -1
T4. L. 182.8 196.6 | I 8-35 2. P.20 1. 2. Be “le ~la -1 -1 -1
75. 4. 109.6 195.9 | 7.208 2e° B.508 3 3. Be -1 ~1a -1 -1 -1
76, 4. 189.0 191.9 1. 8.78 4. 9.75 1. 4. 1. -1 -1 -l -1 -1
77- 4e 51.2 ‘943A l. 12-8Q 2. .lﬂ 3. 20 ﬁ. -!. —l. _l. _l. -l.
18. 4- 62.“ l92-5 lo 7046 20 5.75 30 lt 30 'lo "'lo -I. -1. ..l.
T79. 4. 63.9 18307 i. 12.70 2 g.10 3. B 1. -l -1e -1l -1 ~ta
82, 4. 69.7 186.9% 1. T7.30 2e B.16 3. 2. 2. =1 -1 -1 -1l “1e
&~ 8l. 44 lgaoe 198.2 1. 12.78 2 P50 3. 3. Be -1e -1 -1 -1 -1e
(2] 82. 4. 95.8 197.5 1. 11.59 2. 1.00 3. 3. 3. -1e -1 -1, -1 ~1e
B3s > 4o 128.8 194.6 | 9 11.18 2. .50 3. 3e 2 -1 -l -1le -1 -1le
84. 4 136.8 197.0 1. 9.18 2_- .00 3. Beo 2. -1 -1 -ie ~fe -1l
85. 4e 42.5 191.8 ie 8.88 2e 2.20 2. G De -1, -1 -1 -1 -1
86. 4 608.8 193.0 1. 8.008 2 .00 2e 2e Be -1e -1 -1le -1 -1le
87. [ 60.8 187.4 1. 1503“ 2o 0. 00 2. B 1. -1la -1 -1e -le ~-le
88. r-T 93.0 187.5 1. 14.00 2e .00 2. 17 Be -1, -l ~1e -l 1.
89. 4. 95.8 189.7 - 1. . T.60 2. G.25 2. 2. | -1 -1, 1. -1le “le
90. 4 122.9 193.5 | 3 9.60 2e 1.008 2 4o Se -1. -1 -1e -1 =1e
91. dle l23-g 192+ 5 | 3 T+48 2o B.25 2. 2 2e -1 -1 -1 -1 _l.
92. 4. 95.8 192.9 2. 12.38 2 0-96 8. 2. -1 B 2 Lo Be Be
93. 4. 59.1 198.2 2. 13.70 2. P.19 8 2. -1 Be Ge 1. Be -
Q4. 4o 59.8 191.08 2. 15. 66 2 g.58 8. 1. -1 B De 3. B 2.
95. 4o 85.2 189.8 2. 14. 58 26 1.20 8. 1. -1. 2. B. Lo 18 B.
96.. Qe 100.0 19@.4 Ce 13.782 3. 1.088 8. Be -1 Se Ge 3. Be .
97 4e 1902.8@ 192.3 - -1.60 2. 1.08 8. Ce -1. e B fe D 3.
98. 4. 95.8 392-2 2e 14. 68 2e B.75 9. 3. -1 De Be e B [
99. 4. 54.8 187.2 2. 15.72 2. 2.20 9. le -1. @ 18 B B Be
120. 4. 59.0 1930g 2. 12.72 2. B.75 Q. 3' -1l. 8. 28 B 4. (18
181. 4. 79.2 184.5 2. 13-60 2. 1.20 9. te ~1l. 2s Be S . 2.
122- 4. 15905 18706 2~ lﬁngﬂ 20 lvgg 9! L4 ‘lc Be g. Z. G g.
123. 4e 109.0 188.83 2. 14.10 Ze B.508 9. 4, . -l De De De Be Pe
lﬂll- A' 85'2 l9205 2- ’.3.8@ 2‘ l.gg 7. 2' ‘lo G- 2. 40 20 G.
AR B ST B S g i
e SRR s e e e 0 S T i
TABLE B-1V_(CONT)
PROJ. PRQJ.
RECORD TEST . ANIMAL DEATH
NUMBER ITEM v§5s wg. gﬁég?t VELGHT auaLi- T:gggr ssM
KG F y HEAD H OTHE!
:::- 4. 60.2 189.9 o, L2 1ER PUE  HIT GRADE GRADE Géﬁgg 3323 GRape LIDNEY VISCE;A
107, a4l gela 1908 17i40 4l 1027 2. 1 'OF GRADE GRADE GRADE  GRapr
* . . 19¢.¢ . * . .88 7. =l . 2. .
128. 4. 95,7 1g9. 2. 13.20 2. 1.0 7. s, i 2. 2. 2 g 2.
1ta7 4 113.8 189.5 5. 14.10 1. l.ee 7, by -1 e. 2. iy 2 2.
lll. 4o 67.8 186.5 5. ls-éﬁ 1. 1.84 7. 4. -1. a. o, 2. . g. 2.
112- 4. 189.2 186.3 5. 13- ] 2. .58 1i. 2 -1. 3. 2. 5 g. a.
llsc 4o 96'9 19Q.6 2. 12‘ 1] 2. [-Z 11. 3: -1 Do 3. a. ZQ @.
llao 4. 98.8 198.5 5. 15'73 2. .20 11. 2. -1. @ a. 3. E- 2.
© 4 109.8 184.4 ~20 2, 1.0 1. -1 2. 2. : 2.
115- lj 2' 13645 2 3. -l. Zo ﬂ.
1 - 182.2 1gg.2 g, 13 : .52 11. 3 2. 2. 4. 2 2.
6« 4. 102.¢ 191.g s, l,‘,:;g g 8.75 11, 5. :f- 2. 2. 2. p” 2.
. g.25 g, 2. -, g- 2. a. 2. ?-
* 2. g P e:

6¥



o

18

RECORD TEST
NUMBER ITEM

154.
155.
156.
157.
158.
159.
160.
16t.
162.
163.
164.

RECORD TEST
NUMBER ITEM

117,
118.
119.
1208.
121.
122.
123,
124.
125.
126.
127.
128.
129
138.
131.
132.
132.
134.
135.
136.
137.
138.
13%.
149,
141.
i42.
143.
144.
145.
146.
147.
148.
149.
158.
151,
152.
153.

5.
55
5.
5.
5.
5.
Se
5.
5.
Se
5.

S.
Se
Se
S
Se
Se
Se
Se
Se
Se

Se

5.
Se
Se
Se
Se
Se
5.
5.
Se
Se
Se
Se
Se
Se
5.
5.
5.
S.
S.
Se
5=
Se
Se-
Se
S.
5.

PROJ.
VEL.
F/s

124.8

112.3
S56.8
57.5
56.8
85.9
86.3
86.5
91.1
91.6

192.6

WATERBALL
PROJ. PROJ. ANIMAL DEATH TARGET OTHER
VEL. VT. ANIMAL VWEIGHT QUALI~- AREA SSM HEAD HEART LUNG LIVER KIDNEY VISCERA
F/5 G SPECIE’ KG FIER PUE. HIT GRADE GRADE GRADE GRADE GRADE GRADE GRADE
95,6 264,08 1. ~-1.08 2. 2.00 le [~ 18 De =1 -1 -1 -1le “le
977 268.80 1. ~1.98 2. g.00 1. Be "1 -1l -1 -1l -1e -1
97.5 26440 | ~-1.08 2 .00 1. Be Be -1 -1. -1la -fa “1e
!1907 26506 l- -1.00 2. ﬂ.BZ l- BO Zc -10 ‘lo -lo ‘lo ‘l.
122.5 268.8 le -1.00 2. 0.00 1. 2. Q. ~1. -1. -1 -1. ~Te
78. 8 264.80 | ~-1.08 2. B.00 2. Be 18 -1. -1 -1 -1e -1
97.2 264.8 | 3 -1.008 2 Q.08 -1 Be . -1 -fe -le -1e ~l.
10907 265-6 lo «l-ﬂZ 20 G.GE 2- ao go ‘lo -l' ‘l' -10 ‘lo
115.9 26705 1. -loﬂg 2. 2.508 2 30 B. ‘l. -l. -1le ‘lo “‘0
76.1 267.8 1. -1.00 2. 2.50 =1 2. Be ~le ~le -1, ~1e “Je
96:5 264.0 1. -1.08 2. 2.020 3. G [“FY ~1. ~1e “le -l -le
967 264.8 | 8 -1.089 2 Ge. 20 3. O [ 18 -1c -l -1e -1 “1le
15202 266-0 l- -ltﬂg 20 GOQE 30 2. 2. ‘lo ‘lc ’10 -ln -l.
11505 265.6 l- ‘logg 2. g-ﬂg 3. ln ﬂ. 'l. 'l! ‘lo 'lo -lo
9303 264.0 lo -I.GE 2- g-ﬂg 40 ﬂ- Be ’lo -l- -lc ’2. 'l-
96-6 264.5 1. -l-ﬂg 2- G.ﬂﬂ 4. Be Be ’lo -1, -lt -lo ~-1le
85.2 262-0 2- ‘logg 3- G.!ﬂ 7- 3. el ga ﬂ. B- gn ’.
86.7 263.0 2. -~1.080 2. Z.50 7. le ~1. 3. 1. De B 8.
87:0 26“0” 2. 'loﬂﬂ lc l.ﬂﬂ 7~ g' 'l- BI l. 2. B. ’.
8702 263.0 2- -l.ﬂﬂ 2- 6575 7- 2- -lo 3- 2. go ﬂ- B.
87.3 263.0 2. -1.90 20 I.GG 7o ‘O -!0 G. 3. ﬂo gc gc
87‘2 2640G 2- ‘i.ﬂg 2- ﬂ.ﬂﬂ -l- G- '10 ﬂ- B. 60 ﬂ. 3-
Q4.4 264.0 2 'loag 3. 2.060 7. 1. -1le ()8 Be 2. Be - 1%
lEl.S 26“00 Ce -l-ﬂg | 2075 S 1. -lo Do 2. 2- E. G
121.5 264.0 2. -1.00 2. 2.10 Te 2. -1. 2. 2. 3. B 2.
121.5 264.8 2e -1.02 2. 9.75 7. ie -1l 2. 3. 2. P. 2.
185.90 264.0 2. -1.808 1. 1.09 Te 2. -1. 2. 2e Be (/18 Be
lggol 2640 2. ‘loﬂg 1. 1.00 Te 3- }-lo 3. 20 Be ﬂ. g
5203 261-2 20 ‘lozﬂ 2. G-ZZ 8. go -]. E- G g, 2. 0.
54,2 26€.0 2e -1.29 26 ¢.29 8. 2. -1. . Ge Q. . B
61’3 26%0@ 2. '1000 2~ ﬁ.@ﬂ 8- 0' -10 ﬁ. B- 2. 00 U.
80.8 262.0 2. ~1.00 2. 2.00 8. 1. -1l Be Ge 2e [ Be
B84.9 262.8 2. -1.60 2. 1.08 8. 1. -1 B. 8. 3. B B
8508 262.@ 2- —l-ﬂﬂ 2- Z.Sﬂ 8. 20 -lo Bo ﬂ- 2- ﬁ. 0.
87.5 2620“ 2- ‘lngg 2. l.@ﬂ 8- l- -l- ﬂ. E- 3a g. 9.
98.9 262.9 2. -1.00 1. 1.00 8. ie -1 1. 3. Be B Q.
126.7 262-@ Em ‘lng@ l- 0059 8' lo ‘l- Z- 30 29 B. ﬂ.
TABLE B-V (CONT)
PROJ. ANIMAL DEATH TARGET
YT.  ANIMAL WEIGHT QUALI- . OTHER
G SPECIE o FLED SUE gffﬂ nggz ggng ggART LUNG LIVEE KIDNEY vxsggéa
264.0 2. -1.00 1. l.6¢ 8 1 N ODF GRADE GRADE  GRADE GRADE
264.0 Do -I-BZ 2, 1.00 8' 2. -1 B 2e 3. [ 18 "}
. 8. - -1 R .
262.9 2. -1.80 3. 2.0 9. 2 3. 3. 2. 2.
262.0 2 -1.008 3. 2.00 5. g. =1 Be Be Be Pe P
261.0 2. ~1.00 3. 2.8¢ 9 g. -1l Be B Be Be 2.
263.8 2 ~1.00 2, 2.00 9' B. -1 [%)8 @e [ 1 & 2.
263.g 2 ~-1.00 5, 0.25 9’ gc -1 Be De Be @ 2.
263.08 2. -1.08 2, 2.0 9' a‘ -1 B e Be 3. “.
- . - ~le “
266.9 2. -1.00 2. .62 9 1 2. 8. 8. 2. 1.
266'B 2. -l.gg Lo - * ° -1, ﬂ. Be Z- lo
265, : 1.80 9, I. “1. 2. 2 2.
. . -1.09 2. 2.29 9. 1. -1 p g. B B Bs
* ° g Pe 2.
@ »

TABLE B-V
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TABLE B-VI
PING PONG BALL

OTHER
TARGET
ey e 32;23# ggﬁ:?- AREA 55M HEAD HEART LUNG LIVE% :;:ggy VéggggA
eaoen 11EM  Ere e gﬁég?; KG FIER PUE HIT GRADE GRADE GRADE GR?DE G??D nat AL
NllmggER Izm lggsg 3200 ie "loeg 2e g’gg :33‘ ?- g. ::- _l: -l. -1. 1.
. ) 5 - . ~1.060 2. . . . . - . o T i I
166. . éssg.g ggog :- -l.ﬂﬂ Se -1.9@ 30 2. g. -;0 -i. -l. -l. -l.
158, ‘. 254'7 31.8 1. ~1.09 2 0.08 3. 2. . _1‘ o o T o
Les. o 294.6 38.0 | 8 -1.09 1. 1.008 3. 2. ;- -1. 1 o o o
170, ‘. 355'0 29.8 1. -1.00 2. 2.98 le 1. . -l. o o o T
171s . 91.9 38.9 -1.00 le 1.22 2. Be. le _1. i o ot o1
172, . 195.7 3.9 | -1.088 5. 8.00 2. 1. g. -l. i o o o
172‘ 2. 269:3 3@05 10 'logg 2. 2.900 2 ;. 3: -l: 1 -l. -I. —l.
:;2. 6: 245.3 33- 1- -1.00 2. ltgg 2- l. 2. 01. 1. -x' -l. —l.
175. 6- 306-5 29-5 lc -l.ﬂ.ﬂ 3- -lOEﬂ 2~ 3. o -l. -l. -l. -1. -l.
. 6 399.7 29.9 e -1.20 2. 8.75 . g' 2 -1 o o o1 o
i;g. 6: 187.2 30.2 1. -1.00 3. 0.900 1. ﬂ. g: o1 ol o1 ol o
178. 6. 189.8 38.8 1. -1.2¢ 2. a.s8 1. B g. -l -l -l -l -1
179: 6. 254.6 30.8 | -1.08 2. g-gg x- g: o o o o1 o1 o
KB" 60 256-9 29-5 ln -1-00 20 . ll 2 g. _l. -l. -1. ‘1. -l.
18‘;. 60 284'8 2905 | ‘l-ﬂg 30 6.50 . 3. g. _l. -l. -l. -l. 1
182. 60 295-3 31.5 le 'logﬂ 30 -1.00 1e 3- 2. -l. -l. T -l. -!.
183. 6o 292.3 38.0 1e -1.00 2. 1.00 le 3. o o o o 1 1
184. 6. 295.1 31.8 1. -1.00 2e .75 1. 2. o o o o i ol
185. 6. 287-8 28,.0, l- -l-ﬂg 30 -l-aﬂ 4 3. oy -l. -l. -l. -l. -1.
186: G 329.8 28.0 1. -:-gg 2. é-gg 3: 2: o L. . 1 1 g.
1870 6. 16607 3200 20 - -ag 2. g-ng 7 o ‘l. . 2. o a :
. . -1 . . : . . Be #e
lgg. 2. :gg:g gg.g g. -1.00 2. .20 7e 2e ::. g: g. g. a. @
:90: 6: 191-2 310” 2. -lngﬂ 1. 1.28 Te :.o -l: i l. oy o oy
1910 6- 232.2 29-0 2. ~l.06 lo logg Te l. ,-l. .z. l. o o o
192. 6o 231.0 29.0 2e -1.00 i. 1.080 ;. l. ol a 1 o. o 2
193 6. 23609 2900 2e -I-DG le l.ﬂﬂ - Y i o 5 . o o
194“ 6. 248.2 30.9 2. =108 2. 1.20 Te 3. -l. 2 5 2. a .
.» 6 293.0 3.0 2. -1.88 20 1.026 Te 3. l. 3 3 o- 2. 2.
:;z. 6: 293.6 38.0 2. -1.00 1. 1.08 Te 3. :l. 5: 2. . a. o-
197: 6e 306.8 36.2 2. ~1.020 1. 1.00 Te 2e _1. 3 4 a. o. o
198. 6. 399.7 38.0 2. ~-1.08 | 8 1.00 T 4 ‘-l: > o o o o
199. 6. 294.1 31.8 2e ~1.08 2. 1.980 lg. 4, -l o. b 2. o o
200, 6. 294.3 31.02 2 ~1.00 4. 1.08 10. Le .

TABLE B-VI (CONT)

PROJ. PROJ. ANIMAL DEATH TARGET OTHER
RECORD TEST VEL. YT, ANIMAL VWEIGHT QUALI- AREA SSM HEAD HEART LUNG LIVER KIDNEY VISCERA
NUMBER ITEM Fs/5 G SPECIE KG FIER DPUE AIT GRADE GRADE GRADE GRADE GRADE GRADE GRADE
281. 6. 182.9 30.0 2. ~1.00 1. 2.75 8. 1. -1 2e e 2¢ De 2.
202. 6. 184.3 3G.9 2. -1.99 1. 1.00 8. 1. -1. 2e 2. 3. Bo Qe
253' 6- 184.6 3000 2- -»l.ﬂ@ 1. loge Bn 2. 'lo 4 3- 30 B Ce.
284. 6. 192.8 28.9 2. ~1.88 1. 1.00 8. 1. -1. 3. 3. 2. @ 2.
285. 6. 247 .7 308.0 2. ~1.00 1. 1.080 8. 2e -1l Ge 1. 2. Ge 2.
2026. 6. 252.3 32.9 2. ~-1.00 e 1.00 8. 3. -1 G 2. 3. 2. Be.
207. 6. 254.4 32.8 2. ~1.00 2. 1.00 8. 3. -1 2. Be 3. g. B.
298- 6. 256-8 3”.5 2 -1.80 1. 1.00 8. 3. -1, Be 228 4. Ge G
239‘ 6. 27509 3102 2. ~-1.008 1. 1.88 80 2. -1l B. G. 5. Je 2.
215- 6. 29603 3100 2. -l.ﬂﬂ 1. loﬂﬂ 8- S —Io Be G 50 Ge 2.
2110 6- 296-6 2909 2- -l-ﬂﬂ 1- laﬂb 80 5o -1 B Be 20 B Se
212. 6. 180.7 29.9 2. -1.20 S 1.28 9. 3. -1 3. B. B 4. 2.
213. 6o 185.3 29.8 2. -1.00 Se l1.00 9. ) 4a ~le Be Be Be e Be
2140 6, 192-5 29‘“ 2- -I.BG e 1.208 9. 3. -1le 3e Be 2. Lo 18
215. 6. 194.0 29.9 2. -1.08 3. 1.08 9. 3. -l 3. B Ze 4. 2.
216. Ge 238.0 30.8 20 -1.060 ie 1.20 9, 2 ~-1e (%18 Do Be F/ P.
217. 6. 25608 30.9 2. -1.0¢ 2. 1.00 G. 3. ~fe Do Be Be 4o Be
218- 6: 26009 360” 2. -l.BB 20 1086 - 90 4 -le B De 218 50 ﬂ.
219. 6 26l.5 29.0 e -1.080 2e 1.00 S. Ge -1. Be Ge [, 18 Se 2.
220, 6 292.5‘ 29.0 2e -1.00 Se 1.900 9. s ~1a Ge De Be Se %18
221. 6. 298.9 32.9 2e -l1.80 2. 1.809 9. 4. -1l e G e Se Q. ,
222. 6. 301.7 29.9 2. -1.09 S. 1.002 9.

2e ~la Be Do @. 5. a.



pope

TABLE B-VII

PAINTBALL
. RGET OTHER
PROJ. ~ PROJ. Cﬁiggg 2§2§¥- T:R%A SSM HEAD HEART LUNG LIVER KIDNEY VISCERA
RECORD TEST "ﬁﬁ; v;. ggég?% KG FIER PUE  HIT GRADE GRADE GRADE GRADE GRADE GR?DE GR?DE
E -1 =1e bl 8 it X =le
M 1o sag.a a2 1. 12.25 2. 0.25 3. ] S O SO DO ol
22a. 7. 551.4 3.2 1. 1179 2. 0.8 3. 5. 2. 1. . -1. -1. -1. -1.
225, F. 1171 3.2 1. 11.34 2. t.ee 3. a. 2. -1. -1, -1. -1. -1.
226. Te 745.1¢ 3.2 1. 12.89 Se ~-1.20 ~1. 2' 5. -1 -1 -1« -Te -1l
227, 7. B884.5 3.2 1. 11.34 2. 1.08 ?. 2. 2. ol oL ol ol o
228, 7. B885.5 3.2 1. .79 2. 900 o 5. 40 -le  -le  -l. -l -1.
229, 7. 519.2 3.2 1. 11.34 2. !'gz 2' 2. 1. -1 -1. -1, ~1. ~1.
238, 7. 540.5 3.2 1. 18,43 3. 8.5 . 2 ! ol ol o1 o 1
231 7. 1342 3.2 1. 19.89 2. 1.20 2. s 4 o1 oL oL oL o
2320 7. 798'” 3'2 l' 11.34 2 l.zg 2. 5. 4e -1 -1 -1. -1le -1l
233, 7. 867.3 3.2 1o 18.89 2, 1.00 2. 5 4 o1 ol o o1 o
234s 7. B868.8 3.2 1. 11.79 2. 8.58 2. 4 1 oL ol o1 o o
235, 7. . 531.9 3.2 le 18,43 2- 9.25 . 1. 3 -1. -1. -1. -1. -1
236. 7. 557.2 3.2 I. 1,43 3. B . . 6. 1. -1.  -1.  -1. -1.
237, 7. 733.1 3.2 L. .79 2. -0 . 3. o -le  =l. -l -l -1.
238, 7. T736.6 3.2 le 12.25 2. g.25 1. 5. 5. -1 -1. -1. -1 ~1.
£ %39, 7. 874.1 3.2 le 9.98 2. .00 :' 5. 5. -1. -1 -1. -1. -1.
240. Te B77+5 3+2 1. 18.43 1 1.82 : 5. 5. -1 -1, =1l ~1e -1le
241, Te 923.7 3.2 1. 12.25 2 100 :- 50 3. o e . oI <1
242, 7. 928.3 3.2 1. 18.89 2. 1 o8 4 3. 2. -1, -i. -1. -1. -1.
243. 7. 887.3 3.2 l. 13.15 2. 100 a. 8. -1 1. =1.  -1. -1.
244, 7T. 899.5 3.2 1. 18.89 2. 1.00 a- a -1, a. a. 2. R 2.
245, 7. 538.8 3.2 2. 18.43 2. 9.90 7. g.. b 2. 2. 2. 2. 2.
246, 7.  538.9 3.2 2. 15.42 2, 2.10 . 2 oL o 2. o 0. 2.
247. Te 536.1 3.2 2. 16.89 2. 1.9 7. 5 L ; 2. 2. o 2.
248. 7. 5517 3.2 2. 18.89 2. 1o I 5. -1. 3. 3 2. 2. ..
2490 76 73304 302 2. 90“7 20 liﬂg ;. 5. ;1- go a: g. Z. e.
258. 7. 739.9 3.2 2. 14,86 2 P . 5. -1, a. 4. 2. @, e.
251, 7. 749. 6 3.2 2. 12.43 1s 1.08 Te 5. -l- g. 5. 2. 3. .
252. 7. 752.4 3.2 2. 14.51 2. .00 7 5. -1‘ g. 5. 2. B. 2.
253, 7. 877.5 3.2 2. 9.53 2. 1.0 7. s o1 g 3 2. a. 2.
254. 7. 881.4 3.2 2e 14.97 1. 1.808 Te . 1- go a' e 2. 2.
255, Te 886.9 3.2 2. 11.79 2e 1.0 T Se :l- g- an g- o 2
256, 7. B892.8 3.2 2. 13.61 2. Lee & o 1. z. a. 4. 2. 2.
257. 7. 538.6 3.2 2. 987 2, 1.88 8. Se o1 2. 2. 4 o o
258, Te 54347 3.2 2. 11.34 2. 1.29 8. Se -l- g. g. z- 2 2.
289, 7. 548.8 3.2 2, 14.52 2. 1.88 8. S. oL 2. 2. o o a
268, 7. T44.8 3.2 2. 9.98 2. 1.9 8. Se. ~l. . : °
TABLE B-VII (CONT)
PROJ. PROJ. ANIMAL DEATH TARGET OTHER
RECORD TEST VEL. ¥T.  ANIMAL WEIGHT QUALI- AREA SSM  HEAD  HEART LUNG LIVER KIDNEY VISCERA
NUMBER ITEM F/S G SPECIE KG FIER PUE  HIT GRADE GRADE GRADE GRADE GPADE GRADE GRADE
261. 7. 758.1 3.2 2. 11.79 2. 1.886 8. S. -1 R 2. 4. 2. 2.
262. 7. 7SB.4 3.2 2. 12.25 2. 1.8 8. Se -1. a. Se 8. 2. Be
263. 7. B73.3 3.2 2. 19.43 2. 1.8 8. LR -1. 2. 2. Se 8. Se
264. 7. 887.7 3.2 2. 11.79 5. 1.9¢ 8. 5. -1. R 2. 4 Z. R
265- 7. 902.! 3;-2 2. 11079 lo l.ﬂg 8- 50 ‘l' gl G. 5. B- ﬂ.
266. 7. -1-0 3.2 2- 9098 2' I.GB 9- SO -lo ﬂo ﬂ. Za B. 4-
267. T. S34.8 3.2 2. 8.62 2. 8.75 -1, 3. -1 B. 2. 8. . 8.
268: 70 53703 302 2. 12025 2. 6075 90 3- -lo ﬁo Z. go G. go
269. 7. 549.1 3.2 2. 18.43 2. 1.88 9. S5 -1. 8. 2. 2. 2. 2.
278. 7. 749.% 3.2 2. 9.98 1. 1.88 9. 5. -1. a. g 2. 3. 2.
271, 7. 742.3 3.2 2. 12.25 2. 1.6 9. 5 -1. g. 2. 2. 2. 5.
272. 7.  B874.1 3.2 2. 9.98 2. 1.88 9. 5. -1. 2. 2. a. 3. Do
273. 7. 896.8 3.2 2, 8.16 2. 1.86 9. S. -1, 8. 8. 2. 4. Se
274 7. 919.1 3.2 2. 11.79 2. 1.88 9. 5. -1. 2. 2. 2. S. Be
275 7. 897.2 3.2 2. 17.24 5. 1.2 19. Se -1. 2. 2. 2. 8. R
m 2760 7- 91802 302 20 16-78 2- loﬂﬂ lgo 50 -lc g. ﬂ. go ﬂo 6.




TABLE B-VIII

RICOCHET ROUND
' OTHER
‘ L TAREA G LIVER KIDNEY VISCERA
TRode A €NIMAL avA I- AREA sSsM HEAD HEART LUN NE ScER

R toem P e 22::2?!}‘: ¥ E}I(gHT gllj‘;; PUE HIT GRADE GRQDE Glj.?l.)l-: G}j;ln.nz G}};;u.:}: GF.L?. RAL
NoER 1o e g 2 1. 12.25 2a 2.00 3. g: g: o 1 ot ol o1
277« 8. 318.5 8.2 15.88 2 G.008 3. 5 1 i oy i o -
2780 8- 32602 8'2 l. —I.Bﬂ 2. g.ig 3. 3. a -x‘ -!. -l. -l. -l.
e 8. ara.9 8.2 1o 13.61 2. .98 3. 3 4 -t -t et -1
asa. 8. ava.g 8'2 l‘ -I-Bﬂ 2. l.BG 30 5. 2. ‘l. -l. -!. -l. -l.
Saz. 5 581.3 8:2 le -1.00 2e 1.980 3. 1. . o o1 o ol ol
282. 8. 587'8 8.2 le 13.15 2e 2.1 2. l: a i o i o T
Saa o 352, 8.2 le 11.34 2. 1. 20 2. s Py o ol i ol oL
284. 8. 353.8 8'2 le 9.98 2e 1.82 ) 2¢ 5. > o o ol o1 oL
285, 8o a442.8 8'2 L -1.80 2, 1.928 2. 5- 5 ol o1 ol ol ol
286. 8e 478. 4 8'2 1. ~1.00 Pe 1. 08 2. 3 5. o o o o ol
ey 5 Seeit 8'2 1. ~-1.00 2. 1.08 2. g; 4: o o1 o1 o1 oL
288- B 559'; 8'2 1. 12.70 2 1.008 2e 3. a o L L o o1
B0 5 o4, 8.2 1. 11.79 2. 0.10 | 9 4- o o ot o ol ol
or. 5 - 8.2 1. 180.43 2. -1.00 1. 3- o o o1 ot ol -l
292, 2 36;.3 3:2 Ie -1.00 2e P.10 1. 5. o o ol ol o1 L
o Soa. & 222.3 8.2 1. 12.790 2. 1.0 1. s a o1 -t -1 -1 -1
o 293. 8. . 8.2 1e -1.20 2e 1.29 1. > s ol ol o1 o1 ol
29“‘ 8‘ 457'3 8.2 !o -l.ﬂﬂ 20 [.ﬁﬁ l- L 5 -l. -l. -‘. -l. -l.
e, 5 535.: 8.2 1. -1.00 2. 1.8¢ 1. g- -l: 1 : ! 1 1
SR EIE L OER Do or s v ow o
. . . [ 50“4 1- - L - - : X B. g. :
295, . 312.; g.z 2- 8.62 2. 0.10 Te. go -i: g' ;. g 2. o
299. 8. 329. 8-2 2. 552 2 pg ki a. 1. 2 2! o ;. :
00, 5 3“9'; 8:2 2. 7.71 1. 2.80 Te 5- o 2. 4 2. o 3
S0z, o AAS.S B.2 2. 14.52 2. 1.02 Te 5- o o 3 2 2 2.
S0a o 463.2 8.2 2e 11.34 2. 1.080 Te 3. o 2- 5 o 8. 2.
S04 5 e .3 8.2 20 17.24 2 @.50 Te 5' _1: 2. 3 2. 2. 2.
ggg. g. ggg.a 8.2 2. 8416 i. i-gg ;. 5- o b 2 a. a. g.
. . . 9. 8.‘6 l. L3 - L] - : : g. g. .
Sen 5 559.? g:g 5- 11.34 l. 1.60 Te g- -:. g. g. o 0 2
307. 8. 561-7 a2 0. 9.98 1. 1.00 7o 5. -l. s S o o 2.
ggg. g. ggé.a 8.2 2e 14.97 2. i-gg :g- 5. -l. 2 2 2 2. o
: : i .97 2. - L] L ] L d g 4. g. g.
312. Be. 587.9 8.2 2 14 : oo g > o o . ;
- 2. 8.62 L] -1, . g' A. g. :
SO R O A
. ) . «16 2e . . . . X . 2. o

TEEE TR B R T

TABLE B-VIII (CONT)

PROJ. PROJ. ANIMAL DEATH TARGET OTHER
RECORD TEST VEL. wT. ANIMAL VYEIGHT QUALI~ AREA 5sM HEAD HEART LUNG LIVER KIDNEY VISCERA
NUMBER ITEM F/5 G SPECIE KG FIER PUE HIT GRADE GRADE GRADE GRADE GRADE GHADE GRADE
3!50 8. 46105 8-2 20 14097 2- !aﬁﬁ 8- 3- -lo B. g. 4. ai - 3-
316- 8. 465.7 8.2 2. 14.52 Ze 1.90 8. Se ~1le Be B 4. Be B
317. 8. 556.4 8.2 2 11.79 1. 1.0 Be Se ~1le Ge P S Ze B
318. 8. 557-2 8.2 2. 14.06 1. 1.008 8. Se ~l. 2. a, 5. B 2.
3!90 3- 56607 8'2 2. lg043 ln l.gﬂ 80 5' '10 E- g- 5- a. ﬂ.
32”0 8. 28606 8.2 2. 11-79 2. B.lz 7- 20 ‘10 3- 30 Pe E. ﬂ.
3210 8c 32“.6 8.2 2- 19.”5 2- 6.08 90 3‘ “l' Go B. Bo gu 9.
322. 8. 326.0 8.2 2. 9.98 2. g.12 9. 2. -1, B. 2. g. 1. Be
3230 8- 45304 Bca 2- 16033 2- 5.25 9- 3. '10 e' Gc g; B. ﬂ.
324. 8. 455.8 8.2 2. 16.33 2e Z.25 9. 3. -1. 2. B 28 Do B
325' 8. 462‘3 8-2 2. 14026 2e 5025 9. 4. ~1. D e e } 38 B
326! 80 54507 802 20 13.61 2- I.BB 9- 50 -1 ﬂ. 2. 50 5. ﬂ.
327. 8. 562.2 8.2 2 14. 06 Ie 1.980 -1 ip -1l Ge Be B Be 5.
328. 8. 581.7 8.2 2e 18.89 3 1.00 9. Se -1. Be Be Be Se .

(24
~J

. . C T el




TABLE B-IX

RTV ROUND
PROJ. PROJ. ANIMAL DEATH TARGET OTHER
RECORD TEST VEL. UT. ANIMAL VEIGHT QUALI- AREA SSM  HEAD  HEART LUNG LIVER KIDNEY VISCERA

NUMBER ITEM  F/S G SPECIE KG FI1ER PUE  HIT GRADE GRADE GRADE GRADE GRADE GRADE GRADE
329. 9. 228.8 17.9 | % 10.43 2. 2.0 3. 8. -1. ~1. -1. e ~1e
"338. 9. 228.8 17.9 i 14.97 2. 2.86 3. 2. a. 2 =1 -1 -1. -1,
331. 9. 23A.8 17.@ 1. 9.07 2. 8.8 3. Be 8. -1, .-1l. -1 -1, -1.
332. 9. 384.9 17.8 1. 14452 2. 8.00 3. Be g. ~le -1 =l -1. 2
333. 9. 355.8 17.8 1. 12.78 2. g.22 3. B. 2. -l -1 ~1. ~1. -l
334. 90 375.8 17.8 1. 13.61 2¢ .00 3. 2. B -1. -1, -1 =1 -1.
33s. S 384.0 178 fe 12.25 2. 1.90 3. 3. 3. -1le -1 -1 ~-1s -le
336. 9e 236.8 17.8 i« 9.98 2e 9.92 2 8- Be -1. ~1. -1 L -1.
331- L 28 236.0 17.8 le 1043 2. @G.40 2. ge. Be =l ~le ~1l. -1le ~ie
33a8. Qe 230.8 17.0 1. {0.43 2. G186 2e 2. Be -le -1. -1 -1 -1
339‘ 9' 3220e 17-0 !- 9'53 2. Bolg 2- 20 Go -l. “lo ‘ll -lt -l.
348. 9. 346.8 17.8 | 8 9.87 2. 1.08 2o 2. 3. -1le -1 -1. “le ~le
341. 9. 375.8 17.8 1. 9.287 3. 0.00 2. 1. . -1l. -1e -1 -1 -1.
34z2. 9. 432.9 17.8 l. 8.62 2. 1.20 2 2. 3. -1. ~-1e -1. -1e -1
343- 9. 23!-5 1700 lo 13-61 2- B.EG lo 3- Eo ‘lo ‘l- ‘1- ’lo ‘lo
3440 90 23!06 1705 lo 9-98 2. B.GB l- ﬂt ﬂ. ‘lo -10 'lo -lo -lc
& 345. 9. 231.8 17.8 I. 18.87 2. 2.68 1. 8. 2. -1. ~1. -1 -1 -1.
3460 90 28800 1700 lo 9-67 2- Boﬂﬂ 1. BO Bo —lo ‘lo ‘l. -l. -l-
3&70 90 28209 17-5 !0 9097 20 5025 lc 30 90 ‘lo ‘l- 'l- 'l- ‘l-
348. Fe 366.2 17.8 | 3 9.87 He P.10 1. 2e Be -1le -l -1l -1 =le
349- 90 354.5 l7og 10 9067 2. Q.EB i. ei at 'l. -i. 'la -!o -l-
355. 90 374.5 l?ng la 11079 2' 6.59 1. 3' lo -lc ‘lo ‘lt -10 ’10

351. 9 242.0 17.0 2. 19.85 le 1.00 Te 1. -1. Be Se Be 2. B .
352. e 236.0 17.8 2¢ 17.24 2. 2.880 Te | -1 De Be g. B. B.
353' 9! I9Bol l?:g 20 17069 2- B.BE 7. 2' ‘ll go lo 0. ﬂ. ﬂ.
355- g- 23805 17.0 2. 9098 2- ﬂ.ﬂﬂ 7. @0 'io 00 ﬂ. go go B.
355. 9 224.% 17.8 2. 14.52 24 g.020 Te 2. -1 De 2. Be B 2o
3560 9. 265-5 17.8 20 14097 3. ﬂ-25 7. 2’ -l. B? 2‘ ﬂ. g& 90
357. 9. 355.6 l7os 2. 17069 50 2.25 7. 2. -i' e 2. 2. Ge B
358- 9- 346.5 i?-g B 5.98 s. 1.86 T ) Y -1 Be Se Do Be B
3590 9- 354.” 17.2 2- 9098 lt 1:”0 7. l‘ '10 2. 3- ﬂo E- go
368. 9. 346.2 17.8 2. 15.33 1. 1-.020 Te 3. -1. 2. 2. @ 2. - G
3610 99 375.0 l7og 20 14097 50 1-02 7- 50 ‘10 30 20 Z. go ﬂ.
362' 9. 429-8 17!8 20 l2.25 50 0.25 7. 20 ‘l. gt 3. Eo ﬂ. ﬂ.
3630 Se £406.4 17.8 2. 17.24 2. 2.80 T. 2e -1 G. 1. B Be B.
364. 9. 432.2 17.9 2. 16,78 3. 1.08 To Se ~le B. De Be Ba Be
365. 9. 256.8 178 2. 14.086 2. 0.08 8. le -1 e G 2. @ Ge

TABLE B-IX (CONT)

PROJ. PROJ. ANIMAL DEATH TARGET OTHER
RECORD TEST VEL. wT. ANIMAL VEIGHT QUALI~ AREA SsM HEAD HEART LUNG LIVER KIDNEY VISCEQA
NUMBER ITEM F/5 G SPECIE KG FIER PUE HIT GEADE GRADE GEADE GRADE GRADE GRADE GRADE
366. 90 24305 1700 20 14052 5‘ ﬂ.aﬂ 80 lt ‘l- De go 6. g- 2
367. 9. 243.9 17.9 2. 15.88 2. B.80 8. 1. -1 2. Be Ge Be. 9.
3680 9. 358.5 1706 20 16078 20 l.ﬂB 8- 1. -1. 2- 2. Gc %] Z.
369. Se 338.0 17.8 2. 10.43 | 1.00 Be. Se -1 2. 2. 3. 6. 6.
378. 9. 355.0 17.8 2. 12.79 1. 1.88 g. 2. -1. 3. 2e B B. E'
371. 9. 356.0 17.8 2. 15.88 2. 1.086 8. 3. -1 Ds Be 5. 5: B.
372- 9. 38A¢g 1706 2. 12075 20 0.50 80 3. ’i- 0. Be 2. ] ﬂ.
373. 9. 420.8 17.86 2. 14.97 2. 1.8 8. 5. -1. 3. 2. 2. o. 2.
374. 9. 235.90 17.9 2. 726 Se 2.80 e 2+ =-1. 2. 2- 1. ﬂ. z.
375. 9. 249.9 17.8 2. 13.15 Se 2.00 Se le -1 Be. 2a e ﬂ‘ 0.
376 G 261.¢ 17.8 2e 6.80 le 1.09 9. 3. -1. Ze . C. 4’ ﬂ.
377. Se 288.9 17.8 2e 20.87 2e g.00 9. 2. ~-1. Be Be 2 Z. Q.
378- 9. 288.92 17.8 2e 15.42 2 B.20 Se. 2. -1la B Be B: ﬁ. ﬂ.
379. e 3648 17.9 2. Bs16 3. 8.25 9 3. -la g. . Te ﬁ. e.
388. 9. 355.0 17.0 2e 12.89 T 2. 2. 508 9. 3. -1. O 2. g. 2: 9‘
v 3810 9. 364.@ X?.ﬂ 2. ‘4-52 2' 0‘75 9' 3' -l- G ﬂ. Be 2' B.
w 382, 9 374.8 17.08 2e 1633 2. 8.506 -1l 3. ~1e Do Be Ge 1. ﬂ.
383. 90 388-5 17-: 2- 31079 3- 5025 lﬂ' 3- ‘l. @ 218 D. E: ﬁ:

384. Qe 376.8 170 2e 9.53 2 0.25 18. 3. -1l - Pe Be B %]




APPENDIX C
TAMAGE LEVEL GRADES GROUPED BY KINETIC

The damage grades utilized in this appendix are grouped according to kinetic-
energy bands; for example, the kinetic-energy level 15 represents all kinetic
energies 0 through 15 ft-1b, 30 represents 16 through 30 ft-1b, etc. Addi-
tionally, the damage grades consider vnly the area/organ impacted and do not
include other areas/organs which may have been affected by the impact. For
example, if the projectile impacted the liver (the designated target area)
and the kidney also received damage from the impact, then, for the purpose of
this appendix, only the liver damage was considered when grouping the data.

It should be noted that an attempt was made to verify the projectile's veloc-
ity and associated kinetic energy for each shot._through the analysis of high-
speed films. There were, however, a few instances where the film was not
available and the original chronograph readings were then utilized. These
cases are indicated in the appropriate matrices by asterisks.

As a final comment, for the matrices entitled 'Head -(Skin)'", the numbers out-

side the parentheses include only the head (brain-skull) area, and the numbers

within the parentheses include only the skin of the head.

60

TABLE C-I.
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TABLE C-I1. STUN-BAG TABLE C-III, WATERBALL
— - Thorax ~ =~ Thorax ———-— .
e Heart f UL Lung (s) DL Heart
Lung EL_ e e e s ey b et 5 e S ] [ . - — Rensnenll e e At T - v
5 _1 5 5
L 4 ‘ el - X -
i T ' 3 1 1 3 2 1
R 2 1 2 |1 2 S
1
3 1 2 Ao LI
1 1 2 1
- S e : - - - .
—— S i . - kb
60 | 75|90 | 108}120 & | 15 |30 | 45 |60 | 75 [0 |105 0] Fr-1y 15_| 30 |45 [60 |75 |90 j105 |120 t-1p[15 |30 |45 |60 |75 |90 }10S 120
e DL Liver ‘ DL Kidney
. DL Kidney
viver = - e il e ey e
5 5 5
2 |1 4 1 ! ! ! . X — B S P
) " 3 2 1|1 3 1
—_ ; 2 111 1 2
1 [ 1 1 1
0 111 1 0 2 1 0 2 |1 2 1|1
TR P R = =l } ‘
60 | 75|90 | 105|120 'ffn 15 130 | 45 |60 | 75 |90 |105|120 | ke 15 | 3045 |60 |75 |90 [105 |120 AE 15 30 [as |60 [75 |90 |05 [120
— ‘ .
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1 . 5 1 I 5 5
1' |
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B 0 |24 we|2 b ) 1O o I e O A O O N ! OO AR L ) e I
S PR (US FUEN Eeerdl BRER et i Pt v Sleieloll PRl b i E ] seee— & . - i
45 |60 | 75|90 | 105|120 62 éﬁﬂm 30 |4s | 60|75 | 90 |105 | 120|135 $ooqp 15 | 30|45 |60 |75 |90 |105 |120] L 7115 |30 {45 |60 |75 |90 |10 | 120{135 |150 |




TABLE C-IV. PING PONG BALL TABLE C-V. PAINTBALL . «
o Thorax S . | — - Thorax -
bL Lung DL Heart o __-l UL R Luny o bL lleart
5 1 5 1|2 l 5 1 |1 g T
L_——. ey - - ——-] 4 1 1 ————— L LI TERTT seere wa - ———
4 1 4 | 2 4 1
{ .
3 1|1 3 1 ‘ 3 11 1 3 1 1
v sarneris N haaa T— 2 N - - b e Rl ol bl
2 111 1 2 1 I 11 ”
1 1 3 1 1 1 | 1 1 [
0 1 0 113 L 0 1 0 2 |21 3 |
———— - - . -~ e .f 2 - R R A ) -;
: RE ! k [KE KE —
ﬁf}p 15 | 30 {45 |60 |75 | 90 |105 | 120 Fe10 15 [30 | 45 |60 | 75 | 90 | 105]120 | fe-25 15 | 30 [45 [ 60 |75 |90 |10s 120| e-14 15 [30 45 J60 | 75 | 90 | 105120 |
R ! . < :
bl Liver ' bL Kidney i ] DL, Liver bL Kidney .
sl ] 1 |1 5 2 12 |1 5 2 5 1
- : ; 2 11 11 : 4 1 1 |1 4 1 ,
et o - p—— - - '; = At ————
3 2 2 3 . 3 191
2 1 1 |1 2 L 2 1)1
1 1 1 1
0 1 0 \ 0 2 z 0 141 |'
- — D emas. S h e Y [RRU [P R, .
(i e e RE M 115 | 30 [45 | 60 | RE o
ooyl 15 | 3045 160 {75 | 90 105 120 Feoqlf 15 (30 |45 {60 | 75 |90 | 105|120 _ Fe-11 75 | 90 | 105 | 120 Fr-3 15 |30 | 45 [60 | 75 |90 |105{120:
DL Body Skin DL Head (Skin) DL Body Skin DL |- Head (Skin)
5 2 s ‘ S s s |s fwog 2 5 W @ bW a |
4 1 2 |1 |4 4 2| i 4 1 11 L@ |
' o |
3 311 (e |z 3, 1 1@ R 1 3 12} ) Ay )2 ;
2 2|2 {101 (2 1 : 2 | (3 (3 L | |2 2 : 2 | 1(2)1 1(1 !
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