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o FOREWORD

§ ; This report presents the efforts expended by the Naval Surface Weapons
4 2 Center (NSWC) to generate data to improve quantity-distance standards for

E ' handling and storage of stacked munitions. The hazard classification under
é - investigation is the mass-detonating hazard materials (Class 1, Divisidn 1),

j 3 The work was accomplished for the Department of Defense Explosives Safety
: : Board (DDESB) under Military Interdepartmental Purchase Requests CE-NSWC-78-1
of 30 June 1978 and CE-NSWC-79-1 of 22 August 1978. The technical monitor of
the program for DDESB is Dr. T. A. Zaker,

2 This report has been reviewed and approved by J. J. Walsh, Head, Terminal
3 S Effects Branch, and R. Shank, Head, Environments Division.
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Multiply By To Obtain
feet 30.48 centimeters
inches 2,54 centimeters
grains 0.0648 grams
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INTRODUCTION

The Department of Defense Explosives Safety Board (DDESB) is conducting a
continuing program to evaluate the fragment hazards produced by the accidental
detonation of stored munitions. In support of this effort, the Naval Surface
Weapons Center (NSWC) was funded in July 1975 to conduct the Fragment Hazard
Investigation Program. The purpose of the program is to provide the DDESB with
the necessary fragmentation data to improve or to substantiate the quantity-
distance (YD) standards of Reference 1., Reference 1 specifies the safe and
efficient storage of stacked munitions according to specitic hazard classifica-
tions. The hazard class under investigation is the mass-detonating hazard
materials (Class 1, Division 1). Mass-~detonating items are those for which
instantaneous explosion or detonation of the entire quantity may be expected in
the event of an accident. Munitions of this type consist of bulk explosives
and certain propellants, mines, bombs, demolition charges, torpedo and missile
warheads, rockets, palletized projectiles loaded with TNT or Composition B, 8-
in. and larger high-~capacity projectiles loaded with explosive “D", and other
munitions listed in Reference 2.

NSWC was directed by the DDESB to conduct tests with the ARMY M107 155«mm
projectile (TNT-lcaded), in order to permit comparison of the results with
those of previous tests of large stackg of the same projectile.3 In addition,
NSWC was authorized to conduct concurrent analytical efforts in support of the
test activities. The analytical studies were to be viewed as a program of
continual review of experimental data and design of new tests. This combined
effort was divided into three phases. Phases I and 1l were designed to provide
the n2cessary fragment characterization data to develop a fragmentation model
that describes the fragment hazards produced by projoctile clusters that simulta-
neously detonate. fThe largest cluster of projectiles tested during Phases I
and II was a single pallet of eight projectiles band=d in a two-by~four matrix
{standard storagye configuration)., These efforts |.ave been completed, and the
results arc documented in an MSWC technical report.® Phase IIl was designed to
investigate the frayment hagards produced from projectile clusters that deto-
nate by means of natural communication {only one projectile primed). The data
wore gathered from smallescale (single pallat) detonation tests similar to
thovte of Retorence 4 and trom the conduct of large-scale detonation tests
{mulviple pallets) designed for tar-field fradment collection. These data were
combined with the exparimental findings from Phases 1 and II to valldate aqua-
tions previously developed* for the prediction of far-field fragment density.

This technical report addresses the bPhase [II efforts of the testing and
analytical studies yroup, A description of the small and large-scale tests and

an analysis of the far-field collection data are presented. The implications
Of the test results upon existing QU criteria are discussed,




TEST AND ANALYSIS PROGRAM

BACKGROUND

The test program was designed to be a follow-on effort of Phases I and IIY
that dealt with 155-mm projectile clusters that were simultaneously detonated,
Utilizing these experimental tindings, a series of tests were designed to char-
acterize the fragment hazards produced from a projectile cluster that is deto-
nated by means of natural communication (only one projectile is primed).

The characterization was based on close-in fragmentation data and far-
field fragment collection data. The data included polar and azimuthal spatial
references, and range where applicable, for tragment weights (W), numbers,
velocities (V), and presented aceas (A).

APPRUACH

The fragmentation data required to characterize projectile clusters that
detonate by means of naturdl communication were accumuldated by conducting a
series of small-scale tests tollowad by a series of larqe~scale tests, The
test methods utilized throughout the test series reflect the basic test designs
and detinitions of Reteraence Y. A description of the fragment collection meth-
ods and data handling techniques are presented in Appendix A,

The small~scale tests were conductad at NSWC and consisted of gatharing
fragmentation data on projectile elusters of two, four, and eight projectiles,
‘these projectile configurations wera identical to the scenarios used in the
azimuthal tests® and were indicative of the standard pallet design (projectile
spagcing 7 in, genter-to-centar). The detonation by means of natural communica-
tion was achieved in each projectile ceonfiguration by priming only ohe projec-
tila, A Hercules Hnginwer's Special Blasting Cap assembled in a moditied US
Army Mibd point-detonating (PD) nose fuge was used for the detonation, The

tragmentation data waere collected as ¢ function of polar angle measured fron

the direction of the nose of the projectiles in a cluster with their: loagitu-
dinal axis wvertical.

The large-scale tests consisted of gathering far-fleld fragment collection
data on stacks of standard shipping pallets of 155-mm projectiles that were
detonated by means of natural communication. Each pallet consists of eignt
vertical projectiles banded in a two-by-four matrix, These tests were con-
ducted at the White Sands Hissile Range (WSMI), New Moxico, and consisted of
detonating (natural cownunication) V¥, 8, 16, and 36 pallets of projectiles.

SHALL-SCALE TESTS

The snall-scale test series began with the Jdetonation by teans of natural
comtiuhication of two, tour, and eight projectiles contigured in the arena de-

signs of Figure 1, Two tirings of the two- aid tour=-projectile confiydrations

(5]




and tour firings of the eight-projectile contigurations were conducted between
12 and 28 July 1977. Each configuration consisted of one donor projectile,
The tests were setup to characterize the fragment patterns observed“ in earlie:
tests tor each of the configurations. Fragment velocities and hole count data
were gathered 360° azimuthally over a polar region of 90 to 105°, High-speed
motion picture cameras were used to record the fragment penetrations through
22-gauge steel witness panels. This information was used to calculate the
fragment velocities. The fragment hole count data were taken from the witness
panels after each test, in order to map the fragment concentrations. A list o
the fragment hole count data and velocity information is presented in Appendix
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¥ FRAGMENT CONCENTRATIONS

L 3 An analysis of the hole count data, presented in Appendix B, and the trag-
ment velocity information (Figures 2 through 5) revealed that high-density

: fragment concentrations with velocities higher than a single round are forming.
- A close inspection of the velocity data indicates that these concentrations are
- similar to the ones formed from the area between adjacent projectiles (projec-
tile interaction area) that are simultaneously detonated,! However, the high-
velocity fragment concentrations were found to have an appreciable angular
shift in the azimuthal impact puints, as compared to simultaneous detonation.
At the completion of the test series shown in Figure 1, the fragment hole count
data showed that the azimuthal shifts were completely predictable and depended
upon the primed projectile location. The angular shifts fall into three cate-
yories.

1. A shift of approximately 11° that occurs when two adjacent projectiles
are nonsimultaneously detonated by a third projectile.

! 2. A 28° shitt that r sults when a projectile detonates a single adjacent
} projectile,
|
5? ’ 3. Ne shift in the concentration ocours when twwo ad)acent projectiles are
g simultanesusly datonated Py another source.
-5

9000

G000 —4- -1

4500 4=

AVERAGE PHOTOGRAPHIC FRACMENT VELGLITY . sect
J

1500

C a0 0 120 160 200 280 280 320 3%0
AZIMUTHAL ZONE (deg!

Pigurz 2. Avarage Vragquent VYelocities for Polar Zone 90 to 1UL*
for Test No. W=-155-52




ARSI
i E

3000 wi=

i 9000
; g
. 3 X
X £ 75004
L3 £
3 Q
: =
3 z
, 2
2 scvo4 ] ]
2 Al
| < r
R; 3 E ey r am
g B 1
- 2 1
o ; 45004~ -
, 8 -
[~}
3
&
-
3
>
<

S 1500
3 (i} 40 w9 130 180 200 240 280 320 380
L AJIMUTHAL J0NE (4

* A ' Fiqure 3, Average Fragment Velocities for Polar Zone 90 to 195

2 tor Test No., D-15%-%4¢
$000

3 |

20O g hL

K . M T“N ”Fhrrfr AuL ﬂhrpr n“

AVIRAGE PHOTOGRAPMIC FRAGNIINT TILOCITT it cust

- |
» N

—— 3

i -

by ol

=1
—

) «w 80 o (17 00 20 :‘o 20 360
ANMUTRAL 200L eg)

¥Yigure 4. Average Fragament Velocities for Polar Zone 90 to 95°
for Tast Wo. (O-1%5-58




AT SRR e

I3 e .
g - T S - - - - Y

9000
E: 7500~}- ]
£
§ -
g 1
[
T 8000+ - i
§ !‘F L W i -
&‘: r - ] b=
[} 1 ﬂHF 1 M Th
T 1 [
& 45001 F . 1 m m- 111H
g -r H‘H- -
o -
§ ' -F }Tr F.‘Fﬂqrﬁ J. 1
[-S
§ 3000-1
z

1600

0 40 80 120 160 200 240 280 320 360

AZIMUTHAL ZONE (deg)

Figure 5. Average Fragment Velocities for Polar Zone 90 to 105°
for Test No. QD-155-88A

Figure 6 illustrates the concentration locations for a full-pallet detona-
tion. The main concentration appears to come from the long side of the pallet
away from the detonation source (azimuthal zone 70 to 120°), Smaller concen-
trations are evident at 169, 242, and 315°, Fragments from the interior of the
pallet may be escaping from the 315° concentration, which is formed by the
simultaneous detonation of projectile nos. 2 and 8, In order to properly
characterize the fragmentation phenomena associated with the high~velocity
fragment concentrations, two follow~on, sm.ll-scale fragment collection tests
were conducted.

ny

Figure 6. Fragﬁent Concentration Locations for the
Detonation of Projectile No, 1

6




The first fragment collection test was conducted 7 November 1977. The
test consisted of the detonation by means of natural communication of four
projectiles in a cube configuration, The test identification number is QD-155-
SC4 and was designed to characterize the fragment-weight number distributions
of the high-velocity fragment concentrations observed in the previous tests.
Fragments were collected for 360° azimuthally for polar region 75 to 80°,
Figure 7 is a sketch of the proujectile cluster configuration positioned in the
arena layout. A copy of the fragment weight-number data and average presented
area data (A) is presented in Appendix B.
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¢ DRANING KO TO SCALE

Figure 7. Arena Layout for Test No. QD=155-8C4

A full pallet of eight projectiles banded in a two-by-four vertical conwe
figuration was used for the final, small-scale fragment collection test. TtThe
test identification nutbar is QD=155-5C12 and consists of tne coumbined fragmen-
tation data from three separate pallet datonations conducted 20 June 1978,

5 June 1980, and 23 July 1980, The coubined data included fragment collection
for 180° azimuthally for polar region 90 to 105° and $0° azimuthally for polar
regions 75 to 90* and 100 to 120%. Frayment hole count data were combined to
include a polar region of 85 to 120° for 180° of azimuth. Figure 8 is a sketch
of the typical arena layout utilized for the three single-pallet detonations.
A copy of the fragment weigat-number and average presented area (A) data is
presented in Appendix 8,
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COMPARISON WITH SIMULTANEQUS DETONATION

The fragmentation data from the fulle-pallet natural-communication detona-
tion test {QD-155-8C12) were analyzed and compared with the results of the
full-pallet simultaneous detonation test (QD-155-12).% The analysis showed:

1,

The metal in the shaded area of Figure 9 (interior casing) does not
enter into the fragment distribution but is instead trapped within the
interior area. This was proven for the simultaneous detonation of a
pallet' and can be shown for natural communication detonation by com-
paring the total fragment weights recovered for both types of detona-
tion. For example, the total metal weight recovered from polar zoiie
90 to 95° {0 to 180°* azimuth) for the natural communication detonation
test was Y9105.2 grains, The total fragment weight racovered from the
same polar zone and azimuthal angles for the aimultaneous detonation
of a pallet was 99246.4 grains. Similarly, the total metal weight
from polar zohe 95 to 100* (0 to 180°* azimuthal) was 213197.6 grains
for QD~155-8C12 and 229743.8 grains for QD-155=-12. Therefore, thare
is no indication of a contribution to the interaction area on the lony

side of the pallet. from the interior of the pallet as a result of
natural communication detonation.

S e ————




2.

CNL )
7
WAYD

Figure 9. Fragments are Trapped within the Shaded Area

Fragments from the interaction area on the long side away from the
primed projectile will be concentrated in a beam approximately 45°
wide azimuthally as compared to 20° wide azimuthally for simultaneous
detonation. A\ comparison of these data is presented in Figure 10,
Fv- thermore, the total fragment weight recovered from the intaractien
area for simultaneous detonation (polar zone 90 to 100°) and natural
communication dotonation (polar zone 90 to 105°) is 170315.,0 and
163745.5 grains, respectively. This indicates that the polar spread
of the fragment coucentration is 5° wider than simultaneous detona-
tion.
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3.

The slope of the weight-number distribution (Mott Plot) for the inter-
action area fragments approximates the slope of the Mott Plot for
interaction area fragments from the simultaneous detonation of a pal-
let, Figure 11 presents a comparison of the Mott Plot for interaction
area fragments from each detonation scheme. The similarity of the
slopes of a first-order, least-squares fit to the data is apparent.

104
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w1088
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¢ (] 1 t0 » @ « “
SQUARE ROOT WEIGHT |, W )

Figure V1, Fragment Weight-Number Distribution for Natural Communication

Detonation of a Pallet of 155-mm Projectile (QD~155-8C12)

4, The ballistic efficiency of frayments from the interaction area is
similar to the ballistic efficiency of tragments from the interaction
area for the simultaneous detonation of a pallet. Reference 4 shows
that a measure of fragment ballistic efticiency is provided by analyz-
ing the distribution of the number of fragments as a function of gamma
(A/W). Figure 12 presents a comparison of this distribution for in-
teraction area tragments from the detonation of a pallet by both deat-
onation schemes. Tne slopes of a leagt-squdares fit to the data are
quite similar, which indicates that the distribution of gammna is equiv-
alent tor both types of detonation.
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SUMMARY

To summarize, the significant difference between natural communication and
simultanecus detonations of o pallet of 155-mm projectiles is in the angular
width and velocity of the fragment concentrations produced from the pallet
interaction areas. The natural communication detonation produces a wider con-
centration that is less densely packed with fragments traveling at a lowar
velocity than those produced by simultancous dotonation. The dott Plot and
gamma distribution parameters characterizing the fragment concentrations are
equivalent for both types of detonation,

These data imply that the fragment concentrations from the pallet intor-
action area possess the dgreatest potential to produce far-field fragments.
However, empirical datsa were not available to indicate that siwmilar fragaent
concentrations would occur as the result of the detonation of a multipla-<pallet
stack. Therefore, the detonation of multiple-pallet stucks was necessary to
obtain the far-field Eragment data necessary to evaluate empirical relations
previously developed“ using small-scale test data.
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LARGE-SCALE MULTIPLE-PALLET TESTS

The large-scale, multiple-pallet detonation tests were designed based upon
the fragment patterns characterized in the small~scale fraymentation arena
tests. These tests were conducted at WSMR on the Dice Throw test site from
August 1979 to March 1980. Approximately 255 acres of high-elevation desert
were bladed clear of foliage and surveyed according to range and azimuthal
location for far-field fragment collection. Blast overpressure data were also
measured for each test. Blast gayes were located on two perpendicular lines at
distances corresponding to peak overpressures of 40, 10, 4, and 1 psi from a
TNT hemisphere of the same weight as the net explosive content of the projec-
tiles. Figure 13 shows the far-field fragment collection area, the blast gauge
locations, the stack configuration, and the donor projectile location for the
single-pallet confiquration.
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Figure 13, Test Configuration for the Natural Communication Uetonation

of a Pallet of 155-mn Projectiles

The single-pallet contiquration was the first contiguration detonated in
the large-scale series. The test consisted of eight separate pallet detona-

At the completion of the last firing, the far-field fragments vere
" llscted by hand pickup.
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The tollow-on sequence ot tests consisted of an 8-pallet detonation, two
lb-pallet detonations, and a 3b-pallet detonation. Figures 14 through 1é are
sketches of the test layout and donor projectiles' locations for each of the
stack contigurations.
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Figure 14. Fragment Collection Area for the Detonation
of Eight Pallets of 155-mm Projectiles

FRAGMENT CONCENTRATIONS

The first step in the analysis of the large-scale, multiple-pallet test

data was to count the number of the fragments recovered from each angular recovery

sector between the ranges of 500 and 2700 ft. The detailed data are presented
in Appendix B. The data plotted in Figures 17 through 19 show that the frag-
ment concentrations are forming at the positions (70 tc 120° azimuth) observed
tor the single-pallet test (QD-155-SC12), Furthermore, from the data presented
in Table 1, the number of fragments in the fragment concentration is directly
related to the number of interaction areas (Nypa) in the stack, since the
calculated number of fragments per interaction area is essentially constant for
each stack size.
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§3 Table Y. Number of Fragments in Fragment Concentrations
b Related to Number of Interaction Areas {Nya) in Stack
tack $Size Recovery Sactor Total No., No. Fragments r
?Paflets‘ Nia fx) Fragmenc§ Inieracgion Argg
g 15 90 to 100 1390 92.7
16 30 Yo to 100 2545 84,8
k13 46 90 to 100 3850 83.7

PRAGHMENT WEIGHT-NUMBER DISTRIBUTION (MOTT PLOT)

The second step in the analysis of the multiple<pallet test data was to
weigh and sort the recovered fragments, in order to produce the weight-number
distribution (Mott Plot). The tremendous quantity (numbers and weight) of
fragments recovered from the multiple-pallet detonation test made it
impractical to weigh amd sort each and every tragment., It was decided to
process just the fragments recovered trom azimuthal zones that correspond to
the tragment concentrations. The detailed data for these zones for each test
are contained in Appendix B,
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Figure 20 presents the Mott Plot for the azimuthal sector of Y90 to 95° and
the range of 500 to 2700 ft for the three multiple-~pallet detonations (8, 16,
and 36 pallets). The slopes of a first-order, least-squares fit to the data
for each test are quite similar, The data and a least-squares fit for the
single-pallet natural communication detonation test (azimuthal zone 90 to 95°,
polar zone 90 to 120°) are presented for comparative purposes, As can be seen,
the slope of the fit to these data are also similar to those of the multiple-
pallet detonation, This is further confirmation that the fragments from the
multiple-pallet detonation tests are similar in weight and number to the
fragmerts from the single-pallet natural communication detonation.

10,000
@ S PALLET RANGE §00 Y0 2700 #
N, <5473 "5+ 1923 GRAINS
5,000 A 16 PALLET RANGE 500 T0 2700 1t
Ny =108 8 4 2127 GRAINS
@ J6 PALLET RANGE 500 TO 2700 1
N, © 10990 ‘i 298 6 GHAIRS
QD 158 §C12 PO, Ak ZONT $0 10 120
N, - 1080 . - 1634 GRAINS
ALL DATA FOR AZIMUTHAL ZONE 80 T0 95

005 4 Lan t

Figure 20. Mott Plot Comparison tor Multiple-Pallet
Detonation Tests and Single-Pallet Arena Test
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FRAGMENT BALLISTIC EFFICIENCY

The fragments that were processed to produce the Mott Plots had their
presented areas measured, in order to evaluate their ballistic efficiency. As
previously mentioned, a good measure of fragment ballistic efficiency is pro-
vided by the distribution of the number of fragments as a function of gamma
(A/W). Fiqure 21 presents these data for the three multiple-pallet detonation
tests (azimuthal zone 90 to 95°, range 500 to 2700 ft) and the single-pallet
natural communication detonation test (QD-155-SC12), The slopes of a first-
order, least-squares fit to the data for each test are similar and is a further
confirmation that the fragments from the multiple-pallet detonations are
identical to the fragments from tie single-pallet natural communication

detonation.
10,000 «
@ 8.PALLET AZIMUTH 80 TO 95°500 YO 2700 t
5.000 | N, = M = 8839.0
. A 16.PALLET AZIMUTH 70 TO 80°500 TO 2700 ft
N, = 16201025 M=7033.7
B 36.PALLET AZIMUTH 80 TO 85" 500 TQ 2700 1
N, = 1045493.9 M = 5377.8
QD-155-SC12 POLAR 108 T0 120’ AZIMUTH
90 TO 95
1,000 + N, = 459350 M- 60884
600 + 8
£ 1004
A
2
o m o
2
10 4
6 +
1+
0.05 -+ - $ -+
03 04 0.5 08
(13

Figure 2V, Gamma Distribution
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AIR BLAST OVERPRESSURE

The peak air blast overpressure data contained in Appendix B are presented
3 ) graphically in Fiqure 22 as a function of range. Also shown for cowmparative

E 3 purposes are the existing blast criteria (40 wl/3) that corresponds to a peak
B 9 ‘overpressure of approximately 1.2 psi.6 Table 2 compares the range at which
1.2 psi occurs for each stack configuration to the 40 wl/3 range. The existing
criteria overestimate the actual 1.2-psi range.
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Yigure 22. Peak Air Blast Overpressure Data
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Table 2. Estimated 1.2-psi Ranges and Existiuag QD Criteria
(40 wl/3) for stack Configuration

Multiple-Pallet
Detonation
Stack Size Net Explosive Range (ft)
(Pallets) (Wt/1b) 95° Array 40 W!/3
1 120 170 197
8 960 275 395
36 4320 620 651

SUMMARY

The multiple-pallet detonation tests showed that the pallet interaction
areas produce significant quantities of far-field fragments. The number of
fragments recovered as a fun-::ion of range for the 8-, 16-, and 36-pallet (90
to 95° azimuth) tests is presented in Figures 23 through 25. Also shown is the
existing fragment criteri: (1/600 £t2). The range at which the fragment
density falls below the existing criteria is compared to the QD criteria
(40 wl/3) in Table 3. It is apparent that the existing QD criteria under-
estimates the fragmeunt hazard for the stack configuration tested.

1000 4
@ 8-PALLEY DETONATION RECOVERY
ZONE 90-95°
[0 ONE FRAGMENY - 800 h'
100 ¢
104
e
+ " + + + +-
400 200 1200 1800 000 2400 oy

-aNGU

Figure 23. Comparison of Recovery Data to Hazardous Fragment Criteria
for 8-Pallet Detonation
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Figure 24. Comparison of Recovery Data to Hazardous Pragment
Criteria for 16-Pallet Detonation
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Pigure 25. Comparison of Recovery Data to Hazardous Fragment
Criteria for 36-Pallet Detonation
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Table 3. Range at Which Fragment Density Falls Below
1/600 £t2 Compared to QD Criteria (40 wi/3)

Range (ft)
Stack Size 1/600 £t2 40 wl/3

8 1040 197
16 1360 395
36 1420 651

ANALYTICAL STUDIES

The far-field fragment data collected from the multiple-pallet detonation
tests indicate that the QD criteria may not be adequate for the specific stack
configurations tested. However, the goal of the program is to develop a capa-
bility to predict fragment density as a function of stack configuration and
gsize. This section describes the results of recent studies in the area of
fragment trajectory and the refinement of the empirical relations developed
during Phases I and IIY using the small- and large-scale test data.

FRAGMENT RANGE INVESTIGATION

The following section presents a discussion of the implications upon frag-
ment range of recent research conducted to further define the subsonic and
supersonic drag coefficients of typical fragments.

FRAGMENT DRAG COEFFICIENT (Cp)

Two experimental fragment dray programs have been conducted. The first
program discussed in Reference 7 was conducted in the vertical wind tunnel at
the Edgewood Area of the Aberdeen Proving Ground to determine the drag coeffi-
cient of 58 fragments collected from the simultaneous detonation of 155-mm
projectiles, The fragments were divided into five characteristic shapes and,
as expected, there was a subsonic () to shape correlation, Figure 26 pre-
sents a summary of the results. The maximum to minimum variations (disper-
sions) in Cp for all tive shapes (20.24) compare favorably with the 20,2
disparsion obtained for 105-mm projectile and 120-mm mortar projectile frag-
ments reported in Reference 8., The only surprise was the large difference in
mean values for the £ive shapes. Previous resultsd had shown that the mean
values were eguivalent for the two projectiles.

The second fraguwent drag program was conducted with MARK 81 bomb fragments
in the Aeroballistic Research Facllity at Eglin APB, Florida. Approximately
100 fragments were tested at wach numbers ranging from 0,67 to 3.66.* The frag=-
nents were divided into nine different shapes, and again there was an

* James W. NcDonald, “Bomb Fragments,“ Bglin Air Porce Base, 23 September 1980.
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evident correlation between Cp and shape. Only 11 fragments were tested at

S subsonic conditions, and the Cp varied from 0.68 to 1.61., Supersonic Cp

. A varied from 0,76 to 2.98.
. B .

CHARACTERISTICS : SMOOTH, ROUNDED SURFACE
DENSE

FLAT BOTTOM
9 RANGE OF C,, 1144 TO 1N
3 STANDARD DEVIATION: 0.108

R k. MEAN VALUE :1.268

CHARACTERISTICS : LARGE PORTION OF BOTH SIDES
OF FRAGMENT IS FLAT
FLAT SECTIONS ARE SMOOTH

i NO GENERAL OVERALL SHAPE
3 ? RANGE OF Cp (159 TO 1210
& L N STANDARD DEVIATION: 0 148
; = MEAN VALUE 11433
E ’ BOX PLATEAU
k- ¥ ’ CHARACTERISTICS  : LARGE PORTIONS OF BOTH SIDES
; J ’ ARE FLAT AND SMGOTH
3 g OVEARALL RECTANGULAR SHAPE
- k> ‘ RANGE OF €, .207701.34
g : STANDARD DEVIATION: 0.2629
. 7 MEAN VALUE :1.307
: PARALLEL PIPED
CMARACTERISTICS  : FLAT SOTTOM
FORMS A RIDGE AT TOP
RANGE OF Cy 10008
e STANDARD DEVIATION: 0.168
MEAN VALUE 1132
MOURTAIN RIDGE
* CHARACTERISTICS  : TRIANQULAR SHAPE
TWO OF THE THRLE SURFAGES
ARE GENERALLY SMOOTH
RANGE OF ¢ ;081 T0 1.0Y
STANDARD DEVIAYION: 0 183
MEAN VALUE )

wEDGES

Figure 26. Fragment Types

These new data were combined to produce the minimum, average, and maximum
Cp curves for bomb and projectile tragments (Figure 27). For comparison, the
average ( curves contained in References 4 and 9 are shown as dashed lines.
It is asgumed that at least Y58 of all bomb and projectile tragments will have
a €, between the minimum and maximum limits shown,

A fragment that travels to the far-field spends the majority of its flight
time at subsonic velocity. Consequently, the accuracy of the value used for the
subsonic drag coefficient is critical to the accuracy of a range calculation,.
Also significantly atfected by the subsonic Cp is the impact velocity (Vp)
of the fragment and, therefore, its terminal kinetic energy (KE). Table 4 pre-
sents the results of a particle trajectory calculation for a “typical® 155;mm2

fragment; for example, (W = 1350 grains, V, = 6500 ft/sec, a = 20°, Y = 8'1%‘ )

using the minimum, average, and maximum CD curves presented in Figure 26.
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Figure 27. Coefficient of Drag Versus Mach Number

Table 4. Regults of a Particle Trajoctory Calculation

Using Cp Curves

Final (Impact)

Ch curve Range (ft) Vg (ft/sec) KE (£t/1b)

Ninimum 2190 141 60
Average 1980 115 40
Maximum 1285 90 24
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The Cp uncertainty for any one fragment shape will only be about one-
half the minimum to maximum Cp difference. Assuming that the fragment used
above has mean Cp equal to the average Cp and a variation around the
average +0.25 Cp, the following effects are obtained in Table 5.

Table 5. Results of a Particle Trajectory Calculation
Using Average Cp Curve *0.25

Final (Impact)

Cb curve Range (ft) VP (ft/sec) KE (ft/lb)
Coavg =9+25 Cpavg 2470 132 52
pavg 1980 115 40
Cpavg *9+25 Coavg 1650 104 32

The effect upon range and KE is still significant. The gamma data from
the large-scale, multiple-pallet detonation tests were analyzed to determine
which Cp curve should be used for range calculations. The data indicated
that the mean Cp is most representative of the “"typical® 155-mm, far-field
fragment.

DEVELOPMENT OF EMPIRICAL RELATION

The development of an empirical relation to predict fragment density in
the far-field for a yeneral weapon stack configuration is discussed in this
section. The reiation is developed Irom the following equations,

NUMBER OF FRAGMENTS

It was shown in Reference 4 that a good repraesentation for 155-mn
projectile frayments is provided by

1/3

N(Y<y)) = Nge '( " ) (1)

where
N(y<yl) = number of fragments with y iess than a spacified gamma (Yl’

Ny = constant that {s equal to the number of fragments with y

less than infinity, or egually, the number of fragments
with weight greater than zero, It is the theoretical to-
tal number of tragments including predicted frayments that
are the size of dust particles. Ny is not the humber of
fragmants collected.
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-Ml/3 = slope of the straight line relationship when plotted on
, 1/3
semilogarithmic paper against (-}{—)
1
Yy = average presented area to weight ratio of the fragments
(in.2/1b)
Y, = represents any specified value of y

Since Ny in Equation (1) is developed from arena test data, it is based
on more than a 1° azimuthal zone and more than one fragment interaction area
(Nyp) and will have to be corrected and a new variable redefined as,

N,, = Yo (ta)
0A = Thegyy 1(Npp)
where

= the theoretical total number of fragments for 1° azimuthal zone
and for one interaction area

Noa

Deg,, = the number of degrees in the azimuthal zone used to calculate
AZ
No

NIA = number of interaction areas in the small-scale arena test used

to compute Nj

Equation (1) reduces to
. (y_)l/B
L (1b)

tor 1° of azimuth and one interaction area.

N(Y<Y1’ = Ngpe

To be useful for density calculations, Equation (ib) must be expressed in
terms of range. Using a particle trajectory prograwm, the following relation

can be established:

¥ = arb (2)

or

where

R = range (ft)
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a,b = constants developed based upon fragment velocity, drag coeffi-
cient and ejection angle (b is always negative)

Substituting Equation (2) into Equation (1b) yields
- 1/3
-\ =3 (1c)
NOAe

number of fragments with range greater than R

N(R)Rl)

[}

where

N(R>R1) 1*

In order to consider more than one interaction area, NIA is introduced into
Equation (1c) to yield

-\ 173
MR, °
N(RSR;) = N.,N.,e \ 2@ (3)
1} = NoaNpa

where Nya is equal to the number of projectiles in the side of the stack
facing the target arca (one tier) -1, multiplied by the number of tiers.

The desired relation is for the number of fragments between ranges R, and
R, 4+ dR. Referring to Figure 28, the required number of tragments (dN) is the
difference between N(R)Rl) and N(R)R1 + dR), It may also be written

dN = tand (dRr) (4)

N (R ™ R,)
dN |
N(R“R,+dR)I 0

dN = TAN ¢ (dR)

EQUATION (3)

/

N(R > R,)

s dub G e W Ap e e WD S

o > 20 4w > -

R; RANGE
Figure 28. Calculation of dN
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By definition, the derivative of Equation (3) is egual to the slope (tanf)
of the function at any range R;. Taking the derivative of Equation (3) and
substituting it for tang in Equation (4) yields

. web \ 173
a~ =| () (5)1/3 R (3) NoaNgie \ @ o (4a)
where
dN = number of fragments between ranges R and R + 4R
R = range (subscript no longer needed)
a'b'M'NOA'NIA = congtants previously described

FAR-FIELD AREA

The far-field area into which the fragments fall is based upon a 1° azi-
muthal sector shown in Figure 29, It can be shown for this area that

dA = 0.,01745 R (dR) (5)

dA and dR are the infinitesimal increments of the differential calculus,
For illustrative purposes, dR can be thought of as a very small number, much

less than 1 f¢t,

— 4R

dA « § [4R)

g.%’l

» Q»‘.
“n l&ﬂﬂm
A =« 0.01748 & (4R)

o
e

Pigure 29, Incremental Area at Range R for
a 1* Azimuthal Zone in the Ground Plane

28




DENSITY RELATION

Finally the density of fragments at range R is obtained by dividing the
number of fragments between R and R + dR by the area between R and R + dR for a
1¢ azimuthal zone; that is, divide Equation (4a) by Equation (5).

dN ENYE AR (g + 2) ’( MR;D) N
{53 () (Y) T w NoaN1a® (e)

where

1§

dN/dA = fragment density (fragments/ft2)

VALIDATION QF EMPIRICAL RELATION

The accuracy of Equation (6) can be evaluated by comparing the density
predicted for the large-scale, multiple-pallet detonation test configurations
to actual recovery data tor these tests, For this purpose, a modified version
of Eguation (3) can be used more efficiently. The relation is

NRIRZ = Ny, Nyo N(R>R;) = N(R>R,) (3a)
where
Ng g, = humber of fragments in a particular recovery zone between
172
ranges Ry and R,
NAZ = .number of degrees of azimuth encompassed by the chosen recov-
ery zone
Npp = number of interaction areas in stack wall adjacent to recov=-

ery zone

The values of the constants required are calculated from the natural com-
munication arena test data (QD=~155-5C12). The data from polar zone 90 to 105Y
and azimuthal zone 90 to 105° were used to calculate these values

NOA = 30024

Ma 603604
a = 44491.4
b= =1,13Y9

The results of using these values and the multiple-pallet detonation con-
tiguration (i.e., number of interaction areas) are plotted in Figuraes 30
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through 32, Also shown is the actual number of recovered fragments. The
accuracy of the prediction is excellent, It is apparent that the empirical
relation is a valid and conservative estimate of the far~field fragment density
resulting from the detonation of 155-mm projectiles.
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Figure 30. Predicted and Actual Number of Fragments
for 8-Pallet Detonation
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IMPLICATIONS FOR uD REQUIREMENTS

YD requirements for fragments are based upon both fragment density
(1/600 £ft2) and ierminal KE (58 ft/lb). Equation (6) can be used to calculate
the range at which a density of 1/600 ft2 occurs. However, the calculation of

the hazardous fragment density is somewhat more complex and will be discussed
in detail. Fragment KE at impact is defined as

WPZ

where
KE = kinetic enerqgy (ft/ib)
W = fragment weight (lb)

Vp = impact velucity (ft/sec)

g = acceleration of gravity (ft/secl)

‘Two more relations ave required. The first relation is obtained from a
particle trajectory program. It can be shown that

e :
Vg = oy {8)
Vi = tinal (impact) velocity {(ft/sec)

y « fragwent average presented area to weight ratio {in. 2/ib)
c,d w constants developed frowm data Eit, d is always neygative

The second relation developed Eroe the relation of frageent weight and
gama is :

y o tul (91

or

-

8

Y
{ s)
vhete

W = fragment weight (grains)

fragment average presented area to weight ratic {in.2/1lb)

-t
[ 4

£.h

[

constants developed from least-syuares fat to the data, h is
alvays negative
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Substituting Equations (8) and (9) into Equation (7) yields

(EEC%ﬂ

7
4.508 x 105 (7a)

Finally, Equation (2a) is substituted into Equation (7a), and the expres-
sion solved to yield

1
1 %% + 2bd
R
R | 42508 x 105 (KE)f  (2b)

H i
LC2<aH+-m)

where

R, = the range at and beyond which all fragments will possess a
specified KE level (ft)

The equation can be used with parameters developed frcm the single-pallet
arena test (QD-155-5C12) to determine the range at which all fragments will be

hazarious (KE»58 ft/lb). The parameters used are

a = 79405
b= -1,1603
¢ = 375.0
d = -0.4712
£ = 107.6
h = =0.3507

V. = 6500 ft/sec

a = 20°

C, = minimum from Figure 27

KE = 58 ft/lb

Using these values in Equation (2b) results in a value of 2770 ft for Ry.
The accuracy of tnis equation can be evaluated by analyzing the fragment re-
covered from the 36-pallet detonation test (recovery zone 90 to 95°), Figure 33
presents the results of estimating the percentage of harzardous fragments at
each range using Equations (7), (8), and (9). The plot ghows that the pe.cent-
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age of hazardous fragments approaches 90% at 2500 ft. This is a good indica-
tion that Equation (2b) is correct. However, Equation (2b) does not provide
the percentage of hazardous fragments as a function of range, What is required
is a relation that calculates the percentage of hazardous fragments as a
function of range.
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g 26.0

2T w6 139

[P vy
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RANGE {ftl

Pigure 33. Estimated Percentage of Hazardous Fragments as a Function Range

The excellent agreement between the predicted and actual number of frag-
ments per rscovery zore in the multiple-pallet detonation tests (Figures 30
thyough 32) strongly implies that the majority of the recovered fragments are
ejected from the stack at the optimum ejection angle (5 to 45°). fTherefore,
the fragments will impact at the velocity calculated by Equation (8) and
. possess the XE calculated by Byuation (7)., Consequently, the data presented in
Figure 33 for the J6«pallet detonation test should be an accurate rapresenta-

tion of the percentage of hazardous fragments as a function of range. A good
fit to theﬁl).' data is provided by

. uie" Ry (10)
where

t»‘“ = fraction of fragments that are hazardous

35




o
#

i = range of interest (ft)

-4
~
L}

i constants derived from a least-squares fit to the data
in Figure 33

Values calculated for the 36-pallet detonation test are

N.

i 0.099

[}

K = 8,53 x 1074

"

Applying Equation (10) to the density relation, Egquation (6),

B\1/3
MR, ~P

b
_ / - (—+2) _ 1
(dN) = 57.3 (_b.)(r_d)l 3 R 3 NoaN1aFu® a (6a)
dA 3/\a
HAZ

where
dN
( ) = hazardous fragment density (fragments/ft2)
a—K!*II\Z

This equation can be solved for the range at which a density of one haz-
ardous fragment/600 £t2 occurs, Figure 34 presents a plot of this range as a
function of stack size and configuration (Njp). Also plotted is the currently
used blast criteria (40 wi/3) for each stack. The plot shows that the existing
40 wl/3 criteria significantly underestimates the fragment hazard from the
detonation, in the open, of a stack of 155-mm projectiles.

2000
ONE HAZARDOUS FRAGMENT
1500 ¢ 600 ty?
g
8 10004
g EXISTING QD CRITERIA (40 KW!/%) o
Mbj*
0 e -+ " ! 4 + +
0 10 20 30 ) 50 80 70 ©0
NUMBER OF PALLETS IN STACK
[ 1.1 L ' 1
L e § LI L ) 4 g
3% EY “ 02

NUMBER OF INTERACTION AREAS
Figure 34. ¥Fragment Hazard Range
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LIMITATIONS OF METHODOLOGY

There are a number of limiting assumptions for the previously discussed
methodology that need to be addressed in greater detail. These assumptions and

their effects upon the validity of the methodology are discussed in this
section.

DENSITY RELATION

The development of the density relation (Equation (6a)) is based upon the
agsumption that the fragments are ejected from the stack at optimum angles (5
to 45°). However, the multiple-pallet detonation tests clearly show that the
fragments recovered from the far-field are similar in weight-number distribu-
tion to fragments from polar zone 90 to 105° of a single pallet., These frag-
ments should be ejected at a negative angle (toward the ground) and impact well
before 500 ft, Obviously, the detonation of a multiple-pallet stack is not
absolutely identical to the detonation of a single pallet. The mechanism by

which these fragments are ejected from a multiple-pallet stack needs further
investigation.

HAZARDOUS FRAGMENT

The calculation of the KE of fragments recovered from the multiple-pallet
detonation tests is also based upon assuming optimum ejection angles, a single
value for initial velocity and the average Cp curve. These assumptions ignore
fragments that do not meet these criteria., & potentially significant number of
tragments could be ejected at lower angles (1 to 5°) and somewhat lower veloc-
ity (up to %08 less)., These fragments can travel to distances that would over-
lap the far-field fragments by approximately 80% based upon particle trajectory
calculations. The low-angle fragments will also possess a much higher impact
velocity than the optimum angle fragments. These fragments will impact with
greater XE than similar fragments from optimum angles. The existing test data
are insufficient to determine the relationship between the proportion of low
and optimun ejection anyle fragments. The potential increase in the percentage
of hazardous fragments at each range cannot be evaluated at this time,

SENSITIVITY OF PARAMETERS

The entire methodology is based upon variables that are calculated from
analytic fits to test data, No attempt has been made to determine the sensi-
tivity of the density calculation to varliations in these variables,
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SIZE OF STACK

The methodology assumes there is no limit to the number of interaction
areas in the stack. However, for very long stacks a point will be reached
where the first and last fragment concentrations will no longer overlap, This
limit has not been identified.

FRAGMENT HAZARD CRITERIA
A modification of the existing fragment criteria (KE>58 ft/lb, 1/600 ft2)

would significantly affect the hazardous range calculation. For example, if it
is assumed that

Py=1-e -ph
where
P, = probability of one or more hits on a4 target (Poisson
Distribution}
p = fragment density (fragments/ftl)
A = presented area of the target (ft¢)

Structures would normally have presented areas greater than 100 ft2, An
average size man has a presented area of 5.6 tt? and a very large man 7 £t2,
The probability of hit by one or more fragments for various presented areas is
shown in Table 6.

Table b, Probability of Hit for Target Area (ft2)

Density
{fragments/ Man (£tl) structure (fe2)
£t2) 5,6 7 100 500 2000 5000
1/300 0,018 0,023 0,283 0,865 0,999 1,000
1/600 0,009 0,012 0154 0,632 0,964 1,000
1/1200 0.005 0,006 0,080 0,393 0.8117 0,984
1/2400 U,002 U003 0,041 0.221 0,56% 0,875

Changing the allowed fragment density can atfect the probability ot
hitting a target and, theretore, will affect the hazardous fragment density
calculation (Bquation (ba)). Furthaermore, the S¥-ft/lb criteria is based on a
personnel casualty criteria used prior to the advent of the moras definitive
wound ballistic eqguations developed in the 19Y50's, The rule defines the KE for
gevere wounding. A l-in.,-diameter steel sphere (0.15 lb)} traveling at 108 mi
per hr has a KE of about 58 ft/lb., Roducing this criteria would also atfect
the hazardous fragment density calculation,
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CONCLUSIONS AND RECOMMENDATIONS

The present study provides a methodology for using small-scale single
pallet arena data to determine the fragment hazards produced by the detonation
of large stacks (up to 36 pallets of 155-mm projectiles in open storage),
However, the methodology has limitations and cannot presently be applied to
other mass-detonating munitions. The following is a summary of conclusions and
recommendations necessary to improve the emerging methodology.

1+ 1t is recommended that a detonation test be conducted with a stack
representative of that found in a "typical" magazine. The far-tield
fragments from this detonation will be collected and analyzed to de-
termine the validity of the methodology. A follow-on detonation of an
identical stack inside a simulated magazine should be conducted to
determine the effect of magazine structures on far-field fragment

density.

2. The ejection angle of fragments from a multiple-pallet detonation
needs to be determined, Arena tests of multiple-pallet detonations
should be conducted to evaluate the fragment ejection angle. These
data are necessary to improve the evaluation of fragment KE criteria.

3. The sensitivity of the density equation to variations in input vari-
v ables should be evaluated. The methodology should be modified as nec=-

essary to minimize adverse etfects.

4. An entirely different type of mass-detonating ammunition should be
tested to evaluate the applicability of the methodology. Arena tests
and large-scale, multiple-pallet detonation tests should be conducted.
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INTRODUCT1ON

The fragmentation tests conducted throughout the Fragment Hazard Investi-
gation Program were designed to gather fragment mass, velocity, and spatial
distribution data. The basic test procedures reflect the ones agreed upon by
the services.,* The purpose of this discussion is to provide a general descrip-
tion of the techniques, definitions, and methods utilized throughout the
testing portions of the program.**

GEOMETRIC CONSIDERATIONS

In conducting a fragmentation test, certain basic principles must be con-
sidered. One of these is munition geometry. Most frequently, munitions have
an axis of symmetry (e.g., the longitudinal axis of a qun-fired projectile).
Defining the longitudinal axis as the polar axis, we can see from Figure A-1
that fragmentation characteristics would be functions of the polar angle, §,
but for a given polar angle, should be independent of the azimuth angle, a.

*Joint Munitions Effectiveness Manual, Test Procedures for High Explosives
Munitions, NAVAIR 00-130-ASR-2-1 (Washington, D.C., 8 December 1970).

**, J, Ammerman and M, R. Jamison, Fragmentation Test Facilitles Methods
and Data Processing Used at NSWC, NSWC MP 81-16 (Dahlgren, Virginia,

June 1981).
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Figure A-1. Polar and Azimuth Angles




With the independence of a, it is unnecessary to sample all fragments when
characterizing a single item. A portion of the fragments can be sampled, and
the results can be extended to predict the characteristics of the entire muni-
tion. However, when characterizing a multiple-munition detonation, as in a
pallet of 155~mm projectiles, it is important that as much emphasis as neces-
sary be placed on sampling fragments from the azimuth angles, as well as, from
the polar angles.

The fragmentation characteristics are generally sampled in various 6 inter-
vals between 8 = 0° at the munition nose and 6 = 180° at the munition base. At
NSWC, 8 is generally divided into 5° increments called polar zones, although
for smaller munitions, it may be divided into 10 or 15° intervals. Figure A~2
illustrates the surface area of one such zone, and Figure A-3 shows how a por-
tion of that zone is sampled. The area of the portion of a polar zone covered
by the recovery media, as projected on a sphere equal to the radius of the
recovery media, is divided into the total surface area of the polar zone. This
ratio yields a zone factor or zone multiplier (usually shortened to multiplier}.
Theoretically, if one takes the number-mass product of recovered meta) frag-
ments from each polar zone times its multiplier and sums this over all polar
zones, the resultant mass should equal the original mass of metal in the tested

munition.
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Figure a-3. Sampling of a Polar Zone

In som@ cases, munitions possess only partial symmetry about the longitu=
dinal axis. Examples are bombs with lifting luys or voids caused by explosive
shrinkaye following casting, or fins, bomblets with aerodynamic flutes, etc.
When this occurs, it is necessary to sample fragments from each portion of the
casing in which azimuthal symmetry does not exist as well as from symmetrical
portions, when doing this, one must carefully sort out fragments resulting

from agymmetry prior to applying multipliers.

Fragments from most munitions travel at supersonic speed over the dis-
tances at which their velocities are measured, Little error is introduced by
agsuming they travel in a straight line during the supersonic portion of their
trajectory. Consequently, the number of fragments per unit area can be assumed
to decrease inversely with the square of the distance from the munition., By
analogy with radiation geometry, a target area can be expressed by the nondie
mensional solid angle that it subtends; thus, the density of fragments in this
area can be identified as the number of fragments per steradian.




FRAGMENTATION ARENA

Figures A-4 and A-5 illustrate the manner of constructing a typical frag-
mentation arena. The recovery media is made up of cane fiberboard panels.
Each panel is 4 by 8 ft by 1/2-in. thick, and 96 panels are bundled together to
make a 4-ft-thick bundle commonly called a celotex pack. These packs are ar-
rayed over all polar angles at a prescribed radius for the test item. 2s a
rule of thumb, this radius is approximately 10 wl/3 £t where W is the explosive
weight (lb) of the test item. The results of this figure are generally rounded
off to the next higher 5~ or 10-ft interval. The bundles are set tightly
against each other. In the beam spray and at the polar extremities, extra
backup recovery packs are placed so that no energetic fragments pass completely
through. In addition, an extra recovery pack is usually placed at both 6§ = 0
and 180° to ensure that all fragments from the polar zones at the nose and vase
of the test item are caught.

vELOCITY SCREENS

t3) / /
POLAR TONE
T / \
te) Ty

: WOTE: = W08 (1} -(3) MGH SHEED
MIWNORS TO REFLECTY THL

DETONATION FLASH UNDES CANEAA LOCATIONL

YHE SCREEN TO THE CAMENA

(TWO MIRKOAS FOM EACM CAMR+A)

Pigure A~4. Sketch of Typical Fragmentation Arena

Velocity data in these arenas are usually acquired by using high-speed
framing cameras and witness panels. The usual materia)l for witness paneis is
22-gaugc-mild-steel plate that is sold in 4- by 12-ft gheets. These sheets arée
positioned on the opposite side of the arena from the recovery packs and cover
all polar angles from § = 0 to 180°. They are ¢generally positioned at a radius
above 75% ag large as the recovery pack radius, High-gspeed framing cameras are
positioned outside the witness panels, and they photograph tha flash of each
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fragment as it impacts and perforates the witness panel. A mirror arrangement
is used so that the test item is in the camera field of view prior to detona-
tion. The initial flash of the detonating test item provides a zero point, and
the 1-kHz timing marks on the film edge provide a time reference on the film,
For a witness panel radii of 40 ft and less, the cameras should have 4 minimum
frame rate of 10,000 frames per second. At larger radii, frame rates on the
order of 5,000 to 6,000 frames per second are sutficient. Sufficient cameras
should be used that an individual camera is photographing only 15 to 20 ft of
witness plate, and the curvature of the plate will not be enough to cause parts
of the plate to be out of focus.
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Pigure A-5. Plan and Profile of Typical Fragmentation Arena
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The test items should be positioned horizontally, with the forward end
oriented toward § = 0U° and the base end at § = 180°, on a custom~built wooden

stand to hold it, This stand is placed on a thick steel base plate at the
arena center, This base plate serves (1) to prevent localized cratering at the
arena center as a result of the detonation and (2) as a reference point from
which all elevations in the arena are measured. The recovery media should be
soaked with water just prior to initiation and again after the test, and a fire
watch should be maintained for several hours after the test,

Inside the witness panels and recovery packs, a ricochet fence is con-
structed. This can be earthen or steel backed up by earth. 1Its function is to
prevent fragments from ricocheting off the ground, inside the arena, into the
witness panels or recovery packs. In determining the height of a ricochet
fence, it is assumed that the path angle of a fragment bouncing from the yground
is equal to the angle of its path in striking the ground. An analogy can be
made here with the law of geometrical optics--the angle of incidence : light
beam makes with a retlecting surface is equal tn the angle of reflection,

Prior to constructing the arena, the face sheets of the recovery packs and
the outside faces of the witness panels should be marked with the polar zone
markings. The panels are laid nut on the ground, and arcs ure struck on them
using the results of a computer program that calculatas the radius of curvature
for each polar 2zone arc and determines the location of the center of curvature
with respact to the peoint § » 0 or 180°, The computer program also calculates
the polar zone multipliers to be used with that size arena. In order to obtain
all these quantities, the number of polar zones in the arena, the interval
between polar zone boundaries, the arena rodius, and the height of the recovery
packs wust be provided as proyram input,

A sanple of from two to five (usually three) test items is fired in a test
arend, The same recoveyy packs are used for all detonations; however, new

witness panels are srected for vach test item, There i3 gowme hazard in this
procedure, {f the second or a subsequent test iten does not detonate properly,

the entire set must be repestsd, There is little probability of thig, and the
econorics of Eragrent recovecry after a single roumd make such a procedurc
prohibitive,

lenediately following each test, the foliowing data should be recorded.

1. Date

é»  Thuwe of firing

3. Asblent temperature, pressure, and relative humidity

4. Number of pertorations in each zone of each witness panel

Following the detonation of the last test item, fraument recovery from the
reccvery packs cosmences. HNraggent vecnvery is a lengthy procedure that ra-

gquire~ a crew of men several days. Each pack 18 inspected panel by panel for
fragoants. In some cases, it is evident that a fragment has passed cowpletely
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through a panel; in others, it is not eviden.. Hand-held magnets and electron-
ic metal locators arz used to aid in locating fragments. The type of electron-
ic metal locator used is a surgical metal detectcr. It is extremely sensitive
tc ferrous metal and reasonably sensitive to nonferrous metals. When fragments
are found, they are catalogued according to polar and azimuth zones. The face
sheet of the pack can be used as a template for this purpose. The apparent
path of a fragment in a recovery pack should be followed so that the fragment
can be catalogued by the polar zone of entry into the recovery pack. Recovered
fragments are then cleaned and weighed.

DATA REDUCTION

The data reduction is divided into two main parts. The first has to do
with fragment-mass distributions; the other .s the velocity distribution.,

FRAGMENT-MASS DISTRIBUTION

Most work concerned with fragment mass distribution is done at the frag-
ment weighing house. As fragments from a given test are brought to the weigh-
ing house, they are catalogued with an identifying number that stays with that
particular test from then on.

The first process, following the assignment of an identifying number, is
cleaning the fragments. During testing, fragments impact the recovery media
with such force that minute quantities of the recovery media adhere to the
fragments and become embedded in the irregular fragment surface, Individually,
this could affect the weight distribution hy causing a fragment to he listed in
a higher weight group than it belongs in. Cumulatively, the total mass re-
covered would be affected; thus, distorting the total percentage recovery. In
most cases, it is relatively easy to ciean the recovery media from fragments
having a low-impact velocity (less than 1500 ft/sec). Cleaning fragments with
higher impact velocities is much more difficult. The cane fiberboard of the
recovery media adheres to the fragment almost as though it were glued on. A
sandblastear type device with micron-sized aluminum=oxide granules is used tor
the clear.ag process.

Following cleaning, the fragments are sorted into weight yroups. The test -
engineer must preselect the desired weiyht groups. As a part of the sorting
and cleaning process, the fragments are inspected to ensure that they are valid
fragments, Ricochet fragments are removed. Metal filings, rusted paint
flakes, and residue from weldiny repairs in the arena, etc., are also removed
at this time. This requires a keen eye, in some cases, to decide whether or
not a fragment is valid. After all fragments (or all fragments from a particus-
lar spatial zone) are weighed and sorted, the final data processing is handled
by an assortment of computer programs. Computer programs are available to
perform Mott Plot or ballistic density comparisonsa, to calculate range and
trajectory data, to provide statistical fits to fragment area~to-weight




relationships, and, finally, to provide a list of the fragment weight-number
distributions according to polar and azimuthal zones.

MEAN PRESENTED AREA DETERMINATION

The mean presented (A) area is used in determining retardation of a frag-
ment during £light due to air resistance., Thus, it is important to the test
activity so that initial velocity may be determined as accurately as possible
from the average velocity measurements made during a test. It is important to
the uger of fragmentation data in that the velocity decay of a fragment plays a
large part in determining the lethal area of a round of ammunition,

Mean presented area is determined by use of an icosahedron gauge. An
icosahedron is the regular sclid with the largest number of faces of all regu-
lar solids. For this reason, its shape was chosen as the basis for selecting
angular positions for measuring presented area of fragments. Ammunition and
Explosives Ashore* explains the theory behind the gauge and the selection of
the 16 angular positions used. The gauge itself consists of a point light
source collimating lens, gimbal system for supporting fragments, condensing
lens, light detector, and indicating device. Fragments are mounted in the
gimbal system so that they are in the path of the collimated light beam. The
gimbal system is stepped through each of the 16 positions, and the presented
area is recorded. The average of these 16 areas is taken as the mean presented
area of that particular fragment.

In practice, a minimum of 100 fragments from the particular area under
investigation are chosen for gaude measurements. A plot of mean presented area
versus mass (M) on log-log paper is approximately a straight line, with the
slope equal to the constant ¢ + 1 in the equation A = bMC+! yhere the ver-
tical axis intercept is equal to ¢ + 1. To get the ratio A/M = bMC, the data
are processed through a computer program. The program takes the values of mass
and mean presentod area for each fragment as input data and goes through a
least-squares fitting procecdure to determine the value of the equation.

FRAGMENT=VELOCITY DISTRIBUTION

Fragment-velocity distribution is determined by measuring the time of
flighy of tragments into the witneass panels of Figure A-4. As shown in
Flgure A-6, the distance over which the measurement is taken i{s divided by the
medsured time-of-flight to obtain an average velocity for a particular strike.

A'The tirst fow velocities in a given polar zone are summed and divided by the
number of readings made. This mean value is used as the average velocity for a

polar zone. It is also used in calculating an initial velocity to be used for
fragments from that polar zone.

* Naval éea~$yntems Cémﬁand, storage bata, Ammunition and E:plosives Ashore;
Ok 5 volume II 1Third Ravision (Washington, D.C., 15 September 1970).
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FRAGMENT HAZARD INVESTIGATION

Test Number: QD-~155-52
Item Tested: M107 155-mm projectile, 15-1lb TNT

Configuration: Two projectiles vertically positioned, side-by-side, with the
projectile centerlines parallel and 7 in. apart

Number of Firings/Date: 2/12 July 1977
Location: NSWC/Experimental Explosive Area

Zone Information: Fragment hole count: 90 to 105° Polar
360° Azimuth

Meteorology: 27 July 1977
Barometric Pressure: 31.05 in Hy

Temperature: 98°F

Instrumentation: Fragment velocity--five high-speed motion picture cameras,
black and white £ilm
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Fragment Velocities
Firing No. 1
Test QD-155-82

Velocity* (ft/sec) per
Azimuthal Polar Zone {(°)
Zone (°) 90-95 95-100 100-105

4006.7 4000.3
§525.0 4166.7
6024.1 5000.0
6135.2 6578.9
4902.0 5235.7
4098.4 4545.5
4004.6 3429.8
4052.5 3464.6
4032.6 3290.9
4445.2 3472.3
4077.6 3149.5

0 - 10 3880.
10 - 20 5102,
20 - 30 5747.
30 - 40 6330.
40 - 50 49%02.
50 - 60 4065.
60 - 70 3893,
70 - 80 3973,
80 - 90 40l6.
90 - 100 4085.

100 - 110 4476.
110 ~ 120 3970. 3758.6 3498.3
120 - 130 4375.9 3866.9 3314.9
130 - 140 5082.6 4854.8 5227.0
140 - 150 6253.9 5128.3 5239.2
150 -~ 160 6379.6 6369.7 6666.7
160 - 170 6187.9 6098.5 6371.8
170 - 180 6172.8 4504.9 5618.0
180 - 190 3703.1 5495.2 4587.5
190 - 200 3459.9 3531.1 3367.8
200 - 210 3773.6 3787.9 3759.4
210 - 220 3922,1 3846.2 3731.3
220 - 230 3787.9 3676.5 3787.9
230 - 240 4032,3 3787.9 3333.3
240 - 250 3984.1 3379.0 3205.1
250 - 260 3807.8 4234 5 3538.2
260 - 270 4098.4 3918.9 3432.8
270 - 280 4143.2 4199.9 3436.3
280 - 290 3809.7 3700.9 3529.1
290 -~ 300 4000.0 4037.0 3035.7
300 - 310 3777.9 3648.7 3157.2
310 - 320 4207.4 3623.2 4000.3
320 - 330 4228.6 4226.5 3455.8
330 - 340 4009.2 4016.9 3504.0
340 - 350 3885.3 3871.0 .3638.5
350 - 360 4065.0 3916.4 4033.3

OO UOOY YWOOHWwOOo

* Velocities recorded photographically
at 25-ft standoft
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Fragment Velocities
Firing No. 2
Test QD-155-52

Velocity* (ft/sec) per
Azimuthal Polar Zone (°)
zZone (°) 90-95 95-100 100-105

0 - 10 4141.3 4854.8 4525.0
10 - 20 6172.8 6097.6 6135.2
20 - 30 6329.1 6596.3 6313.1
30 - 40 6476.7 6172.8 5434.8
40 - 50 5465.9 4739.4 5208.3
50 -~ 60 2968.3 3952.6 4166.7
60 - 70 3906.3 3906.3 3676.5
70 - 80 3993.1 4032.3 3571.4
80 - 90 3936.7 3230.7 3271.5
90 - 100 3906.3 3537.9 3370.4

100 - 110 4009.9 3635.6 3787.9
110 - 120 3769.8 3667.4 3937.0
120 - 130 4166.7 3297.2 4065.0
130 - 140 4739.4 5000.0 5000.0
140 - 150 5133.6 6297.4 6329.1
150 - 160 6854.5 6580.1 6666.7
160 - 170 6411.3 6251.0 6493.5

170 - 180 5076.3 4951.0 5025.3
180 -~ 190 4062.5 3816.8 3921.6
190 - 200 4166.7 3623.2 3312.5
200 - 210 4262.4 3268.0 13862.9
210 ~ 220 4016.6 3676.5 3703.7
220 - 230 3906.3 3906.3 3649.6
240 - 250 4000.3 3676.5 3676.5
250 - 260 3968.3 3846.2 13759.4
260 - 270 3876.2 3424.7 3868.0
270 - 280 3787.9 3571.4 3846.2
280 - 290 3968.3 3787.9 1352].1
290 - 300 3906.3 3649.6 3676.5
300 - 310 13921.6 3937.0 3623.2
310 - 320 3B46.2 3906.3 4065.0
320 - 330 4166.7 4166.7 4245.4
330 - 340 4069.9 4167.7 39?71.6
340 - 350 4066.7 4169.3 3699.0
350 ~ 360 5093.9 4984.5 3937.0

t velocities recorded photographically
at 25-ft standoff
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Fragment Velocities
Averaged for Both Firings
Test QD-155-82

Velocity* (fit/sec) per

Azimuthal Polar Zone (°)
Zone (°) 90-95 95-100 100-105
0 10 3996.1 4249.0 4262.6
10 20 5637.4 5715.9 5479.0
20 30 5941.6 6310.2 5656.6
30 40 6379.0 6147.7 6006.9
40 50 5278.0 4793.6 5222.0
50 60 4016.6 4001.2 4356.1
60 70 3898.0 3976.5 3479.1
70 80 3981.1 4044.4 3486.0
80 90 3954.4 3631.6 328l1.2
90 100 4034.5 3797.1 3456.6
100 110 4243.2 3823.1 3362.3
110 120 3870.2 3701.6 3586.0
120 130 4323.6 3704.1 3564.9
130 140 49%911.0 4879.0 5189.2
140 150 5693.7 5712.9 5602.5
150 160 6617.0 6474.9 6666.7
160 170 6299.6 6174.7 6412.3
170 180 5441.8 4727.9 5222.8
180 190 3902.7 4935.7 4254.6
190 200 3813.3 3546.5 3334.6
200 210 4122.8 3527.9 3845.6
210 220 3969.4 3761.3 3717.5
220 230 3847.1 3791.4 3718.8
230 = 240 4088.0 13787.9 3452.4
240 250 3992.2 3478.2 3440.8
250 260 3R24.5 4169.8 3593.5
260 270 3950.3 3836.5 36006.9
270 280 4024.8 4074.2 13538.8
280 290 3862.6 3729.9 3527.8
290 300 3953.1 3959.6 3195.9
300 -~ 310 23B2S5.4 3696.7 3250.4
310 320 4147.2 3764.7 4021.9
320 330 4147.2 4216.5 3751.9
330 340 4080.6 4092.3 3759.0
340 - 350 3953.3 3956.2 3661.2
350 - 360 4888.2 4391.1 4001.2

* Velocities recorded photographically
at 25-ft standoff
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Fragment Hole Count Data
Firing No. 1
Test QD-155-52

Number of Fragment
Holes in 22-Gauge
Witness Panels
Azimuthal per Polar Zone (°)
gone (°) 90-95 95-100 100-105

0- 5 12 1 14
5 - 10 15 21 20
10 - 15 19 33 32
g 15 - 20 22 33 30
! 20 - 25 28 26 32
25 - 30 30 23 18
30 - 35 31 25 23
35 - 40 20 24 29
4 - 45 15 17 18
4 - 50 10 9 1
50 - 55 8 7 5
55 - 60 5 6 5
60 - 65 4 5 5
65 - 70 5 6 4
0- 75 3 5 5
7% - 80 4 4 4
g0 - 8 5 3 3
85 - 90 S 6 7
90 - 95 4 4 6
95 - 100 5 5 5
100 - 105 6 7 5
105 - 110 6 4 4
M0 = 115 5 7 7
M5 - 120 4 8 27
120 - 125 5 5 6
125 - 130 12 13 14
130 = 135 16 17 14
135 - 140 19 18 20
140 = 145 30 28 32
145 = 150 37 16 23
150 - 155 32 19 24
185 = 160 1% 20 26
60 - 165 10 N 17
165 - 170 8 24 34
170 = 175 10 16 2
175 = 180 19 6
180 - 185 12 29 6
185 - 180 1Y 12 13
190 - 195 9 8 12
195 ~ 200 6 7 9




Fragment Hole Count Data
Firing No, 1
Test QD-155-82
{Continued)

Number of Fragment

Holes in 22-Gauge

Witness Panels
per Polar Zone (°)

90-95 95-~100

100-105

. AL TR

Azimuthal
Zone (°)

200 205
205 210
210 215
215 220
220 225
225 - 230
230 235
235 240
240 245
245 250
250 - 255
255 260
260 - 265
265 270
270 - 27%
275 - 280
280 - 285
285 - 290
290 - 29%
29% - 300
300 - 305
305 -~ 310
310 ~ 318
315 - 320
320 - 325
325 « 330
330 - 335
335 - 340
340 « 345
345 - 350
350 -« 35%
359 - 360

-
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Fragment Hole Count Data
Firing No, 2
Test (D~155-52

Number of Fragment
Holes in 22-Gauge
Witness Panels
Azimuthal per Polar Zone (°)
Zone (°) 90-95 95-100 100-105

0- 5 o 24 15
5 - 10 7 20 16
10 - 15 1 21 19
15 - 20 9 29 17
20 - 25 17 28 33
25 - 30 20 29 39
30 - 35 25 13 36
35 - 40 35 23 21
40 - 45 2 25 20
45 - S50 17 27 45
§0 - 55 10 11 9
55 - 60 13 12 10
60 -~ 65 S 4 6
65 - 7C () 6 7
70 - 75 4 4 i
75 - 80 5 5 6
.80 -~ 85 4 10 9
85 - 90 5 11 12
90 - 95 4 12 "
8% « 100 b 8 8
100 - 105 5 10 9
108 - 110 8 7 8
110 - 115 ? 6 9
119 « 120 8 7 6
120 - 125 4 4 )
125 - 130 3 4 )
130 - 35 4 5 4
135 - 140 5 6 13
140 ~ 145 6 b 10
145 - 150 24 20 21
150 - 15% 2% 32 18
155 = 160 23 24 14
160 - 169 34 25 24
165 - 170 24 14 23
170 = 175 23 24 32
i 175 « 180 22 23 23
180 - 18 12 2 V?
18% - 190 8 kY| 28
1850 - 195 16 b3 15
) 195 - 200 12 11 9
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Fragment Hole Count Data
Firing No. 2
Test QD-155-52
\ {Continued)

Number of Fragment
Holes in 22-Gauge
Witness Panels
A Azimuthal _ per Polar Zone (°)
s < Zone (°) 90-95 95-100 100-105

, ; 200 - 205 6 17 10
5 = 205 - 210 4 4 3
: L 210 - 215 5 3 4
i 215 - 220 5 5 4
220 - 225 6 6 4

; 225 - 230§ 8 4
230 - 235 4 7 5

235 - 240 3 5 3

i 240 - 245 4 5 8
245 - 250 5 5 7

250 - 255 5 6 5

‘ 255 - 260 5 3 4
B! 260 - 265 6 4 4
- 265 - 270 5 2 3

' 270 - 275 4 5 5
B 275 - 280 S 4 7
280 - 285 4 4 5

285 - 290 S o 5

290 - 295 7 6 4

295 - 300 8 7 5

300 - 305 6 8 6

b 305 - 10 & 7 10
' 310 « N5 7 8 8

NS - 320 8 9 7

320 - 325 9 " 5

325 - 330 8 9 8

330 - 335 7 8 9

335 « M0 S 7 10

- 340 - 345 6 4 1"
' 345 - 350 7 7 12

350 « 355 8 8 8

35% - 360 10 9 ?

B=-10




FRAGMENT HAZARD INVESTIGATION

Test Number: QU-155-54

Item Tested: M107 155-mm projr:ctile, 15-1b TNT

Configuration: Four projectiles vertical.y positioned, cube configuration,
side-by-side, with the projectile centerline parallel and 7 in.
apart

Number of Firings/Date: 2/14 July 1977

Location: NSWC/Experimental Explosive Area

Zone Information: Fragment hole count: 90 to 105° Polar
360° Azimuth

Meteorology: 14 July 1977
Barometric Pressure:
Temperature:

. Instyumentation: Fragment velocity--five high-speed motion picture cameras,
E black and white film
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Fragment Velocities
Averaged for Both Firings
Test QD-155-54
Fragment Velocity* Averaged

Azimuthal for Polar Zone 90-105°
Zone (°) (£t/sec)
0- 10 3779
10 - 20 3885
20 - 30 4028
30 - 40 4478
40 - 50 5095
50 - 60 4556
60 - 70 4375
70 - 80 4010
80 - 90 4023
90 - 100 42848
100 - 110 4465
110 - 120 4480
120 - 130 4395
130 - 140 4185
140 - 15D 4150
150 - 160 4075
160 - 170 4025
170 - 180 4400
180 - 180 4730
190 - 200 51990
200 - 210 5895
210 ~ 220 6300
220 - 230 49175
230 -~ 230 4200
240 - 250 5875
250 » 360 9950
260 = 270 6275
270 - 280 5392
280 - 390 4490
290 - 300 4160
. 300 - 310 4090
30 - 320 4430
320 - 330 530¢
330 ~ 340 5510
340 - 350 5375
3%0 -~ 3860 $120

* velotities recorded photographically
at 25~ft standoft
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Fragment Hole Count Data
for PFiring No. 1
Test QU=-155-84

Number of Fragment
Holes in 22-Gauge
Witness Panels
Azimuthal per Polar Zone (°)
Zone (°)  90-95 95-100 100-105

0~- 5 7 1 12

5- 10 3 8 1"
10 - 15 6 7 12
15 - 20 5 3 4
20 - 25 5 8 6
25 - 30 © 10 6
30 - 35 9 7 15
35 - 40 14 9 12
40 - 45 20 21 13
45 - 50 17 27 23
50 - 55 15 16 18
55 - &0 12 9 14
60 - 65 9 10 10
65 - 70 9 6 1
70 - 75 5 8 6
75 - 80 5 7 7
80 - 85 7 15 8
85 - 90 13 15 11
90 - 95 4 14 16
95 - 100 11 21 20
100 - 105 6 22 23
105 - 110 12 20 29
110 - 115 20 22 25
115 - 120 22 18 19
120 - 125 16 9 25
125 - 120 17 32 24
130 -~ 135 9 10 22
135 - 140 3 6 4
140 - 145 3 4 7
145 - 150 2 3 6
150 - 155 9 8 6
155 - 160 8 9 7
160 - 165 9 10 V7
165 - 170 10 18 16
170 - 175 20 10 16
175 - 180 9 16 23
180 - 185 12 38 75
185 - 190 25 35 69
190 - 195 € 38 60
195 - 200 37 27 28

B=13
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Fragment Hole Count Data
. for Firing No. 1
P . Test QD-155~54
b ( {Continued)
X A
E Number of Fragment
Holes in 22-Gauge
i Witness Panels
: pzimuthal per Polar Zone (°)
A - zone (°) 90-95 95-100 100-105
4 g 200 - 205 13 20 30
k" % 205 - 210 13 23 40
3 210 - 215 12 7 1"
. - - 215 - 220 13 6 19
g 3 220 - 225 6 9 8
S 225 - 230 3 10 9
E 4 230 - 235 6 5 7
T | 235 - 240 6 6 5
;g’ E 240 - 245 12 15 20
T 245 - 250 22 23 19
4 v 250 - 255 42 44 51
255 - 260 47 32 59
260 - 265 41 34 46
265 - 270 21 N 50
270 - 275 22 21 47
275 - 280 1 14 25
280 - 285 14 8 9
285 - 290 10 7 19
290 - 295 6 5 9
295 - 300 3 7 7
300 - 305 9 5 8
305 - 310 B 4 1
310 - 315 0 3 7
315 - 320 3 \ ?
320 - 325 4 8 7
325 - 330 2 12 26
330 - 335 V7 1 32
335 - 340 9 16 21
340 ~ 345 7 20 30
345 - 350 W 17 V7
350 - 355 4 15 28
355 - 360 5 8 1"
B-14




Fragment Hole Count Data
for Firing No. 2
Test QD-155~54

Number of Fragment
Holes in 22-Gauge
Witness Panels
Azimuthal per Polar Zone (°)
Zone (°) 90~-95 95-100 100-105

0- 5 8 1 20
5~ 10 8 12 19
10 - 15 6 1 10
15 - 20 7 1 1
20 - 25 1 7 8
25 - 30 12 6 7
30 - 35 20 15 15
35 - 40 21 16 17
40 - 45 35 32 39
45 - 50 15 18 25
50 - 35 16 17 35
55 - 60 19 13 18
60 - 65 9 10 8
65 - 70 10 H 9
70 - 75 9 10 1
75 - 80 9 " 1
80 - 85 12 18 21
85 - 90 13 22 18
90 - 95 12 10 21
95 - 100 12 19 29
100 - 105 15 21 16
105 - 110 16 20 18
110 - 11§ 22 26 25
115 = 120 35 29 28
120 - 12§ 28 13 28
125 - 130 36 19 29
130 ~ 135 7 8 9
135 - 140 7 9 8
140 - 145 5 3 9
145 ~ 150 5 3 8
150 - 155 7 8 12
155 - 160 8 8 13
160 - 165 8 1 12
165 - 170 6 6 12
170 - 175 12 15 16
175 - 180 18 27 22
180 - 18% ? 16 30
185 - 190 13 2 47
190 ~ 195 29 25 42
195 - 200 32 24 50
B-15




Fragment Hole Count Data
for Firing No. 2
Test QD~155-S4

(Continued)

Number of Fragment
Holes in 22-Gauge
Witness Panels
Azimuthal _per Polar Zone (°)
Zone (°) 90-95 95-100 100-105

200 - 205 22 20 15
205 - 210 29 19 25
210 - 215 20 22 28
215 - 220 10 5 11
220 - 225 5 4 7
225 - 230 1 2 7
230 - 235 6 1 1"
235 - 240 7 13 10
240 - 245 19 28 25
245 - 250 26 43 37
250 - 255 56 63 79
255 - 260 59 64 55
260 - 265 46 50 60
265 - 270 32 27 45
270 - 275 13 24 32
275 = 280 17 12 13
280 - 285 " 7 5
285 - 290 - o 6 4
290 - 295 6 8 10
295 - 300 4 8 9
300 - 305 4 3 7
305 - 310 3 3 7
310 - 315 9 10 8
315 - 320 10 13 ]
320 - 325 19 15 12
325 -~ 330 20 17 n
330 - 335 15 19 23
335 - 340 10 16 4
340 ~ 345 8 15 25
345 - 350 9 16 21
350 - 355 6 26 36
355 - 360 12 22 22
B-16
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FRAGMENT HAZARD INVESTIGATION

Test Number: @D-155-S8
Item Tegted: M107 155-mm projectile, 15-1b TNT

. Configuration: Eight projectiles vertically positioned in a two-by~four matr
side-by-side, with the projectile centerline parallel and

7 in. apart.

Number of Firings/Date: 1/19 July 1977
1/21 July 1977

Location: NSWC/Explosive Experimental Area

Zone Information: Fragment hole count: 90 to 105° Polar
360° azimuth

Meteorology: 19 July 1977
Barometric Pressure: 29.70 in Hg
Temperature: 99°F
21 July 1977
Barometric Pressure: 28.75 in Hg
Temperature: 98°F

Instrumentation: Fragment velocity--five high~speed motion picture cameras,
black and white film

B-17
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Fragment Velocities
Firing No. 1
Test QD-15%5-S8

Velocicy* (ft/sec) per
Azimuthal Polar Zone (°)
Zone (°) 90-95 95-100 100-105

0 - 5 3046.3 4132.2 4027.1

5 - 10 4015.6 4137.0 3934.7
10 - 15 4545.8 4025.7 4401.6
15 - 20 4587.2 3775.1 4407.5
20 - 25 4326.1 4468.0 4350.8
25 - 30 4993.4 4433.4 4927.7
30 - 35 4907.8 4882.7 5344.2
35 - 40 4738.0 4852.8 5061,2
40 - 45 0.0 3984.3 3876.0
45 - 50 3506.2 3787.9 4389.0
50 - 55 0.0 4273.5 4273.5
55 - 60 3572.0 3545.6 0.0
60 - 65 3345,3 3981.8 326l1.6
65 - 70 0.0 0.0 326l.86

70 - 75 3787.9 4038.8 3968.3
75 - 80 3877.6 3922.5 0.0
80 - B85 3679.7 39561.6 4920.6
85 - 90 4761.9 4733.0 5104.2
90 - 95 4977.5 5100.0 5420.3
95 - 100 5750.4 6137.7 5420.3
100 - 105 6146.1 6567.9 6172.8
105 - 110 6464.) 6267.7 6041.6
110 - 115 6410.3 6144.6 6393.6
115 ~ 120 5839.4 6085.1 6361.6
120 ~ 125 6085.1 6085.1 6554.1
125 - 130 4587.2 5187.7 5000.0
130 - 135 4424.8 4098.4 4587.2
135 - 140 3760.0 4237.3 4303.4
140 - 145 4386.0 4143.7 4098.4

145 - 150 4132.2 3789.2 4006.4
150 - 155 0. 0.0 4166.7
155 - 160 0. 0.0 0.0
160 - 165 0.0 3846.2 4858.5
165 - 170 5741.3 6725.0 7213.2

175 - 180 6173.8 6137.9 6499.0
180 - 185 5651.7 4936.9 6131.8
105 ~ 190 0. 0.0 4065.0

0
0
0
3
170 - 179 6687,5 7518,1 70%0.5
8
7
0
190 - 195 4166.7 4065.,3 3906.3

* Velocities recorded photographically
25~£t standott
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Fragment Velocities
Firing No. 1
Test QD~155-58
{Continued)
Velocity* (ft/sec) per
Azimuthal Polar Zone (°)
Zone (°) 90-95 95-100 100-105

195 - 200 4006.
200 - 205 39e8.
205 - 210 3731.

3919.8 3787.9
3908.2 4132.2
3943.1 3787.9

210 - 215 3731.3 4202.0 0.6
215 - 220 0.0 4347.8 0.0
220 - 225 3546.]1 4056.6 4098.4
225 - 230 3378.4 4671.9 4237.3
230 - 235 0.0 4725.9 0.0
235 - 240 4902.0 5263,2 4854.4

240 - 245 5434,
245 - 250 5421.
250 - 255 4902.

5662.2 5434.8
5377.6 5681.8
5050.5 5434.8

.
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255 -~ 260 0.0 4761.9 5655.7
260 - 265 0.0 4578.8 0.0
265 - 270 0. 0.0 0.0
270 - 275 0. 0.0 0.0
275 - 280 0. 0.0 0.0
280 - 285 0. 0.0 0.C
285 - 290 0.0 4016.6 13787.9
290 - 295 0.0 3787.9 4240.0
295 - 300 0.0 4132.2 4132.2
300 - 305 0.0 396B.3 0.0
305 - 310 3571.4 4202,3 4132.2
310 - 31% 0.0 3731.3 4237.3

-« .

315 - 320 4903.8 4587.2 4545.5
J20 - 325 4903.2 5000.0 5104.2
325 - 330 4807.7 4479.1 4618.6
330 « 335 3968.3 3731.3 3976.2
335 - 340 3571.4 4065.0 4065.0
340 ~ 345 3571.4 4015.9 4056.6
345 - 350 3496.5 4083.1 4184.8
350 ~ 355 3247.4 3400.2 42217.3
355 - 360 3564.2 3514.4 4111.9

* velocities recoxded photographically
25-ft standoff
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§E Fragment Velocities
. Firing No. 2
' Test QD-155-S8

Velocity* (ft/sec) per

X Azimuthal Polar Zone (°)
s Zone (°)  90-95 95-100 100-105
0- 5 0.0 3546.1 4098.4

3 5 - 10 3012.0 3242,
10 - 15 3787.9 3994,
15 - 20 5077.3 5376.

4367.6
4251.9
5202.4

1
1
8
3
20 - 25 4424.8 4424.8 4545.5
25 - 30 5159.6 5319.1 4951.0
30 - 35 5106.4 4750.0 5000.0
3 35 ~ 40 4762.3 4276.0 3978.7
b 40 - 45 4489.4 4374.1 3846.2
- 45 - 50 4098.4 0.0 4570.9
4 50 - 55 3571.4 4201.7 4237.3
3 55 - &0 3713.7 4335.6 4201.7
e 60 - 65 3500.4 0.0 3154.1
7

65 - 70 0.0 4137.7 4193.4
70 - 75 4201.7 4238.1 4411.5
75 - 80 3857.3 0.0 4473.2
80 - 85 3649.6 4118.4 4008.5
85 -~ 90 4587.2 4858.5 4757.4
90 - 95 4918.5 4950.5 5058.8
95 = 100 4950.5 4950.5 5302.4

100 - 105 5895.4 5747.1 6142.3

105 - 110 6014.1 6410.3 6050.7

110 - 115 5889.0 6078.7 5747.1

115 - 120 5682.6 6538.5 6331.1

120 - 125 5682.6 5747.1 6410,3

125 = 130 5618.0 6337.4 6362.8

130 - 135 5050.5 4979.3 5283.8

135 - 140 4166.7 3832.5 4166.7

140 - 145 3780.5 40B82.3 3877.1

145 - 150 3668.4 3665.5 4237.3

15¢ - 155 3521.1 4272.9 4166.7

155 - 160 3223.5 4138.3 4386.0

160 - 165 4950.5 4717.0 7352.9

165 - 170 6899.5 7721.6 7815.7

: 170 - 175 7882.6 7745.9 7367.4

Yy 175 - 180 6651.5 5611.2 6095.8

A 180 - 185 5142.2 4807.7 5440.6

: 185 - 190 4065.0 4331.0 0.0

190 - 195 3571.6 4420.3 4545.5

i N

* Velocities recorded photographically
at 25-ft standoft
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Fragment Velocities
Firing No. 2
Test YD-155-$8
(Continued)
Velocity* (ft/sec) per
Azimuthal Polar Zone (°)
Zone (°) 90-95 95-100 100-105

195 - 200 0.0 398l1.3 4leé6.7
200 - 205 6.0 0.0 0.0
205 - 210 4237.3 4159.7 0.0
210 - 215 4386.0 4244.5 4201.7
215 - 220 0.0 0.0 0.0
220 - 225 0.0 4032.3 6.0
225 - 230 5434.8 4246.7 5400.5
230 - 235 5438,6 5529.3 4854.4
235 - 240 5618.0 5050.5 5050.5
240 - 245 4761.9 4587.2 4797.0
245 - 250 4347.8 4902.0 4693.4
250 - 255 4321.9 4347.8 4902.9
255 - 260 4386.0 4239.1 4347.8
260 - 265 3530.6 4281.3 4154.8

265 - 270 3766.0 3624.9 3958.8
270 - 275 3257.7 3274.2 3911.2
275 - 280 0.0 3227.0 3827.8
280 - 285 0.0 0,0 0.0
285 - 290 3276.9 3999.6 4322.8
290 - 295 3076.2 3646.5 3941.8
295 « 300 3787.9 3135.1 4329.1
300 - 305 3760.6 4033.3 4201.7
305 - 310 3760.6 3521.1 4201.,7
310 - 315 4761.9 4313.2 4201.7
315 - 320 4587.2 4717.0 4%87.2
320 - 2325 4587.% 4854.4 4629.6
325 - 330 4464.3 4761.% 4545.5
330 - 335 0.0 420}.7 3993.4
335 - 340 4201.7 4049.1 3848.7
340 - 345 3472.2 4100.8 4310.2
345 - 350 3125.0 3720.3 4256.0
350 ~ 355 3246.8 3550.5 3787.9
355 - 360 3414.2 3659.0 3715.4

* Velocities recorded photographically
at 25-ft standott
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Fragment Velocities
Averaged for Both Firings
Test QD-155-S8

Velocity* (ft/sec) per
Azimuthal Polar Zone (°)
Zone (°) 90-95 95-100 100-105

0 - 5 304e.

5~ 10 3681.
10 - 15 4166.
15 - 20 4913,
20 - 25 4375,
25 - 30 5040.
30 - 35 4982,
35 - 40 4744.
40 - 45 4489,
45 - 50 3703.
50 - 55 3571.
55 - 60 3642.
60 - 65 3438, 3981.8 3154.1
65 - 70 0.0 4143.7 3927.2
70 - 75 3994.8 4181.2 4337.6
75 - 80 3849.5 3922.5 4473.2
80 - 85 3669.6 4040.0 4464.6
B5 - 90 4674.5 4768.9 489.)
90 - 95 4955.4 5025.,2 5364.4
95 - 100 S5617.1 5939,8 5376.1
100 - 105 6074.5 6431.1 6164.)
105 - 110 6335.6 6333.9 6044.2
110 - 115 6019.3 6125.8 628%.8
115 - 120 $776.7 6214.6 6350.2
120 - 125 5970.)1 $988.5 6496.6
125 - 130 5102.6 5680.5 5973.4
130 - 135 4894.1 4q853.5 $005.2
135 - 140 3861.7 3933.7 4269.2
140 - 145 3901.6 4102.7 3921.4
145 - 150 3745.7 3727.3 4083.4
150 « 155 3521.1 4272.9 4166.7
155 « 160 3223.% 4138.3 4386.0
160 - 185 4950.5 4281.6 5690.0
165 - 170 6320.4 7306.3 7614.9
176 - 175 7139.3 7654.8  7209.0
175 - 180 6412.6 5850.6 ©319.8
180 - 185 5397.0 4903.6 9786.2
185 - 190 4065.0 5331.0 4065.0
190 - 195 3770.0 4278.3 4225.9

3839.2 4039.0
3881.3 4107.9
4017.5 4345.5
4461.3 4748.2
4455.7 4415.7
4581.0 4934.4
4823.7 5286.8
4605.6 4655.,2
4211.7 3861.1
3787.9 4479.9
4237.6 4255.4
3861.6 4201.7

CAOEOCDYOWYOLOOD W

* Velocities recorded photographically
at 25-ft standoft
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Fragment Velocities
Averaged for Both Firings
Test QD-155-S8
{(Continued)

_ Velocity* (ft/sec) per
Azimuthal Polar Zone (°)
Zone (°) 90-95 95-100 100-105

195 - 200 4006.3 3942.9 3977.3
200 - 205 3968.3 3908.2 4132.2
205 - 210 3984.3 4015.3 3787.9
210 - 215 4058.7 4216.1 4201.7
215 - 220 0.0 4347.8 0.0
220 - 225 3546.1 4048.5 4098.4
225 - 230 4063.8 5165.9 5206.6
230 - 235 5438.6 5368.6 4854.4
235 - 240 5260.0 5192.3 5001.5
240 - 245 5098.3 5303.9 5052.1
245 - 250 5153.4 5258.7 5117.0
250 - 255 4515.3 4816.3 5168.8
255 - 260 4386.0 4413.4 5328.7
260 - 265 3530.6 4380.5 4154.8
265 ~ 270 3766.0 3624.9 3953.8
270 - 275 3257.7 3234.2 38ll.2
275 - 280 0.0 3227.0 3827.8
280 - 285 0.0 0.0 0.0
285 - 290 3276.9 4004.5 4108.9
290 - 29% 3076.2 13674.8 4008.0
295 - 300 3787.9 3467.5 4261.5
300 -~ 305 3760.6 40l1.6 4201.7
305 - 310 3666.0 3929.8 4167.0
310 ~ 315 4761.9 4119.3 4219.5
315 ~ 320 4798.3 4652.1 4566.3
320 - 325 4776.9 4927.2 4946.0
325 - 330 4636.0 4549.8 4594.2
330 - 33% 3966.3 3966.5 3983.1
335 « 340 3991.6 4054.4 3915.2
380 -« 34% 3521.8 4040.1 4141.2
345 - 350 3248.8 13901.7 4220.4
350 - 355 3247, 3486.1 4087.5
355 - 360 3489.2 3576.4 3874.0

e & GO

* Velocities recorded photographically
at 25-ft standoft




Fragment Hole Count Data
Firing No. 1
Test QD~155-S8

Number of Fragment

Holes in 22-Gauge

Witness Panels
Azimuthal per Polar Zone (°)
Zone (°) 90-95 95-100 100-105

o0- 5 N 13 19
5 - 10 18 23 16
10 - 15 9 21 25
15 - 20 22 20 44
20 - 25 18 19 29
25 - 30 32 16 22
3o- 3 10 12 39
35 - 40 24 14 15
40 - 45 S ] 5
45 - 50 b 4 S
50 - 955 7 5 q
5 - 60 3 € ®
60 - 65 N 7 12
65 - 0 10 8 17
-7 N 13 20
7% - 80 18 20 19
80 - 85 29 19 25
85 -~ 90 33 36 50
90 - 95 47 43 56+
95 - 100 76 49 99+
100 - 105 56 5 B+
105 - 10 69 ! 80
110 - 115 55 38 46
115 - 120 63 35 106
120 - 125 106 "o 160
125 - 130 103 126 138
130 - 135 23 19 24
135 - 140 3 q 9
140 -~ 145 4 .5 10
145 - 150 2 5 5
150 « 158 q 7 7
155 < 160 3 3 2
160 ~ 165 b 14 6
165 - 170 63 73 49
170 - 1725 93 203 208
175 - 80 125 13
180 - 185 28 33 65
185 - 190 15 14 24
190 - 195 7 5 12
195 - 200 7 8 8
200 - 205 8 8 B
B-24
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Fragment Hole Count Data
Firing No, 1
Test QD-155-S8
{Continued)
Number of Fragment
tleies in 22-Gauge
witness Panels
Azimutnal per pPolar Zone (°)
Zone (°) 90-95 95-100 100-1C5

205 - 210 13 21 5
210 - 215 6 6 7
215 - 220 2 -7 8
220 ~ 225 3 ; 4
225 - 230 8 4 1
230 - 235 35 37 22
235 - 240 63 34 53
240 - 245 66 - 43 99
245 - 250 74 47 74
250 = 255 60 39 97
255 - 260 25 37 64+
260 - 265 32 43 62
265 - 270 43 44 46
2N - 7% 38 44 30
275 - 280 26 29 33
280 - 285 20 26 12
285 - 290 19 2 i3
290 - 20% 15 - 13 . it
295 - 300 12 14 7
00 - 05 15 1y A |

DS o« 1 17 17 B

S0 - s 21 23 16
NG - 33002 37 &5
320 - 33% 3w A6 24
325 -« 3w Rt 3& 23
330 - 33% g R SRRk
33 - 30 B 9 3
340 - 345 1d 12 10
39 - 3% 6. 0B 5
350 « 35% A 8 3

¢ 13 8

383 ~ 350
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Fragment hHole Count Data
Firing No. 2
Test QD—-155-88

Number of Fragment

Holes in 22-Gauge

Witness Panels
Azimuthal per Polar Zone (°)
Zone (°) 90-95 95-100 100-105

0- 5 7 1 19
5 - 10 12 24 19
10 - 15 12 19 26
15 - 20 8 16 42
20 - 25 9 14 27
25 - 30 2 14 26
30 - 3% n 21 40
35 - 40 10 16 17
40 - 45 1 7 9
45 - =0 o 4 6
50 - 55 6 3 )
5¢ -« 00 5 N 10
60 - 65 7 6 10
S - 70 4 15 24
- 75 ] 14 b3
% - 80 14 5 20
ah = 8BS 33 R 33
s - 90 3Ip - 54 80+
90 - 95 93 53 95
9% « 100 42 70 96
100 - 105 86 46 78
105 =« 110 39 kY] 12
1M - 118 34 49 94
115 = 120 52 76 143
120 - 125 76 73 115
12 - 130 13 a2 105
130 - 135 &8 " 3
135 - 190 W 15 o
130 - 145 1% 14 8
145 - 150 9 8 16
150 - 15% 2 1\ n
159 = 160 5 15 5
160 - 165 12 23 23
165 - 170 72 13 49
170 - 175 122 155 195
179 - 180 64 a1 166
13 = 185 23 i )
185 - 190 13 12 19
190 - 19% v 15 © 10
19% - 290 3 9 "
2360 - 205 6 12 )
B2




Fragment Hole Count Data
Firing No. 2
Test QD-155-S8
(Continued)
Number of Fragment
Holes in 22-Gauge
Witness Panels
Azimuthal per Polar Zone {°)
Zone °) 90-95 95-100 100-105

205 - 210 3 4 4
210 - 215 6 5 7
215 - 22C 4 5 9
220 - 225 3 5 6
225 -~ 230 3N 28 10
230 - 235 44 53 36
235 - 240 42 52 108
240 - 245 62 43 59
245 - 250 29 24 61
250 ~ 255 33 47 55
255 - 260 40 64 62
260 - 265 28 61 456
265 - 270 29 60 31
270 - 275 15 35 35
275 - 280 19 23 27
80 - 285 12 8 12
285 - 290 16 13 13
290 - 295 20 21 9
295 - 300 20 1" 7
300 - 305 17 13 16
305 - 310 17 11 15
310 - 315 30 17 17
315 - 320 4 46 28
320 - 325 44 52 29
325 - 330 25 22 26
330 - 335 " 8 14
335 - 340 15 13 15
340 - 345 b 8 5
345 - 350 8 9 9
350 - 355 5 15 13
355 - 360 10 17 22
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FRAGMENT HAZARD INVESTIGATION

Test Number: QD-155-S8A
Item Tested: M107 155-mm projectile, 15-1lb TNT

Configuration: Eight projectiles vertically positioned, two-by-four matrix,
side-by-side, with the projectile centerline parallel and 7 in.
apart

Numbr of Firings/Date: 1/28 July 1977
1/4 August 1977

Location: NSWC/Explosive Experimental Area

Zone Information: Fragment hole count: 90 to 105° Polar
360° Azimuth

Meteorology: 28 July 1977
Barometric Pressure: 28.45 in kg
Temperature: 88°F
4 August 1977
Barometric Pressure: 29.95 in Hg
Temperature: 98°F

Instrumentation: Fragment velocity--five high-speed motion picture cameras,
black and white film
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Fragment Velocities
Firing No. 1
Test QD-155-S8A

Velocity* (ft/sec)
Azimuthal per Polar Zone (°)
Zone (°) 90-95 95-100 100-105

0- 5 38l6.8 4347.8 3114.3

5 - 10 4464.3 3728.1 5146.6
10 - 15 5046.1 4317.3 5436.1
15 - 20 5423.9 5073.4 5497.6
20 - 25 5292.3 5056.2 5103.7
25 - 30 6172.8 6410.3 5580.4
30 - 35 5849.8 5815.5 5465.9
35 - 40 5555.6 5376.3 4902.0
40 - 45 5347.1 5555.6 4525.0
45 - 50 3846.2 4357.4 3869.0
50 - 55 3589.2 4260.6 3460.6
55 - 60 5121.7 4854.4 4098.4
60 - 65 5814.0 4816.0 6538.5
65 - 70 6805.6 6672.0 4583.5
70 - 75 6550.2 6079.2 6607.7
75 - 80 5434.8 5915.3 5906.8
80 - 85 4939.3 6396.2 4951.5
85 -~ 90 6454.0 4902.0 4723.7
90 - 95 5428.8 4629.6 4784.4
95 - 100 4850.4 4%02.0 48l2.8
100 - 105 6559.9 5618.0 5167.5
105 - 110 5306.7 5618.0 5977.4
110 - 115 6097.6 568l1.8 5618.0
113 = 120 4950.5 5263.2 4541.4
120 - 125 5452.6 4809.4 5263.2
125 - 130 5452.6 5102.0 4717.0
130 - 135 4954.9 4905.8 4545.8
135 - 140 4099.5 4807.7 3834.2
140 - 145 4000.0 4251.7 4386.0
145 - 150 4006.4 4214.6 4386.0
150 - 155 3968.3 4166.7 4223.1
155 - 160 5924.0 6222.9 6087.7
160 - 165 6493.5 6583.7 6719.0
165 - 170 7462.7 6944.4 7375.8
170 - 175 5681.8 6493.5 6944.4
175 - 180 4902.0 5246.1 5398.1
18C - 185 4742.9 4262.6 4583.8
185 - 190 4629.6 3693.4 3246.8
190 - 195 0.0 3844.1 3401.4

* Velocities recorded photographically
at 25-ft standoff
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Fragment Velocities

f Firing No. 1

- Test QD-155-S&A

ﬁ’ (Continued)

.- Velocity* (ft/sec)

5 Azimuthal _ per Polar Zone (°)

3 zone (°) 90-95 95-100 100-105

3L .

- 195 - 200 4131.9 4069.4 3734.3

8 200 ~ 205 4280.5 4406.1 0.0

! 205 - 210 4350.8 4219.6 0.0

3 210 - 215 4098.4 3703.7 4132.2
! 215 - 220 4347.8 0.0 3937.0

220 - 225 4311.0 3937.0 3703.7
- 225 - 230 3811.0 4000,0 3434.4
o 230 - 235 3918.5 3906.3 4386.0
;. 235 - 240 4467.1 4902.0 4347.8
¢ 240 - 245 4609.2 4761.9 4587.2
: 245 - 250 5102.0 4717.0 4672.9
250 - 255 5618.0 4950.5 4593.3

. 255 - 260 5102.0 4545.5 4310.3
. , 260 - 265 6666.7 4310.3 5000.0
A 265 - 270 4761.9 4391.4 4464.3
' 270 - 275 4672.9 4464.3 4237.3
275 - 280 4629.6 4545.5 4746.9
280 - 285 5102.0 4237.3 4525.0
285 - 290 4807.7 4587.2 4717.0
290 - 295 4960.9 5102.0 5000.0
295 - 300 5376.3 5376.3 5376.3
300 - 305 5376.3 5182.6 5263.2
305 - 310 4854.4 5376.3 5263.2
310 - 315 4527.2 4004.1 0.0
315 - 320 4310.3 3745.8 4237.3
320 - 325 3623.2 3968.3 3098.4
325 - 330 4097.8 4006.6 0.0
330 - 335 3701.4 3270.5 0.0
335 - 340 3048.3 3632.7 3273.8
0.0

5,7

7

340 - 345 4098.4 2873.6

345 - 350 4098.4 3564.3 335
350 - 355 3954.0 3423.5 3424.
355 - 360 4098.4 3418.2 3227.5

g * Velocities recorded photographically
2 - at 25-ft standoff
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Fragment Velocities
Firing No, 2
Test QD~155-S8A

Velocity* (ft/sec)
Azimuthal per Polar Zone (°)
Zone (°) 90-95 95-100 100-105

0- 5 3559.9 3985.5 4212.9
5~ 10 5102.0 4629.6 5349.0
10 - 15 5263.2 6189.6 5671.8
15 - 20 6593.0 6187.8 6258.0
20 - 25 6466.5 6097.6 5263.2
25 - 30 5690.7 4984.2 4950.5
30 -~ 35 3597.1 4274.4 3763.0
35 - 40 3597.1 3849.8 3164.6
40 ~ 45 4166.7 4020.2 2977.9
45 - 50 3164.6 4191.8 4587.2
50 - 55 5035.9 4231.8 3848.4
55 - 60 5884.5 5237.1 4168.4
60 - 65 6178.6 5982.1 5620.5
65 - 70 5741.0 5868.3 5927.8
70 - 75 4807.7 4525.7 4711.8
. 75 - 80 4790.1 4505.2 4347.8
80 - 85 4807.7 4717.0 4792.4
85 - 90 4950.5 4761.9 4464.3
90 - 95 5210.6 5102.0 4563.5
95 - 100 5437.4 5555.6 5001.0
b 100 - 105 6744.5 6AR71.4 6223.2
105 - 110 &588.2 6434.7 6260.2
110 - 115 6498.8 6396.1 5952.4
115 - 120 6490.5 5064.5 4950.5
120 - 125 5960.6 5811.3 5588.,7
125 « 130 6493.5 5479.4 5151.1
130 ~ 135 4464.3 4275.5 3496.5
135 - 140 4081.7 4193.5 4237.3
140 - 145 3878.1 4237.3 3653.2
145 - 150 3731.3 4386.0 3825.7
150 - 155 4717.0 4605.8 3355.7
155 - 160 5154.6 5017.0 4504.5
160 - 165 7091.5 6849.3 6172.8
165 - 170 8007.4 8151.7 7885.8
170 - 175 7129.7 7424.7 7110.3
175 - 180 5134.8 5573.8 5102.0
180 - 185 5406.8 4970.9 4347.8
185 - 190 3745.4 3556.9 3216.7
120 - 195 3705.0 3784.6 3546.1

* Velocitlies recorded photoyraphically
at 25-ft standoff
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Fragment Velocities
Firing No., 2
Test QD-155-S8A
(Continued)
Velocity* (ft/sec)
Azimuthal per Polar Zone (°)
Zone (°) 90-95 95-100 100-105

195 - 200 4187.2 3877.4 3462.4
200 - 205 4175.3 4206.4 2857.1
205 - 210 0.0 3787.9 3414.7
210 - 215 4387.3 4310.3 3246.8
215 - 220 4387.3 3355.7 4152.8
220 - 225 4505.2 4201.7 3846.2
225 - 230 4696.8 4375.2 4098.4
230 - 235 5500.5 5154.6 5082.0
235 - 240 5197.2 5236.9 5077.3
240 - 245 5330.4 5000.0 5025.3
245 - 250 5236.9 5274.6 4985.5
250 - 255 4974.4 5025.3 5102.0
255 - 260 4601.8 4310.6 4902.0
260 - 265 4717.0 4513.7 5208.3
265 - 270 4720.8 4494.9 4717.0
270 - 275 4717.0 4632.7 4940.7
275 - 280 4227.0 4587.2 4807.7
280 - 285 4294.5 4285.7 4717.0
285 - 290 4587.2 468B7.4 4386.0
290 - 295 4006.0 4927.2 4882.8
295 - 300 4949.5 4831.0 4761.9
300 - 305 5319.1 5434.8 5376.3
305 - 310 5154.6 5263.2 5154.6
310 - 315 4950.5 4954.9 5050.5
315 ~ 320 4132.2 4761.9 4950.5
320 - 325 3846.2 4545.5 4201.7
325 - 330 0.0 4386.0 4098.4
330 -~ 335 0. 4132.2 3816.8
335 - 340 4573.9 337%.0 3333.3
340 - 345 3816.8 3978.7 4000.0
345 - 350 4386.0 3906.3 3184.7
350 - 355 4237.3 3710.9 3407.4
355 - 360 5000.0 3778.3 3864.5

* Velocities recorded photographically
at 25-ft standoff
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Fragment Velocities
Averaged for Both Firings
Test QD=-155~S8A

Velocity* (ft/sec)
Azimuthal per Polar Zone (°)
Zone (°) 90-95 95-100 100-105

0~ 5 3688.3 4130.4 3585.

5 - 10 4889.5 3908.4 5214.
10 - 15 5082.3 4852.3 5553,
15 - 20 6073.4 5551.0 5877,
20 - 25 5996.8 5403.3 5167.
25 - 30 5828.4 5554.6 5370.
30 -~ 35 5399.2 4934.9 4330.
35 - 40 4576.3 4358.6 4033.3
40 - 45 5111.0 4327.2 3751.4
45 - 50 3505.4 4274.6 4108.4
50 - 55 4553.7 4243.3 3585.8
55 - 60 5598.5 5127.7 4133.4
60 - 65 6117.8 5399,0 5882.8
65 - 70 6045.1 6327.5 5543.7
70 -~ 75 6052.3 5302.4 5659.7
75 - 80 5219.9 5210.2 5595.0
80 - 85 4906.4 5836.5 4872.0
85 - 90 5952.9 4831.9 4568.1
90 - 95 5341.5 4944.6 4646.3
95 - 100 5018.1 5228.8 4893.5
100 - 105 6639.0 6144.7 5871.3
105 - 110 6107.6 6108.0 6154.2
110 - 115 6431.9 6277.1 5868.8
115 - 120 6233,9 5104.2 4745.9
120 ~ 125 5734.8 5525.1 5507.3
125 ~ 130 5660.8 5403.9 5006.4
130 -« 135 4791.3 4590.6 4196.1
135 - 140 4090.6 4347.0 3968.5
140 - 145 3918.7 4246.9 3836.4
145 - 150 3914.7 4257.4 3965.8
150 - 155 4342.6 4496.0 3934.0
155 - 160 5731.7 5620.0 55%9.9
160 - 165 6739.8 ©6628.0 6609.7
165 - 170 7765.3 7548.1 7%67.0
170 - 175 6550,5 7238.5 7068.8
175 - 180 5057.2 5433.3 5250.1
180 - 185 5008.5 4687.6 4489.4
185 - 190 4187.5 3615.4 3226.7
190 - 195 3705.0 3801.6 3473.7

G dUOYWoH

* Velocities recorded photographically
at 25-ft standoff
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Fragment Velocities
Averaged for Both Firings
Test QD-155-S8A
(Continued)
Velocity* (ft/sec)
Azimuthal per Polar Zone (°)
Zone (°) 90-95 95-100 100-105

195 - 200 4163.5 3973.4 3625.5
200 - 205 4214.7 4306.2 2857.1
205 - 210 4350.8 4111.6 3414.7
210 - 215 4291.0 4007.0 3689.5
215 - 220 4374.2 3355.7 4044.9
220 - 225 4408.1 4069.3 3774.9
225 - 230 4549.2 4281.4 3600.4
230 - 235 4973.2 4738.5 4942.8
235 - 240 4832.2 5125.2 4834.2
240 ~ 245 5041.9 488B1.0 4879.2
245 - 250 5169.5 5088.8 4907.3
250 - 255 5296.2 5000.3 4762.9
255 - 260 4701.8 4369.3 4606.2
260 - 265 5366.9 4412.0 5104.2
265 = 270 4734.5 4453.5 4590.6
270 = 275 4694.9 4590.6 4589.0
275 - 2B0 4327.6 4566.3 4762.1
280 - 285 4456.0 4261.5 4589.0
285 - 290 4660.7 4667.3 4551.5
290 - 295 4483.5 4985.% 4960.9
295 - 300 5091.8 5103.7 5069.1
300 - 30% 5362,0 5266.7 5319.8

305 -~ 310 4954,.5 5319.8 5227.0
310 - 315 4668.3 4479.5 5050.5
315 = 320 4221.3 4084.5 4593.9
320 - 325 3734.7 4160.7 3466,1
325 - 330 4097.8 4082.5% 4098.4
330 - 335 3701.4 3414.1 3816.8
335 =~ 340 34B4.2 3560.2 3293.7
340 - 345 4004.5 3426.1 4000.0
345 ~ 350 4242.2 3632.7 3270.2
350 - 355 4024.8 3628.8 3410.9
355 - 360 4323.8 3598.3 3682.5

*t Velocities recorded photographically
at 25-ft standoff
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Fragment Hole Count Data
Firing No. 1
Test QD~155~S8A

Number of Fragment

Holes in 22-Gauge

Witness Panels
Azimuthal per Polar Zone (°)
Zone (°) 90-95 95-100 100-105

&

0- 5 17 19 26

5- 10 29 37 50

10 - 15 58 28 41

15 - 20 65 39 4

20 - 25 22 32 39

25 - 30 25 24 63

30 - 3% 17 30 6%

35 - 40 44 20 27

40 - 45 N 9 8

45 - 50 4 12 8

50 - 5% 6 " 7

55 - 60 7 10 3

60 - 65 18 4 18

65 - 70 43 32 44

70 - 75 82 59 102

75 - 80 60 96 97

80 - 85 65 52 74

85 - 90 40 47 43

9 - 95 58 54 66

95 - 100 60 91 73

100 - 105 102 86 138

105 - 110 49 o1 77

110 = 115 33 42 38

M5 - 120 39 40 45

120 - 125 16 29 46

126 - 130 23 48 50

130 = 135 20 27 16

135 = 140 9 16 12

140 - 145 8 15 4

145 - 150 4 9 8

150 - 155 8 S 8

155 - 160 23 29 28

5 160 - 165 63 66 91
i 105 - 170 135 134 167
PN 170 = 175 96 103 140
R 175 - 180 32 40 79
- 180 - 185 27 42 k)
3 185 - 190 16 10 14
3 190 - 195 5 8 8
; 195 - 200 7 8 10
» 200 - 205 6 15 )

25

g
e
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Fragment Hole Count Data
Firing No. 1

Test QD~155-S8A
{Continued)

Number of Fragment
Holes in 22-Gauge
Witness Panels

Azimuthal per Polar Zone (°)
Zone (°) 90-95 95-100 100-105
205 - 210 15 4 7
210 - 215 6 10 10
215 - 220 9 9 8
220 - 225 7 7 6
225 - 230 S 13 12
230 - 235 33 a3 24
235 ~ 240 40 29 56
240 - 245 32 36 62
245 - 250 48 33 53
250 - 255 17 40 57
255 - 260 29 40 52
260 - 265 N 59 72
265 - 270 33 57 54
270 - 275 49 46 45
275 - 280 37 48 29
280 - 285 33 30 19
285 - 290 kY| 24 52
290 - 295 33 24 41
298 - 300 44 k) 35
300 - 30% 38 33 53
305 - 310 24 16 16
310 - 25 3 14 o
315 - 320 3 4 ?
320 - 32% 5 3 4
325 - 330 ) 5 3
330 - 33§ 4 12 2
335 - 340 S 9 10
340 - 345 12 7 9
345 -~ 350 22 14 12
350 - 355 k) 21 16
355 - 360 19 22 30

B-36




. -}

|
55; ?:' Fragment Hole Count Data
k- 3 Firing No, 2

Test YO-155-S8A

Number of Fragment

Holes in 22-Gauge

Witness Panels
Azimuthal per Polar Zone (°)

4 Zone (°)  90-95 95-100 100-105
. 0~ s 23 3 55
4 5 - 10 39 55 56
b 10 - 15 35 56 38
o 15 - 20 36 35 46
e 20 - 25 18 32 {1
4 e 25 - 30 31 36 9
E: . 30 - 35 9 13 4
3 X 35 - 40 4 3 4
: ¥ 40 - 45 4 5 o
. | 45 - 50 4 6 o
i |- 50 - 5% 1n 10 10
A ;- 55 = 60 o4 51 13
3 - 60 - 65 53 54 b7
;. & 6% - 70 47 54 105
; ¢ § 0 - 7% 46 39 68
_ 795 - O 41 (Y] 69
i 2 80 - 8% 24 45 45
1 A 8% - 490 39 2 47
9 - 95 84 74 99
95 «- 100 93 L2 16
100 - 10% 78 54 73
105 « 119 47 31 76
N - 11§ 54 39 73
115 « 120 29 50 54
120 - 128 50 94 17
125 « 130 27 22 27
130 - 13% 5 6 o
135 - 140 3 5 n
190 -~ 148 3 4 8
145 - 150 4 7 9
150 - 155 7 2 b
155 - 160 12 27 17
160 - 16% 83 72 0l
165 - 170 120 83 166
170 - 175 67 62 1y
175 ~ 180 37 30 46
180 « 18% 7 15 "
185 -~ 190 3 12 13
190 - 19% 8 19 8
195 - 200 1 5 b
200 - 205 7 18] 6
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Fragment Hole Count Data
Firing No, 2
Test QD-155-58a
(Continued)
Number of Fragment
Holes in 22-Gauge
Witness Panels
Azimuthal per Polar Zone (°9)
Zone (°) 90-95 95-100 100-10%

205 -« 210 3 10 8
270 - 115 o} 0 LR
215 ~ 220 4 4 b
220 - 22% 8 6 7
225 ~ 230 15 20 25
230 - 235 9 47 ©3
235 - 240 31 e 54
240 - 245 30 43 83
2453 - 250 43 57 95
250 - 255 40 45 66
255 -« 200 Jo 46 32
260 = 268 27 49 29
205 - 270 32 29 21
270 -« 275 33 22 26
275 « 280 24 3o 37
28U - 283 3¢ k1§ 20
285 « 390 30 30 20
290 - 295 26 21 40
295 « 300 79 34 54
300 - 30% 76 52 q2
305 « 3w W 17 12
310 - 1§ 13 ] 2
NS - 320 7 q ]
320 - 325 8 9 4
325 - 330 4 10 19
330 - 338 B 8 3
335 - 340 ) 5 ]
340 - 345 13 23 6
335 - 159 1 7 10
350 - 355 u 20 18
355 -~ 360 14 24 29
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FRAGMENT HAZARD INVESTIGATION

Test Number: D-155-5C4

Item Tested: M107 155-mm projectile, 15-1b TNT

Configuration: Four projectiles vertically positioned, cube configuration,
side-by-side, with the projectile centeriine parallel and
7 in. apart

Number of Firinys/Date: 1/7 November 1977

Location: NSWC/Explosive Experimental Area

Zone Information: Pragment recovery: 75 to 90° Pelar
360° Azimuth

Meteorology: 7 November 1977
Barometric Pressure: 33,95 in Mg
Temperature: 72°F

Instrumentation: None
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FRAGMENT HAZARD INVESTIGATION

Test Number: (D-155-SC12
Item Tested: M107 155-mm projectile, 15-1b TNT
Configuration: Eight projectiles vertically positioned, iwo-by~four matrix,
side-by-side, with the projectile oenterline parallel and
7 in. gpart
Number of Firings/Date: 1720 June 197
Location: NSWC/Explosive Exspsrizental Area
Yone Informatian: ?régm$nt recovery: %0 to 105° Polar
R o ' 180° Azimuth
Fragment holé count: 85 to 105° Pelar
180 Azimuth
Metenrology: 20 June 1978
S8arometric Pressure: 28.75 in W
Temperature: 83°F

iagtrusseatation: None

- eyt ..._,,.«,.mz-r.:—‘y< 3 L e AL e,

g
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Fragment Wt,

(gr) Fragment Wt. (gr) Fragment Wt. (gr) Fragment Wt. (gr)
0 - 108 17 352.7 12 15
108 - 308 1 298.8 2 2 420.4
308 - 500 0 0.0 1 0 0.0
500 - 600 0 0.0 0 0.0 0 0.0
600 - 700 0 0.0 0 0.0 0 0.0
~ 700 - 800 0 0.0 0 0.0 1 746.9
800 - 900 0 0.0 0 0.0 1 868.6
© 900 ~ 1000 0 0.0 0 0.0 0 0.0
1000 - 1200 0 0.0 0 6.0 0 0.0
1200 - 1400 = 0 0.0. 0 0.0 0 0.0
- 1400~ 1700 0 0.0 0 0.0 0 0.0
1700 - 2000 - 0 0.0 0 0.0 0 0.0
2000 - 2500 - 0 0.0 0 . 0.0 0 0.0
-2500 -~ 3000 - -0 2.0 .0 © 0.0 0 0.0.
3000 + ' 0 0.0 0 0.0 0 0.0
‘Totals 18 651.4 i5 1107.3 19 2521.0

M \ PN

Fragment Recovery Data for Azimuthal Zone 90-95°
Test No. (QD-155-S8C12

Polar Zone (°)




Fragment Recovery Data for Azimuthal Zone 90-95°
Test No. QD-155-SC12
(Continued)

Polar Zone (°)

75 - 90 90 -~ 95 95 - 100
Total Total Total
Pragment Wt,. No,. Fragment No. Fragment No. Fragment
(gr) Fragment Wt. (gr) Fragment Wt. (gr) Fragment Wt. (gr)
0 - 108 4 110.9 44 685.3 41 865.5
108 - 308 1 127.8 4 920.9 4 639.1
308 - 500 1 332.6 0 0.0 1 345.0
500 - 600 0 0.0 0 0.0 2 1084,2
600 - 700 0 0.0 0 0.0 0 0.0
700 - 800 0 0.0 0 0.0 1 7174.86
800 - 900 0 0.0 0] 0.0 1 845.5
900 - 1000 0 0.0 0 0.0 0 0.0
1000 - 1200 0 0.0 1 1033.3 0 0.0
1200 - 1400 0 0.0 0 0.0 0 0.0
' 1400 - 1700 - 4] 0.0 0 0.0 0 . 0.0 -
1700 - 2000 0 G.0 0 0.0 0 0.0
2000 -~ 2500 0 . 0.0 0 0.0 0 0.0
2500 - 3000 5] 0.0 0 0.0 0 0.0
3000 + : 0 . 0.0 0 0.0 0 0.0
Totals 6 571.3 49 2639.6 50 4553.8
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Fragment Recovery Data for Azimuthal Zone 90-95°

Test No. QD-155-SC12
(Continued)

Polar Zone (°)

B-43

100 - 105 105 - 110 110 - 115
Total Total Total

Fragment Wt, No. Fragment No. Fragment No. Fragment
{gr) Fragment Wt. (gr) Fragment Wt. (gr) Fragment Wt. (gr)

. 0~ 108 51 1050.3 15 274.1 11 448.1
108 - 308 10 1715.6 10 1837.2 3 611.4
308 - 500 3 1341.3 4 1606.2 0 0.0
500 - 600 2 1110.3 0 0.0 2 1125.7
600 - 700 0 0.0 1 651.4 0 0.0
700 - 800 0 0.0 1 791.6 0 0.0
800 - 900 0 0.0 0 0.0 0 0.0
300 - 1000 0 0.0 0 0.0 0 0.0
1000 - 1200 0 0.0 1 1185.8 0 0.0
1200 - 1400 0 0.0 0 .0 2 2541.0
1400 - 1700 0 0.0 2 3115.4 0 0.0
1700 - 2000 0 0.0 0 0.0 0 0.0
2000 - 2500 1 2105.2 0 0.0 0 0.0
2500 - 3000 0 0.0 0 0.0 0 0.0
3000 + 1 7760.1 0 0.0 1 6361.7
Totals 68 15082.8 34 9461.8 19 11088.0
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Fragment Recovery Data for Azimuthal Zone 90-95°

Test No. QD-155-8C12

(Continued)

Polar Zone (°)

115 - 120

Fragment Wt, No,

(gr)

Fragment

Total
Fragment
Wet. (gr)

0 -

0
108
308
500
600
700
800
900

1000

1200

1400

1700

2000

2500

3000 +

Totals

108
108
308
500
600
700
800
900
1000
1200
1400
1700
2000
2500
3000

NMNO OO O OCOCODOCOHOKH MWW
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Fragment Weight and Number Totals Combined for
Polar Zone 60-120° and Azimuthal Zone 90-95°¢
Test No, YD-155-SC12

Fragment Wt. No. of Fragment Average

(gr) Fragment Wt. (gr) Wt. (gr)
0 - 108 213 4746.3 22.3
108 - 308 38 7124.0 187.5
308 - 500 11 4324.3 393.1
500 - 600 6 3320.2 553.4
600 - 700 2 1269.0 634.5
700 - 800 3 2313.1 771.0
800 - 900 2 1714.0 857.0
900 - 1000 0 0.0 0.0
1000 - 1200 2 2219.1  1109.6
1200 - 1400 2 2541,0 1270.5
1400 -~ 1700 3 4666.2  1555.4
1700 ~ 2000 0 0.0 0.0
2000 - 2500 1 2105.2  2105.,2
2500 ~ 3000 0 0.0 0.0
3000 + 2 14121.8  7060.9
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3 Fragment Number Totals for Azimuthal Zone 75-120°

; Test No. QD-155-SC12

Weight 60-65 65-70 70-75 90-95 95-100 100-105 105-110 110-115 115-120

£ Group No. No. No. No. No. No. No. No. No.

3 (gr) Frag., Frag. Frag. Frag. Frag. Frag. Frag. Frag. Frag.

o 0 - 100 180 201 257 374 499 644 261 184 70

b 100 - 300 30 53 81 38 77 143 17 57 20

e 300 - 500 9 25 37 13 35 64 51 3 N

. 500 - 600 3 12 18 11 24 40 29 17 9

L 600 ~ 700 3 8 12 8 19 i3 25 11 6
700 - 800 2 7 9 7 16 29 20 10 3
s 800 - 900 1 3 8 5 14 27 17 9 3
.| 900 ~ 1000 1 3 3 5 9 23 15 9 3
=3 1000 - 1200 1 3 3 4 8 18 14 8 2
. 1200 - 1400 1 2 3 3 6 13 8 7 2
1400 ~ 1700 1 2 2 3 5 12 7 4 2
L 1700 ~ 2000 1 2 2 3 3 ? 4 2 -t
A 2000 - 2500 1 2 2 2 3 6 4 2 -
= 3000+ - - 1 1 1 3 2 2 -t

* No fragments in this welght group

7
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Fragment Weight Presented Area Dlata
Test No. QD-155-SC12
Azimuthal Zone 9Y0-95°

Polar Zone 60-120°

Impact

Ballistic Kinetic

Frayment Average Presented Gamma Density Enerqy
Wt. (gr)  Area (in.?) (in.2/1b) (gr/in.3) (£t/lb)
868.60 1.00 8.1 868.6 22.4
746,90 .80 7.5 1043.8 20.7
357.30 .60 11.8 768.8 6.3
332.60 .60 12.6 715.6 5.5
1033.30 1.20 8.1 786.1 26.4
7760.10 5.30 4.8 636.0 337.6
2105.20 1.80 6.0 871.7 73.2
580.60 1,20 14.5 441.7 8.3
529.80 .90 11.9 620.5 9.3
489.70 1.00 14.3 489,7 7.1
443.50 .80 12.6 619.8 7.3
408.10 .70 12.0 696.8 7.1
774.60 1,20 10.8 589.3 14.9
559.00 .90 11.3 654.7 10.3
345.00 .70 14,2 589.1 5.1
845.060 1.00 8.3 845.6 2.2
525.10 .90 12.0 615.0 9.1
1235.10 1.40 7.9 745.6 32.4
1305.90 1,30 1.0 881.0 32.0
6361.70 3.80 4.2 858.8 316.5
526.70 .90 12,0 616.9 9.2
599,10 .20 10.5% 701.7 11.9
318.80 » 10 15.4 $44.3 4.3
677.60 1.00 10.3 677.6 13.¢
779.20 1.30 11.7 $25.7 13).9
1185.80 1.30 1.7 800.0 32.1
1464.50 1.80 8.6 606 .4 35.4
1650.90 1.90 8.1 630.4 42.6
2152.90 2.30 7.5 617.2 9.9
3175.50 3.00 6.6 611.1 99.9
010 60 10.7 841.5% 7.6
394.20 60 10.7 848.2 7.7
434.30 .70 11.3 741.6 8.0
651.40 1,20 12.9 495.5 10.5
791.60 1.00 8.8 91,6 18.¢
386.50 .80 14.5 540.2 5.5
632.90 1.20 13.3 481.5 9.9
695.10 1.00 10.1 695.1 14.4
1550.80 1.40 4.3 936.2 51.0
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Fragment Weight Presented Area Data
Test No., QD-155-SC12
Azimuthal Zone 90-95°¢

Polar Zone 60-120°

{Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Densit Enerqgy
wt. (gr) Area (in.2) (in.%/1b) (gr/in.3) (ft/lb)
341.90 .60 12.3 735.7 5.8
617.50 .70 7.9 1054.4 16.2

Total numbex of fragments = 41
Average ballistic density for all fragments = 703.2
Average gamma for all fragments = 10.167

Number of hazardous fragments in zone = §
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Fragment Weight Presented Area Data
Test No. QD-155-8C12
Azimuthal Zone 80-100°
Polar Zone 90-100°

| R Impact

é; ?‘ Ballistic Kinetic
f— ., Fragment Average Presented Gamma Density Enerqgy
£ o Wt, (gr) _ Area (in.?) (in.2/1b) (gr/in.3) (£t/1b)

: g 527.2 .79 10.5 746.7 10.4

2 620.6 1.06 11.9 571.1 10.8

S 597.3 1.02 11,9 580, 7 10.4

: 3 1865.5 3.48 13.0 288.0 29.8

821.9 1.54 13.1 429.3 13.0

2 1027.3 1.93 13.1 383.4 16.3

= 706.1 1.51 15.0 379.0 9.8

b 2266.7 2.36 7.3 625.2 74.7

. i 1691.1 1.82 7.5 688.5 46.7

o 1783.7 1.96 7.7 649.3 48.2

k. 1533.0 1.82 8.3 625.6 38.4

- 1885.5 2.27 8.4 550.0 46.5

1323.6 1.60 8.5 651.9 32.5

1910.2 2.45% 2.0 498.6 44.3

773.4 1.12 10.2 648.6 15.8

521.4 .79 10.6 745.1 10.2

511.2 .60 10.9 718.9 9.7

2036.8 3.31 1.4 337.8 37.2

. 913.1 1.69 12.9 417.4 14.7

726.4 1.3% 13.0 4¢4.1 11.6

686, 2 1,30 13.3 463.5 10.8

863.5 1.68 12.6 295,56 13.2

926.4 1,94 14.7 3418 131

1135.2 1,35 8.3 722.9 28.3

2325.3 2.84 8.6 484.9 56.5

450, Q) .82 8.8 8717.0 15.3

1367.6 1.78 9.1 574.4 3.2

689.9 .99 9.6 746.1 14.9

1242.2 1.74 9.8 939.3 26.3

616.8 B8 10.0 744.6 12.8

1160.0 1.84 11.1 464.0 21.7

501.1 .80 1.1 703.5 9.4

B11.3 1.31 11.3 543.6 i5.0

1596.4 2.59 11.4 383.3 29.3

2570.6 4.19 11.4 300.0 46.9

565.6 .98 12.1 582.6 9.7

578.5 1.09 13.1 511.3 9.2

€80.8 1.33 13,7 434.4 10.4

1617.1 3.717 16.3 221.2 20.6

3430.1 3.13 6.4 620.9  111.9
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} Fragment Weight Presented Area Data
- Test No, QD-155-SC12
3 Azimuthal Zone 80-100°
Polar Zone 90-100°
(Continued)
b Impact
2 Ballistic Kinetic
; Fragment Average Presented Gamma Density Energy
Wt, (gr)  Area (in.?) {in,2/1b) (gr/in.3) (ft/lb)
L 3450.1 3.2) 6.5 599.2 110.1
k 2 2356.2 2.40 7.1 634.9 68.8
ke 1277.0 1.35% 7.4 812.0 35.8
S 1007.3 1.09 7.6 886.4 27.7
3 . 942.6 1.11 8.2 808.9 23.8
8 703.7 .86 8.6 881.4 17.1
1533.6 1.90 8.7 584.7 36.7
1119.8 1.49 9.3 615.1 25,0
712.0 .95 9.3 769.7 15.9
589.2 .79 9.4 842.0 13.1
879.2 79 9,6 822.7 12.6
769.3 1.07 9.8 691.1 16.4
815.5 1.15 2.9 663.3 17.2
981.2 1.42 10.1 578.6 20.1
609.0 .91 10,5 699.9 12,1
3106.1 4.65 10.5 309.8 01.?
638.8 .97 0.4 . 8N 12.5
672.0 1.02 10.7 649.2 13,1
©69.1 1.04 10.9 - 630.8 12.8
525.6 .82 11.0 703.3 10,0
766.6 1.24 11.3 855.8 14,1
598.5 .98 11.4 619.3 10.9
1179.1 1.96 11.6 429.9 21.1
036,2 1.11 : 12,2 $46.2 10.9
$90.2 1.06 12.6 540.9 9.8
889.3 1.60 12.6 9.0 14,7
799. 5 1.44 12.6 42,6 13.2
147.7 1.38% 12.6 78,2 12.2
802.8 1.52 13.) 438.1 12.¢
1486.1 .15 : 14.8 . 265.6 20.8
1485.1 3.15 14.8 265.6 20.8

Total number of fragments = 71
Average ballistic density for all fragments = 571.1
Average gamna for all fragments = 10,75%

Nurber of hazardous fragments in zong = 5
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Fragment Weight Presented Area Data
Test No, QD-155-8C12
Azimuthal “Zone 75-120°¢
Polar Zone 90-105°

Impact

Ballistic Kinetic
Fragment Average Presented Gamna Density Energy
wt. (gr) Area (in.?) {in.2/1b) (gr/in,3) (ft/ib)
3906.98 3.73 5.7 542.1 121.6
3802.28 2.28 4.2 1108.1 188.8
2450,14 2.64 7.5 5872.4 67.7
7279.58 5.47 5.3 569.2 287.9
2638,02 3.5 9.5 392.3 58.0
2758.14 3.35 8.5 450,6 67.6
7760.06 5.34 4.8 628.1 334.8
3243.24 .98 8.6 407.9 78.5
879,34 1.13 9.0 728.1 20.3
1820, 28 1.85 7.1 722,2 53.2
1695.54 1.69 7.0 771.0 50.5
1643.18 1.54 0.6 85v.7 52.1
997.92 1.06 7.4 917.8 - 28.0
1213.52 1.44 8,1 698. 9 310.3
563,64 a1 11.7 615.6 10.0
512,82 1.07 14.6 481.7 7.3
497.42 .85 12,0 €30,8 8.6
1074,92 1,22 8.0 . T94.6 28,1
2105.18 1.84 6.1 ¥42.1 .5
580, 54 1.1& 14.0 46,1 8.6
529,76 AT 1.5 51,1 9.6
489,72 97 13.9 510.3 7.3
443.952 .83 11,0 £90,7 7.1
18,62 : 1.22 11.0 573.% 14.6
549,02 .59 S % P 665.4 10.4
344.96 .69 14.0 00,1 5.1
1033.34 1.)& 7.8 B31.% 27,9
651.42 .85 9.1 831.4 14.8
$39,00 .87 11.3 662.% 9.9
478,94 . T6 11.1 730.2 8.9
397.32 .61 ~11.0 803.13 1.5
386,54 62 11.2 798.1 7.2
346,50 .66 13.4 639.7 %.4
1093.40 1.11 7.1 934.3 32.0
416.58 .81 13,5 579.1 6.5
392.7¢ .87 15.0 209.06 5.%
311.08 .68 15.4 549.2 4,2
882.42 1.05 8.4 81¢.2 22.0
594.44 . 11 648.4 1.1
$63.64 .78 9.9 811.9 12.1
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Fragment Weight Presented Area Data
Test No. QD-155-8C12
Azimuthal Zone 75-120°
Polar Zone Y40-105°

{Continued)
Impact
Ballistic Xinetic
Fragwent Average Presented Gamma Density Enerqgy
we. (gr) Area (in.?) (in.2/1b) (gr/in.3) (ft/lb)
314.16 .62 13.8 ©41.4 4.7
434.28 .80 12.9 607.5 7.0
423.50 .74 12.3 659.3 7.2
392.70 .73 13.0 6231.8 6.3
620.62 92 10.4 701.1 12.4
383.46 .66 12.1 712.9 0.6
2220.68 2.32 7.3 627.8 63.1
1501,50 1.84 B.6 002.9 36.5
1449.14 1.74 8.4 629.0 5.8
851.62 1.4} 11.6 507.4 18,23
1002.54 1.28 8.9 696.3 23.4
777.70 1,29 11.8 31.5 13.9
426,58 .79 13.0 64,5 6.8
973.28 1.17 8.4 764.7 24.0
888, 58 1.27 10,0 618.0 18.4
568,24 1.02 12.5 53,2 9.4
426.58 ) 12,5 ©39.1 7.1
988,68 1.17 8.3 762.1 24,8
380,38 .66 12.1 2.7 6.9
355.74 .60 11.9 747.9 b.a
308,00 : .57 129 Né.4 4.9
321.86 7 B 13.1 692.4 8.1
408.10 .14 12.7 641.2 8.7
845.46 1.00 8.2 690, 1 21.3
$25.14 .87 11.6 0a7.G 9.4
699.16 1.11 11.1 595.4 13.0
$23.70 .89 10.0 736.7% 12.9
. $30.%2 .89 11.9 621.9 9.1
$09.79 74 10.2 T98.7 10.4
405.02 .74 12.9 641.3 6.6
355.74 62 12.13 723.2 6.0
569,80 B2 10.1 762.9 11.7
§72.78 H9 13.2 %61.6 7.5
495.88 .79 11.2 702.8 9.2
669, 80 .89 9.3 792.5 14.9
642.18 .8% 9.3 821.5 ¥4.4
446.60 76 11.9 67%.1 7.8
311.008 .66 14.9 $77.7 4.3
589.82 .82 9.7 798.1 12.6
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Fragment Weignt Presented Area Data
Test No. QD-155-SCl2
Azimuthal Zone 75-120°
Polar Zone 90-105°

(Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Densit Energy
Wt. (gr)  hrea (in.2) (in.%/1b) (gr/in.3) (ft/lb)
636,02 .95 10.5 882.0 12.6
518.98 .83 11.2 682.1 9.6
914.76 1.50 11.5 496.6 16.5
971.74 1.24 8.9 707.6 22.7
793.10 1.09 9.6 694.4 17.1
355,74 .69 13.5 626.1 5.5
318.78 .85 18.6 407.5 3.6
780.78 1.14 10.2 641.2 15.9
1110.34 1.32 , 8.3 735.3 27.8
494.34 .98 13.9 510.6 7.4
1353.66 1.73 9.0 594.2 31.4
463,54 .91 13.8 532.4 7.0
1107.26 1.79 11.3 463.3 20.4
709.94 1.32 13.0 467.7 11.3
1021.02 1.29 8.9 695.3 24.0
930.16 1.41 10.6 553.2 18.2
885,50 1.29 10.2 60.12 18.0
876.26 1.70 13.6 396.4 13.4
1646.26 2.47 10.5 423.2 32.6
1096.48 1.56 10.0 563.2 22,9
694,54 1.29 13.0 475.3 11.1
896.28 1.42 11.1 527.5 16.8
900.920 1.43 11.1 528.4 16.9
2927.54 2.69 6.4 664.1 94.7
1466.08 2.01 9.6 516.4 31.9
2758.14 2.62 6.7 649.5 86.2
1570.80 2.13 9.5 505.5 34.4
1966.58 2,19 7.8 607.9 52.5
859,32 1.3 10.7 572.2 16,7
372.68 .56 10.4 900.7 7.4
358,82 .57 11.2 828.8 6.7
343.42 57 11.7 789.8 6.1
352,66 .57 11.4 812.7 6.4

Total number of fragments = 112
Average ballistic density for all fragments = 652.7
Average gamma for all fragments = 10.630

Number of hazardous fragments in zcne = 12
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Fragment Weight °regented Area Dara
Test No. QD-155-SC12
Azimuthal Zone 0-180°

Polar Zone 90-105°

Impact

Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) _ Area (in.?2) (in.2/1b) (gr/in.3) (£t/1b)
2602.6 2.1 5.7 851.2 95.5
3049.2 2.1 4.8 1005.6 131.9
2413.2 2.3 6.7 685.4 74.8
3907.0 3.7 6.7 542.1 121.6
3555.9 3.0 5.9 684.3 125.2
3024.6 2.0 4.7 1043.2 133.7
3802.3 2.3 4.2 1108.1 138.8
3200.1 3.0 6.5 618.1 101.7
2450.1 2.6 7.5 572.4 67.7
2126.7 2.3 7.7 593.6 57.4
7279.6 5.8 5.3 569.2 287.9
2638.0 3.6 9.5 392.3 58.0
2758.1 3,3 8.5 450.6 67.6
7760.1 5.3 4.8 628.1 334.8
3243.2 4.0 8.8 407.9 78.5
20745.3 14.4 4.9 378.8 886.7
17911.7 11.5 4.5 459.3 829.0
6588.1 12,1 12.8 156.9 106.8
13974.0 7.8 3.9 637.8 741.0
6435.7 6.8 7.4 365.9 182.0
42088,2 24.5 4.1 347.1 2148.4
7336.6 5.4 5.1 $90.5 298.2
3793.0 6.1 11.3 250.9 69.9
44321.2 23.1 3.6 400.3 2531.4
19042.1 11.0 4.0 525.4 983.9
13293.3 9.5 5.0 451.8 551.0
2442.4 2.6 7.4 591.4 68.9
3040.0 2.9 6.6 628.2 96.0
879.3 1. 9.0 728.3 20.3
1820.3 1.9 7.1 722.2 53.2
1695.5 1.7 7.0 770.0  50.5
1643.2 1.5 6.6 859.7 52.1
997.9 1.1 7.4 917.8 28.0
1213.5 1.4 8.3 698.9 30.3
563.6 .9 11.? 615.6 10.0
512.8 1.1 14.6 461.7 7.3
497.4 .9 12.0 630.5 8.6
1074.9 1.2 8.0 794.5 8.1
2105.2 1.8 6.1 842.2 7.5
580.6 1.2 14.0 462.1 8.6
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Fragment Weight Presented Area Data
Test No. (QD=-155-SC12
Azimuthal Zone 0-180°

Polar Zone 90-105°

{(Continued)
Impact
Ballistic Kinetic
fragment Average Presented Gamma Dengity Energy
Wt, (gr) Area (in.?) (in.2/1b) (gr/in.3) (ft/1b)
529.8 .9 11.5 651.1 9.6
489.7 1.0 13.3 510.3 7.3
443.5 .8 13.0 590.7 7.1
774.6 1.2 11.0 573.5 14.6
559.0 .9 111 665.4 10.4
345.0 .7 14.0 600.1 5.1
1033.3 1.2 7.8 831.5 27.4
572.9 .9 11.2 655.1 10.7
309.5 .6 14.2 621.7 4.5
A5).4 .8 9.1 831.4 14.8
539,0 .9 11.3 662.5 9.9
478.9 .8 11.1 720.2 8.9
397.3 .6 11.0 803.3 7.5
386.5 .0 11.2 798.1 7.2
346.5 .7 13.4 639.7 5.4
1093.4 1.1 .1 934.3 32.0
418.9 .8 13.5 579.1 6.5
392.7 .8 15.0 509.6 5.8
311.1 .7 15.4 549,2 4.2
882.4 1.1 8.4 816.2 22.0
594 .4 .9 11.1 648.4 11,1
563.6 .8 9,7 821.9 12.1
314.2 .6 13.8 641.4 4.7
434.3 .8 12.9 607.58 7.0
423.5 o7 12.3 659.3 7.2
392.7 W7 13.0 631.8 6.3
620.6 .9 10.4 701.1 12.4
3813.5 .1 12.1 712.9 6.6
2220,7 2.3 7.3 627.8 63.1
1501.5 1.8 8.6 602.9 36.5
1449.1 1.7 8.4 629.0 35.8
851.6 1.4 11.6 507.4 15.3
742.3 1.1 10.3 652.3 15.0
1047.2 1.3 8.4 746.8 26.0
12331.5 1.2 6.5 996.7 9.2
890.1 1.1 9.0 724.8 20.5
542.1 1.0 13.3 520.3 8.5
494,23 1.0 13.9 509.13 7.4
366.5 .9 16.7 448.8 4.6
1.1 .7 16.7 486.9 3.9

B-55




)

Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 0-180°

Polar Zone 90-105°

(Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
wt. {gr)  Area (in.?) (in.2/1b) (gr/in.3) (ft/1b)
1002.5 1.3 8.9 696.3 23.4
777.7 1.3 11.6 531.5 13.9
426,6 .8 13.0 604.5 6.8
973.3 1.2 8.4 764.7 24.0
888.6 1.3 10.0 618.0 18.4
568.3 1.0 12.5 553.2 9.4
426.6 .8 12.5 63%.1 7.1
988.7 1.2 8.3 782.1 24.8
380.4 .7 12.1 712.7 6.5
355.7 .6 11.9 757.9 6.2
308.0 .6 12,9 716.4 4.9
321.9 .6 13.1 692.4 3.1
408.1 .7 12.7 641.2 6.7
845.5 1.0 8.2 850.1 21.3
525.1 .9 11.6 647.6 9.4
474.3 .8 11.4 696.2 8.6
471." .8 12.5% 6l2.3 7.9
363.4 .9 16.4 461.3 4.6
622.2 1.0 10,9 649.9 11.8
820.8 W 7.6 983.5 22.6
341.9 .8 16.8 460.7 4.2
583.7 1.0 12,0 582.8 14,1
388.1 .8 13.8 582.5 5.9
537.5 1.1 14.6 451.2 7.0
375.8 .8 14.1 571.9 5.9
446.6 .C 14.0 $27.5 5.6
335.7 .8 16.3 485.9 4.3
525.1 1.1 15,2 432.5 7.4
360.4 .7 12.7 683.4 5.9
340.3 o7 15.3 531.9 4.5
318.8 .6 13.8 642.8 4.8
392,7 .8 14.9 515.4 5.5
602.1 .9 1C. ¢ 2.3 12.3
351.1 .7 13.9 620.1 5.0
129.6 .6 12.4 739.7 5.5
768.5 1.2 8.9 798.5 8.
525.1 .9 12.3 593.1 3.9
429, 8 12.5 636.3 7.1
409.6 .7 12,5 651.6 6.9
369.06 .6 1.7 158.6 6.6
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1 Fragment Weight Presented Area Data
‘ - Test No. QD-155-SC12
L. Azimuthal Zone 0-180°
L Polar Zone 90-105°
o ' (Continued)
: Impact
> Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
3 Wt. (gr) Area (in.?) (in.2/1b) (gr/in.3) (ft/1b)
;o 377.3 .7 13.1 635.9 6.0
.| 311.1 .6 14.2 619.7 4.6
- 539.0 .8 9.8 827.4 11.5
& 614.5 1.1 12.1 562.2 10.6
- 1538.5 1.7 7.6 708.3 41.9
- 696.1 1.1 11.3 582.0 12.8
| 893.2 1.6 12.6 437.8 14.7
: ¥ 616.0 1.0 11.2 633.4 11.5
; < 580.6 1.0 12.3 561.3 9.8
s 3 352.7 .9 17.7 419.3 4.1
3 623.7 1.4 15.7 375.9 8.2
- 705.3 1.3 12.5 496.0 11.7
o 632.9 1.0 11.0 638.8 12.0
: 976.4 1.4 10.3 563.3 19.6
= 974.8 1.4 10.1 580.6 20.0
- 871.6 1.1 8.7 773.2 20.8
T 314.2 .8 17.8 440.2 3.7
591.4 1.0 11.4 626.6 10.8
843.9 1.2 10.2 621.8 17.3
1110.3 1.3 7.9 789.9 29.2
592.9 1.1 12.9 521.7 9.6
417.3 1.0 16.5 429.6 5.3
785.4 1.3 11.2 560.8 14.6
366.5 .9 16.3 465.7 4.7
751.5 1.3 12.0 515.7 13.1
529.8 1.0 12.8 558.7 8.6
702.2 1.2 11.6 556.1 12.5
699.2 1.1 1.1 595.4 13.0
623.7 .9 10.0 736.7 12.9
520.5 .9 11.9 621.9 9.1
509.7 .7 10.2 798.7 10.4
405.0 .7 12.7 641.3 6.6
355.7 .6 12.3 723.2 6.0
569.8 .8 10.1 762.9 11.7
: 472.8 .9 13.2 561.8 7.5
- 495.9 .8 11.2 702.8 9.2
;. 669.9 .9 9.3 792.5 14.9
2 642.2 .8 9.3 821.5 14.4
. 446.6 .8 11.9 675.1 7.8
& 311.1 .7 14.9 577.7 4.3
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‘i Fragment Weight Presented Area Data
4 Test No. QD-155-5C12
Azimuthal Zone 0-180°
o Polar Zone 90-105°
(Continued)
:7’\\‘ I
¢ Impact
4 Ballistic Kinetic
- : Fragment Average Presented Gamma Density Energy
: Wt. (gr) Area (in.?) (in.2/1b) (gr/in.3) (ft/lb)
589.8 .8 9.7 798.1 12.6
3 636.0 1.0 10.5 682.0 12.6
; - 519.0 .8 11.2 682.1 9.6
. 914.8 1.5 11.5 496.6 16.5
- ! 1852.6 2.1 8.1 595.3 47.8
L , 1720.2 2.0 8.3 595.8 43.4
L 2148.3 2.5 8.0 555.5 55.7
[ 557.5 1.4 17.2 347.7 6.7
4 1278.2 1.8 9.9 524.4 26.8
3 823.9 1.5 12.8 446.0 13.4
5 1751.0 2.3 9.1 507.1 39.9
. 1025.6 1.9 12.7 404.6 16.8
o 2097.5 1.9 6.5 779.5 67.6
| 971.7 1.2 8.9 707.6 22,7
3 793.1 1.1 9.6 694.4 17.1
A 355.7 .7 13.5 626.1 5.5
! 318.8 .8 18.6 407.5 3.6
: » 780.8 1.1 10.2 641.2 15.9
g = 1110.3 1.3 8.3 735.3 27.8
: o 494.3 1.0 13.9 510.6 7.4
3 % 1353.7 1.7 9.0 594.2 3.4
; 3 463.5 .9 13.8 532.4 7.0
E i 1107.3 1.8 11.3 463,3 20.4
; - 709.9 1.3 13.0 467.7 11.3
3 ¥ 1021.0 1.3 8.9 695.3 24.0
S % 463.5 .9 13.4 557.3 7.2
4 309.5 .8 19.2 396.9 1.4
3 N 1054.9 1.3 8.7 705.2 25.3
E = 1208.9 1.7 9.6 566.7 26.2
3 ey 1044.1 1.6 10,9 505.2 20.0
3 - 611.4 1.2 13.2 492,23 9.6
817.7 1.2 10.4 612.0 16.4
486.6 .9 13.3 545, 7 7.6
: 1587.7 1.8 7.9 662.5 41.8
5 1061.1 1.6 10.5 528.4 21.0
; 328.0 .8 16.7 472.6 4.1
. 569.8 1.1 13.5 495.8 8.8
- 771.5 1.2 11.0 574.1 14.5
i 825.4 1.2 10.2 628.4 16.9
. 625.2 1.0 11.5 603.4 11.3
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Fragyment Weight Presented Area Data
Test No. QD-155-SC12
3 Azimuthal Zone 0-180°
, Polar Zone 90-105°
o (Continued)
Impact
- Ballistic Kinetic
s Fragment Average Presented Gamma Density Energy
= Wt. (gr) Area (in.?2) (in.2/1b) (gr/in.3) (ft/1b)
2 494.3 1.0 13.7 518.3 7.5
- 381.9 .8 13.9 575.2 5.7
A 967.1 1.3 9.3 659.7 21.5
g 1208.9 1.4 8.1 728.8 31.0
1264.3 1.5 8.4 676.4 31.3
1090.3 1.4 9.1 648.7 25.0
1 1252.0 1.5 8.7 649.9 30.1
¢ 673.0 1.0 10.6 655.3 13.2
3 1971.2 2.6 9.1 477.2 44.8
- 2453.2 3.1 8.8 452.5 57.9
- 1690.9 2.5 10.3 428.1 34.0
;‘i 1878.8 2.7 10.0 425.9 39.0
- 930.2 1.4 10.6 553.2 18.2
; 885.5 1.3 10.2 601.2 18.0
! 876.3 1.7 13.6 396.4 13.4
S 1646.3 2.5 10.5 423,2 32.6
s 1096.5 1.6 10.0 563,2 22.9
457.4 1.4 21.0 285.2 4.5
1960.4 1.9 6.9 733.0 59.3
694.5 1.3 13.0 475.3 11.1
896.3 1.4 11.1 527.5 16.8
900.9 1.4 1.1 528.4 16.9
608.3 1.2 13.3 487.7 9.5
) 557.5 1.3 16.1 384.3 7.2
1252.0 1.5 8.2 703.3 31.7
1093.4 1.4 9.3 627.4 24.5
1552.3 2.0 9.1 542.8 35.5
1566, 2 2.3 10.2 455.1 32,0
3 1570.8 2.2 9.9 474.4 33.0
o 1165.8 2.0 12,3 397.7 19.7
A 777.7 1.1 9.5 722.7 17.1
! 1004.1 1.8 12.9 399.7 16.2
A 1663.2 2.2 9.2 515.4 37.6
o 2927.5 2.7 6.4 664.1 94.7
. 1466.1 2.0 9.6 516.4 31.9
- 2071.3 2.4 8.2 548.8 52.6
3 1062.6 1.7 11.3 471.5 19.5
3 2758.1 2.6 6.7 649.5 86.2
k. 1570.8 2.1 9.5 505.5 34.4
- 1966.6 2.2 7.8 607.9 52.5
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k 2 Fragment Weight Presented Area Data
; N Test No. QD-155-SC12
g 5 Azimuthal Zone 0-180°
A S Polar Zone 90-105°
g < (Continued)
o Impact
: o Ballistic Kinetic
% ;; Fragment Average Presented Gamma Density Energy
g Wt. (gr)  Area (in.?) (in,2/1b) (gr/in.3) (£ft/lb)
g . 908.6 1.4 10.4 576.6 18.1
g x 859.3 1.3 10.7 572.2 16.7
s 432.7 .6 10.3 850.7 8.7
| 401.9 .8 13.1 617.3 6.4
; £ 616.0 .8 8.6 928.8 14.8
4 4 506.7 .8 11.5 670.1 9.2
4 - 381.9 .8 14.2 559.9 5.6
- 374.2 .7 12.4 697.2 6.3
3 320.3 .7 15.9 518.1 4.2
3 511.3 .9 12.9 557.2 8.2
3 349.6 .6 12.5 708.8 5.8
: N 509.7 .9 12.3 601.7 8.6
438.9 .9 14.5 508.5 6.3
337.3 .6 13.1 672.2 5.4
329.6 .5 10.5 942,1 6.5
372.7 .6 10.4 900,7 7.4
358.8 .6 11.2 . 828.8 6.7
343.4 .6 11.7 789.8 6.1
352.7 .6 11.4 812.7 6.4
378.8 .6 11.4 784.1 6.9
317.2 .5 11.7 821.4 5.6
311.1 .5 10.8 931,0 6.0
1897.3 2.2 8.1 587.2 48.9
947.1 1.8 13.5 384.4 14.6
1014.9 1.5 10.1 575.2 21.0
€99.2 1.3 12.7 486.8 11.4
1526.1 1.9 8.7 581.0 36.4
1609.3 1.9 8.2 619.4 40,7
850.1 1.2 9.8 650.7 18.0
696.1 1.0 10.2 676.6 14.1
1131.9 1.3 7.9 783.1 29.8
862.4 1.1 9.1 727.4 19.7
629.9 1.1 11.9 567.8 11.0
612.9 1.0 11.6 595,0 10.9
442.0 .8 12.8 609.0 7.2
452.8 1.0 14.8 485.3 6.4
: e 847.0 1.1 9,2 725.8 19.2
p - 1068.8 1.4 9.0 665.5 24.8
3 - 352.7 .8 16.1 482.6 4.6
332.6 7 15.0 551.2 4.6
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Fragment Weight Presented Area Data
Test No, QD-155-8C12
Azimuthal Zone 0-180°
Polar Zone 90-105°
(Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
Wte (gr) area (in.?) {in.2/1b) (gr/in.3) (ft/lb)
1054.9 1.3 8.4 742.6 26.2
495.9 .9 12.2 617.3 8.5
1162.,7 1.3 8.1 749.5 30.0
1586.2 1.8 7.8 678.8 42.5
1553.9 2.5 1.1 400.1 29.0
1980.4 2.1 7.3 670.5 56.6
1350.6 1.7 8.9 596.1 31.4
1957.3 2.2 7.8 612.4 §2.5
619.1 .9 9.9 757.0 13.0
546.7 .9 12.1 $97.7 9.4
369.6 .7 13.2 634.5 5.8
800.8 1.0 8.9 780.1 18.7
332.6 .6 12.5 726.2 5.5
813.1 1.0 8.9 776.1 19.0
555.9 1.0 12.3 576.7 9.4
392.7 .8 13.4 602.9 6.1
502.0 .7 10.0 823.0 10.4
397.3 .7 11.6 739.1 7.1
871.6 1.0 8.3 830.5 21.9
405.0 .7 12.0 696.1 7.0
354.2 .6 12.6 698.9 5.9
526.7 1.0 12.8 856.2 8.5
366.5 .7 13.2 637.3 5.8
463.5 .7 10.6 791.7 9.1
408.1 .8 13.3 595.0 6.4
314.2 .7 14.6 595.2 4.5
361.9 .6 12.4 705.7 6.1
317.2 .7 15.1 561.2 4.4
651.4 <9 9,2 823.3 14.7
711.58 .9 9.3 772.9 15.9
381.9 .7 11.9 726.2 6.7
803.9 1.1 9.6 699.0 17.5
360.4 .7 13.1 654.0 5.7
811.6 1.0 8.7 800.3 19.4
780.8 1.0 2.1 765.3 17.9
328.0 9 1.7 811.3 5.8
Total number of fragments = 316
Average ballistic density for all fragments = 623.0
Average gamma for all fragments = 10.909
Number of hazardous fragments in zone = 33
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%‘ Fragment Weight Presented Area Data
g Test No. QD-155-5SC12
3 Azimuthal Zone 0-180°
- Polar Zone 105-120°
3 Impact
o Ballistic Kinetic
e Fragment Average Presented Gamma pDensity  Energy
- wt. (gr) Area (in.?) (in.2/1b) (grzin.3) (ft/ib)
o 369.6 .7 13.8 595.1 5.6
. 465.1 7 10.2 835.0 9.5
- 569.8 .7 8.5 989.2 13.9
3 699.2 1.0 10.5 653.3 13.9
. 448.1 .6 10.1 865.2 9.3
? 614.5 .9 9.7 778.7 13.1
9 318.8 .5 11.1 892.0 6.0
3 324.9 .5 11.6 826.5 5.8
452.8 .1 11.0 755.2 8.6
458.9 .7 11.3 715.6 8.4
489.7 .8 10.9 737.9 9.4
345.0 .6 12.0 756.5 6.0
383.5 7 12.9 649.1 6.2
526.7 .8 10.3 776.1 10.7
653.0 .9 9,2 822.3 14.8
454.3 .7 10.9 758.8 8.6
522.1 .7 9.9 818.0 10.9
974.8 1.0 7.4 931.7 27.4
309.5 .6 13.0 710.1 5.0
‘ 323.4 .6 12.1 778.3 5.6
o] 37l i 12.7 667.9 6,1
i 440.4 .8 12.3 647.3 7.5
o 617.5 .9 9.9 760,3 13.0
3 1044.1 1.3 8.9 681.4 24.4
" 531.3 .7 9.9 821.4 11.2
3 548, 2 .8 9.8 812.5 11.6
318.8 .6 14.1 620.5 4.7
358.8 .5 10.6 902.0 7.1
519.0 7 10.0 813.4 10.8
754.4 1.0 9.8 694.5 15.7
617.5 .9 10.3 710.2 12.4
391.2 .6 11.2 791.4 7.3
L 394.2 .6 10.7 846.5 7.7
A 434.3 N 11.7 703.7 1.7
o 651.4 1.2 12.4 522.4 10.9
% 791.6 1.0 9.2 750.4 18.0
3 526.7 .9 12.5 576.3 8.8
L 599.1 .9 10.1 750.1 12.4
S 341.9 .6 11.7 795.8 6.1
5 617.5 N 8.3 980.8 15.4
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3 Fragment Weight Presented Area Data
! G i Test No. QD-155-SC12
s R Azimuthal Zone 0-180°
4 4 Polar Zone 105-120°
' (Continued)
Y« Impact
Ballistic Kinetic
} Fragment Average Presented Gamma Density Enerqgy
E . Wt. (gr)  Area (in.2) (in.?/1b) (gr/in.3) (ft/lb)
i : 318.8 .6 12.4 751.1 5.3
3 ﬁ 443.5 .7 10.5 812.9 8.8
% 3 372.7 .8 14.6 543.7 5.3
] - 338.8 .5 10.5 940.9 6.7
3 3 563.6 .8 9.5 845.7 12.4
3 3 1041.0 1.3 8.5 738.9 25.6
: 5 237.2 .5 14.5 687.5 3.4
3 - 537.5 .8 11.0 689.1 10.1
F 4 385.0 .6 1.1 803.3 7.2
: 2 420.4 7 11.8 703.7 7.4
: X 475.9 .8 11.9 655.4 8.3
3 - 485.1 .9 13.2 557.3 7.7
3 = 512.8 .8 11.2 687.7 9.5
3 % 323.4 .5 11.6 820.6 5.8
3 338.8 .6 12.9 688.6 5.5
3 455.8 .8 11.7 688.7 8.1
i 783.9 1.0 9.1 766.5 18.0
5 317.2 .5 10.8 931.6 6.1
; 440.4 .7 10.9 774.2 8.4
4 465.1 .7 10.7 773.6 9.0
§ 352.7 .7 13.3 642.6 5.5
3 365.0 .7 13.5 621.0 5.6
E 389.6 .6 11.4 774.4 7.1
k 400.4 1 11,5 746.0 7.2
405.0 7 12,9 628.2 6.5
438.9 .8 12.6 627.8 7.3
443.5 .6 9.4 967.1 9.8
591.4 .9 10.1 750.9 12.2
597.5 .8. 9.9 765.4 12.5
318.8 .7 14.8 577.7 4.5
677.6 1.0 10.6 654.7 13.3
309.5 7 15.2 562.1 4.2
349.6 .7 14.8 552,2 4.9
372.7 7 12.7 608.0 6.1
392.7 .7 13.3 606.5 6.1
397.3 .7 11.8 723.8 7.0
432.7 .7 10.7 805.6 8.4
505.1 .9 12.4 596.8 8.5
514.4 .9 12.9 $59.9 8.3
582.1 .7 8.4 990.4 14.4
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Fragment Weight Presented Area Data
Test No, QD-155-8C12
Azimuthal Zone 0-180°

Polar Zone 105-120°

4 (Continued)

B . Impact
ﬂ % Ballistic Kinetic
; < Fragment Average Presented Gamma Density  Energy
b - wt. (qr) Area (in.?) (in.2/1b) (gr/in.3) (ft/lb)

: o 312.6 .7 16.4 497.3 4.0

E - 338.8 7 13.5 644.4 5.2

; i 343.4 .7 14.3 582.3 5.0

] ) i 514.4 .7 10.0 811.0 10.6

I : 489.7 1.0 14.0 503.9 7.3

! T 522.1 1.0 13.0 548.4 8.4

3 e 528.2 1.0 12.9 549.4 8.5

3 f;* 489.7 .9 12.8 580.5 8.0

4 5 991.8 1.3 9.2 664.8 22.4

k . 687.9 1.1 10.0 657.1 16.3

k 3 386.5 .8 14.5 537.7 5,5

3 e 676.1 1.1 11.0 616.6 12.8

E %;1 1054.9 1.3 8.6 720.7 25.6

B S 1033.3 1.2 8.3 762.0 25.9

: - 1008.7 1.3 9.1 667.6 23.0

o 189.4 1.4 52.2 112.8 .8

813.1 1.3 11.4 533.9 14.8

956.3 1.3 9,5 647.1 20.9

415.8 .7 12.5 649.3 6.9

417.3 7 11.2 761.4 7.7

805.5 1.0 9.0 760.8 18.7

392.7 .9 15.6 479.4 5.2

962.5 1.2 9.1 690.2 22.1

1001.0 1.2 8.6 731.4 24.2

632.9 1.2 13.3 482.1 9.9

696.1 1.0 10.3 669.4 14.0

779.2 1.3 11.9 513,2 13.7

559,0 1.0 12.8% 561.3 9.3

592.9 1.0 11.6 607.5 10.6

928.6 1.2 9.1 699.1 21.2

1064.1 1.4 9.3 631.7 23.8

705.3 1.2 11.5 564.6 12.7

930.2 1.3 10.0 603.2 19.3

480.5 1.0 14.1 504 .4 7.1

743.8 1.1 10.0 675.4 15.4

1252.0 1.5 8.2 710.9 31.9

1635.5 1.4 6.0 978.6 56.4

1523.1 1.9 8.7 585.4 36.4

2601.1 2.0 5.4 919.6 100.5

6976.2 4.3 4.3 796.2 340.3
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Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 0-180°

Polar Zone 105-120°

T

!
|
i (Continued)
't i Impact
i i Ballistic Kinetic
Ag - Fragment Average Presented Gamma Density  Energy
; - Wt. (gr) _ Area (in.2) (in.%/1bj (gr/in.3) (ft/lb)
L - 7007.0 3.8 3.8 933.6 380.6
?.i 5106.6 3.4 4.6 832.9 231.3
- 1185.8 1.3 7.7 800.0 32.1
- 1464.5 1.8 8.5 619.3 35.9
S 1650.9 1.9 7.8 656.1 43.8
- 1235.1 1.4 7.7 773.0 33.2
- 1305.9 1.3 6.9 898.3 39.5
A - 6361.7 3.8 4.1 870.2 319.3
- F 1550.8 1.4 6.5 895.9 49.6
B - 1341.3 1.6 8.2 678.6 33.9
1464.5 1.8 8.4 632.6 36.4
1524.6 1.9 8.8 578.3 36.2
1734.0 2.1 8.5 569.8 42.5
2216.1 2.0 6.3 783.5 73.0
2899.8 2.2 5.3 893.7 114.0
3124.7 2,% 5.5 802.5 117.2
1538.,5% 1.8 8.0 655.2 39.8
2189.9 2.1 6.7 723.9 68.1
3635.9 2.6 5.0 875.7 152.1
2328.5 2.1 6.4 751.7 75.8
2152.9 2.3 7.% 610.6 59.5
3175.5 3.0 6.7 603.6 99.1
6292.4 3.4 3.8 985.5 341.8
1087.2 1.5 9.6 596.8 23.%
1307.5 1.7 9.2 561.3 29.6
1447.6 1.7 8.3 043.6 16.3

Total number of fragments = 146
Average ballistic density for all fragments = 709.8
Average gammna for all fragmonts = 10.655

Nutber of hazardous fragments in zone = 14
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Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 75-120°
Polar Zone 100-105°

Impact

Ballistic Kinetic

fragment Average Presented Gamma Density Enerqgy
wt. (gr) Area (in.?) {in.?/1b) (gr/in.3) (tt/lb)
3802.26 2.28 4.2 1108.1 188.8
2638.02 3.56 9.5 892.3 58.0
2758.14 3.35 8.5 45C.6 67.6
7760.006 5.34 4.8 628.1 334.8
3243,.24 3.98 8.6 407.9 18.5
1820.28 1.85 7.1 722.2 53.2
1695.54 1.69 7.0 771.0 50.5
1643.18 1.54 6.6 859,7 52.1
997.92 1.06 7.4 91.7.8 28.0
497.42 .8% 12.0 630.5 8.0
2105.18 1.8¢4 6.1 842.3 71.5
580.9%8 1.16 14.0 462.1 8.6
529,76 .87 11.5 651.1 9.6
489.72 97 11.9 510.3 7.3
443.52 .83 13.0 590.,7 7.1
651.42 .85 9.1 811 .4 14.8
$39.00 .87 11.3 66H2.5 9.9
478.94 .76 1.1 120.2 8.9
397.32 .63 11.0 803.3 7.5
386.54 .62 11.2 798.1 1.2
146.50 .66 11.4 ©39,7 5.4
1093.40 1.11 7.1 934.3 32.0
416.88 .81 L) 579.1 6.5
392.78 .84 15.0 509.6 5.9
Jll.o08 N 1%.4 §49,2 d.d
882.42 1.0% 8.3 B616.2 22.0
434.28 .80 12.9 807.5 7.0
423.50 .74 12.3 65%9.3 7.2
392.70 .73 13.0 63l.8 6.3
1449.14 1.74 8.4 62%.0 5.8
1002.54 1.28 8.9 696.3 23.4
177.70 1.29 11.6 531.5 13.9
426.58 .79 13.0 60d4.5% .8
973.28 1.17 8.4 764.7 24.0
R88. 58 1.7 10.0 €18.0 18.3
568. 26 1.02 12.5 553.2 2.4
408.10 14 12.7 641.2 6.7
699,16 1.11 11.1 $95.4 13.0
623.70 .89 10.0 736.7 12.9
520.52 -89 11.9 621.9 9.1
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Fragment Weight Presented Area Data
Test No. QD=-155-SC12
azimuthal Zone 75-120°
Polar Zone 100-105°

{Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr)  Area (in,?2) (in.2/1b) (gr/in.3) (£ft/lb)
509.74 .74 10.2 798.7 10.4
405.02 .74 12.7 641.3 6.6
355.74 .62 12.3 723.2 6.0
495,88 .79 11.2 702.8 9.2
589.82 .82 9,7 798.1 12.6
914.76 1.50 11.5 496.6 16.5
971,74 1.24 8.9 707.6 22.7
793,10 1,59 9.6 694.4 17.1
1110.34 1.32 8,3 735.3 27.8
494.34 .98 13.9 510.6 7.4
1353.66 1,73 9.0 594,2 31.4
473,54 .91 13.8 532.4 7.0
102,02 1.29 8.9 695.3 24.0
1096,48 1.56 10.0 563,2 22.9
094,54 1.29 13.0 475.3 11.1
896,28 1.42 11.1 527.5 16.8
900,90 1.43 11.1 528.4 16.9
1466,08 2.01 9,6 516.4 3l.9
2758.14 2.62 6.7 649.5 86.2
859,32 1.3 10.7 572.2 16.7
372,68 .56 10,4 900.7 7.4
358.82 .57 11,2 . 628.8 6.7
343.42 .57 11.7 789.8 6.1
352.66 .57 11.4 6.4

812.7
Total nunber of fragments = 64
Average ballistic dei.city for all fragments = 663.7
Average gamma for all fragments = 10,536

Number of hazardous fragments in zone = 7
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Fragment Weight Presented Area Data

Test No. QD-155-SC.2
(Interaction Fragment)
Azimuthal Zone 75-1%20°

Polar Zone 90-105°

Average Presented
prea (in.?)

Ballistic

Density
(gr/in.3)
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Frayment Weight Presented Area Data
Test No. QD~155-SC12
(Interaction Fragment)
Azimuthal Zone 75-120°

Polar Zone 90-~105°

(Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Densitg Energy
Wt. (gr) Area (in.?2) (ins%/1b) (gr/in.3) (ft/1b)
563.6 .8 9.7 821.9 12,1
314.2 .6 13.8 641.4 4.7
434.3 .8 12.9 6Q07.5 7.8
423.5 .7 12.3 659.3 7.2
392.7 .7 13.0 631.8 6.3
620.6 .9 10.4 701.1 12.4
383.5 .7 12.1 712.9 6.6
2220.7 2.3 7.3 627.8 63.1
1501.5 1.8 8.6 602.9 36.5
1449.1 1.7 8.4 629.0 35.8
851.6 1.4 11.6 507.4 15.3
1002.5 1.3 8.9 696.3 23.4
777.7 1.3 11.6 531.5 13.9
426.6 .8 13.0 604.5 6.8
973.3 1.2 8.4 764.7 24.0
8688.6 1.3 10.0 618.0 18.4
568, 3 1.0 12.5 5583.2 9.4
426.6 .8 12.5 639.1 7.1
986.7 1.2 8.3 782.1 24.8
380.4 7 12.1 712.7 6.5
355.7 .6 11.9 757.9 6.2
308.0 .6 12.9 716.4 4.9
321.9 .6 13.1 692.4 5.1
408.1 7 12,7 641.2 6.7
845.5 1.0 8,2 850.1 21.3
525.1 9 11.6 647.6 9.4
699.2 1.1 11.1 $595.4 13.0
623.7 .9 10.0 736.7 12.9
$20.5 .9 11.9 621.9 9.1
$509.7 .7 10.2 798.7 10.4
405.0 .7 12,7 641.3 6.6
355.7 .6 12.3 723.2 6.0
569.8 .8 10.1 762.9 11.7
472.8 .9 13.2 561.8 7.5
495.9 .8 11.2 702.8 9.2
669.9 9 9.3 792.5 14.9
642.2 .8 9.3 B21.5 14.4
446.6 .8 11.9 675.1 7.8
311.1 .7 14.9 577.7 4.3
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E o
- 3
B i
f %ﬁ Fragment Weight Presented Area Data
Test No. QD-155-SC12
E i (Interaction Fragment)
o Azimuthal Zone 75-120°
] A Polar Zone 90-105°
: ? (Continued)
s Impact
- Ballistic Kinetic
o Fragment Average Presented Gamma Density Energy
o Wt. (gr) _ Area (in.2) (in.%/1b) (gr/in.3) (ft/1b)
; | 589.8 .8 9.7 798.1 12.6
- 636.0 1.0 10.5 682.0 12.6
- 519.0 .8 11.2 682.1 9.6
914.8 1.5 11.5 496.6 16.5
¢ 2 971.7 1.2 8.9 707.6 22,7
/ - 793.1 1.1 9.6 694.4 17.1
& e | 355.7 .7 13.5 626.1 5.5
‘ 318.8 .8 18.6 407.5 3.6
E 3 780.8 1.1 10.2 64l.2 15.9
'] : 1110.3 1.3 8.3 735.3 27.8
;o 494.3 1.0 13.9 510.6 7.4
g 1353.7 1.7 9.0 594.2 31.4
; 463.5 .9 13,8 532.4 7.0
1107.3 1.8 11.3 463.3 20.4
709.9 1.3 13.0 467.7 11.3
1021.0 1.3 8.9 695.3 24.0
930.2 1.4 10.6 553.2 18.2
885.5 1.3 10.2 60l1.2 18.0
876.3 1.7 13.6 396.4 13.4
1646.3 2.5 10.5 423.2 32,6
1096.5 l.6 10.0 563.2 22.9
694.5 1.3 13.0 475.3 11.1
896.3 1.4 11.1 527.5 16.8
300.9 1.4 11,1 528.4 16.9
2927.5 2.7 6.4 664.,1 94.7
1466.1 2.0 9.6 516.4 31.9
2758.1 2.6 6.7 649.5 86.2
1570.8 2.1 9.5 505.5 34.4
1966.6 2,2 7.8 607.9 52.5
859.3 1.3 10.7 572.2 16.7
372.7 .6 10.4 900.7 7.4
pe O 358.8 .6 11.2 828.8 6.7
oy 343.4 .6 11.7 789.8 6.1
o 352.7 .6 11.4 812.7 6.4
- Total number of fragments = 112
. Average ballistic density for all fragments = 652,7
¥ & Average gamma for all fragments = 10.630
3 Number of hazardous fragments in zone = 12
: B-70




Fragment Weight Presented Area Data

Test No., QD-155-SC12
Azimuthal Zone 75-120°
Polar Zone 60-120°

Impact

Ballistic Kinetic

Fragment Average Presented Gamma Density  Energy
Wt. (gr)  Area (in.2) (in.2/1b) (gr/in.3) (ft/1b)
591.36 .88 10.5 712.7 11.8
338.80 .51 10.5 941.3 6.7
348.04 .63 12.7 697.7 5.7
435.82 .77 12.4 645.0 7.3
790.02 1.14 10.1 649.1 16.3
797.72 1,06 9.3 731.0 17.8
344.96 .66 13.5 637.6 5.3
845.46 1.10 9.1 732.8 19.3
968.66 1.24 9.0 701.5 22.5
364.98 .56 10.6 882.7 7.1
388.08 .61 11.1 806.6 7.3
408.10 .75 12.8 632.1 6.6
465.08 .75 11.2 720.4 8.6
522,06 .72 9.7 854.5 11,2
526.68 .90 12.0 616.9 9.2
563.64 .85 10.5 723.1 11.1
321.86 .54 11.7 815.6 5.7
328.02 .52 11.2 867.3 6.1
371.14 .66 12.4 696.9 6.2
357.28 .60 11.7 776.5 6.4
746,90 .83 7.8 984.2 19.9
868.56 .96 7.7 922.0 23.3
332.64 .62 13.0 683.0 5.3
406.56 .69 11.8 715.5 7.2
448.14 .77 12.0 664.5 7.8
482,02 .78 11.3 698.4 8.8
492,80 .78 11.1 718.1 9.3
366.52 .66 12.7 677.4 6.0
867.02 1.13 9.1 721.8 19.8
620.62 .89 10.1 736.7 12.8
867.02 1.13 9.1 721.8 19.8
375.76 .68 12.7 670.1 6.2
311.08 .47 10.5 981.1 6.2
383.46 .55 10.0 942.7 8.0
526.68 .72 9.6 863.9 11.5
311.08 .69 15.5 541.6 4.2
320.32 .59 12.9 705.0 5.2
368.86 .62 11.8 753.9 6.5
309.54 .55 12.4 763.0 5.2
334,18 .67 14.1 603.9 4.9
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Fragment Weight Presented Area Data
Test No., QD-155-8C12
Azimuthal Zone 75-120°
Polar Zone 60-120°
(Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
Wt. (gr) _ Area (in.?) (in.2/1b) (gr/in.3) (ft/1b)
371.14 .67 12.6 682.9 6.1
412,72 .85 14.3 530.4 6.0
374,22 .54 10.0 953.6 7.8
344.96 .63 12.8 686.6 5.6
315.70 .52 11.5 846.8 5.7
348,04 .66 13.2 652.1 5.5
363.44 .57 11.0 840.1 6.9
383.46 .79 14.5 542.0 5.5
417.34 .69 11.6 723.4 7.5
426.58 .68 11.2 757.4 7.9
441,98 .65 10.3 §39.5 8.9
552.86 .95 12.0 601.8 8.6
585.20 .88 10.6 706.5 11.5
600.60 .78 9.0 878.6 13.8
691.46 .99 10.0 699.8 14.3
311.08 .57 12.8 721.0 5.0
617.54 1.02 11.6 599.5 11.1
321.86 «50 11.0 899,5 €.1
389.62 .62 11.1 798,1 7.3
417.34 .78 13.0 608,2 6.7
483.56 .70 10.2 822.1 9.9
488.18 .81 11.6 670.9 8.8
888,58 l.21 9.5 667.6 19.4
457.38 .89 13.5 549.4 7.0
702,24 1.10 11.0 608.7 13.3
€88.38 .96 9.7 737.6 14.7
830.06 1.26 10.6 586.9 16.2
733.04 1.13 10.8 610.3 14.1
739.20 1.05 9.9 687.0 15.5
993.30 1.3 9.2 662.5 22.4
545.16 .90 11.6 638.5 9.8
$39.00 .95 12.3 584.0 9.1
562.10 1,01 12.6 553.8 9.3
2018,94 1.90 6.6 778.9 63.7
2025.10 1.87 6.5 791.9 £5.2
2057.44 1.83 6.2 831.1 68,7
1347.50 1.50 7.8 733.5 36.0
2266.88 2,28 7.0 658.5 67.0
1361.36 1.20 6.2 1035.6 45.9
3269.42 2.18 4.7 1015.7 145.7
B-72
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; e Fragment Weight Presented Area Data
| Test No. QD-155-SC12
Q& Azimuthal Zone 75-120°
Polar Zone 60-120°
J, i (Continued)
o Impact
3 ' ' Baliistic Kinetic
L Fragment Average Presented Gamma Density Enerqgy
Wt. (gr)  Area (in.2) (in.%/1b) (gr/in.3) (ft/1b)
3 1101.10 1.45 9.2 630.6 24.8
3 2810.50 4.64 11.6 281.2 50.6
5 L 1252.02 1.46 8.2 710.9 31.9
3 L 1635.48 1.41 6.0 978.6 56.4
3 - 1523.06 1.89 8.7 585.4 36.4
; s 2601.06 2.00 5.4 919.6 100.5
i 6976.20 4.25 4.3 796.2 340.3
| 7007.00 3.83 3.8 933.6 380.6
- | 5106 .64 3.35 4.6 832.9 231.3
; . ‘ 1185.80 1.30 7.7 800.0 3241
b 1464.54 1.78 8.5 619.3 35.9
4 v 1650.88 1.85 7.8 656.1 43.8
7 o 1235.08 1.37 7.7 773.0 33.2
i L 1305.92 1.28 6.9 898.3 39.5
i v { 6361.74 3.77 4.1 870.2 319.3
] - 1550.78 1.44 6.5 895.9 49.6
o ! 1341.34 1.58 8.2 678.6 33.9
| 1464.54 1.75 8.4 632.6 36.4
. | 1524.60 1.91 8.8 578.3 36.2
5 1734.04 2.10 8.5 569.8 42.5
o 2216.06 2.00 6.3 783.5 73.0
4 2899.82 2.19 5.3 893.7 114.0
N 3124.66 2.48 5.5 802.5 117.2
2 1538.46 1.77 8.0 655.2 39.8
ol 2189.88 2,09 6.7 723.9 68.1
by 3635.94 2.58 5.0 875.7 152.1
) 2328.48 2,13 6.4 751.7 75.8
i | 2152.92 2,32 7.5 610.6 59.5
i 3175.48 3.03 6.7 603.6 99.1
n 6292.44 3.44 3.8 985.5 341.8
| 1087.24 1.49 9.6 596.8 23.5
- 1307.46 1.72 9.2 581.3 29.6
' 1447.60 1.72 8.3 643.6 36.3
' 369.60 .73 13.8 595.1 5.6
A 465.08 .68 10.2 835.0 9.5
v 569.80 .69 8.5 989.2 13.9
. : 699.16 1.05 10.5 653.3 13.9
e 448.14 .64 10.1 865.2 9.3
L 614.46 .85 9.7 778.7 13.1
' 318.78 .50 11.1 892.0 6.0
i B-73
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Fragment Weight Presented Area Data
Test No. QD-155-5C12
Azimuthal Zone 75-120°
o Polar Zone 60-120°
4 (Continued)
: e Impact
i . Ballistic Kinetic
% % ; Fragment Average Presented Gamma Density Energy
: = Wt. (gr) Area (in.?) {(in,2/1b) (gr/in.3) (ft/lb)
? " | 324.94 .54 11.6 826.5 5.8
i 452.76 .71 11.0 755.2 8.6
% | 458.92 .74 11.3 715.6 8.4
R 489.72 .76 10.9 737.9 9.4
" 344.96 .59 12.0 756.5 6.0
- 383.46 .70 12.9 649.1 6.2
9 526.68 .77 10.3 776.1 10.7
1 . 652.96 .86 9.2 822.3 14.8
3 454,30 .71 10.9 758.8 8.6
A 522.06 .74 9.9 818.0 10.9
;o 974.82 1.03 7.4 931.7 27.4
T 309.54 .57 13.0 710.1 5.0
3 1 323.40 .56 12.1 778.3 5.6
; G 371.14 .68 12.7 667.9 6.1
¥ s 440.44 .77 12.3 647.3 7.5
: | 617.54 .87 9.9 760.3 13.0
; i 1044.12 1.33 8.9 681.4 24.4
: S 531,30 .75 9.9 821.4 11.2
L 548,24 77 9.8 812.5 11.6
s 318.78 .64 14.1 620.5 4.7
2 358.82 .54 10.6 902.0 7.1
4y 518,98 .74 10.0 813.4 10.8
ol 745.36 1.05 9.8 694.5 15,7
% 617.54 .91 10.3 710.2 12.4
391.16 .63 11.2 791.4 7.3
394.24 .60 10.7 846.5 7.7
434,28 .72 11.7 703.7 7.7
651.42 1.16 12.4 522.4 10.9
791.56 1.04 9.2 750.4 18.0
526.68 .94 12,5 576.3 8.8
599,06 .86 10.1 750.1 12.4
341.88 .57 11.7 795.8 6.1
617.54 .73 8.3 980.8 15.4
j 5 318.78 .56 12.4 751.1 5.3
: ! 443.52 .67 10.5 812.9 8.8
P G 372.68 .78 14.6 543.7 5.3
& .- 338.80 .51 10.5 940.9 6.7
3 5 563.64 .76 9.5 845.7 12.4
i e 1041.04 1.26 8.5 738.9 25.6
. 237.16 49 14.5 687.5 3.4
) - B~-74
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B=75

i Fragment Weight Presented Area Data
Test No. QD-155-SC12
; Azimuthal Zone 75-120°
i Polar Zone 60-120°
: (Continued)

3 : Impact
5 i Ballistic Kinetic
3 j7 Fragment Average Presented Gamma Density Energy
E 9 Wt. (gr) _ Area (in.?) (in.2/1b) (gr/in.3) (£t/lb)
! L 537.46 .85 11.0 689.1 10.1
3 .- 385.00 .61 11.1 803.3 7.2
E o 420.42 .71 11.8 703.7 7.4
E ] 475.86 .81 11.9 655.4 8.3
b s 485.10 .91 13.2 557.3 7.7
: . 512.82 .82 11.2 687.7 9.5
7 - 323.40 .54 11,6 820.6 5.8
: N 338.80 .62 12.9 688.6 5.5
: ?" 455.84 .76 11.7 688.7 8.1
A A 783.86 1.01 9.1 766.5 18.0
E 9 317.24 .49 10.8 931.6 6.1
; . 440.44 .69 10.9 774.2 8.4
g v 465.08 .71 10.7 773.6 9.0
] o f 352.66 .67 13.3 642.6 5.5
E - 364.98 .70 13.5 621.0 5.6
3 ) 389.62 .63 11.4 774.4 7.1
4 . 400.40 .66 11.5 746.0 7.2
i o 405,02 .75 12.9 628.2 6.5
; 438,90 .79 12.6 627.8 7.3
! 443.52 .59 9.4 967.1 9.8
: 591.36 .85 10.1 750.9 12.2
B 597.52 .85 9.9 765.4 12.5
; 318.78 .67 14.8 577.7 4.5
E 677.60 1.02 10.6 654.7 13,3
¥ 309.54 .67 15.2 562.1 4.2
1 ;- 349.58 .74 14.8 552.2 4.9
; e 372.68 .68 12,7 668.0 6.1
: % 392.70 .75 13.3 606.5 6.1
2 397.32 .67 11.8 723.8 7.0

Y 432.74 .66 10.7 805.6 8.4

4 505.12 .89 12.4 596.8 8.5

e | 514.36 .95 12,9 559.9 8.3

B - 582,12 .70 8.4 990.4 14.4
g v 312.62 .73 16.4 497.3 4.0
! e 338.80 .65 13.5 644.4 5.2
5 343.42 .70 14.3 582.3 5.0

o 514.36 .74 10.0 811.0 10.6

. 489.72 .98 14.0 503.9 7.3

. 522.06 .97 13.0 548.4 8.4

. 528.22 .97 12.9 549.4 ‘8.5




ﬁ Fragment Weight Presented Area Data
E Test No. QD-155-5C12
: Azimuthal Zone 75-120°
i Polar Zone 60-120°
b 'ﬁi (Continued)
3 2 Impact
k Ballistic Kinetic
§ . Fragment Average Presented Gamma Density  Energy
. - Wt. (gr) _ Area (in.?) (in.2/1b) (gr/in.3) (ft/lb)
: | 489.72 .89 12.8 580.4 8.0
: L 991.76 1.31 9.2 664.8 22.4
b o 786.94 1.13 10.0 657.1 16.3
3 = 386.54 .80 14.5 537.7 5.5
! = 676.06 1.06 11.0 616.6 12.8
3 - 1054.90 1.29 8.6 720.7 25.6
g e 1033.34 1.23 8.3 762.0 25.9
i = 1008.70 1.32 9.1 667.6 23.0
A ; 189.42 1.41 52.2 112.8 .8
b o 813.12 1.32 11.4 533.9 14.8
3 - 956.34 1.30 9.5 647.1 20.9
3 ‘o 415.80 .74 12.5 649.3 6.9
g 417.34 .67 11.2 761.4 7.7
v 808.50 1.04 9.0 760.8 18.7
o 392.70 .88 15.6 479.4 5.2
;! 962.50 1.25 9.1 690.2 22.1
o ! 1001.00 1.23 8.6 731.4 24.2
i | 632.94 1.20 13.3 482.1 9.9
) 696.08 1.03 10,3 669.4 14.0
o 779.24 1.32 11.9 513.2 13.7
') 559,02 1.00 12.5 561.3 9.3
5 928.62 1.21 9.1 699.1 21.2
] 1064.14 1.42 9.3 631.7  23.8
& 705,32 1.16 11.5 564.6 12.7
930.16 1.33 10.0 603.2 19.3
480.48 .97 14.1 504.4 7.1
? -{1. 743.82 1.07 10.0 675.4 15.4
3 )
- : Total number of fragments = 228
& 5
; 3,}' Average ballistic density for all fragments = 716.0
) AN
\i‘ Average gamma for all fragments = 10,725
: Number of hazardous fragments in zone = 19
3 5
r B-76
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Fragment Hole Count Data
Test No. QD-155-5C12

Number of Fragment

Holes in 22-Gauge
Azimuthal Witness Panels
Zone (°) per Polar Zone (°)

180 - 190 342
190 - 200 61
200 - 210 31
210 - 220 28
220 - 230 155
230 - 240 369
240 - 250 392
250 - 260 377
260 - 270 269
270 - 280 135
280 - 290 108
290 -~ 300 85
300 - 310 144
310 - 320 194
320 - 330 178
330 - 340 126
340 - 350 53
350 -~ 360 55
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‘ FAR-FIELD FRAGMENT COLLECTION DATA
ﬁ FOR DETONATION OF EIGHT SINGLE PALLETS
! Location: White Sands Missile Range, NM
*‘ ' Date: 8 August 1979
&
L Collection Zone: Azimuth: 360°
6 Range: 500 to 2700 [t
"; Impact
' Ballistic Kinetic
o Fragment Average Presented Gamma Densit Energy
i | wt. (gr) Area (in.?2) (in.2/1b) (gr/in.3) (ft/1b)
- 4524.52 2.85 4.4 940.4 213.4
4 1047.20 1.47 9.8 589.6 22.2
- 27750.80 11.58 2.9 704.7  1976.9
. 3538.92 3.35 6.6 577.2 111.1
& 1607.76 2.00 8.7 568.4 38.4
o 3870.02 4.18 7.6 452.8 106.5
L 7002.38 6.25 6.2 448.2 233.1
3 44.66 .15 24.0 746.2 .4
- 2140.60 2.56 8.4 522.6 53.2
J 3629.78 3.10 6.0 665.0 126.3
3894.66 3.80 6.8 525.8 118.6
4938.78 4.54 6.4 510.5 159.6
5202.12 5,03 6.8 461.1 159.9
A 5562,48 5.00 6.3 497.5 1683.9
] 10197.88 7.40 5.1 506.6 417.6
e 23352.56 13.35 4.0 478.8 1213.8
26 999.46 1.39 9.7 612.1 21.4
! 1041.04 1.36 9.2 654.7 23.6
2460.92 2.63 7.5 478.6 68.6
280.28 .54 13.5 702.5 4.3
364.98 .58 11.0 835.9 6.9
372.68 .65 12.2 711.0 6.3
411.18 .74 12.5 650.6 6.8
5 420.42 .64 10,7 R1A.6 8.2
N 497.42 91 12.8 $71.9 8.1
- 523.60 1.00 13.4 521.1 8.1
i 602.14 1.10 12.8 522.5 9.8
o 740.74 .91 8.6 857.9 18.0
A 891.66 1.3 10.3 592.9 18.0
e 1784.86 1.92 7.5 672.6 49.4
150.92 .34 15.8 756.5 2.0
246.40 .46 12.9 801.3 4.0
255.64 .49 13.4 744.4 4.0
260. 26 .54 14.4 661.7 3.7
e 280.28 .61 15.2 593.1 3.8
- 292.60 .48 11.4 888.3 5.3
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FAR-FIELD FRAGMENT COLLECTION DATA
FOR DETONATION OF EIGHT SINGLE PALLETS
(Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in.?2) (in.2/1b) (gr/in.3) (ft/lb)
360.36 .59 11.4 804.1 6.6
372.68 .84 15.7 487.8 4.9
432.74 .74 12.0 675.9 7.5
435.82 .14 12.0 677.8 7.6
466.62 .89 13.3 559.9 7.3
512.82 .80 10.9 721.6 9.8
565.18 1.08 13.3 506.7 8.8
697.62 1.05 10.6 644.4 13.7
709.94 1.02 10.0 690.3 14.7
716.10 .85 8.3 912.7 17.9
811.58 1.46 12.6 459.0 13.4
868.56 1.19 9.6 671.1 18.9
903.98 1.31 10.2 601.1 18.5
1036.42 1.18 7.9 811.6 27.1
1316.70 2.03 10.8 454.1 25.3
1795.64 1.85 7.2 713.6 51.8
1855,70 1.47 5.5 1044.7 69.8
2356.20 1.8 5.4 968.9 §1.2
2457.84 1.77 5.0 1046.7 101.6
101.64 .28 19.2 689.9 1.1
161.70 .38 16.3 702.1 2.1
163.24 .34 14.7 814.8 2.3
212,52 A7 15.4 663.1 2,9
224.84 .56 17.4 - 537.1 2.7
260,26 .59 15.8 578.4 3.4
267,96 .64 16 & 526,9 3.3
207.98 .63 19.3 574.0 3.9
303.38 .60 13.9 648.0 4.5
51,12 .64 12.8 679.8 5.7
358.82 .1 13.9 596.1 $.4
368.06 .14 14.9 582.9 5.5
3717.30 .73 13.5 608, 9 5.8
431.29 .90 14.7 500.9 6.1
446.60 .87 13.7 545.6 6.8
514,136 .08 13.4 $29.3 8.0
! 629.86 1.21 13.4 475.5 9.8
o 632.94 1.18 13.0 496.8 10.1
g 897.82 1.46 11.3 511.5 16.5
- 922.46 1.48 11.2 511.2 17.1
g 1062.60 1.40 9.2 643.3 24.0
: . 1239.70 1.67 9.4 576.1 27.4
. - ‘ 1321.32 1.45 7.7 756.8 35.8
3
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FAR-FIELD FRAGMENT COLLECTION DATA
FOR DETONATION OF EIGHT SINGLE PALLETS

(Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
wt. (gr) Area (in.?2) (in.2/1b) (gr/in.3) (ft/lb)
2605,68 1.87 5.0 1021.7 108.1
1433.74 1.18 5.8 1113.8 51.6
2037.42 2.05% 7.0 694.1 60.2
3985.52 2,65 4.7 923.9 178.1
679.14 1.05 10.8 633.6 13.1
702.24 1.05 10.5 649.6 13.9
964. 06 2.08 14.8 326.9 13.8
2120.58 1.95% 6.4 778.8 68.5
2427.04 2.23 6.4 727.2 78.4
5299.14 4.23 9.6 608.4 197,11
2681, 98 5.40 3.9 771.6 515.8
3481.94 2.23 4.5 1043.3 161.3
4082.54 5.30 9.1 334.6 93.4
2225.30 1.96 6,2 812.0 75.1
731.50 .92 8.8 8:26.8 17.3
4820.20 2.65 3.8 1117.4 260.5
645.26 1.05 11.4 602.1 11.8
922.46 1.58 12.0 466.2 16,0
1507.66 1.67 7.7 700.7 40.5
¢474.16 2.45 2.6 1688.2 508.4
1461.46 1.73 8.3 640.4 36.6
426.58 87 14.3 %21.4 6.2
2530, 22 2.82 7.8 $315.2 67.5
2551.76 1.84 5.0 1022.4 105.2
662,20 1.24 13.1 480.4 10,5
B3, 96 1.40 11.1 531.3 16.5
4458. 30 6.15 9.7 292,13 96.0
1530.76 1.63 8.4 618.) 36.0
1956.88 3.13 11.2 353.7 6.4
8624.00 5.09 6.6 374.8 273.2
23911.58 15.17 9.4 404.7 1119.9
1290.%2 2.03 11.90 446.2 24.4
4826.36 2.69 3.9 1093.9 257.3
11371.36 5.67 1.5 842,27 677.7
21673.96 11.21 3.6 a71.% 1245.2
586.74 1.83 21.8 237.1 5.6
1321.32 1.55 8.2 684.7 33.%
1650.92 1.12 4.6 1433.0 76.1
542.08 .88 11.4 653.6 9.9
776.16 1.26 11.4 547.7 14.2
182.32 1.15 10.3 6317.8 15.9
947.10 1.47 10.9 $30.7 18.1
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FAR-FIELD FRAGMENT COLLECTION DATA
FOR DETONATION OF EILGHT SINGLE PALLETS

(Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Density Energy B
Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (£t/lb) .
950.18 1.21 8.9 711.7 22.1
1004.08 1.51 10.5 540.6 19.8
1178.10 1.68 10.0 539.9 24.5
1409.10 1.77 8.8 600.1 33.4
142450 1.73 8.5 624.2 34.8
1456.84 1.20 5.8 1108.3 52.6
1613.92 1.42 6.1 957.2 54.6
2251.48 2.50 7.8 569.6 60.3
1315.16 1.66 8.8 614.9 31.0
1479.94 1.74 8.2 644.8 37.4
1652.42 2.08 8.8 550.8 39.0
1667.82 1.80 7.6 690.6 45.9
3144.68 2.07 4.6 1058.5 142.2
3304.84 2.86 6.1 683.3 113.5
6962,34 6.30 6.3 440,3 228,6
1262.80 2,34 13.0 352.8 20.2
940.94 1,11 8.3 801.8 23.6
1041.04 1.57 10.5 531.1 20,6
1084.16 1,59 10.3 540.0 21.9
1325.94 1.47 7.8 744.0 35.5
1798.72 1,60 6.2 887.1 60.0
1829.52 2.07 7.9 613.4 48.0
1888.04 1.95 7.2 693.4 54.3
4442,90 4.54 7.1 459.6 129.3
5117.42 3,83 5.2 683.3 203.3
25302.20 11.79 3.3 624.9 1613.2
28665.56 11.70 2.9 716,3 2086.9
606.76 .97 11.2 632.9 11.3
850,08 1.24 10.2 615.6 17.3
970,20 1.27 9.1 680.3 22.1
1105.72 1.54 2.7 580.4 23.6
1256,64 1.71 5.5 562.0 27.4
2282.28 1.24 3.8 1652.9 124.8
5134.36 5.45 7.4 403.5 143.7
7465.92 6.24 %.9 479.0 265.4
13353.34 12.83 6.7 290.5. 412.9
& 28596.26 12.51 3.1 646.3 1942.3
_g‘, 39782,.82 21.58 3.8 397.0 2179.7
p ) 585.20 .80 9.5 825.5 1..8
y 1402,94 1.35 6.7 894.4 43.3
b 1492.26 2,28 10.7 433.5 29.0
- ) 645.26 1.08 11.7 578.6 11.5
§ _ B-81




FAR-FIELD FRAGMENT COLLECTION DATA
FOR DETONATION OF EIGHT SINGLE PALLETS
(Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
3 Wt. (gr)+ Area (in.?) (in.2/1b) (gr/in.3) (ft/lb)
: 1121.12 1.96 12.3 407.3 19.0
3 2168.32 4.78 15.4 207.5 29.2
- 2382.38 2.68 7.9 543.0 62.9
o 2835.14 3.23 8.0 488.4 73.9
- 84873.86 7.50 6.2 413.0 285.2
L 10291.82 8.24 5.6 435.1 382.0
: 4070.22 2.86 4.9 841.5 172.1
i £ 2003.54 2.28 8.0 582.0 52.3
: 3 § 5021.94 2.90 4.0 1016.9 258.4
| = 623,70 1,32 14.8 411.6 8.8
SIS | 805.42 1.67 14.5 373.0 11.5
] - 714.56 1.25 12.2 513.9 12.2
; 1 1287.44 1.42 7.7 763.5 34.8
3820.74 4.30 7.9 428.5 100.9
9309.30 5.56 4,2 710.4 463.3
762.30 1.17 10.8 601.2 14.7
924.00 1.64 12.4 440.8 15.5
1801.80 3.67 14.2 256.6 26.3
20066. 20 8.47 3.0 814.5 1413.1
21604.66 1C.03 3.3 679.8 1382.3
799.26 1.20 10.5 609.9 15.9
1638.56 1.83 7.8 660.1 43.5
2608.76 2.48 6.6 670.0 81.7
2109.80 2.65 8.8 489.1 49.9
3817.66 4.87 8.9 355.6 89.0
300.30 .75 17.6 459.4 3.6
451.22 .68 10.6 799.2 8.9
643.72 1.14 12.4 529.0 10.8
994,84 1.23 8.6 731.8 24.0
2713.48 1.99 5.1 964.5 109.8
693.00 1.23 12.5 505.7 11.6
887.04 1.68 13.2 408.6 13.9
1298.22 1.62 8.7 631.6 31.0
790.02 1,39 12.3 481.4 13.3
292,60 .BO 19.1 409.2 3.2
535.92 1.16 15.2 428.5 7.4
686.84 .76 7.8 1030.3 18.4
768.46 1.89 17.2 295.2 9.3
1338.26 2.43 12,7 354.4 21.9
5419.26 4.98 6.4 488.4 175.4
571.34 .81 9.9 789.4 12.0
1051.82 1.23 8.2 774.9 26.8
B-82
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FAR-FIELD FRAGMENT COLLECTION DATA
FOR DETONATION OF EIGHT SINGLE PALLETS
(Continued)
Impact
Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in.?) (in.2/1b) (gr/in.3) (ft/1b)
1062.60 1.44 9.5 615.1 23.3
774.62 1.40 12.6 468.2 12.7
984.06 1.91 13.6 372.3 15.1
4190.34 3.68 6.1 594.8 142.0
753.06 1.29 12.0 515.0 13.1
796,18 1.36 11.9 504.2 13.9
1208.90 1,50 8.7 659.7 29,0
1467.62 2.14 10.2 468.8 29.9
2363.90 4.50 13.3 247.6 36.9
2596.44 2.58 7.0 625.3 77.5
25872.00 13.68 3.7 511.6 1454.4
13679.82 6.73 3.4 783.5 826.2
9021.32 6.31 4.9 569.1 383.2
1635.48 2.41 10.3 437.1 33.0
47193.30 20,28 3.0 516.7 3263.3
354.20 .62 12.3 724.4 6.0
902.44 1.70 13.2 408.1 14.3
1618.54 2.14 9.3 517.0 36.4
16570.40 12.28 5.2 385.1 664.4
23281.72 14.63 4.4 416.1 1100.9
B-83
N . 'm .




FAR~FIELD FRAGMENT COLLECTION DATA FOR EIGHT~-PALLET DETONATION

Location: White Sands Missile Range, NM
Date: 26 September 1979
Collection Zone: Azimuth: 0-20°

Range: 500 to 2700 ft

Fragment No. Fragment Average
We. (gr) Fragment Wt. (gr) Wt. (gx)

0 - 300 229 25637.9 112.0
300 - 500 27 10935.5 405.0
500 - 600 10 5382.3 538.2
600 - 700 10 ©6460.3 646.0
700 - 800 11 8183.6 744.0
800 - 900 4 3494.3 873.6
300 - 1000 3 2853.6 951.2

1000 - 1200 14 15369.2 1097.8
1200 - 1400 7 9130.7 1304.4
1400 ~ 1700 9 13421.1 1491.2
1700 ~ 2000 4 7447.4 1861.9
2000 ~ 2500 5 10490.5 2098,1
2500 ~ 3000 1 2752.0 2752.0
3000+ 16 110355.4 6928.5
B-84
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
{Continued)
Location: White Sands Missile Range, NM
Date: 26 September 1979
Collection Zone: Azimuth: 70-80°
Range: 500 to 2700 ft
Fragment No. Fragment Average
Wt. {(gr) Fragment Wt. {(gr) Wt. (gr)
. 0~ 300 1080  90419.6 83.7
9 & 300 ~ 500 88  34212.6 388.8
K £ 500 - 600 25 13652.1 546.1
ke 4 600 - 700 16 10234.8 639.7
X - 700 - 800 15 11161.9 744.1
2 4 800 - 900 16 13496.6 843.5
3 3 900 - 1000 9 8428.4 936.5
: 1000 - 1200 4 4570.7 1142.7
1200 ~ 1400 11 14269.6 1297.2
1400 - 1700 7 10673,7 1524.8
! 1700 - 2000 4 7327.3
! 2000 - 2500 11 24944.9  2267.7
| 2500 - 3000 4 10732.3 2683,1
i 3000+ 12 63095.3 5257.9
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)
Location: White Sands Missile Range, NM
Date: 26 September 1979

Collection Zone: Azimuth: 90-95°
Range: 500 to 2700 ft

Fragment No. Fragment Average
Wt. (gr) Fragment Wt. (gr) Wt. (gr)
0~ 308 514 47941.8 93.3
308 ~ 500 69 27060.9 392.2
500 ~ 600 15 8356.0 557.1
600 - 700 17 11112.6 653.7
700 - 800 5 3888.5 777.1
800 - 900 9 7797.0 866.3
900 - 1000 4 3839.2 959.8
1000 - 1200 10 11057.2 1105.7
1200 - 1400 6 7522.9 1253.8
1400 - 1700 14 21567.7 1540.6
1700 - 2000 2 3739.1 1869.6
2000 -~ 2500 4 8987.4 2246.9
2500 - 3000 3 8463.8 2821.3
3000+ 14 87926.3 6280.4
B=-86
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

Location: White Sands Missile Range, NM
Date: 26 September 1979
Collection Zone: Azimuth: 90-100°

Range: 500 to 2700 ft

Fragment No. Fragment Average
Wt. (gr) Fragment Wt, (¢r) Wt. \gr)

0- 308 919 88642.5 96.5
308 - 500 111 43716.0  393.8
500 - 600 24 13776.3 . 553.2
600 - 700 22 14322.0  651.0
700 - 800 11 8451.5  768.3
800 - 900 10 8593.2  859.3
900 - 1000 6 5770.4  961.7
1000 - 1200 19 21130.3  1112.1
1200 - 1400 11 13892.3  1262.9
1400 - 1700 21 31970.4  1522.4
1700 - 2000 5 9110.6  1822.1
2000 - 2500 8 18614.0  2326.7
2500 - 3000 7 19059.0  2722.7
3000+ 28 180686.7 6453.1
i B-87
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)
Location: White Sands Missile Range, NM
Date: 26 September 1979
Collection Zone: Azimuth: 0-180°
Range: 700 to 900 ft
Fragment No. Fragment Average
Wt. (gr) Fragment Wt. (gr) Wt. (gr)
0 - 300 1331 150479.6 113.1
300 - 500 150 60494.3 403.3
500 - 600 50 27302.7 546.1
600 - 700 37 24013.2 649.0
700 - 800 16 11902.7 743.9
800 - 900 19 16190.0 852.1
900 - 1000 15 14453.7 964.2
1000 - 1200 23 25633.3 1114.5
1200 - 1400 12 15715.7 1309.6
1400 - 1700 24 36568.8 1523.7
1700 - 2000 9 16738.3 1859.8
2000 - 2500 16 35433.9 2214.6
2500 ~ 3000 11 30051.6 2732.0
3000+ 40
B-g88




FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

Location: White Sands Missile Range, NM
Date: 26 September 1979
Collection Zone: Azimuth: 0-180°
Range: 900 to 1100 ft
Fragment No. Fragment Average
Wt. (gr) Fragment Wt. (gr) Wt. (gr)
0 - 300 558 75828.1 135.9
300 - 500 143 55418.4 387.5
500 - 600 45 24672.3 548.3
600 - 700 22 14277.3 649.0
700 - 800 20 14996.5 749.8
800 - 900 18 15393.8 855.2
900 ~ 1000 19 18184.3 957.1
1000 - 1200 22 24301.2 1104.6
1200 - 1400 15 19276.2 1285.1
1400 - 1700 11 16923.1 1538.5
1700 ~ 2000 6 10900.1 1816.7
2000 - 2500 12 27174.8 2264.6
2500 - 3000 7 19171.5 2738.8
3000+ 32 255473.7 7983.6
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
{Continued)
Location: White Sands Missile Range, NM
Date: 26 September 1979
Collection Zone: Azimuth: 0-180°

Range: 1100 to 1500 ft

Fragment No. Fragment Average
Wt. (gr) Fragment Wt. (gr) Wt. (gr)

;i”j 0~ 300 283 48180.4  170.2
g 300 - 500 149 58749.5 394.3
3 500 - 600 30 16515.0  550.5
2 600 ~ 700 33 21191.9 ©  642.2
241 700 - 800 29 21778.7  751.0
- 800 - 900 14 11918.1  851.3
. 900 - 1000 23 21901.9  952.3
. 1000 - 1200 24 26756.0 1114.8
3 1200 - 1400 24 31311.3  1304.6
1400 - 1700 33 50321.0 15047
1700 ~ 2000 9 16270.1  18u;i.8
2000 - 2500 17 38704.8  2276.8
2500 - 3000 10 27093.2  2709.3
3000+ 47 313299.1  6665.9
2
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
{Continued)

Location: White Sands Missile Range, NM
Date: 26 September 1979

Collection Zone: Azimuth: 0-180°
Range: 1500 to 1900 ft

Fragment No. Fragment Average
Wt. (gr) Fragment Wte. (gr) Wt. (gr)
0 -~ 300 55 8350.0 151.8
300 - 500 28 12061.3 430.8
500 - 600 12 6558.9 546.6
600 - 700 7 4496.8 642.4
700 - 800 7 5322.2 760.3
8§00 - 900 4 3341.8 835.4
900 - 1000 4 3759.1 939.8
1000 - 1200 10 10912.4 1091.2
1200 - 1400 11 14067.9 1278.9
1400 - 1700 8 12087.5 1510.9
1700 - 2000 6 11200.4 1866.7
2000 - 2500 8 18441.5 2305.2
2500 - 3000 4 11363.7 2840.9
3000+ 20 173725.9 8686.3
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)
Location: White Sands Missile Range, NM
Date: 26 September 1979
Collection Zone: Azimuth: 0-180°

Range: 1900 to 2300 ft

Fragment No. Fragment Average
wt. (gr) Fragment Wt., (gr) WwWt. (gr)

0 - 300 13 1911.1 147.0
300 - 500 6 2310.0 385.0
500 - 600 0 0.0 0.0
600 - 700 1 640.6 640.6
700 - 800 1 782.3 782.3
800 - 900 1 882.4 882.4
200 - 1000 1 959.4 959.4

1000 - 1200 3 3275.6 1091.9
1200 - 1400 3 4084.1 1361.4
1400 ~ 1700 4 6451.1 1612.8
1700 - 2000 1 1958.9 1958.9
2000 - 2500 6 13197.8 2199.6
2500 - 3000 1 2662,7 2662.7
3000+ 10 70687.5 7068.8




FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

BALLISTIC DATA

70-80°
500 to 2700C ft

Azimuths
Range:

Collection Zone:

Impact

Average Ballistic Kinetic

Fragment Presented Area Gamma Density  Energy
Wt. {gr) (in.2) (in.2/1b) (gr/in.3) (ft/lb)
3111 .511 11.499 851.6 5.6
321.9 .663 14.419 59,2 4.6
331.1 .603 12.748 707.1 5.4
365.0 .667 12.79& 670.0 5.9
445.1 .718 11.293 731.5 8.2
477.4 .788 11.554 682.5 8.6
517.4 .864 11.688 544.3 9,2
606.8 1.310 15.113 404,7 8.4
722.3 .914 8.858 826.6 17.0
845.5 .988 8.180 860.9 21.5
1225.8 1.660 9,479 $73.2 26.9
1697.1 1.430 £.898 992.4 59.8
2256.1 1.870 5.802 882.3 80.9
4258.1 2.220 3.650 1287.3 242.7
6905.4 4.700 4.764 677.17 301.5
317.2 .571 12.599 735.2 5.2
354.2 .718 14,190 %82.2 §.2
388.1 682 12,302 689.0 6.6
425.0 .648 10,672 814.8 8.3
489.7 L7111 10,163 816.9 10.0
517.4 .B00O 10.823 723.1 9.9
597.5 .831 9,735 788.8 12.8
834.7 .947 7.942 90S5.7 21.9
890,1 1.160 9.122 712.5 20.3
1406.0 1.270 6.333 982.4 46.1
2651.9 2.300 6.071 760.2 90.9
315.7 .74 15,831 $23.3 q.)
3585.7 .601 11.826 761.5 6.3
3158.8 718 13.948 593.5 5.4
435.8 .564 2.059 1028.9 10.0
532.8 .660 8.671 993.8 12.8
$79.0 .699 8.450 990.8 14.3
639.1 1.050 11.50 594 .0 11.6
736.1 .869 8.264 908.7 18.95
830.1 1.490 12.565 456.4 13.7
1145.8 1.380 8.431 706.8 28.3
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k. FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
3 (Continued)
E BALLISTIC DATA
- Collection Zone: Azimuth: 70-80°
3 - Range: 500 to 2700 ft
¥ 5
5- ” Impact
3 o Average Ballistic Kinetic
E 3 Fragment Presented Area  Gamma Density  Energy
5 Wt. (gr) {in.2) (in.2/1b) (gr/in.3) (ft/1b)
. | 2114.4 1.900 6.290 807.3 69.9
3 406.6 .578 9.956 924.6 8.5
4 3 417.3 .704 11.809 706.5 7.4
£ 3 423.5 620 10.242 868.2 8.6
- 426.6 .795 13,045 601.8 6.8
428.1 .843 13,781 553.3 €.5
429.7 .609 9.918 904.6 9.0
398.9 .74) 13,009 625.0 6.4
445.1 .66 10.3%0 828.9 8.9
460.5 .837 12.718 601.8 7.5
469.7 .858 12,782 591.3 7.6
472.8 982 14,547 - 485.5 6.8
481.6 .66 9.565 90,3 10,5
35e.8 608 11.862 756.7 6.3
357.3 €39 12,512 700.1 5.9
360.4 802 15.579 S01.7 4.8
360.4 .544 10.571 8y7.7 7.1
361.9 L 804 15.544 502.13 4.8
Jés. 1 761 14.469 49%4.6 5.2
378.0 713 13.178 €290 6.0
386.5 .770 13.948 571.9 5.8
386.5 567 12,07 70,2 6.7
392.7 L7129 12,960 611.4 6.3
392.7 L83 13.430 600.5 6.1
- 4q0s.¢ 706 12,203 6632,7? 6.9
3l L6436 14,536 599.8 3.5
114.2 516 12.828 719.2 5.1
323.4 .558 12.074 T3 5.6
324.9 . 688 14.823 5693 4.6
324.9 Hl6 13,27 671.6 5.3
326.5 . 593 12,707 T1%.6 5.3
329.6 492 10.448  985.3 6.6
134.2 JI122 , 15,145 - 543.¢6 4.0
346.5 .624 © 10,590 413.0 6.8
346.5 654 13.320 654, % 5.5
3%1.1 .41 8.790 1199.4 8.3
B~94
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FAR-FIELD FRAGMENT COLLECTION DATZ FOR EICHT-PALLET DETONATION
(Continued)

BALLISTIC DATA

70-80°
500 to 2700 ft

Azimuth:
Range:

Collection Zone:

Impact
Average Ballistic Kinetic
Fragment Presented Area Gamma Density Enerqgy
Wt. (gr) (in.2) (in.2/1b) (gr/in.3) (£t/ib)
351.1 .591 11.783 772.7 6.2
485.1 .789 11,392 691.5 8.9
497.4 971 13.668 519.7 7.6
499.0 .779 10.933 725.3 9.5
502.0 .833 11.608 660.9 9.0
503.6 .911 12.658 579.5 8.3
505.1 .771 10.691 745.4 9.8
523.6 .954 12.751 562.1 8.5
542.1 .822 10,615 727.3 10.6
568.3 1.062 13.086 519.0 9.0
571.3 1.009 12.363 563.7 9.6
582.1 . 900 10.825 681.,6 11.2
592.9 .932 11.008 658.5 11.2
600.6 . 780 9.096 871.2 13.7
608.3 1.001 11.515 607.7 11.0
609.8 1.145 13.144 497.7 9.7
637.6 1.209 13.274 479.6 10.0
637.6 .884 9.711 766.4 13.7
702,2 . 761 7.587 1057.5 19.3
648.3 1.063 11.478 591.5 11.7
673.0 1.229 12,787 494.0 11.0
703.8 . 807 8.030 970.1 18.2
705.3 l1.681 16,685 323.6 8.8
720.7 1.150 11.174 584.1 13.4
740.7 .979 9.252 764.6 16.7
751.5 1,229 11.444 551.9 13,7
777.7 1,087 9.788 685.8 16.5
817.7 1.060 9.076 749.0 18,7
822.4 1.313 11,179 546.4 15.3
857.8 1.377 11,234 531.1 15.9
896.3 . 994 7.767 903.7 24.0
910.1 1.454 l1.182 519.2 16.9
927.1 1.134 8.561 767.8 22.5
956.3 1.224 8.963 705.8 22,2
994.8 1,297 9,124 673.8 22.7
751.5 1,229 11.444 551.9 13.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80°
Range: 500 to 2700 ft

Impact

Average Ballistic Kinetic

Fragment Presented Area Gamma Density Enerqy
wt. (gx) (in.2) {in.2/1b) (gr/in.3) (ft/lib)
308.0 .663 15.059 571.0 4.3
777.7 1.087 9,788 685.8 16.5
817.7 1.060 9.076 749.0 18.7
822.4 1.313 11.179 546.4 15.3
857.8 1.377 11.234 531.1 15.9
896.3 . 994 7.767 903.7 24.0
210.1 1.454 11.182 519.2 16.9
927.1 1.134 8.561 767.8 22.5
956.3 .1.224 8.963 705.8 22.2
994.8 1.297 9.124 673.8 22.7
922.5 1,687 12.798 421.2 15.0
317.2 .553 12,201 771.5 5.4
378.8 .654 12.078 716.9 6.5
477.4 .693 10.163 827.3 9.8
509.7 663 9.104 944.3 1.6
580.6 .85%9 10,360 728.9 11.7
671.4 .952 9.921 723.3 14.1
768.5 1.239 11.286 557.2 14.2
782.3 .887 7.933 937,2 20.5
807.0 1.247 10.814 579.8 15.%
833.1 .911 7,654 958.2 22.6
559.4 1.088 7.939 845.3 25.1
1104.2 1.203 T 7.628 836.6 30.1
40}.9 .680 11.834 717.6 7.

Total number of fragments = 132
Avorage ballistic density for all fragments = 710.1
Average gamma for all fragments = 10,997

Number of hazardous fragments in zone = 6
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
Location: White Sands Missile Range, NM

Date: 23 January 1980

Collection Zone: Azimuth: 0-20°
Range: 500 to 2700 ft

Fragment No,
Wt. (gr) Fragment

0 - 300 1694

300 - 770 400
770 = 1080 182
1080 - 1540 141
1540 - 2310 94
2310 - 3080 63
3080+ S0

Collection Zone: Azimuth: 70-30°
Range: 500 to 700 tt

Fragment No.
Wt. (gr) Fragment

0 - 300 2654

300 - 770 437
770 - 1080 154
1080 - 1540 91
1540 - 2310 63
2310 - 3080 33
3080+ 18

Collection Zone: Azimuth: 80=9Q°
Range: 500 to 2700 ft

Fragment No.
Wet. (gr) Fragment

0 - 30 2944

300 ~ 77U 475

77 - 1080 184

108U = 1S40 120

1540 - 2310 B4

2310 - 3080V 50

3080+ 4
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FAR=-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN~PALLET DETONATION
{Continued)

Collection Zone: Azimuth: 90-100°
Range: 500 to 2700 ft

Fragment No,
Wt. {(gr) Fragment

0~ 300 2620

300 ~ 770 552
770 -~ 1080 238
1080 - 1540 163
1540 ~ 2310 113
2310 -~ 3080 66
3080+ 40

Collection Zone: Azimuth: 100-110¢°
Range: S00 to 2700 ft

Fragment No.
Wt, (gr) Fragment

0 - 300 2220

300 - 770 382

770 - 1080 173

1080 - 1540 117

1540 - 2310 89

2310 - 3080 52

3080+ 40
bB-98
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
{Continued)

‘.

-BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic
Fragment Presented Gamma Density Enerqgy

Wt. (gr) Area (in.?) (in.2/lb) (gr/in.3) (£ft/lb)

797.72 1.20 10.5 605.6 15.7
1151.92 1.86 11.3 453.3 21.2
1047.20 1.71 11.4 469.3 19.1

816.20 1.00 8.6 815.6 19.8

834.68 1.12 9.4 705.1 18.5

845.46 1.21 10.0 632.9 17.5

870.10 1.22 9.8 643.0 18.4

887.04 1.21 9.6 662.5 19.2

897.82 1.12 8.7 761.6 21.5

900,90 1.01 7.9 882.8 23.8

922.46 .95 7.2 1003.0 26.7

982,52 1.03 7.3 946.0 28.0
1033.34 1.48 10.0 573.3 21.4
1050.28 1.70 11.4 472.1 19,2
1147.30 1.39 8.5 703.2 28.2
1171.94 1.43 8.6 683.3 28.5
1188.88 1.75 10.3 514.1 24.0
1211.98 1.62 9.4 586.6 26.9
128436 1.68 9.1 592.5 29,3
1333.64 2,06 10.8 451.6 25.7
1338.26 1.61 8.4 652.5 33.0
1569.26 1.64 7.3 746.0 44.6
1649.34 1.87 7.9 646.7 43.3
1684.76 2.23 9.3 504.8 37.8
1695.54 2.25 9,3 502.4 38.0
1703.24 1,73 7.1 746.4 49.7
1801.80 2.08 8.1 602.8 46.5
1815.66 1.77 6.8 773.2 55.4
1895.74 2.29 8.5 546.5 46.6
1903.44 2,13 7.8 610.9 50.5
2102.10 2.48 8.2 539.9 53.1
2169.86 2,25 7.3 642.9 62,2
2373.14 2.59 7.6 568.8 64.6
237622 2.52 7.4 595,2 66,7
2427.04 2.48 7.1 623.3 70.7
2670.36 3.28 8.6 450.6 64.7

! 3163.16 2.48 5.5 808.3 119.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 1100 to 1500 ft

A Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density Energy
Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/1b)
¢ 3224.76 3.68 8.0 456.2 83.9
; 3226.30 3.32 7.2 534.1 93.3
R 3538.92 3.40 6.7 564.5 109.5
3854.62 3.60 6.5 564.3 122.6
3916.22 3.68 6.6 554.0 123.7
4053.28 4.26 7.4 461.3 114.6
5243.70 3.63 4.8 759.8 225.4
: 6432.58 3.68 4.0 913.1 334.6
x| 8180.48 4.58 3.9 833.7 433.9
. ’ 8808.80 6.73 5.4 504.2 342.4
! 11745.58 8.68 5.2 459.7 472.5
i 803.88 1.05 9.2 742.4 18.2
834.68 1.01 8.4 827.3 20.6
1071.84 2.04 13.3 366.8 16.7
848.54 .97 8.0 889.5 22.1
3 902.44 1.28 10.0 620.9 18.9
b 964.04 1.20 8,7 733.9 23.0
o 1185.80 1.25 7.4 852.2 33.5
8 1273.58  1.47 8.1 717.0 32.9
1296.68 1.73 9.3 572.3 29.0
1569.26 1.87 8.3 615.3 39.2
1720.18 2.19 8.9 530.2 40.1
: 1932.70 2.33 8.4 545.2 47.7
2095.94 2.08 6.9 701.2 62.9
S 2169.86 2.37 7.6 596.0 59.1
2249.94 2.65 8.2 521.6 56.8
3 2427.04 2.80 8.1 518.0 52,5
2448.60 2.25 6.4 725.5 9.2
, 2616.46 2.43 6.5 692.9 83.9
: 3012.24  2.62 6.1 711.7 103.0
3075.38 3.26 7.4 522.9 86.3
3398.78 3.49 7.2 $20.9 98.3
3788.40 2,96 5.5 744 .5 144.2
3883.88 3.54 6.4 582.7 126.6
5383.84 3.33 4.3 884.7 258.4
5453.14 4.44 5.7 582.5 198.9
6432.58 3.99 4.3 806.6 308.0
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in,2/1b) (gr/in.3) (£t/lb)

7760.06 4.33 3.9 862.8 413.7
11745.58 7.64 4.6 556.0 536.4
14192.04 10.07 5.0 444 .4 594.6

1039.50 1.31 8.8 693.3 24.5

1288.98 1.53 8.3 678.9 32.2

2279.20 2.28 7.0 660.6 67.6

4781.70 2.91 4.3 964.1 233.6

9369.36 6.95 5.2 511.4 375.3

Total number of fragments = 82
Average ballistic density for all fragments = 644.,1
Average gamma for all fragments = 7.726

Number of hazardous fragments in zone = 36
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FAR~-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft

Impact

Average Ballistic Kinetic

Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.?) (in.2/1b) (gr/in.3) (ft/lb)
309.5 .538 12.166 784.4 5.3
317.2 .529 11.673 824.5 5.7
328.0 .519 11.076 877.3 6.2
334.2 .734 15.375 531.4 4.5
335.7 .501 10.446 946,7 6.7
337.3 .749 15.546 520.3 4.5
340.3 .604 12.423 725.0 5.7
346.5 .797 16.101 487.0 4.5
354.2 .622 12,292 722.0 6.0
361.9 .638 12.340 710.2 6.1
369.6 .567 10.739 865.7 7.2
375.8 .864 16.095 467.9 4.9
378.8 .602 11l.123 811.1 7.1
383.5 . 535 9.766 979,9 8.2
386.5 .623 1l.282 786.1 7.1
389.6 .622 11.175 794.2 7.3
391.2 .610 10.916 821.0 7.5
401.9 .838 14.594 524.0 5.7
415,8 . 996 16.768 418.3 5.2
420.4 . 706 11.755 708.7 7.4
420.4 678 11.239 58,1 7.8
438.9 1.180 18.820 342.4 4.9
460.5 . 783 11.903 664.6 8.0
462,0 657 9.955 867.5 9.7
482.0 .739 10.732 758.7 9.3
482.0 . 707 10,267 810.8 9.8
483.6 .827 11.872 643.0 8.4
483.6 . 765 10.074 722.7 9.1
519.0 L7154 10.170 792.7 10.6
525.1 . 740 9.637 854.2 11.3
531.3 .88l 9.750 834.6 11.3
537.5 .731 11.474 650.0 9.7
537.5 1.200 9.521 859.9 11.7
540.5 L7179 15.540 411.2 7.2
551.3 779 9.891 801.9 11.6
592.9 . 946 9.1%7 862.3 13.4
599.1 .854 11.054 651.1 11.3
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN~PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft

Impact
v Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/1lb)

619.1 .854 9.656 784.4 13.3
636.0 1.300 14.308 429.1 9.2
677.6 1.130 11.674 564.1 121
679.1 1.470 15.152 381.1 9.3
714.6 .898 8.797 839.7 16.9
717.86 .987 9.627 731.9 15.5
750.0 1.060 9.894 687.2 15.8
753.1 1.240 11.526 545.4 15.6
794.6 1.010 8.897 782.9 18.6
820.8 1.450 12.366 470.1 13.8
830.1 1.170 9.867 655.9 17.5
856.2 1.160 9.483 685.3 18.8
860.9 1.170 9.514 608.2 18.8
200.9 1.150 8.936 730.5 21.0
2005.1 2.140 7.471 640.5 55.8
1181.2 1.270 7.526 825.3 32.6
1290.5 1.260 6.834 912.4 39.3
1647.8 1.380 5.862 1016.4 58.5
2875.2 1.950 4.748 1055.9 126.0
6012,2 4.910 5.717 552.6 218.7
6851.5 4.840 4.945 643.5 288.2
309.5 .480 10.855 930.8 5.9
317.2 <477 10.525 963.0 6.3
3l8.8 .584 12.824 714.3 8.2
323.4 .506 10.952 898.5 6.1
324.9 .539 11.611 821.1 5.8
335.7 <715 14,908 555.3 4.7
340.3 . 756 15.549 517.8 4.6
341.9 604 12.367 728.3 5.8
343.4 .675 13.759 619.3 5.2
345.0 .801 16.254 481.2 4.4
354.2 .592 11.700 777.6 6.3
357.3 .554 10.854 866.5 6.8
363.4 . 748 14.407 561.8 5.2
369.6 .563 10.663 874.9 7.2
. 389.6 .645 11.588 752.1 7.0
418.9 .691 11.547 729.2 7.5
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

R NI AN I AL NS I S

Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft
Impact
Average Ballistic Kinetic
Pragment Presented Gamma Density  Energy
Wt. (gr) BArea (in.2) (in.2/1b) (gr/in.3) (ft/1b)
420.4 .621 10.340 859.1 8.5
435.8 .735 11.805 691.6 7.7
438.9 1.160 18.501 351.3 4.9
457.4 .923 14.126 515.8 6.7
465.1 .809 12,176 639.2 7.9
466.6 . 707 10.606 784.9 9.2
477.4 1.060 15.543 437.4 6.4
478.9 .716 10.465 790.5 9.5
483.6 .828 11.986 641.8 8.4
485.1 .745 10.750 754.4 2.4
486.6 .748 10.759 752.2 9.4
488.2 .730 10.467 782.7 9.7
489.7 .814 11.635 666.8 8.8
495.9 .827 11.674 659.4 8.8
497.4 667 9.386 913.1 11.0
506.7 .626 8.649 1023.0 12.2
526.7 797 10.593 740.2 10.3
535.9 .798 10.423 751.8 10.7
535.9 777 10,149 782.5 11.0
546.7 1.410 18.054 326.5 6.3
548.2 .722 9,219 893.6 12,4
551.3 . 769 9.764 817.5 11.7
566.7 1.190 14,699 436.6 8.0
586.7 1.460 17.418 332.6 7.0
597.5 .845 9.899 769.2 12.6
611.4 L7135 8.415 970.2 15.1
622,2 +891 10.047 737.3 12.9
526,8 .91 10.174 720.8 12.8
626.8 1.400 15.635 378.4 8.3
639.1 .804 8.806 B86.5 15.1
651.4 ,928 9.972 728.7 13.6
656.0 1.180 12,591 511.8 10.8
665.3 .953 10.027 5.1 13.8
686.8 1.100 11.211 $95.3 12.7
731.5 1,340 12.823 471.6 11.9
734.6 1.100 10.482 636.7 14.6
745.4 .901 8.462 871.5 18.3
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN~PALLET DETONATION
(Continued)

BALLISTIC DATA

70-80°
500 to 2300 ft

Azimuth:
Range:

Collection Zone:

Impact

Average Ballistic Kinetic

Fragment Presented Gamma Density  Energy
Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/1b)
745.4 .839 7.879 969.9 19.7
760.8 .943 8.677 830.8 18.2
782.3 .952 8.518 842.2 19.1
820.8 1.010 8.613 808.7 19.8
842.4 1.670 13.877 390.3 12.6
848.5 1.010 8.332 836.0 21.2
874.7 1.280 10.243 604.0 17.8
922.5 1.220 9.258 684.6 20,7
922.5 1.090 8.271 810.6 23.2
961.0 1.260 9.178 679.4 21.8
987.1 1,790 12,693 412.2 16.2
1025.6 2,090 14.264 339.4 15.0
1054.9 1.240 8.228 764.0 26.7
1070.3 1.010 6.606 1054.4 33.7
1084.2 1,390 8.975 661.6 25.1
1284 .4 1.330 7.249 837.4 36.9
1406.0 1.480 7.368 780.9 39.7
1660.1 1.720 7.252 735.9 47.6
1638.2 2.030 8.442 582.0 41.5
1758.7 2.110 8.398 573.8 43.6
1960.4 2.080 7.427 653.5 54.9
2108.3 1.950 6.475 774.2 67.7
2462.5 2.360 6.709 679.2 76.3
7760.1 5.830 5.259 551.3 306.9
10696.8 5.200 3.403 902.1 653.8
1279.7 1.620 8,861 620.7 30.0
1436.8 1.570 7.649 730.4 39.1
1466.1 2.210 10.552 446.2 28.9
1546.2 1,330 6.021 1008.0 53.4
1553.9 1.490 6.712 B54.3 48,2
1607.8 1.910 8.316 609.1 40.2
1674.0 1.830 7.652 676.2 45.4
1726.3 1.490 6.042 949.2 59.4
1732.5 1.990 8.040 617.2 44.8
2565.6 2.470 6.739 660.9 79.2
312.6 .597 13.368 677.7 4.9
315.7 .507 11.242 874.5 5.8
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FAR~-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)
BALLISTIC DATA
Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft
Impact
Average Ballistic Kinetic
Fragment Presented Gamma Density Energy
Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)
315.7 .582 12,905 711.0 5.1
317.2 .507 11.187 878.8 5.9
321.9 .678 14.746 576.5 4.5
323.4 .703 15,216 548.7 4.4
323.4 .603 13.052 690.7 5.2
329.6 .537 11.406 837.5 6.0
334.2 .562 11.772 793.2 5.9
334.2 .636 13.322 658.9 5.2
338.8 .720 14.876 554.6 4.7
341.9 .646 13.227 658.5 5.4
341.9 577 11.814 780.0 6.0
343.4 .631 12.862 685.1 5.6
351.1 .608 12.121 740.6 6.0
354.2 .563 11l.126 838.5 6.6
354.2 178 15,375 516.2 4.8
358.8 .627 12,232 722.7 6.1
375.8 .578 10.768 855.1 7.3
380.4 .528 9,N7 991.4 8.1
3gl.9 + 562 10.301 906.5 7.7
386.5 790 14,306 550.5% 5.6
388.1 .666 12.013 714.0 6.7
405.0 .696 12.029 697.5 7.0
417.3 470 7.883 1295,2 11.0
423.5 147 12,347 656.0 7.1
429.7 .847 13,799 551.2 6.5
434.3 839 13.524 565.1 6.7
454.3 098 10.755 179.0 8.8
471.2 .671 9.967 857.4 9.8
523.6 .858 11.471 658.8 9.5
532.8 .728 9.564 857.8 11.6
534.4 .889 11.645 637.5 9.5
§51.13 .560 7.110 1315.,6 16.1
562.1 .135 9.153 892.0 12.8
592.9 .819 9,669 799.9 12.8
594 .4 .888 10.457 710.4 1l.8
612.9 . 748 8.543 947.4 14.9
631.4 . 585 6.486 1411.1 0.2
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
{Continued)
BALLISTIC DATA
Collection Zone: Azimuth: .70-80°
Range: 500 to 230C ft
Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy
Wt. (gr) Area (in.?) (in.2/1b) (gr/in.3) (ft/lb)
631.4 .768 8.514 938.1 15.4
637.6 1.050 11.528 592.6 11.5
685,3 1.010 10.317 675.1 13.8
694.5 1.120 11,288 586.0 12.8
706.9 1.080 10.695 629.8 13.7
730.0 .97 9,311 762.9 16.3
739.2 1.110 10,521 632.1 14.6
766.9 .931 8.498 853.7 18.8
783.9 1.270 11,341 547.7 14.4
786.9 1.160 10.318 629.9 15.@
790.0 1.090 9.658 694.2 17.0
797.7 .97% 8.556 828.6 19.4
810.0 .714 6.170 1342.6 27.3
811.6 1.130 9,746 675.6 17.3
816.2 .928 7.959 913.0 21.3
R20.8 .704 6.004 1389.6 28.4
880.9 .644 5,118 1704.5 35.8
880.9 1.080 8.582 784.8 21.3
882.4 1.180 9.361 688.4 19.6
286.4 646 15.787 551.7 3.8
301.8 . 506 11.73% 838.6 5.4
309.5 « 486 10,991 913.6 5.9
311.1 .52@ 11,904 808.5 5.4
314.2 . 504 11.230 878.0 5.8
315.7 .533 11.818 811.13 5.6
321.% .57% 12.595 738.2 5.4
1.9 L6795 14.680 580.4 4.6
32,5 . 545 11.685 811.5 5.8
334.2 L5413 13.469 648.1 5.2
341.4 Y 13.738 620.6 5.2
346.5 SO0 14.101 594.2 5.1
346.5 .630 12.727 692.9 5.7
348.0 .59 11,967 756.4 6.0
354.2 .622 12,292 722.0 6.0
387.3 .583 11.422 802.6 6.5
363.4 .800 11.556 1m82.0 6.9
363.4° .730 14.060 362.7 5.4
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3 k. FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
f ‘g‘ (Continued)
4 g BALLISTIC DATA
.. - Collection Zone: Azimuth: 70-80°
A £ Range: 500 to 2300 tt
4 Impact
< Average Ballistic Kinetic
3 Fragment Presented Gamma Density  Eneragy
Wt, (gr) Area (in,2) (in.%/1b) (gr/in.3) (ft/lb)
368.1 .531 10.099 951.2 7.6
372.7 .533 10.011 957.7 7.7
375.8 .773 14.400 552.9 5.4
375.8 .590 10.921  829.1 7.1
375.8 . 565 10.52% 884.8 7.8
378.8 .560 10.347 904.0 7.6
378.8 .650 12.010 722.9 6.6
380.4 ,509 9.367 1047.5 8.4
381.9 . 681 12.482 679.6 6.4
383.5 .703 12.833 650.6 6.2
3g9.6 .575 10.331 893.6 7.8
397.3 .8l4 14.359 540.0 5.8
401.9 V173 13.462 591.4 6.2
405.0 . 720 _ 12,548 654.7 6.7
408.1 . 749 12.847 629.6 - 6.6
412.7 659 11.024 787.6 7.8
412.7 817 13.8%7 5%58.9 6.2
412.17 653 11.07% 782.1 7.8
414.3 856 11.085 779.% 7.8
417.3 .06 11.842 - 7035 7.1
§22.0 .808 13.404 551.0 6.5
422.0 LT20 11.944 90,7 7.3
422.0 .10} - 11.629 718.9 7.5
429.7 .844 13.7%0 954.1 6.5
414.3 .8AaR : 14.329 518.1 6.3
437.4 .760 12.164 €60.1 7.%
438.9 685 10.92% 714.2 8.4
436.9 L7448 11.866 683.9 7.7
440.4 . 730 11.602 06.2 7.9
443.9 .84 10.79%5 784.0 8.5
446.6 698 10.940 76%.6 . 8.5
457.4 .915 13.004 522.6 6.8
466.6 .779 11.586 678.7 8.3
469.7 . 908 13.532 542.9 7.2
469.7 .688 10.271 823.1 9.5
472.8 .713 10.55: 785.3 9.1
485.1 .723 10.433 789.1 9.7
8-108
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN~PALLET DETONATION
' (Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic
Fragment Presented Gamma Density Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/1b)

485.1 .759 10.952 733.6 9.2
488.2 .869 12.461 602.6 8.1
492.8 .667 9.474 904.7 10.8
514.4 .908 12.357 594.5 8.7
515.9 .910 12.347 594.3 8.7
515.9 .868 11.777 637.9 9.1
520.5 .750 10.086 801.4 10.7
522.1 .671 8.997 949.8 12.1
543.6 .984 12,671 556.9 8.9
554.4 771 9.735 818.9 11.8
576.0 .883 10.732 694.1 11.2
579.0 .859 10,384 727.3 1l1.6
580.6 .988 1l.912 591.2 10.1
582.1 .928 11.159 651.2 10.9
583.7 .916 10.986 €65.8 11.1
589.8 .893 10,598 698.9 1l.6
596.0 .799 9.385 834.5 13.2
597.5 1.060 12.418 547.5 10.0
600.6 .910 10.606 691.9 11.8
603.7 +955 11.074 646.8 11.3
609.8 .978 11.226 630.5 11.3
622.2 1.460 16.427 352.7 7.9
625,2 .813 9.102 852.9 14.3
625.2 . 966 10.815 658.5 12.0
632,9 .880 9.732 766.7 13.5
634.5 .855 9.433 802.5 14.0
653.0 .939 10.066 717.6 13.5
662.2 .873 9,228 8ll.8 14.9
679.1 1.110 11.441 580.7 12.3
686.8 1.470 14.982 385.4 9.5
697.6 .869 8.720 861.2 16.6
702.2 .926 9.230 788.1 15.8
709.9 1.200 11.832 540.1 12.5
709.9 .939 9.259 780.2 15.9
717.6 1.090 10.632 630.6 14.0
720.7 .868 8.430 891.2 17.8
737.7 1.110 10.533 630.8 14.6
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';» ‘,1
s FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
3 ’ (Continued)
§ BALLISTIC DATA
A Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft
f . Impact
Average Ballistic Kinetic
e Fragment  Presented Gamma Density Energy
i Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)
o 737.7 1.040 9.869 695.5 15.5
4 768.5 .894 8.144 909.1 19.6
: A 770.0 1.340 12.182 496.4 13.1
; b 776.2 1.025 9.247 747.6 17.5
} 5 951.7 1.580 11.623 479.1 17.0
$ § ‘ 783.9 1.008 9.005 774.2 18.1
¢ 2 785.4 1.134 10.109 650.1 16.2
: _ 785.4 1.390 12.387 479.3 13.2
e 796.2 1.061 9,330 728.3 17.7
; - 803.9 1.013 8.821 788.5 19.0
: E. © 803.9 1.043 9,083 754.6 18.4
: %‘ \ 816.2 1.039 8.912 770.5 19,0
It 2 825.4 1.063 9.019 752.6 19.0
: 836.2 1.043 8.732 784.9 19,9
847.0 1.521 12.574 451.3 14.0
] 882.4 1.128 8.952 736.1 20.5
1 884.0 1.229 9.731 648.9 18.9
L 890.1  1.110 8.730 761.0 21,2
5 919.4 1.431 10.894 537.2 17.6
i 928.6 1.544 11.638 484.1 16.6
B 931.7 1.257 9,441 661.5 20,5
¥ 953.3 1.179 8.656 744.9 22.9
e 954.8 1.318 9.660 631.3 20.6
H 1027.2 i.520 10.360 548.0 20.6
1045.7 1.147 7.679 851.1 28.3
1058.0 1.318 8.717 699.6 25.2
1125,7 1.606 9.984 553,3 23.5
1127.3 1.246 7.734 811.0 30.3
1199.7 1.528 8.916 635.1 28.0
s 1247.4 1.417 7.950 739.8 32.6
L 1250.5 2.058 11.522 423.5 22.6
e 1281.3 1.533 8.377 674.8 31.8
1301.3 1.675 9.010 600.3 30.0
1304.4 1.633 8.765 624.9 31.0
< 1353.7 1.567 8.619 629.1 32.7
- 1424.5 1.633 8.026 682.4 36.9
= _ 1527.7 1.817 8.324 623.9 38.2
ﬁ‘ B-110
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION’
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)

1564.6 1.958 8.76l 570.9 37.1
1629.3 2.150 9.237 516.8 36.7
1649.3 1.867 7.922 646.7 43.3
1672.4 1.867 7.813 655.8 44.5
1700.2 1.950 8.029 624.4 44.0
1703.2 1.883 7.740 659.0 45.8
1863.4 1.892 7.106 716.2 54.5
1885.0 2.050 7.613 642.2 51.5
2031.3 2.067 7.122 683.7 59.3
2189.9 2.850 9.110 455.1 50.0
2240.7 2.467 7.706 578.4 60.5
2334.6 2.425 7.271 618.2 66.8
2559.5 2,508 6.860 644.3 77.6
2667.3 2.808 7.370 566.8 75.3
2762.8 2.167 5.490 866.3 104.7
2902.9 2.275 5.486 846.0 110.1
2938.3 2,992 7.127 567.8 85.8
2958.3 2.703 6.397 665.6 96.2
3394.2 4.025 8.301 420.3 85.0
3554.3 3,725 7.336 494 .4 100,8
4210.4 3.783 6,290 572.1 139.2
4304.3 4.508 7.332 449.7 122.1
7621.5 5.450 5.0006 $99.0 316.7
9229.2 4.942 3.748 840.1 512.2
10487.4 5.092 3.399 912.8 641.9
29215.3 12.208 2.925 684.9 2077.5
1453.8 1.500 7.223 791.3 41.9
1672.4 1.800 7.534 692.5 6.2
1746.4 1,990 7.977 622.1 45.5
2083.6 2,620 8.802 491.3 49.2
2092.9 1.940 6.489 774.5 67.1
2209.9 2.980 9.4319 429.¢ 48.7
2331.6 2.480 7.446 597.0 65.1
2465.5 2.560 7.268 601.9 70.6
3013.8 3.340 7.758 493.7 80.8
3152.4 2.92 6.484 631.8 101.1
4133.4 4.180 7.079 483.7 121.4
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Zrea (in.2) (in.2/1b) (gr/in.3) (ft/lb)

4667.7  4.440 6.658  498.9  145.8
1275.1 1.800 9.881 528.0 26.8
1367.5  1.800 9.214 566.3 30.9
1443.0  1.360 6.597 909.8 45.5
1239.7  1.140 6.437  1018.5 40.1
1247.4  1.320 7.407  822.5 35.0
1275.1  1.660 9.113 596.2 29,1
1401.4  2.000 9.990  495.5 29.2
1974.3  2.180 7.729  613.4 53.1
2216.1 2.040 6.444 760.6 71.5
2628.8  2.840 7.562  549.3 72.3
1355.2  1.620 8.368  657.3 33.7
7715 1.212 10.998 78.1 14.6
1332.1  2.135 11,217 427.1 24.7
1336.7  2.285 11.967  387.0 23,2
1307.5  2.147 11.496  415.5 23.7
810.0  1.529 13.209  428.6 12,8
867.0  1.428 11.532 507.9 15.6
885.5  1.551 12,264  458.2 15.0
893.2  1.515 11.873  479.0 15.6
997.9  1.563 10.964 510.7 18.9
1098.0  1.732 11.041  461.8 20.7
1171.9  1.586 9.471 586.9 25.7
1253.6 1,701 9.497  565.1 27.5
773.1 1.069 . 9,681  699.2 16.6
7711 1.132 . 10.191  645.5 15.9
799.3  1.335  11.696  517.9 14.2
803.9 832 . 7.240  1060,2 23.1
80B.5  1.027 8.896  776.3 18.9
814.7  1.386 11.910  499.2 14.2
816.2 1,066 9.144  741.4 18.6
825.4  1.119 9.489  697.4 18.1
828.5 1.043 8.814  777.6 19.6
830.1 1.263 10.655  584.5 16.2
833.1 1.277 10,727 577.6 16.2
834.7 .958 8.038  889.6 21.8
834.7 1.364 11.441 523.8 18.2
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)
BALLISTIC DATA
Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft
Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Enerqgy
Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)
857.8 1.169 9.541 678.5 18.7
862.4 .923 7.495 971.9 23.9
882.4 1.343 10.654 567.0 17.2
888.6 996 7.846 894.0 23.6
899.4 1.168 9.088 712.8 20.6
924.0 1.082 8.198 820.8 23.4
925.5 1.193 9.025 710.0 21.3
934.8 1.045 7.825 875.2 24.8
945.6 1,004 7.435 939.5 26,5
951.7 1.152 8.474 769.6 23.4
956,3 .950 6.951 1033.5 28.6
979.4 1,035 7.398 230.1 27.5
991.8 1.381 9.747 611.2 21,2
999.5 1.167 8.176 792.3 25.4
1122.7 1,145 7.140 916.2 32.7
1201.2 1.321 7.697 791.3 32.5
1242.8 1,417 7.980 736.9 32.4
1364.4 2.120 10.876 442.0 26.1
1381.4 1.960 9,932 503.4 8.9
148]1.5 1.540 7.277 775.2 42.3
1532.3 2.210 10.096 466.4 31.6
1589.13 1.790 7.884 663.6 4}.9
1607.8 1,420 6.183 950.1 54.1
1654.0 2.150 9.099 524.6 37.8
1680.1 1,200 5.416 1133.5 64.5
2075.9 2.020 6.811 723.1 63.4
2092.9 1.817 6.076 854.7 7.6
2136.0 1,920 6.292 B02.9 70.6
2217.6 1.140 9,912 398.6 46.5
2545.6 2.370 6.517 ©97.7 8l.2
2667.3 2.980 7.821 518.5 70.9
3899.8 1,992 4.808 1031.7 125.5
3007.6 2.670 6.214 689.4 100.7
3180.1 2.400 5.283 855.3 125,2
3289.4 2,517 5.356 823.9 127.8
3395.7 1.800 3.711 1406.1 190.3
31520.4 3.730 7.417 . 488.7 98.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80°
Range: 500 tu 2300 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt, (gr) Area (in.2) (in.2/lb) (gr/in.3) (ft/1b)

3799.2 3.158 5.819 676.9 135.8
3996.3 3.200 5.605 698.1 148.3
4124.1 3.217 5.460 714.9 157.1
4715.5 2.983 4.429 915.1 221.5
4895.7 3.217 4.599 848.6 221.4
5733.4 4.180 5.103 670.9 233.7
6083.0 4.242 4.881 696.3 259.2
774.6 1.265 11.428 544.7 14.1
1036.4 1.688 11.398 472.7 18.9
1104.2 1.584 10.040 554.0 22.9
1118.0 1.586 9.931 559.7 23.4
1199.7 1.585 9.248 601.2 27.0
774.6 1,818 10.677 603.2 15,1
793.1 1.085 9.577 701.7 17.2
810.0 .958 8.279 863.8 20.4
814.7 1.032 8.869 776.9 19.1
817.7 1.029 8.807 783.6 19.3
83l.6 1.344 11.315 533.6 15.3
847.0 1.197 9.894 646.6 17.8
865.5 1l.212 9.806 648.3 18.4
1007.2 1,285 8.933 691.2 231.5
1102.6 1.333 8.464 716.2 27.1
1248.9 1.350 7.566 796.2 4.3
1290.5 1.658 8.995 604.3 29.8
1538.% 1.492 6.787 844.5 47.1
1703.2 1.783 7.329 715.2 48.2
1727.9 1.850 7.495 686.7 48.0
1869.6 1.733 6.490 819.2 59.9
2365.4 2.208 6.535 720.8 75.1
2671.9 2.533 6.637 662.6 83.7
3056.9 3.042 6.965 576.3 91.3
4610.8 4.208 6.389 534.1 150.1
6571.2 4.700 5.007 644.9 27130
7410.5 5.458 5.156 581.1 298.9
9578.8 6.142 4.488 629.3 443.9
332.6 .491 10.332 966.8 6.7
334.2 .567 11.877 782.7 5.9
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] 3 FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
3 | (Continued)
b BALLISTIC DATA
, Collection Zone: Azimuth: 70-80°
4 Range: 500 to 2300 ft
- Impact
E: Average Ballistic Kinetic
y Fragment Presented Gamma Density  Energy
; Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)
349.6 .623 12.475 710.9 5.8
b 351.1 .660 13.158 654.8 5.6
g ! 371.1 655 12.354 700.1 6.2
p. 374.2 .556 10.400 902.6 7.5
; 374.2 .613 11.467 779.7 6.8
392.7 .626 11.159 792.9 7.3
400.4 . 706 12,343 675.0 6.7
417.3 .783 13.133 602.3 6.6
418.9 .707 11.815 704.6 7.4
422.0 699 11.59 722.0 7.6
426.6 .718 11.782 701.2 7.5
429.7 .71 11.584 716.7 7.7
474.3 710 10.478 792.8 9.4
474.3 .759 11.201 717.3 8.8
478.9 .770 11.254 708.8 8.9
497.4 .774 10.892 730.5 9.5
512.8 . 729 9.951 823.9 10.7
514.4 . 742 10.098 804.8 10.6
514.4 .833 11.336 676.5 9.4
519.0 726 9.792 839.0 11.0
529.8 1.020 13.478 514.3 8.2
979.4 .709 5,067  1640.6 40.2
576.0 . 754 9.164 879.7 13.1
579.0 .938 11.339 637.4 10.6
606.8 1.090 12.575 533.2 10.0
614.5 .940 10.709 674.2 11.9
642.2 .803 8.753 892.4 15.3
659.1 974 10.344 685.7 13.3
660.7 ,894 9.472 781.6 14.5
662.2 . 968 10.233 695.3 13.5
686.8 . 904 9,213 799.1 15.5
697.6 .878 8.810 848.0 16.5
723.8 995 9.623 729.3 15.6
731.5 1.100 10.526 634.1 14.5
739.2 1.020 9.659 717.6 15.9
740.7 1.160 10.962 592.9 14.1
742.3 1.140 10.751 609.8 14.3
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft

Impact

Average Ballistic Kinetic

Frayment Presented Gamma Density  Energy
Wt. (gr) Area (in.2) (in.2/lb) (gr/in.3) (£ft/1b)
1192.0 1.756 10.310 512.5 24,0
822.4 1.325 11.276 539.4 15.2
827.0 1.032 8.737 788.6 19.7
940.9 1.164 8.656 749.7 22.6
945.6 1.149 8.505 767.9 23.1
979.4 1.497 10.700 534.7 19.0
984.1 1.240 8.821 712.7 23.2
1059.5 1.177 7.773 830.2 28.4
1074.9 1.2 8.279 749.9 27.0
1155.0 1.432 8.680 673.9 27.7
1156.5 1.441 8.724 668.3 27.6
1178.1 1,360 8.084 742.4 30.3
1213.5 1,312 7.568 807.5 33.4
1247.4 1.505 8.448 675.3 30.7
1392.2 1.940 9.755 515.2 29.7
1399.9 1.060 5.301 1282.7 54.9
1510.7 1.810 8.387 620.4 37.5
1567.7 1,430 6,385 916.8 51.1
1908.1 1.208 4.433 1436.5 89.5
1958.9 2.320 8.290 554.3 49.1
2394.7 1.960 5.729 872.7 86.9
2918.3 3.180 7.628 514.6 79.6
3137.0 3.000 6.694 603.7 97.%
4119.5 3.080 §5.224 762.1 163.7
4750.9 3.480 5.127 731.8 192.7
7971.0 2,190 1.923 2459.5 862.1
930.2 1,106 8.322 79%.9 23.2
1042.6 1.260 8.459 137.3 25.6
2111.3 1.283 4.25% 1452.3 103.2
2972.2 2.720 €.406 662.6 96.5
1435.3 1.850 9.023 570.4 33.1
1726.23 1.617 6.555 839.8 54.8
2254.6 1.742 5.408 980.9 86.7
2254.6 2.200 6.831 690.9 68.7
2314.6 2,092 6.326 765.1 76.1
3073.8 2.942 6.699 609.2 95.4
8599.4 3.ely 3.107 1153.3 $75.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80°
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)

482.0 .642 9.323 937.0 10.8
502.0 .698 9.732 860.9 10.7
954.8 1,148 8.416 776.3 23.6
8741.0 4.567 3.657 895.7 497.2
925.5 1.118 8.452 783.4 22.8
1236.6 1,257 7.114 877.7 36.2
1577.0 1.808 8.027 648.5 40.9
1871.1 2.217 8,293 567.0 46.9
1954.3 2.217 7.940 5$92.2 51,2
2778.2 2.917 7.349 557.7 78.6
4903.4 2.992 4.271 947.6 238.8
6432.6 5.533 6.021 494.2 222.2
8165.1 5.500 4.715 633.0 360.2
2462.5 1.942 5.520 910.1 92,8
1079.5 1.472 9.545 604.4 23.5
1723.3 1.633 6,635 825.5 54.0
3X40.1 2,767 6.168 682.3 105.9
2912.1 3.100 7.452 533.5 81.3
8248.2 7.083 6.011 437.5 285.4

Total number of fragments o $74

Average ballistic density for all fragments = 715.9

Avorage gamma for all fragments = 9,756

Rumber of hazardous fragments in z2one = 86
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
Location: White Sands Missile Range, NM
Date: 19 March 1980

Collection Zone: Azimuth: 90-95°
Range: 500 to 2700 ft

Fragment No.
Wt. (gr) Fragment

. 0 - 308 2222
r 308 ~ 500 724

| 500 - 600 504
600 - 700 448

700 - 800 395

800 - 900 348

900 - 1000 310

1000 - 1200 274

1200 - 1400 242

1400 - 1700 208

1700 - 2000 17

2000 - 2500 145

2500 -~ 3000 116
3000+ 94
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FAR~-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

Collection Zone: Azimuth: 90-95°
Range: 700 to 900 ft

Fragment No.
Wt. (gr) Fragment
0 - 308 461
308 - 770 131
770 - 1078 64
1078 - 1540 38
1540 - 2310 27
2310 - 3080 16
3080+ 10
Collection Zone: Azimuth: 90-95°
Range: 900 to 1100 ft
Fragment No.
Wt. (gr) Fragment
0 - 308 305
308 - 770 137
770 - 1078 63
1078 - 1540 43
1540 - 2310 29
2310 - 3080 18
3080+ 15
Collection Zone: Azimuth: 90-95°
Ramge: 1100 to 1500 £t
Frayment No,

Wt {gr) Fragwent

0 - 308
g - 770
770 « 1078

1078 - 1540

1540 - 2310
2310
3080+

3080

2

8-119

272
212
109
a7
60
q7
34

+ arpa manams oo



FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
{Continued)

Collection Zone: Azimuth: 90-95°
Range: 1500 to 1900 ft¢

Fragment No.
Wt. {(gr) Fragment

0 - 308 73
308 - 770 69
770 - 1078 50

1078 - 1540 41
1540 - 2310 28
2310 - 3080 22
3080+ 15

Collection Zone: Azimuth: 90-95°
Range: 1900 to 2300 ft

Fragment No.

Wt., (gr) Fragment
0 - 308 27
308 - 770 26
770 = 1078 25
107d « 1540 23
1540 = 2310 22
2310 - 3080 14
3080+ 17

B-120
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FAR-FIELD FRAGMENT COLLECTION DATA FUOR THIRTY-SIX PRLLET DETONATION
BALLISTIC DATA

Collection Zene: Azimuth:  60-70° .
Range: 500 to 2700 ft

Impac*t
Average Ballistic Kinetic
Fragment Pregeptas Gamma Density Enerqgy

Wt. (gr) Area {in.?) (in.2/1b} (gr/in.3) (ft/lb)

- 311.08 .72 ' 16.2 511.° 4.0
312.62 .64 14.3 61G.6 4.5
312.62 .61 13.7 649.8 4.7
312.62 .56 12.4 754,1 5.2
314.16 .74 . 16.4 - 496.5 4.0
318.78 .66 14.4 598.6 4.6
324.94 .57 S 12.3 753.1 5.5
326.48 .48 10.4 972.6 6.6
332.64 .82 17.3 446.3 4.0
332.64 .51 10.6 926,9 6.5
332.64 - .53 12,2 755.0 5.7
341.88 . .89 . 18.3 404.5 3.9
343,42 .57 11.7 789.7 6.1
344.96 .80 10.1 978.8 7.1
344.96 .75 15,2 532.2 4,7
343,04 60 12.1 743.1 6.0
355,74 .57 11.3 818,0 6.6
358.82 .54 1.6 §99,2 7.1
368, 06 7T 14.7 542,68 5.2
368.0¢ .59 _ 13.0 TR 5,9

381,92 .39 1.9 giay 7.3
386, 54 T R - 2 7143.4 8,7
389,685 5% 18,7 @81, 7.6
3%%.32 1.0 . 16.9 CoaseL0 4.4
398,46 7 i3.4 £2.15 . 6.4
401.94 ,17 i3.4 557,32 6.3
401.94 L8 3.4 . 384.6 6.2
405,02 .88 1.3 778.3 1.%
411.18 (B8 3 B 784.6 7.7
417.34 .87 IEE R 511.4 5.9
418.88 LTy 12.9 618.7 6.8
421.96 - .2 13.3 587.5 6.6
425,04 .73 12.3 655.7 7.2
432,74 ¥ 12.1 664.9 7.4
332,74 59 9.5 967.1 9.5
283,90 W71 11.3 738.3 8.1
449.¢68 .88 13.7 545.7 6.8
455.84 .70 10.7 700.0 8.8
46G.46 - .84 12.7 600.2 7.5

>
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FAR=-FIELD FRAGMENT COLLECTION DATA POR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-79° _
Rarge: 500 to 2700 f3

Impact

Average Ballistic Kinetic

Fragment Presented Gamma Den§ity Energy

We. (gr) Area (in.2) (in.2/1b)  (gr/in.3) (ft/lb)
468.16 1.01 15.1 461.2 6.4
468.16 91 13,7 536.6 7.1
475.86 .79 11.7 672.6 8.5
475.86 1.09 16.0 418.2 6.2
488.18 1,02 14.6 473.9 6.9
489.72 .74 10.6 767.8 9.6
489.72 .72 10,3 795.0 9.8
491.26 .78 11.2 709,0 9.2
495.88 1.12 15.8 . 418.4 6.5
495.88 .99 13,9 504.9 7.4
506.65 .76 10.4 770.8 10.1
518.98 ,69 9.3 899.86 11.5
820,52 .78 : 10.5 751.3 10.3
$23.60 1.05 " 14.0 486.6 7.8
539.00 .84 10.9 596.4 10.2
551.32 .97 12.4 573.5% 9.3
551.32 .78 2.9 890.3 1l.6
557.48 .87 1.9 682.3 10.6
802,14 .82 9.5 813.9 13.2
662,20 1.14 : 12.1 544.0 11.4
663.74 N B.) 956.2 17.0
676.06 1.41 14.6 4031.8 2.6
756.14 .92 8.5 855.9 18.5
776.16 .90 8.1 909.0 19.9
780.78 1.12 10.0 658.7 16.2
854.70 1.50 2.3 465,2 14.5
871.64 1.29 10.4 594.,9 17.5%
882.42 1.15 9.1 718.% 20.1
894,74 1.45 11.3 S512.3 16.4
897.82 1.10 8.6 778.2 21.8
951.172 1.16 8.5 761.8 23.2
1044.12 1.46 9.8 591.9 22.2
1156.54 1.25 7.6 827.6 31.8
1235.08 1.71 Q.7 562.1 26,5
1250.48 1.687 10.5 489.0 24.8
1252.02 1.64 9.2 596.3 28.4
1279.74 1.58 8.6 644.4 30.8
1395.24 1.63 8.2 670.5 35.5
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Enerqgy

‘Wt. (gr) Area (in.2) (in.2/lb) (gr/in.3) (ft/1b)

1402.94 1.25 6.2 1003.9 46.8
1646.26 1.62 6.9 798.4 49.7
1660.12 1.46 6.2 941.0 56.1
l683.22 1.63 6.8 808.8 51.6
1743.28 2.34 9.4 487.0 38.6
1803.24 1.62 10.2 425.2 36.9
1894, 20 1.66 6.1 885.7 64 2
1925.00 2.35 8.5 534.4 46.9
2077.46 1.91 6.4 787.0 67.1
2177.56 2.05 6.6 741.9 68.7
2915.22 1.88 4.5 1130.9 134.3
2990.68 1,99 4.7 1065.3 133.6
3374.14 3.55 7.4 504.5 95.3
5733.42 3.57 4.4 850.0 273.6
70%6.28 4.28 4,2 796.9 345.7
13493.48 5.35 2,8 1090.4 1011.3
14891.80 6.07 2.9 995.8 1085.6
15800.40 9.09 4.0 576.5 816.1
2277.66  11.00 33.8 62.4 14.0
326.48 .70 15.0 556.3 4.5
334.18 .62 12.9 687.9 5.4
335.72 .68 14.1 601.4 4.9
340.34 .64 13.2 663.2 5.4
343.42 .62 12.6 708.6 5.7
344.96 .83 16.8 457.9 4.3
348.04 .66 13.2 655.0 5.5
348.04 .53 10.7 891.9 6.7
352.66 W72 14.3 576.0 5.1
360.36 .59 11.4 797.2 6.6
361.90 .65 12.6 690.6 6.0
364.98 .62 11.8 753.1 6.4
377.30 .61 11.3 790.0 6.9
380.38 .68 12.6 673.9 6.3
394,24 .74 13.2 615.6 6.2
397.32 .60 10.6 848.5 7.8
400.40 .74 13.0 625,2 6.4
400.40 1.11 19.4 342.4 4,3
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

. . . -70°
Collection Zone: Azimuth: 40
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic
Fragment Presented Gamma Density  Enerygy

Wt. (gr) Area (in.2) (in.,2/1b) (gr/in.3) (ft/lb)

405,02 .70 12.0 697.5 7.0
412.72 .79 13.3 593.4 6.4
426.58 .67 10.9 784.9 8.1
438,90 .90 14.3 515.8 6.4
440.44 .66 10.5 815.9 8.7
452.76 .88 13.6 546.6 6.9
474.32 1.47 21.7 266,1 4.5
474.32 .90 13.2 560.2 7.5
486.64 .65 9.3 37,3 10.9
506,66 .74 10.3 792.7 10.3
518.98 1.10 14.8 449.8 7.3
574.42 1.02 12.4 557.6 9.6
640.64 1.10 12.0 555.3 11.1
648,34 1.50 16.2 352.9 8.3
652.96 1.49 16.0 359.0 8,5
660.66 1.06 11.2 605.4 12.2
696.08 .87 8.8 856.3 16.5
697.62 1.11 11.1 596.5 13.0
699.16 1.08 10.8 622.9 13.4
709.94 1.00 9.8 714,2 15.0
728.42 1.27 12.2 509.0 12.4
757.68 1.15 10.6 6l14.4 14.8
763.84 .99 9.1 774.3 17.5
763.84 1.10 10.1 662.1 15.8
831.60 1.08 9.1 740.9 19.0
887.04 1.54 12.2 464.2 15.2
897.82 1.35 10.5 572.4 17.7
953.26 1.84 13.5 381.9 14.7
974.82 1.08 7.8 868.5 26.1
993.30 1.73 12.2 436.5 1l6.9
996.38 1.18 8.3 777.3 25.0
1007.16 1.44 10.0 582.8 20.9
1096.48 1.02 6.5 1064.4 35.0
3124.20 1.40 8.7 678.7 26.8
1124.20 1.31 8.2 678.7 26.8
1162,70 1.98 11.9 417.3 20.3
1211.98 1.36 7.9 764.2 32.1
1224.30 1.48 8.5 680.0 30.1
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic
Frayment Presented Gamma Density  Enerqgy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)

1352.12 1.79 9.3 564.6 30.3
1389.08 1.95 9.8 510.1 29.4
1479.94 1.71 8.1 661.8 38.1
1686.30 1.39 5.8 1029.0 60.8
2360.82 2.44 7.2 619.4 67.9
2753.52 2.04 5.2 945.0 110.4
3948.56 3.41 6.0 627.1 135.9
6221.60 3.18 3.6 1097.1 361.7
8109.64 4.81 4.2 768.7 406.3
12235.30 7.10 4.1 646.7 626.5
308.00 .53 12.1 793.7 5.3
309.54 .93 21.0 346.8 3.1
315.70 .84 18.7 407.9 3.5
317.24 .52 11.4 855.9 5.8
317.24 .53 11.7 822.2 5.6
318.78 .57 12.4 750.6 5.3
318.78 .63 13.8 637.5 4.8
320.32 .74 16.1 505.2 4.1
328.02 .74 15.7 517.4 4.3
337.26 .50 10.3 968.4 6.8
346.50 .84 l€.9 450.9 4.3
348.04 .61 12.2 734.1 5.9
351.12 .75 15.0 538.4 4.9
360.36 .59 11.5 787.1 6.5
368.06 .75 14.2 571.2 5.4
369.60 .53 10.1 947.2 7.6
375.76 .56 10.4 903.9 7.5
375.76 .73 13.7 597.5 5.7
377.30 .93 17.2 423.4 4.6
378.84 .70 13.0 641.4 6.1
388.08 1,08 19.5 345.8 4.1
\ 401.94 .80 14.0 559.,6 6.0
405,02 .60 10.3 880.3 8.2
408.10 .60 10.2 889,2 8.3
411.18 .66 11.3 765.1 7.6
411.18 .69 11.7 719.0 7.3
415,80 .60 10.1 894.,7 8.6
418.88 .60 10.0 910.4 8.7




FAR~-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2?) (in.2/1b) (gr/in.3) (£t/lb)

421.96 .86 14.2 533.7 6,2
423.50 .69 11.3 747.0 7.8
432.74 .93 15.0 484.9 6.0
435.82 .83 13.4 573.2 6.8
440.44 .78 12.3 644.3 7.4
458,92 .75 11.4 713.7 8.4
468.16 .81 12.1 644.6 8.1
469,70 17 11.5 691.1 8.5
498,96 .66 9.3 928.5 11.2
498.96 .79 11.1 709.3 9.4
526,68 1.04 13.8 496.6 7.9
551.32 .82 10.4 747.9 11.1
555,94 .74 9.3 876.9 12.4
563.64 .70 8.6 970,7 13.6
585.20 .75 8.9 910.1 13.7
617.54 .90 10,2 726.9 12.6
620.62 1.13 12.7 516.7 10.1
645,26 .94 10.2 704.6 13.1
654.50 .93 10.0 726.3 13.6
719.18 1.29 12.6 490.9 11.9
731.50 1.10 10.5 634.1 14.5
771.54 1.60 14.5 381.2 11.1
799.26 1.50 13.1 435.1 12.7
803.88 1.29 11.2 548.7 14.9
874.72 1.63 13.0 420.3 13.9
944.02 1.28 9.5 651.9 20.7
980.98 1.09 7.8 862.0 26.2
1021.02 1.93 13.2 380.8 le6.1
1033.34 1.70 11.5 466.2 18.7
1116.50 1.28 8.0 771.0 28.9
1182,.72 1.99 11.8 421.3 20.9
1199.66 1.71 10.0 536.5 25.0
¥ 1210.44 1.38 8.0 746.7 31.5
1230.46 1.65 9.4 580.6 27.3
12535,56 1.39 7.8 764.9 33.6
1272.04 1.81 10.0 522.4 26.6
1299.76 2.34 12.6 363.1 21.5
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collestion Zone: Azimuth: 60-70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)

1302.84 1.57 8.4 662.3 32.1
1401.40 1.43 7.1 819.5 40.8
1572.34 2.11 9.4 513.0 34,8
1652.42 1.90 8.0 630.9 42,7
1675.52 1.75 7.3 723.8 47.7
1730.96 1.63 6.6 831.8 54,6
2068.22 1.67 5.7 958.3 76.1
2702.70 2.38 6.2 736.1 91.2
3529.68 3.12 6.2 640.5 118.7
3873.10 2.18 3.9 1203.3 204,5
15731.10 8.23 3.7 666.3 893.5
311.08 .40 3.0 1229.7 7.2
314.16 .48 10.7 944.7 6.1
315.70 .49 10.9 920.4 6.0
315.70 .35 7.8 1524.7 8.5
317.24 .48 10.6 954.0 6.2
317.24 .38 8.4 1354.3 7.9
317.24 .42 2.3 1165.5 7.1
317.24 .54 11.9 799.5 5.5
318.78 .39 13.0 703.4 5.1
321.86 .48 10.4 967.8 6.4
321.86 .63 13.7 643.7 4.9
323.40 .36 7.8 1497.2 8.6
323.40 .38 8.2 1380.6 8.2
326.48 .49 10.5 951.8 6.5
326.48 .44 9.4 1118.6 7.2
328.02 .38 8.1 1400.3 8.4
328.02 .44 9.4 1123.9 7.3
328.02 »71 15.2 548.3 4.5
329.56 .60 12.7 709.1 5.4
331.10 «37 7.8 1471.1 8.8
334.18 .54 11.3 842,2 6.1
334.18 .42 £.8 1227.7 7.9
334.18 +55 11.5 819.3 6.0
335.72 .57 11.9 780.1 5.9
335.72 .66 13.8 626.1 5.1
337.26 .53 11.0 874.1 6.4
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? FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
. (Continued)
A
BALLISTIC DATA
Collection Zone: Azimuth: 60-70°
3 Range: 500 to 2700 ft
Impact
, Average Ballistic Kinetic
3 ’ Fragment  Presented Gamma Density  Energy
;o Wt. (gr) area (in.?) (in.2/1b) (gr/in.3) (ft/lb)
o
3 338.80 .42 8.7 1244.7 8.1
! 341.88 .50 10.2 967.0 6.9
- 341.88 .49 10.0 996.7 7.1
-t 344.96 .50 10.1 975.7 7.1
3 346.50 .69 13.9 604.5 5.2
y 349.58 .47 9.4 1084.9 7.7
351.12 .64 12.8 685.8 5.7
352.66 .46 9.1 1130.4 8.0
354.20 .81 16.0 485.9 4.6
354.20 .40 7.9 1400.1 9.3
357.28 .48 9.4 1074.4 7.9
358.82 .38 7.4 1531.8 10.1
3 361.90 .45 8.7 1198.9 8.6
P 372.68 .50 9.4 1054.1 8.3
| 372.68 .44 8.3 1276.9 9.4
%1 372.68 .66 12.4 695.1 6.3
) 178.84 .63 11.6 757.6 6.8
o 385.00 .48 8.7 1157.7 9.2
L 386.54 .47 8.5 1199.6 9.4
386.54 .79 14.3 550.5 5.6
388.08 L7 12.8 . 648.7 6.3
389.62 .52 9.3 1039.0 8.7
391.16 .62 11.1 801.2 7.3
395.78 .67 11.9 721.7 6.9
395.78 .57 10.1 919.7 8.2
395.78 .46 8.1 1268,6 10.1
398.86 .42 7.4 1465, 4 11.3
0 400.40 .58 10.1 1 906.5 8.2
o 401.94 .69 12.0 701.3 7.0
a 408.10 .70 12.0 696.8 7.1
3 409.64 .43 7.3 1452.8 11.6
: 412.72 .91 15.4 475.4 5.6
i 412.72 .55 9.3 1011.8 9.2
- 414.26 .83 14.0 547.8 6.1
a3 420.42 .45 7.5 1392.7 11.7
i 421.96 .65 10.8 805.2 8.1
- 423.50 .59 9.8 934.5 9.0
L
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic
Frayment  Presented Gamma Density  Energy

Wt. (gr) Area (in.?) (in.?/1b) (gr/in.3) (£t/1b)

425.04 .46 7.6 1362.4 11.7
426.58 .48 7.9 1282.7 11.3
429.66 .43 7.0 1523.8 12.8
432.74 .62 10.0 886.4 9.0
432.74 .78 12.6 628.2 7.1
440.44 .48 7.6 1324.4 12.0
448.14 .53 B.3 llel.4 11.3
457.38 .51 7.8 1255.8 12,2
462,00 +35 8.3 1132.7 11.5
465.08 .63 9.5 930.1 10.2
465.08 .74 11.1 730.6 8.7
466.62 .54 8.1 1175.9 12.0
469.70 .60 8.9 1010.6 10.9
477.40 .89 13.0 568.6 7.6
480.48 .57 8.3 1116.5 12,0
492.80 .87 12.4 607.3 8.3
494.34 .17 10.9 731.6 9.4
498.86 .81 12.8 574.8 8.1
503.58 .83 11.5 666.0 9.1
511.28 .93 12.7 570.1 8.4
532.84 .82 10.8 717.6 10.3
534.38 1.01 13.2 526.5 8.4
535.92 .87 11.4 660.4 2.8
535,92 .63 8.2 1071.7 13.5
537.46 .87 8.7 980.0 12.8
+ 537.46 17 10.0 795.4 11.1
563.64 .75 9.2 867.8 12.6
571.34 .85 10.4 729.1 11.4
571.34 .95 11.6 617.0 10.2
589.82 .65 1.7 1125.5 13.9
595.98 .80 9.4 832.9 13.2
600.60 .98 11.4 619.1 10.9
603.68 .73 8.5 967.9 14.8
603.68 .82 9.5 813.0 13.2
605.22 .92 10.6 685.9 11.8
611.38 1.00 11.4 611.4 11.1
611.38 1.13 12.9 509.0 9.8
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)

614.46 .85 9.7 784.1 13.2
637.56 1.00 11.0 637.6 12,1
639,10 .80 8.8 893.2 15.2
665.28 .63 6.6 1330.4 20.9
568, 36 .97 10.2 699.6 13.7
682.22 .95 9.7 736.8 14.6
682,22 .77 7.9 1009.7 18.0
686.84 1.05 10.7 638.4 13.4
688. 38 1.15 11.7 558.2 12.2
689.92 .80 8.1 964.2 17.7
696.08 1.07 10.8 628.9 13.5
709.94 .85 8.4 905.9 17.6
743.82 1.27 12.0 519.7 12.9
748.44 .82 7.7 1007.9 20.3
751.52 .75 7.0 1157.0 22.4
757.68 .90 8.3 887.4 19.0
759.22 1.08 10.0 676.4 15.9
793.10 1.17 10.3 626,7 16.0
810.04 +75 6.5 1247.1 26.0
813.12 .88 7.6 985.0 22.3
845.46 .90 7.5 990.2 23.6
910.14 1.28 9.8 628.5 19.2
967.12 1.68 12,2 444.1 16.5
1010.24 .99 6.9 1025.6 30.6
1013.32 1.73 12.0 445.3 17.6
1057.98 1.08 7.1 942.6 30.8
1067.22 .92 6.0 1209.4 36.8
1087.24 1.16 7.5 870.2 .3
1161.16 1.09 6.6 1020.4 36.8
1173.48 .96 5.7 1247.6 42.6
1187.34 l.68 9.9 545.3 24.9
1213.52 .94 5.4 1331.5 46.6
1221.22 1.30 7.5 823.9 34.1
1242.78 .99 5.6 1261.7 46.4
1248.94 1.58 8.9 628.9 29.3
1250.48 1.35 7.6 797.2 34.4
1270.50 1.43 7.9 743.0 33.5
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Collection Zone:

BALLISTIC DATA

Az.muth: 60-70Q°

(Continued)

FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

Range: 500 to 2700 ft
Impact
Average Ballistic Kinetic
Fragment Presented Gamma Density Energy
Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/1b)
1278.20 1.30 7.1 862.4 37.3
1312.08 1.23 6.6 961.8 41.6
1350.58 1.55 8.0 699.9 35.0
1365.98 1.83 9.4 551.8 30.3
1540.00 1.68 7.6 707.2 41.9
1669. 36 1.73 7.3 733.6 47.9
1683.22 1.85 7.7 668.9 45.5
1721.72 1.59 6.5 858.8 55.4
1757.14 1.87 7.4 687.1 49.1
1760.22 2.1 11.0 381.8 33.2
1834.14 1.88 7.2 711.5 53.2
1901.90 2.03 7.5 657.6 52.9
1903.44 2.88 10.6 389.4 37.4
2051.28 2.07 7.1 688.8 60.4
2339.26 2.00 6.0 827.1 8l.3
2491.72 3.02 8.% 474.8 61.1
2713.48 2.68 6.9 618.5 Bl.6
2832.06 3.52 8.7 428.8 67.7
2841.30 3.78 9.3 386.6 €3.5
3010.70 2.29 5.3 868.8 117.6
3426.50 2.32 4.7 969.7 150.4
4341.26 3.71 6.0 607.5 150.9
4931.08 4.08 5.8 598.3 177.1
5228. 30 4,06 5.4 639.1 200,1
5283.74 4.01 5.3 €58.0 206.9
8739.50 5.22 4.2 732.8 434.8
11676.28 5.58 3.2 885.8 726.0
12304.60 7.41 4.2 610.0 607.1
14402.08 6.83 3.3 806.9 902.4
309.54 .65 14.6 593.7 4.4
314.16 .63 14,1 627.3 4.7
314.16 .61 13.7 652.8 4.8
318.78 .49 10.9 917.3 6.1
323.40 .56 12.2 762.4 5.5
323.40 .53 11.6 826.8 5.8
326.48 .61 13.1 680.6 5.2
326.48 .53 11.5 8135.1 5.9
N
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‘ ’ FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
4 (Continued)
; . BALLISTIC DATA
Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 ft
Impact
N Average Ballistic Kinetic
*x Pragment Presented Gamma Density  Energy
g Wwt. {(gr) Area (in.2) (in.%/1b) (gr/in.3) (ftr/lb)
, 337.26 .50 10.3 960.9 6.8
: & 338.80 .56 11.5 313.2 6.1
3 | 341.88 .73 14.9 551.9 4.8
; §~] 343.42 .56 11.4 825.4 6.3
f a 346.50 .53 10.7 897.5 6.7
P 3 354,20 .58 11.4 807.4 6.5
£ > 360.36 .60 11.6 779.8 6.5
i = 361.90 .61 11.8 762.6 6.4
. 361.90 .62 12.0 744.9 6.3
3 366,52 .57 10.9 851.6 7.0
369. 60 .56 10.6 886.0 7.3
371.14 .68 12.8 666.0 6.0
374,22 .67 12.5 686.2 6.2
. 375.76 .68 12,7 664.,7 6.1
{ 375.76 .65 12,2 708.9 6.4
: 376.84 .72 13.3 623.2 5.9
5 381,92 .66 12.1 715.9 6.6
: 386.54 .61 11.0 818.3 7.2
B 392.70 .69 12,2 ¢90.6 6.7
409.64 .60 10.3 876.0 8.3
415.80 .61 10.2 871.% 8.%
420.42 .59 9.9 922.3 6.9
441.98 .57 9.0 1024.6 10.2
451,22 .63 9.8 893.% 9.5
452.76 .66 10.2 844.7 9.2
466.62 .68 10.2 828.5 5.5
475.86 .65 9.5 918.2 10.4
o 483,56 .63 9.1 976.8 11.1
. 485.10 .14 10.7 764.8 9.5
: " 486.64 .63 9.1 964.5 11.1
) c: 494.34 .76 10.7 748.8 9.6
5 o 514.36 .14 10.0 813.7 10.7
K 3 537.46 .74 9.7 840.4 11.6
y 3 548.24 L1 9.9 807.8 11.¢€
: i 565.18 .81 10.0 777.2 11.7
3 o 572.88 .78 9.6 827.8 12.5%
5 4 574.42 .79 9.7 814.6 12.4
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 tt

Impact
. Averaye Ballistic Kinetic
: : Frayment Presented Gamma Density  Energy

Wt. (gr) Area (in.?) (in.2/1b) (gr/in.3) (ft/lb)

586.74 .78 9.3 846.1 13.1
602.14 .78 9.1 876.5 13.8
603.68 .79 9.2 861.0 13.7
- 612.92 .81 y,3 839.1 13,8
- 637.56 .74 8.2 995.5 16.3
. 643.72 .81 8.8 879.7 15.2
5 663.74 .89 9.4 785.2 14.6
700.70 .90 9.0 825.% 16.3
726.88 .84 8.1 938.4 18.6
776.16 .86 7.7 976.0 20.9
796,18 .90 7.9 930.1 20.9
894,74 1.03 8.0 858.8 21,1
329,56 .70 14.9 563.1 4.6
334.18 .59 12.4 729.6 5.6
333,18 .78 16.4 484.5 4.3
337.26 .69 14.3 587.4 4.9
340.34 .62 12.7 699.1 5.6
341.88 .50 12.1 762.4 5.9
343,42 N 13.5 639.7 5.3
354.20 .69 13.7 612.8 5.4
355.74 .11 14,0 592.2 5.3
358,82 ) 12.9 668.0 5.8
363.44 .63 12.2 718.7 6.2
364.98 .71 13.6 61G.0 5.6
369.60 .78 14.7 $31.6 5.2
371.14 72 13.6 605.1 5.7
372.68 .66 12.4 694.6 6.3
372.68 .14 13.9 $87.4 5.6
375.76 .80 14.8 $28.4 5.3
373.84 .67 12.4 691.% 6.4
385.00 .13 13.3 613.1 6.0
394,24 .67 11.9 719.4 6.9
426.58 .80 13.2 591.1 6.7
408.10 .80 13.8 566.5 6.2
411.18 .14 12.6 643.2 6.8
417.34 .13 12.2 670.0 7.1
428.12 .79 12.9 612.7 6.9
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FAR~-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density Enerqgy

wt, (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lh)

429.66 .83 13.2 590.7 6.8
432.74 .83 13.4 572.9 6.7
434.28 .82 13.2 584. 3 6.8
451.22 .89 13.8 539.9 6.8
452.76 .84 13.1 583.1 7.2
457.38 .77 11.8 678.6 8.1
460.46 .85 12.9 589.3 7.4
462,00 .85 12.9 585.2 7.4
462.00 .80 12.1 648.4 8.0
463.54 .19 11.9 666.4 8.1
468.16 .82 12.3 630.4 7.9
480.48 .78 11.4 697.9 8.8
506, 66 .95 13.1 550.2 8.1
515.90 .80 10.8 124.3 9.9
515,90 .99 13.4 §23.7 8.0
526.60 .90 11.9 620,2 9.2
534.38 .83 10.9 701.9 10.2
543.62 .92 11.9 12,1 9.5
545,16 - .96 12.3 582.2 9.2
560. 56 1.00 12.9 562.4 9.4
572.88 .85 10.4 7313.1 11.5
574.42 .87 10.6 103.6 11.2
£12.92 1.02 11.7 $94.5 10.9
617.54 .92 10.4 701.2 12.3
617.54 .95 10.7 669.9 12.0
626,78 .94 10.4 693.2 12.8
632.94 1.00 1.1 631.7 11.9
640.64 .95 10.4 687.6 12.8
663.74 1.08 11.4 $90.5 12.1
672.98 1.09 11.3 591.0 12.3
677.60 1.15 11.9 $47.2 11.8
682.22 1.09 11.2 599.5 12.7
693.00 91 9.2 803.2 15.7
722.26 1.06 10.2 664.6 14.7
780.78 1.01 9.0 773.6 18.0
797.72 1.10 9.6 695.7 17.3
803.88 .92 8.0 909.4 20.8
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-S1X VALLET UETCONATTOR
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 0-70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetie
Fragment  Presented Gamma Density  Ener-

we. {gr) Area (in.?) (in.2/1b) (gr/in.3) (£t/ib)

848.54 1.05 8.7 . 786.9 20.3
857.78 .98 8.0 890.9 22.4
907.06 1.07 8.3 818.1 22.8
924.00 1,12 8.% 781.2 22.7
942.48 1.03 7.7 898.5 25.6
979.44 1.17 8.3 777.2 24.4
990.22 1.16 8.2 795.1 25.2
397.32 .85 15,0 503.5 5.5
443.52 .90 14,2 518.0 6.5
460,46 .89 11,5 548,3 7.1
363.54 .94 34,2 509.1 6.8
503.%8 - .9§ 13.2 545.8 8.0
506,66 .89 12.1 603.8 8.6
538, 68 .98 13.1 341.0 8.4
562, 10 1.05 11.0 $26.1 - 9.0
572.88 1.01 12.9 563, 2 9.5
$89.82 1.04 12.3 556.4 9.9
603.68 1.10 12.8 520.0 9.8
605, 22 1.11 12.6 81s.9 9.8
628. 32 1.07 11.9 $70.1 11.0
642.18 1,17 12.7 508.1 18,5
643,732 1.19% 12,5 $30.1 10.7
660, &6 1.19 12.6 §12,0 © 10,9
683. 76 1.04 10.7 32,9 133
694,53 1.10 13.} §70.8 il.1
773.08 1.2 11.0 477.7 14,8
862.49 1.28 v0.4 897.9 17.3
855,36 1.27 10.3 606.3 17.6
928.62 1.30 9.8 627.2 19.7
956, 34 1.36 9.9 603.7 20.0
976. 3% 1.35 9.7 623.4 2.0
987,14 1.8 9.8 G06.0 20.9

1022.56 1.18 8.1 799.7 26.4

1131.%0 1.04 6.4 1066.7 36.5%

2653.42 1.41 3.7 1589.6 138,97

1155. 00 1.73 10.% 506, 1 22.9

1199.66 1.44 8.4 693.0 29.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 f¢

- Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.?) (in./1b) (gr/in,?} (ft/1b)

1256.64 1.37 7.6 786.5 34.3
1261.26 1.4} .8 754.7 13,6
127606 - 1,837 10.0 517.8 26,5
1393,06 1.28 7.0 888.7 38.7
- 1309.4a0 1:17 6.1 1034.3 43.5
1380987 71,49 7.5 762.5 38.4
i413.72 1.37 6.8 884.8 43.5
11455.30 1.5% 7.5 754.1 40.6
1476.86 1,38 6,6 907.7 46.9
157450 1.217 5.0 1107,3 58.5
O 3e92.4% 1.65 6.8 798.% 51.6
- 1697.08 1.7% 7.2 733.1 48.9
1741.74 1.34 5.4 1122.9 67.3
1791,02 1.4% 5,7 1025.8 65.7
1814.12 1.38 5.3 1115.9 0.7
1824.90 2.04 7.8 §26.3 48.5
1832.60 1.6% 6.3 664,97 60.5
1858, 78 1.82 6.8 759.1 56,5
1995 .84 2,07 7.2 671.8 $7.3
1998,92 3.40 11.9 318.8 33.9
2176.02 1.68 5.4 999, 3 T 83.7
2251.48 1.92 6.0 848.% 8.6
2369.96 2.47 7.6 58%.9 62.1
2302.10 2.00 6.1 814.5 78.8
2601.06 2.10 5.7 854.7 95,4
2722.%2 1.83 4.7 1096.8 120.2
2761. 22 2.60 6.6 658.6 87.1
3435.74 2.55% 5.2 8493.7 137.6
3501.96 2.96 5.9 o877 17341
3769.92 2.37 4.4 1035.4 178.4
4532.22 2,60 4.0 1061.1 239.8
4955, 72 2.77 3.9 1076.9 263.8
6083.00 4.30 4.9 602.2 255.7
7630.90 3.99 3.6 431.9 456.5
6249.78 4.30 3.6 92%.2 370.3
8599.36 1.54 3.9 $07.2 §53.8
B670. 20 3.43 2.8 1362.9 6%0.6
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY~SIX PALLET DETONATION
{Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt, (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)

8808.80 4.98 4.0 791.8 462.7
9089.08 3.56 2.7 1354.1 689.9
12375.44 5.70 3.2 909.4 798.4
117060.12 5.58 2.3 1296.0 1551.3
1 30763.04 . 12,51 2.8 695.3 2247.8
37405.06 12.90 2.4 807.3 3222.8
©1087.24 1.63 10.5 524.9 21.6
1127.28 1.15 7.1 914.1 32.8
S 1178.10  1.44 . 8.6 680.6 28.6
1182.72 . 1.65 9.8 558.0 25.2
1201.20 - 1.62 9.4 584.4 26.5
C 120,44 1.48 8.5 675.7 29,8
"1225.84 © 1.57. .9 625.1  ° 28.5
1238.16 1.76 9.9 531.0 25.9
1242.78 1.83 10.3 504.1 23.1
1248.94 . - 1.43 8.0 . 727.8. 32.3
1256.64 1.15 6.4 1019.0 40.8
1262.80 1.42. 7.2 748.9 33.4
1301.30 1.67 9.0 604.8 30.2
1358,28 1.72 8.8 603.9 31.9
1416,60 1.83 9.1 570.8 12.5
1504,58 1.93 9.¢ 559,7 34.8
1524.60 2.40 11.0 416.1 28.8
1840.10 L2 6.9 797.9 49.4
1660,12 1.62 ¢.8 807.6 50,7
1709.40 2.17 8.9 536.0 40.1
1720.18 1.68 6.9 787.6 52.2
1787.94 1,63 6.4 856.5 58.2
1846.4¢ 1.50 5.7 1005.1 67.5
1849.54 1.30 6.8 165.9 56.5
1861.86 1.47 5.5 1048.2 70.2
1864 94 1.82 6.8 761.6 56.9
1897.28 2.13 7.9 608.9 50.1
2014.32 1.97 6.8 730.4 61.3
2263.80 2.57 7.9 560.5 59.3
2360.82 3.08 9.0 443.2 54.3
2450.14 2.10 6.0 805.1 84.9
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PR FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
'g (Continued)
f} BALLISTIC DATA
5 \ Collection Zone: Azimuth: 60-70°
3 e Range: 500 to 2700 ft
b R
E }-% Impact
¢ Average Ballistic Kinetic
. Fragment  Presented Gamma Density  Energy
8 Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (£t/1b)
ue 2459.38 2.68 7.6 559.5 67.0
2 2467.08 2.27 6.4 722.9 79.8
b 2511.74 1.73 4.8 1100.7 108.2
2588.74 1.95 5.3 950.7 102.1
2687.30 1.86 4.8 1060.8 115.5
2711.94 3.18 8.2 477.5 68.7
3120.04 2.05 4.6 1063.0 141.1
3150.84 2.68 6.0 716.8 109.9
3238.62 2.03 4.4 1117.0 153.3
13465.00 - 2.72 5.5 773.8 131.3
4255.02 - . 2.19 . 3.6 1311.4 245.5
4495.26 3.23 8.9 773.2 185.7
4641,56 2.16" 3.3 1463.8 295.6
49110 4.08 6.0 581.4 167.5
509)..24 4,37 6.0 558.0 176.4
5249.86 4,37 5.8 875.3 187.5
5453.14 2.7% 3.5 1195.8 32).3
5453.14 3.23 4.2 937.9 273.3
€322,14 3.00 3.4 1197.¢6 383.6
7060. 90 3.35 © 3.3 1151.6 44s.2
7481.32 5.47 5.1 515.3 304.2
7550, 62 5.4n 5.0 601.7 313.7
10207,)2 4.78 3.3 975.17 64°.2
11396.00 4.83 . 3.0 1072.5 790.4
14192.64 4.68 2.3 1400.3 1278.0
16360.96 5.47 2.3 1280.0 1455.0
25659, 48 10,00 2.7 8ll1.4 1956.4
28665,56 6.83 1.7 1604 .8 3573.2
33419.54 11.07 2.3 907.8 2998.8
311.08 .68 15.3 554.1 4.2
329.56 .60 12,7 713.2 5.4
341.88 .65 13.4 645.5 5.3
361.90 .55 10.7 875.5% 7.0
371.)4 .07 12.6 676.8 6.1
385.00 .60 10.9 834.4 1.4
395.78 .72 12.8 641.8 6.4
398.86 .54 9.5 1001.1) 8.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60~70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/1b)

408.10 .60 10.3 883.0 8.3
414.26 .68 11.4 744.8 7.5
460.46 .63 9.5 925.1 10.0
469.70 .65 9.7 895.2 10.1
491.26 .72 10.3 802.4 9.9
514.36 .69 9.4 891.0 11.3
552,86 .69 8.8 954,2 13.1
583.66 .80 9.6 817.5 12.7
588.28 .72 8.6 955.5 14.2
606.76 .78 9.0 879.8 14.0
609.84 .77 8.8 906.9 14.4
622.16 .74 8.3 976.2 15.5
622.16 .82 9.2 842.7 14.1
403.48 .79 13.6 578.3 6.1
417.34 .74 12.4 660.0 7.0
426.58 .81 13.3 587.1 6.7
437.36 .75 12.0 675.1 7.6
443.52 .70 11.1 756.2 8.3
469.70 .73 10.9 750.8 2.0
472,78 .82 12,1 637.2 8.1
472.78 .85 12.5 607.0 7.8
478.94 .73 10.7 764.2 9.3
491.26 .75 10.6 763.2 9.6
491.26 .86 12,2 619.4 8.4
492.80 .87 12.3 608.6 8.3
494,34 .76 10.8 742.7 9.5
503.58 .77 10.7 750.1 9.8
543.62 .90 11.6 634.3 9.7
557.48 .96 12,1 591.1 9.6
568,26 .85 10.5 723.5 11.3
579.04 .92 11.1 660.8 10.9
591.36 .84 2.9 768.0 12.4
620.62 .92 10.4 705.9 12.5
625,24 .91 10.2 716.6 12.7
669.90 .95 10.0 720.1 14.0
716.10 1.02 10.0 694.6 14.9
725,34 1.03 10.0 689.5 15.1
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g FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
- (Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 ft

4
b Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/1b)

729.96 1.01 9.6 724.3 15.8
729.96 1.27 12.2 509.9 12.5
751.52 1.17 10.9 594.4 14.4
759.22 .99 9.1 776.5 17.4
820.82 1.04 8.8 777.1 19.3
833.14 1.18 9.9 653.3 17.5
839.30 1.08 9.0 752.7 19.5
865.48 1.16 9.3 697.0 19.3
928.62 1.15 8.6 756.6 22.4
1007.16 1.35 9.4 643.3 22.4
1067.22 1.18 7.7 836.2 28.8
462,00 .84 12.8 596.3 7.5
545,16 1.02 13.0 533.0 8.7
592.90 1.03 12.2 567.3 10.1
617.54 .95 10.8 666.9 11.9
654.50 1.34 14.4 419.8 9.5
654.50 1.15 12,3 530.7 11.1
722.26 1.14 11.0 594.8 13.6
811.58 1.26 10.8 576.1 15.6
848.54 1.21 9.9 641.5 17.8
868.56 1.14 9,2 710.5 19.6
939.40 1.21 9.0 706.3 21.7
957.88 1.27 9.3 665.8 21.4
960.96 1.25 9.1 . 687.0 21.9
984,06 1.17 8.3.  773.9 24.5
1017.94 1.30 9.0 683.7 23.6

Total number of fragments = 734 -
Average ballistic density for all fragments = 755.0
Average gamma for all fragments = 10.010

Number of hazardous fragments in zone = 103
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 500 to 700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt, (gr) Area (in.2) {in.2/1b) (gr/in.3) (ft/lb)

309.54 .60 13.6 661.1 4.7
311.08 .56 12.7 734.4 5.1
3l2.62 .66 14.7 587.0 4.4
317.24 .55 12,2 771.4 5.4
320.32 .35 12.0 787.5 5.6
320.32 .06 14.5 594.7 4.6
321.86 .58 12.6 728.7 5.3
328.02 .56 11.9 787.0 5.7
3a8.02 .59 12.7 718.3 5.4
329.56 .85 18.0 421.3 3.8
331.10 .52 10.9 893.3 6.3
331.10 .64 13.4 654.3 5.1
332.64 .66 13.8 626.1 5.0
334.18 .67 14.1 605.3 4.9
335.72 .62 12.9 691.0 5.4
335.72 .57 11.8 786.3 5.9
337.26 .57 11.8 763.7 5.9
337.26 .65 13.4 649.6 5.2
340.34 <79 16.2 487.5 4.4
340.34 .56 11.5 818.7 6,2
341.48 .55 11.3 838.2 6.3
344.96 .58 11.8 774.9 6.1
352.66 .64 12.8 584.0 5.7
354.20 .1 14.0 592.1 5.3
354.20 .78 15.4 513.2 4.8
355.74 .75 14.7 545.8 5.0
357.28 .91 17.0 412.3 4.2
357.28 .49 9.5 1057.8 7.8
363.44 .60 11.5 785.9 6.6
369.60 .89 16.8 441.7 4.6
372.68 .65 12.1 719.4 6.4
177.30 .67 12.4 691.1 6.3
377.30 .64 11.9 736.9 6.6
377.30 .55 10.2 920.0 7.7
380.38 .18 7.0 1603.8 11.2
3181.46 .64 11.6 754.2 6.9
383.46 .50 9.1 1087.9 8.8
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 500 to 700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)

385.00 .60 11.0 820,2 7.3
385.00 .78 14.2 556.7 5.6
385.00 .71 12.9 644.9 6.2
389.62 .76 13.6 590.4 6.0
391.16 .89 15.9 465.1 5.1
398.86 .97 17.0 417.5 4.9
400.40 1.09 19.0 353.3 4.4
400.40 .69 12.1 694.1 6.9
400.40 <79 13.7 575,17 6.1
401.94 .81 14.1 554.4 5.9
406.56 .87 14.9 503.6 5.7
406.56 .14 12.7 640.0 6.6
408.10 1.06 18.2 373.9 4.7
408.10 .93 15.9 464.5 5.3
409.64 1.02 17.4 3197.7 4.9
411.18 .68 11.5 739.8 7.4
417.34 .57 9.6 969.8 9.1
420.42 .62 10.3 869.6 8.5
421.96 .78 12.9 614.9 6.8
435.82 72 11.5 716.3 7.9
438.90 .66 10.5 824.2 8.7
446.60 17 12.0 666.2 7.7
425.76 ) 11.8 675.3 8.0
457.38 .71 10.9 766.1 8.8
466.62 .81 12.8 589.2 7.6
469.70 .92 13.6 536.6 7.2
477.40 .69 10.1 836.6 9.8
480.48 .74 10.7 762.5 9.3
489.72 .83 11.8 651.2 8.6
$00.50 .87 12.2 615.7 8.5
505.12 .92 12.7 571.1 8.3
509.74 .68 9.3 915.1 11.4
514.136 1.00 13.6 512.8 7.8
515.90 .83 11.3 677.4 8.5
522.06 .80 10.7 732.3 10.1
523.60 k) 10.3 774.9 10.6
528.22 .70 9.3 901.9 11.8
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
{Continued)

BALLISTIC DATA

g A Collection Zone: Azimuth: 90-95°
S Range: 500 to 700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt, (gr) Area (in.2) (in.?/l1b) (gr/in.3) (ft/lb)

- 542.08 .74 9.6 844.7 11.7
o 549,78 .95 12.1 593,7 9.5
; 551,32 1.01 12.8 543, 2 8.9
554.40 .98 12.4 572.3 9.3

568.26 1.32 16.3 374.7 7.3

571.34 .82 10.1 768.0 11.8

574.42 .91 1.1 658.5 10.7

580, 58 1.06 12.7 535.8 9.5

599,06 1.00 11.7 600,0 10.7

. 608.30 .78 9.0 878.0 14.0
f,g 614.46 .94 10.7 672.1 11.9
~ 623,70 .87 9.8 764.6 13.2
s 637.56 .83 9.1 844.7 14.6
o 645,26 .19 8.6 913.7 15.6
v 657.58 1.00 10.7 655.6 12.8
662,20 .82 8.6 895.1 15.9

666.82 7 7.4 1119.3 18,7

668, 36 1.74 18.2 291.4 7.6

693,00 .86 8.6 876.6 16,7

694 .54 1.03 10.4 666.4 13.9

702,24 1.26 12.% 499.5 11.7

716.10 .98 9.6 734.8 15.5

728.42 1.01 9.7 723.0 15.7

742.28 .99 9.3 75,8 16.6

783.86 1.06 9.5 716.2 17.2

796.18 1.28 11.2 551.1 14.7

797.72 1.21 10.6 $98.6 15.6

797.72 .96 8.4 850.8 19.7

839.30 1.08 9.0 752.0 19.5

£ 843.92 1.34 11.1 545.9 15.8
£ 846.%4 1.08 8.7 785. 3 20.3
= \ 867.02 1.21 9.7 654.6 18.5
867.02 1.08 8.7 773.6 20.7

876.26 1.02 6.1 853.1 22.4

877.80 1.16 9.2 705.3 19.8

' 894.74 1.01 7.9 886.7 23.6

{ 897.62 1.14 8.9 i34.7 21.0
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FAR~-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

ollection Zone: Azimuth: 90-95°
Range: 500 to 700 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.2/lb) (gr/in.3) (ft/lb)

908.60 1.22 9.4 671.0 20.0
916.30 1.20 9.2 695.3 20.8
922.46 1.54 11.7 483.2 16.4
942.48 1.35 10.0 600.9 19.6
951.72 1.30 9.6 642.1 20.7
960.96 1.29 9.4 656.6 21.3
997.92 1.53 10.7 527.3 19.3

1016.40 1.03 7.1 978.0 29.9

1081.08 1.65 10.7 509. 1 21.0

1127.28 1.10 6.8 975.8 34.3

1173.48 1.09 6.5 1034.0 37.6

1210.44 1.40 8.1 729,90 31.1

1227.38 2.58 14.7 296.9 17.4

1281.28 2.07 11.3 429.6 23.5

1292.06 2.48 13.4 330.8 20.0

1349.04 2.04 10.6 461.6 26.5

1376.76 1.33 6.7 901.7 42.5

1378. 30 1.62 8.2 668.5 34.8

1455. 30 1.73 8.3 639.6 36.4

1478.40 1.93 9.1 551.4 33.7

1546.16 2.08 9.4 515.4 34.2

1569.26 1.71 7.6 701.8 42.8

1581.58 1.79 7.9 660.4 41.%

1609. 30 2.13 9.3 517.7 36.1

1670.90 1.7 7.1 728.0 47.7

1673.98 - 1.92 8.0 629,2 43.4

1744.82 1.52 6.1 931.1 59.5

1794.00 2.03 7.9 620.3 47.1

1875.72 1.79 6.7 783.2 56.4

1851.88 2.26 8.4 $53.9 46.6

1932.70 1.98 7.2 693.7 56.1

2119.04 2,08 6.9 706.9 64.2

2380.84 2.49 7.3 607.4 67.8

2711.94 4.81 12.4 257.5 45.5

2909.06 2.99 7.2 561.8 84.0

2910.60 2.75 6.6 636.8 91.4

3290.98 6.06 12.9 220.6 3.1
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., FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection 2one: Azimuth: 90-95°
Range: 500 to 700 ft

Impact
Average Ballistic Kinetic
Frayment  Presented Gamma Density  Eneryy

wt. {gr) Area (in.?) (in.2/lb) (gr/in.3) (£t/lb)

5523.98 4.88 6.2 512.4 185.8
2665.74 5.60 14.7 201.2 7.7
3716.02 4.42 8.3 399.9 92.8
13564.32 10.01 5.2 428.3 546.2

Total number of fragments = 152
Average ballistic density for all fragments = 669.5
Average gamma for all fragments = 11,147

Number of hazardous fragmonts in 2one = 9
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 700 to 900 ft

Impact
Average Ballistic Kinetic
Fragment Presented Gamma Density Eneryy

wt. (gr) Area (in.2) (in.?/1b) (gr/in.3) (ft/1b)

312.62 .58 12.9 711.4 5.0
318.78 .62 13.5 659.4 4.9
323.40 .58 12.6 726.5 5.3
331.10 .53 11.3 850.9 6.1
331.10 .77 16.2 494.8 4.3
340.34 .87 7.9 419.4 4.0
343.42 .51 10.4 942.9 6.9
349.58 .72 14.3 $78.2 5.1
349.58 .72 14.3 578.2 5.1
351.12 .83 16.6 461.0 4.4
361.90 .68 13.1 648.3 5.7
366.52 .98 18.7 377.8 3.1
368.06 .75 14.2 568.9 5 4
317.30 .79 14.6 540.4 5.4
378.84 .75 13.9 582.1 5.7
391.16 .46 8.3 1241.6 9.8
392.70 .64 11.4 770.6 7.2
392.70 .01 18.1 384.6 4.5
397,32 .78 13.7 1 579.0 6.0
397,32 .81 14.3 543.0 $.8
398.86 - .65 1.4 787.6 7.3
400.40 .99 17.3 205.9 §.8
401.99 - .78 13.6 51,2 6.1
431.18 .63 10.6 832.2 8.0
a11.18 .56 9.5 963.8 9.0
411.18 .98 16.6 42%.8 5.1
a12.72 .96 16.4 436.1 5.3
315.50 15 12,5 546 .6 6.9
7.3 - L6l 10.2 880.3 8.5
428,12 .83 13.% 569.3 6.6
431.20 .65 10.5 832.4 B.6
440.44 .18 12.4 638.1 7.4
440.44 .56 8.9 1051.0 10.3
445.06 1.09 17.1 392.7 5.4
466.62 .69 10.3 823.1 9.4
477.40 .76 1.2 716.3 8.9
482.02 .87 12.5 $92.0 7.9
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
{Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 700 to 900 ft

Impact
Average Ballistic Kinetic
Frayment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.?/1b) (gr/in.3) (ft/1b)

491.26 .75 10.6 760.9 9.6
500.50 .74 10.3 791.0 10.1
503.58 .89 12.3 602.8 8.5
508.20 .88 12.1 620.9 8.8
835,92 .86 11.3 667.3 9.9
546.70Q 1.10 14.1 473.9 8.1
566.72 .88 10.9 685.3 10.8
572.88 42 10,1 767.3 11.8
574.42 .86 10.5 719.0 11.4
588,28 ‘.02 2.1 ‘57k.1 10.1
592.90 -] 11,0 655.8 11.2
609.60 1.24 14.4 437.1 - 8.7
609.84 .80 9.2 852.3 13.8
619.08 1.03 11.6 595.7 11.1
620.62 i.11 12.5 530.0 10.3
623.70 .15 8.4 958.9 15.4
629.86 .95 10.5 68%,2 12,8
©32.94 V0 1.8 1076.1 17.0
$37.56 1.14 12.5 526,6 10.6
639,10 .86 9.4 199.8 14.}
652.9%6 .92 9.9 740.4 11.8
662.20 1,02 10.8 0442.8 12.8
680.68 1.3 13.9 431.1 10.2
682,22 1.17 12.0 539.1 11.8
696.08 1.00 10.0 699.2 14.4
7031.78 1,00 9.9 704.8 14.7
717.64 1.07 10.3 648.4 14.3
745. 36 1.00 9.4 747.6 16.5
748.44 1.36 12.7 470.3 12,2
762. 30 i.08 9.9 683.9 16.1
770.00 .95 8.7 827.7 18.5
713.08 1.35 12 492.9 13.2
. 7688.48 .87 7.7 976.7 21.3
791.56 1.44 12.8 456.2 12.9
793.10 1.2 10.7 596.1 1%.5
797.72 1.26 11.1 562.0 15.0
806,96 1.30 11.3 546.3 14.9
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FAR-FIELD FRAGMENT COLLECTICN DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 700 to 900 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Eneryy

Wt. (gr) Area (in.2) (in.2%/lb) (gry/in.}) (ft/lb}

823.90 1.29 10.9 563.6 15,7
856.24 1.37 11.2 536.9 16.0
871.64 1.02 844.9 22.1
883.96 1.06 806.6 21.8
885.50 1.26 1 626.1 18.5
890.12 1.43 11, 519 .4 16.4
893,20 1.18 695.9 20.1

202.44 1.07
914.76 1.15

8l8.8 22.7
746.8 21.7

1820.26 2.36
1875.72 2.00
1888.04 3.85
1966.58 2.3
2163.70 2.83

$02.1 41.7
665.2 52.4
24%.9 27.%
$3).0 48.5
454.5 49.5%

v

P

»

8.2

8.4

0.0

1.3

9.3

8.3

b.8
920,92 1.16 8.8 733.3 21.6
931.70 1.21 9.1 702.6 21.4
953,26 1.12 8.2 B8O 7 24.2
$56. 34 1.56 11.4 483.9 17.4
977,90 1.14 B.2 801.3 24.9
987.14 1.28 @, 684.1 22.7
1037.96 1.14 7.1 846.3 28.0
104i.74 1.a9 Q.9 877.8 22.0
1057, 98 1.09 7.2 227.1 30.5
1071.84 1.27 8.3 748.9 . 26.9
1167.32 1.4% 8.7 668.6 27.9
1198.12 1.44 8.4 597.0 29,7
1199.66 1.37 8.0 746.1 31.2
1213.52 2.32 23.9 343, 18.9
1104.38 2.4) 13.0 334.1 20.8
1361.36 1.67 5.6 630.8 313.0
1369.06 1.24 6.3 g0, 3 44.9
1395.2¢  1.91 9.6 526.6 303
1878 ¢ 1.69 6.0 637.1 38.3
1£15.36 1.99 9.2 $39.8 35.3
1555.40 1.7 7.5 720.1 43.0
1580. 04 1.85 6.2 628.9 40,1
1781.78 1.5% 6.1 926.9 61.0
1806.42 1.84 7.1 723.8 $3.7

9.1

7.4

4.3

8.3

a2
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 700 to 900 ft

Impact
Average Ballistic Kinetic
Fragment Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)

2251.48 2.07 6.4 756.5 72.8
2256.10 1.92 6.0 846.0 78.7
2356.20 2.20 €.5 724.0 75.1
2374.68 2.56 7.5 579.8 65,5
2427.04 2.13 6.1 780.2 82.1
2579.50 2.59 7.0 619.2 76.4
2718.10 3.25 8.4 463.9 67.5
2735.04 2,97 7.6 534.4 74.8
4164.16 2.81 4.7 885.4 183.6
6152.30 4.60 5.2 623.6 244.5
1920.38 3.15 11.5 343.5 34.8
5383.84 5.80 7.5 385.4 148.5
6851.46 6.46 6.6 417.3 215.9
8530.06 6.17 5.1 556.6 350.4
19716.62 15.08 5.4 336.7 766.0
27057.80 14.74 3.8 478.1  1475.9
27476.68 12.84 3.3 597.2 1747.1
34118.70  14.92 3.1 592.0 2318.4
58170.42 21.18 2.5 596.8 4747.3

- Total number of fragments = 131

Average ballistic density for all fragments = 648.4
Average gamma for all fragments = 10.375

Number of hazardous fragments in =one = 19
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f; FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

3 BALLISTIC DATA

4y

Collection Zone: Azimuth: 90-95°
Range: 900 to 1100 ft

4
- Inpact
e Average Ballistic Xinetic
. 3 Fragment Presented Gamma Density  Energy
- Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/1b)
o
o 309.54 .80 18.1 433.4 3.6
) 311.08 .69 15.5 543.9 4.2
i 317.24 .5% 12,0 786.3 5.5
321.86 .53 11.5 841.3 5.8
323.40 .59 12.8 711.8 5.3
o 324.94 .6y 14.8 568, 2 4.6
L 329.56 .86 18.2 416.1 3.8
o 334.18 .57 11.9 780.7 5.8
g 341.88 .82 16.7 462.1 4.2
e 343.42 a1 16.4 473.7 4.3
2 344.96 .86 17.5 431.8 4.1
> 346.50 .62 12.6 704 6 5.7
< 349.58 .58 11.6 793.5 6.3
i 352,66 .88 17.4 429.4 4.2
3 355,74 .56 11.1 839.9 6.7
358.82 .62 12.1 738.% 6.2
360. 36 .74 14.3 570.7 5,2
360.36 .69 13.4 630.1 5.6
363.44 .88 16.9 44l.8 4.5
364.98 .64 12.2 719.6 6.2
364.98 .13 13.9 591.2 5.5
368.06 .75 14.3 566.7 5.4
369.60 .70 13.2 635.2 5.8
3718.84 .82 15.2 507.4 5.2
380.38 .89 16.3 455.3 4.8
381.92 .69 12.6 673.7 6.3
383.46 .64 11.7 745.4 6.8
392.70 .78 13.4 605.8 6.1
406. 56 .67 11.5 744.7 7.4
408.10 M 12.2 682.1 7.0
408.10 .63 10.8 816.1 7.9
408.10 .84 14.3 533.9 5.9
420.42 .81 13.5 574.6 6.5
440.44 1.58 25.0 222.8 1.7
441.98 .70 11.1 754.7 8.3
441.98 .83 13.1 587.7 7.0
443.52 .69 11.0 767.1 8.4
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FAR=-FIELD FRACMENT OLLECTION DATA FOR THIRTY~SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 900 to 1100 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Dengity  Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/1b)

446.60 .72 11.3 725.0 8.2
446.60 .64 10.1 868.2 9.2
448.14 .90 4.1 522.3 6.6
452.76 .91 14.0 523.3 6.7
465,08 .76 11.4 707.5 8.5
472.78 .86 12.7 598.0 7.8
475.86 .87 12.8 589.5 7.8
480.48 .92 13.4 543.6 7.4
485.10 .94 13.5 533.1 7.4
488.18 .63 9.0 988.0 11.3
494.34 .79 11.1 710.8 2.3
495.88 .86 12.2 619.6 8.5
498.96 .87 1z2.2 618.1 8.5
502.04 .97 13.5 526.3 7.7
511.28 1.07 14.6 4€1.9 7.3
512,82 1.00 13.6 516.7 7.9
520.52 .67 9.1 940.7 11.9
523.60 .86 11.6 652.0 9.4
526.68 .76 10.2 788.7 10,8
532.84 1.13 14.8 443.6 7.5
562.10 - 1.10 13,7 487.2 8.5
575.96 .91 11.1 661.3 10.8
585.20 .83 10.0 771.1 12.2
600. 60 1,08 12.2 558.2 10.2
609.84 .80 9.2 850.7 13.8
628.32 .85 9.5 796.1 13.7
649.88 .8l 8.8 884.9 15.4
662.20 .94 9.9 726.6 13.9
662.20 .89 9.4 787.4 14.6
665. 28 1.21 12,7 499.2 10.9
671.44 +95 9.9 - 726.3 14.1
722.26 1.06 10.3 663.7 14.7
733.04 .99 9.4 747.6 16.2
742.28 1.02 9.6 718.4 l6.0
742.28 1.02 9.6 719.5 16.0
. 749.98 .99 9.3 756.8 l6.8
759.22 <95 8.7 826.5 18.1
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FAR-FIELD FRAGMENT _OLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
{Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
llange: 900 to 1100 ft

Impact
Average Ballistic Kinetic
ragment  Presented Gamma Density Energy

Wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (£t/lb)

793.10 1.23 10.8 582.8 15.2
805.42 1.20 10.5 609.7 16.0
817.74 1.18 10.1 641.2 16.9
823.90 1,12 9. 699.8 18.1
868,56 1.28 10. 602.6 17.6
873.18 1.35 10. 554.2 16.7
882.42 1.25 9. 628.4 18.5
883.96 1.19 9. 680.9 19.5
890.12 1.24 9. 644.6 19.0
911.68 1.38 10. 562.4 17.9
214.76 1.23 9. €70.6 20.2
914,76 1.42 10. 541.7 17.5
941%.02 1.3y 10 576.0 19.1
950.18 1.21 8. 713.9 22.2
4967.12 1.50 10. 526.4 18.5
968.66 1.33 Q. 631.5 21.0
296.38 1.34 J. 642.3 22.0
1001.00 1.36 4. 621.1 21.9
1019.48 109 7. 895.9 28.3
1070.30 2.16 4 337.2 15.8
1124.20 1.51 g 60%5.9 24.9

—
- » e » @ -
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1164.24 1.30 7 785.5 31.0
1182,72 1.22 7. 877.7 34.1
1216.60 1.30 7. 820.8 33.8
1265.88 1.76 9. 542.2 27.1
1299.76 2,04 11. 446.1 24.6
1301.30 1.45 7 74L.3 34.7
1336.72 1.51 7. 720.4 35.2
1355.20 2,66 1. 312.4 20.5
1378.30 1.76 8 580.3 32.1
1402.94 1.53 7. 74,3 38.2
1483.02 1.7 - 8. 663.2 38.2
1503.04 1.69 7. e lel 39.7
1540.00 1.8} 8, 632.4 33,9
1583.12 1.81 8. ¢"0.1 41.1
1618.54 2,08 9. 539.5 37.4
1635.48 1.92 8. 614.7 41.4
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 900 to 1100 tt

Impact
Average Ballistic Kinetic
Fragment  Presented CGamma Density  Energy

Wt. (gr) area (in.2) (in.2/1b) (gr/in.3) (ft/1lb)

1638.56 1.63 7.0 787 .4 35.2
1694.00 1.92 7.9 636.7 44.4
1795.64 3.39 13,2 287.7 28.3
1848.00 3.91 l4.8 239.0 26.0
1971.20 1.65 5.9 930.0 70.0
2139.06 2.33 7.6 601.4 58.4
2283.82 2.30 7.0 654.7 67.4
2721.18 2.89 7.4 553.9 76.1
2955.26 4.56 10.8 303.5 56.9
3213.98 3.22 7.0 556.2 95.3
3592.82 3.56 6.9 534.9 107.7
4181.10 4.14 6.9 496.4 125.5
5453.14 3.59 4.6 801.7 246.1
5523.98 4.29 5.4 621.7 211.4
5593.28 4.64 5.8 559.6 200.3
1931.16 3.36 12.2 313.6 33.0
2343.88 3.46 10.3 364.2 47.2
4154.92 4.72 8.0 405.2 108.7
8320.62 6.26 5.3 531.2 328.6
8389.92 7.54 6.3 405.2 277.4
8670.20 6.3¢ 5.1 540.6 351.2
9019.78 7.07 5.5 479.8 341.9
12654.18 8.83 4.9 482.3 538.9
13214.74 7.96 4.2 588.4 651.9
19017.46 10.33 3.8 572.8 1040.3
23771.44 13.14 3.9 499.1 1277.9

Total number of fragments = 137
Average ballistic density for all fragments = 619.9

Average for all fragments = 10.778

Number of hazardous fragments in zone = 19
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FAR-FIKLD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°

(Continued)

Range: 1100 to 1500 ft
Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy
Wt. (gr) Area (in.2) (in.2/lb) (gr/in.3) (ft/1b)
304.92 .54 12.4 770.6 5.1
308,00 .50 11.4 863.4 5.6
314.16 .62 13.8 642.0 4.7
318.78 .49 10.7 938.0 6.2
318.78 .50 10.9 907.1 6.1
321.86 .48 10.4 977.0 6.5
324.94 .48 10.2 992.6 6.6
329.56 .60 12.8 707.3 5.4
337.26 .50 10.4 948.2 6.7
337.26 .51 10.7 915.2 6.6
341.88 .72 14,6 565.5 4.9
344.96 .65 13.2 659.8 5.4
346.50 .70 14,1 596.7 5.1
348.04 .54 10.8 889.4 6.7
348,04 .56 11.2 832.7 6.4
348.04 .61 12.3 723.4 5.9
349.58 .51 10,2 965.5 7.1
351.12 71 14.1 590.6 5.2
352.66 .52 10.3 943.2 7.1
358.82 .57 11.0 842.7 6.8
368,06 .61 11.6 768.8 6.6
374.22 .75 14.1 573.9 5.5
375,76 .59 11.0 825.0 7.1
377.30 .56 10.4 895.5 7.5
381.92 +61 11.1 805.6 7.1
385.00 +59 16.7 847.4 7.5
386,54 .65 11.7 744.5 6.9
395,78 .59 10.4 882,23 7.9
398.86 .70 12.3 682,5 6.8
398.86 .68 12.0 705.1 6.9
400.40 .74 13.0 625,2 6.4
405,02 .58 10.1 9l2.2 8.4
411.18 .72 12,2 677.3 7.0
411,18 .56 9.4 994.5 9.1
412.72 .63 10.7 825.4 8.0
414.26 .74 12.5 652.1 6.9
423.50 .63 10.4 842.9 8.4
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY~SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
) Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic
Fragment Presented Gamma Density Energy

Wt. (gr) Area (in.?) (in.2/1b) (gr/in.3) (£t/lb)

425,04 .76 12,5 645.3 7.1
426.58 .68 11.2 755.7 7.9

431,20 .65 10.6 817.2 8.5

435.82 .66 10.7 805.5 8.5

438.90 .74 11.8 688.1 7.7

438.90 .77 12.3 645.8 7.4

440.44 .75 11.9 680.8 7.7

441.98 .67 10.7 798.8 8.6

445.06 .61 9.6 929.6 9.6

449.68 .84 13.1 585.1 7.2

451.22 il 11.0 754.2 8.5

455.84 .87 13.3 562.7 7.1

460.46 .76 11.6 695.0 8.3

465.08 .89 13.4 551.1 7.2

469.70 .77 11.5 692.5 8.5

’ 469.70 .98 14.6 485.6 6.7

469.70 .68 10.1 845.1 9.7
. 475.86 .72 10.6 777.3 9.3

o 488.18 .71 10.2 810.9 9.9

i 492.80 .94 13.4 539.9 7.7

el 505.12 .91 12,7 578.1 8.3

¥ 509.74 .76 10.4 769.4 10.2

X ' 511.28 .80 11.0 713.2 9.7

512.82 .96 13.0 548.6 8.2

517.44 .63 8.5 1032.3 12.6

525.14 .67 9.0 951.2 12.2

526.68 .96 12.8 557.3 8.6

534.38 .76 10.0 806.5 11.2

535,92 .79 10.3 761.8 10.8

o 551,32 .75 9.6 843.7 12.0
- 554.40 .76 9.6 836.8 12.0
- 569.80 A 8.7 948.4 13.5
574.42 .78 9.5 835.5 12.6

575.96 .98 11.9 596.4 10.1

g 585,20 .95 11.4 629.0 10.7
. v : 595,98 .96 11.3 634.6 11.0
3 600,60 .90 10.4 709.3 12.0
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 1100 to 1500 ft

Impact
Average Ballistic KXinetic
Fragment Presented Gamma Density Energy

Wt. {gr) Area (in.2) (in.2/1b) (gr/in.3) (£t/lb)

609.84 .98 11.2 632.5 11.3
619.08 .88 10.0 746.1 12.9
634.48 1.14 12.6 522.0 ° 10.5
636.02 .99 10.9 644.7 2.1
639.10 .83 9.1 848.2 14.7
640.64 .97 10.6 674.8 12.6
642.18 .78 8.5 935.,8 15.8
648.34 .97 10.5 680.8 12.9
657.58 .95 10.Y 713.5 13.6
663.74 1.07 11.3 597.2 12.2
669,90 1.01 10.5 661.0 13.2
671.44 .96 10.0 718.3 14.0
682,22 .80 8.2 960.6 17.4
683,76 .85 8.7 878.7 16.4
686,84 1.00 10,2 688.9 14.0 -
688.38 .96 9.7 735.3 14,7
693,00 .94 9.5 761.6 15.2
708.40 .92 9.1 805.4 16.2
711.48 .92 9.0 808.9 16.4
711.48 1.18 11.6 552.9 12.7
725.34 .99 9.6 733.0 15.7
725,34 1.07 10.3 654.4 14.6
740.74 1.09 10.3 647.4 14.9
742.28 1.24 11.7 540.2 13.2
746.90 1.06 10.0 682.5 15.6
748.44 .96 9.0 799.4 17.4
756.14 1.33 12.3 494.1 12.8
765.38 .86 7.9 954.,7 20,2
766.92 1.06 9.7 698.8 16.4
776.16 .91 8.2 892.6 19.6
780.78 .99 8.9 787.9 18,2
799.26 .96 8.4 848.4 19.8
820.82 1.18 10.1 638.7 16.9
823,90 1,30 11.3 535.9 15.1
825.44 1.12 9.5 697.3 18.1
845.46 1.12 9.3 710.4 18.9
860.86 1.12 9,1 728.2 19.7
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o | FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
i (Continued)

BALLISTIC DATA

BIEY I i T

' ) Collection Zone: Azimuth: 90-95°
Range: 1100 to 1500 ft

&z

Impact
g Average Ballistic Kinetic
} ; Fragment Presented Gamma Density Enerqgy
i Wt, (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)
o 862.40 .99 8.1 870.2 22.2
A 879. 34 1.16 9.3 701.1 19.8
- 880.88 1.08 8.6 783.8 21.3
;- 885,50 1.26 10.0 625.3 18.5
% 908.60 1.28 9.9 626.0 19.1
3 930.16 1.23 9.2 686.0 21,0
i 940.94 1.19 8.8 726.7 22,1
954.80 1.38 10.1 590.3 19.7

971.74 1.38 9.9 598.8 20.3

973,28 1.49 10.7 534.6 18.9

976.36 1.29 9.2 666.4 22.0

976.36 1.28 9.2 671.8 22.1

991.76 1.43 10.1 580.6 20.5

1044.12 1.26 8.4 740.0 25.8

1124.20 1.37 8.5 701.1 27.4

1125.74 1.38 8.6 694 .4 27.3

5 1127.28 1.24 7.7 816.4 30.5
3 1179.64 1.6l 9.6 577.4 25.7
o 1258.18 1.24 6.9 9l11.2 37.9
= 1272.04  1.58 8.7 640.5 30.4
. 1292.06 1.24 6.7 935,7 40.0
1302.84 1.45 7.8 746.2 34.8

1312,08 1.37 7.3 818.2 37.3

1316.70 1.68 8.9 604.7 30.7

1376.76 1.83 9.3 556.1 30.8

1378.30 1.74 8.8 600.5 32.4

1381.38 1.77 9.0 586.6 32.0

1392.16 1.68 8.4 639.3 34.3

1439.90 1.59 7.7 718.2 38.7

1496.88 1.34 6.3 965.0 49.7

1498.42 1.75 8.2 647.3 38.1

1512.28 1.70 7.9 682.3 40.0

1519.98 1.52 7.0 8l1.1 45.2

w 1550.78 2.28 10.3 450.5 31.3
- 1555.40 1.42 6.4 919.2 50.6
y 1580.04 1.42 6.3 933.8 52.2
S 1603.14 1.36 5.9 1010.8 56.2
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FAR~-FIELD FRAGMENT CQLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density Energy

Wt, (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/lb)

1617.00 1,81 7.8 664.0 42.9

1617.00 2.0l 8.7 567.4 38.7

1687.84  1.41 5.8 1008.1 60.0

1687.84 2,08 8.6 562.6 40.7

1710.94 2,06 8.4 578.7 42.2

1794.10  1.86 7.3 707.3 51.4

1798.72  1.64 6.4 856.4 58.6

1826.44 1,53 5.9 965.1 64.8

1875.72  1.87 7.0 733.5 55.9

2014.32 2.21 7.7 613.1 54.6

2111.3¢  2.33 7.7 593.6 56.8

2192.96 2,04 6.5 752.6 70.0

2202,20 2,19 7.0 679.5 65.8

2212.98 2,37 7.5 606.5 61.4

2274.58 2,90 8.9 460.6 53.0

2282,28 2,71 8.3 511.6 57.1

2289.98  2.54 7.8 565.7 61.3

2336.18  2.24 6.7 696.8 72.4

2337.72 2,42 7.2 621,0 67.1

2370.06  2.49 7.4 603.2 67.0

2585.66  2.86 7.7 534.6 69.5

2594.90  2.44 6.6 680.8 82.0

2704.24 2,12 5.5 876.1 102.5

! 2708.86  2.93 7.6 540.1 74.4
o 2711.94  2.39 6.2 734.0 91.4
el 2742,74  3.12 8.0 497.7 7.6
3y 2778.16 2.68 6.8 633.2 85.6
" 2825.90  2.99 7.4 546.6 79.4
; 2861.32  2.45 6.0 746.1 99.3
= 2895.20  2.27 5.5 846.5 109.7
: 3218.60  3.47 7.5 497.9 88.7
3255.56 2,91 6.3 655.8 108.2

3317.16  2.87 6.1 682.3 113.9

3354.12 2,93 6.1 668.8 114.1

3411.10  3.16 6.5 607.2 109.4

3497.3¢  2.50 5.0 884.8 145.4

3808.42  2.43 4.5 1005.4 177.4
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}! FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX FALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95¢
Range: 1100 to 1500 ft

Impact
L Average Ballistic Kinetic
= Fragment  Presented Gamma Dengity  Energy

%" Wt. (gr) Area (in.?) (in.2/1b) (gr/in.3) (ft/lb)

e ! 3967.04 3.57 588,1 131.0
L 3968.58  2.98 771.5 157.0
: 3999.38  3.82 535.7 124.4
4096.40  2.88 838.1 173.1
4185.72  3.91 541.4 133.1
4231.92  4.22 488.2 126.1
4797.10  3.66 685.1 186.8
A 5383.84  4.38 . 587.3 196.6
- 5523.98 3,82 . 739.9 237.4
) 9578.80  6.73 548.6 405.1
4 7410.48 5.28 610.8 309.0

11745.58 7.03
27868,12  10.17
6501.88 5.63
12725.02 6.83
6223.14 5.50
7760.06 5.80
9857.54 7.67
24261.16 12.83
7621.46 5.56

630.1 583.1
853.7 2239.6
486.7 223.1
712.9 704.5
482.5 209.2
555.5 308.5
464.1 376.4
527.9 1363.2
581.3 310.4

- P
SNV RO W RO NN E R OISO WO NWO U O W

k| 6292.44  5.38 . 504.2 218.7
'f} 7690.76 6.0} . 522.0 292.4
i 35.79 . 504.5 9687.5
! 3404.94 3,95 . 433.7 87.2
! 6223.14 5.23 520.3 220.0
! 7341.18 6.08 . 489.7 263.4
; 6292,44 5.56 480.,0 211.6
] 1690.76 6.01 . 522.0 292.4

SOV ROV WE RO WA LHEU LIS UL

: 22862.84 15.42 377.6 1007.3
Total number of fragments = 215

Average ballistic donsity for all fragments = 705.5
Average gamma for all fragments = 9,047

Numbar of hazardous fragments in zone = 56
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 1500 to 1900 ft

Impact
Average Ballistic Kinetic
Fragment  Presented Gamma Density Energy

wt. (gr) Area (in.2) (in.2/1b) (gr/in.3) (ft/1b)

329.56 .53 11.2 863.9 6.1
331.10 .55 11.6 816.2 5.9
355.74 .57 11.2 828.8 6.6
420.42 .61 10.2 876.0 8.6
423.50 .66 10, 788.0 8.1
428.12 .87 14. 525.8 6.2
438,90 .17 12. 648.3 7.4
478.94 .66 893.2 10.3
480.48 .66 . 892.0 10.4
515.90 T 10. 771.0 10.3
532.84 7 . 892.5 11.9
568. 26 .80 . 801.7 12.1
611.38 .81 . 840.° 13.7
614.46 .83 818.5 13.6
700.70 .94 . 772.5 15.6
705.32 1.17 11, 557.3 12.6
714.56 1.00 715.6 15.2
722.26 .97 . 157.2 16.0
739.20 1.21 1 $55.4 13.4

806.96  1.15
825.44 .95
860, 86 1.06
867.02 1.06
914,76 1.19
951.72 1.13
976, 36 1.14
1067, 22 1.17

656.9 16.9
888.6 21.3
785.5 20,7
796.7 21.1
703.8 20.9
792.3 23.8
806.4 24.9
840,1 28.9

» s e

- *« v e

1070.30 1,33 . 699.4 25.6
1088.78 1.24 784.7 28.3
1118.04 1.36 704.9 27.3

1127.28 1.26
1153.46 1.27

794.2 29.9
805.9 1.1

.«

1156.54 1.48 . 642.3 26.9
1164.24 1.36 . 736.1 29.7
1168.86 1.67 10. 541.6 24.3
1235.08 1.49 . 679.1 30.4

WO O VUNNSOECONO T CODDOD O CHHECOOOWRLOOD N
NMEOMONEUMONYMWMERMHMTOVLEDOLELHWDWHOD WWWY

1241.24 1.459 565.0 27.1




FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 1500 to 1900 ft

Impact
Average Ballistic Kinetic
Fragment  Presernited Gamma Density  Energy

Wt. (gr) Area (in.?) (in.2/1b) (grzin.3) (ft/1b)

1321.32 1.50 7.9 719.2 34.6
1372.14 1.37 8.0 698.2 35.7
1398.32 1.56 7.8 718.4 37.3
1466.08 1.42 6.8 866.4 45.0
1686.30 1.90 7.9 643.9 44.5
1743.28 1.63 7.4 702.5 49.3
17499.44 1.7 6.9 775.5 52.9
1778.70 1.89 7.4 084.6 49.7
1677.26 2.18 8.1 583.2 48.0
2160.62 2.09 6.8 7158.1 66.4
2172.94 1.80 5.8 902.0 718.1
2376.22 1.86 5.5 936.7 90.2
2385.46 2.44 7.2 625.9 69.3
2591.82  2.60 7.6 553.2 71.3
2601 .06 2,53 6.8 646.4 79.5
2644.18 2.2 5.9 804.8 94.0
2949.1¢C 2.6} 6.2 699.4 949.0
3061.52 2.58 5.9 738.8 107.9
3138.52 3.98 8.9 395.3 3.5
4150.30 5.09 8.6 361.4 100.6
4299.068 §.806 7.9 401.3 113.0
4700.08 5.41 8.1 3713.5 121.3
8459.22 5.8]) 4.8 604.0 366.0
21604.66 16.02 5.2 316.9 865.8
223713.12 10. 206 3.2 608.6 1449.7
22722.70 )3.07 4.0 480.9 1173.8
27267.24 15,22 . 3.9 459.2 1451.6
29923,74 16.11 3.8 462.8 1651.6
49989, 94 24.23 3.4 419.1 3064.6

Total number of fragments = 694.4
Average ballistic density for all fragments = 694.4
Average gamma for all fragments = 8,219

. Number of hazardous fragments in zore = 20
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 1900 to 2300 ft

Impact
Average Ballistic Kinetic
Fragment Presented Gamma Density Eneryy

Wt (gr) Area (in.?) (in.%/1b) (gr/in.3) (ft/ib)

, 346.50 .66 13.3 650.7 5.4
| 934.78  1.35 10.1 595.9 19.2
¥ 1039.50 1.1l 7.5 888.9 28.9
y 1410.64  1.66 8.2 659.6 35.6
= 1895.74  2.17 8.0 593.0 49,2
. 2125.20 1.94 6.4 786.5 69.2
B 2159.08 2,23 1.2 648.4 62.1
| 2177.56  2.25 1.2 645.2 62.6
. 2919.84  2.56 6.1 712.9 92.0
g 4305.84  2.75 4.5 944.2  200.3
N 4874.10  5.35 1.7 33,9 131.9
’ 4883.34  3.84 5.2 703.2  194.7
4935.70  4.83 6.9 465.0  149.9

5021.94 5.1 7.1 434.8  146.7

$802.72  4.43 5.3 622.3  225.9

7830.90  6.93 6.2 429.3  262.9

8080.34  7.27 6.3 10,3 64,2

8739.50  7.93 6.4 391.4  286.2

9928.38  6.91 4.9 546.6  423.9

10627.54  10.44 6.9 31%.0 321,85

18178.16  15.06 5.8 311,00 652.0

20275.65 15,17 8.2 1432 £05.2

 21184.24  12.48 4.1 460.5  1068.5

22442.42  11.06 34 610.2  1353.2

24330.46  16.40 8.7 366.3 10726

25659.48  13.39 3.9 S21.7  1461.1

Total number of fragments = 26

Average ballistic density for all fragments « $56.6
Average gamma for all fragwments = 6.477

Bumber of hazardous Eragments in zone = 21
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY~SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95°
Range: 23300 to 2700 ft

Inmpact
Average Ballistic Kinetic
Fragment  Presented Gamma Density  Energy

Wt. (gr) Area (in.2) (in.?/1b) (gr/in.3) (£t/lb)

1626.24 1,77 7.6 690.6 44.4
2864.40 2.64 6.5 667.8 92.3
3557.40 2.50 4.9 900.0 150.4
5028.10 3.84 5.3 668.2 195.6
5266.80 5.24 7.0 439.1 157.3
5313.00 5.62 7.4 398.8 149.2
4733.42 5.77 7.0 413.7 169.3

Total number of fragments = 8
Average ballistic density for all fragments = 617.6
Average gamma for all fragments = 6.984

Number of hazardous fragments in zone = 6
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