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PREFACE

The work described by this report was done for Effects
Technology, Inc. (ETI) in support of their TWCP Coirrelation
Program. The ETI program managers for this effort were
Mr. F. A. Bick and Mr. M. J. Rosen. The TWCP Correlation
Program was supported by the Defense Nuclear Agency under
the direction of Mr. Donald Kohler.

Technical aspects of the program were directed by Mr.
M. J. Rosen (ETI), Mr. N. H. Froula (CAPCo), Mr. C. D.

Newlander {AFWL), Mr. D. R. Schallhorn (HDL), and Dr. D. A.

Phelps (MLI). Mr. D. R. Schallhorn contributed a large

amount of technical assistance during the performance of the
tests. Mr. C. D. Newlander is responsible for the ELTRAN
electron transport calculations which were done in support
of this work, particularly the work presented in Appendix A
of this volume and the data in Appendix B.

This is the final volume cof a four vclume set describing

the electron beam experiments in support of the TWCP Correla-

"tion Program. The four volumes are:

TWCP Electron Beam Testing Program:
Volume I - Summary

TWCP Electron Beam Testing Program:
Vol'me I1 - Preliminary Characterization of the

Blackjack III Pulsed Electron Beam for Material
Response Studies
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TWCP Electron Beam Testing Program:
Veclume III - Material Response Instrumentation for
the Blackjack III Pulsed Electron Beam Facility. ‘

TWCP Electron Beam Testing Program:
} © Volume IV - Electron Beam Tests in Support of the
TWCP Correlation Program.

These volumes weyre compiled and edited by Effects Technology,
Inc. (ETI). Volume I was written by ETI, drawing upon mate-
rial in Volumes II, III and IV, which were written by Corrales

Applied Physics Co. under subcontract to ETI.
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SECTION I

INTRODUCTION

The data described by this report were generated at the
Maxwell Blackjack III Pulsed Electron Beam Facility during
two series of tests, one in May ard one in July 1978. Table
1 summarizes the diode data for all tests performed during
these two series. The description of this accelerator and

preliminary characterization data are given in Volume 1I,

and a full description of the material response instrumentation

used in support of these tests is given in Volume III. Re-
lated CAPCo work on cther materials exposed to the Blackjack
III accelerator envircnment is descriued in reterences 1 and
2.

The next section of this report summarizes the beam
characterization data taken in support of this program, and
Section III is a compilation of the material response data
on TWCP and $1-LD resin. These data consist of impulse and
particle velocity versus time data. The final section of
the report summarizes and comments on the overall accuracy
of the beam characterization and response measurements.
Appendix B of this report is a detailed compilation of data
describing each experiment in terms of its geometric config-
uration and erergy deposition. These data are presented in

a form convenient for input to computer codes for hydrodynamic

RS
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Table 1
DIODE DATA y 1
{
Mean Total Peak Peak Power
Shot Electron Dicode Diocde Diode Pulse
No. Energy Energy Current Voltage width
(kev) (kJ} (kA) {kV) (nsec)
2047 570 22.9 497 899 53
2048 440 23.1 619 911 s4
2049 593 26.5 522 886 58
2050 Current trace baseline shift off scale.
2051 Dicde data not reduced.
2052 750 22.7 464 971 51
2053 680 27.7 519 983 55
2054 560 34.7 519 1044 61
2055 740 24.7 497 1129 44 .
‘ | 2056 480 27.1 662 983 56 f
i | 2057 740 28.9 519 1044 54
' 2058 640 33.9 608 1032 61 j
: : 2059 760 31.0 575 1008 56 g
P 2060 590 18.9 486 765 56
f E 2061 720 26.7 608 959 45
: § 2062 660 28.0 497 996 55 i
: f ' 2063 Voltage slot monitor disconnected.
o é 2064 630 18.9 530 850 52
2 | 2065 6410 30.4 541 996 58
i ; 2066 740 23.4 530 1056 a2 ‘
ii 2067 730 9.3 575 1044 55 |
b 2068 £80 25.5 519 923 55
2069 720 25.1 541 1032 47




* . Table 1 (cont'd) ‘

SO Qe e e

Mean Total Peak " Peak Power
Shot Electron Diode Diode Diode Pulse
No. Energy Energy Current vVoltage width
i {keV) (kJ) (XA) {(kV) {nsec)
3 2070 740 26.7 541 996 53 ; 4
,? 2071 850 25.1 519 1117 47 '
5 2072 No diode data. : ,
! i’ 2073 * 690 26.4 497 1056 55' %
2674 560 28.2 486 971 62 C
2075 740 23.7 497 1020 53 i
t. 2076 760 20.5 485 1008 49 oo
§ 2077 790 24,3 608 911 47 :
2078 570 25.6 608 838 52 '
2 2079 680 11.4 343 899 37
5 2080 750 19.7 508 1020 40
] 2081 730 32,2 564 971 56 ;
g 2082 740 33.4 641 1032 54 i
{ 2083 770 24.0 553 1153 38 P
. 2084 750 33.8 608 1056 56
2 2085 700 28.2 541 1008 54
; 2086 710 ; 38.1 557 1081 60
[ 2087 720 28.3 i 575 971 51
1 2088 680 29.4 586 996 52
ol 2089 690 28.1 597 971 52
: 2090 630 34.6 674 947 57
‘ 2091 720 27.5 541 959 60
! 2092 740 15.8 420 959 a4 i
A | 2093 710 21.7 553 996 47
ié _ 2094 790 32.3 608 1093 55
' E 2095 Current trace baseline shift off scale, l
‘ 2096 1100 25.3 541 1020 53 g
E 2097 750 24.3 519 1008 49 ‘

Bake? 6alag S ALY Fadviris LA (0




Table 1 {(cont'd)

Mean Total Pe ik Peak Power
Shot Electron Diode Diode Diode Pulse
No. Energy Energy Current Voltage Width
) (kev) - (kJ) {kA) (kV) (nsec)
2098 680 31.6 586 1056 54
2099 630 24,0 497 899 55
2100 680 34.2 564 996 62
2101 690 19.6 486 923 47 ‘
2102 750 31.8 S86 1044 : 56
2103 €90 27.3 530 923 57 :
2104 600 30.1 553 899 59 l
! 2105 790 37.9 597 1032 64 ;
i 2106 700 33.6 619 971 61
5 2107 660 is.8 475 959 46 ;
’ 2108 730 22.0 519 983 47
7' 2109 590 24.5 s08 862 55
' 2110 760 22.8 497 1081 46 :
2111 660 20.5 497 874 51
f 2112 650 3l.2 564 935 57 g
; 2113 720 25.0 530 996 53

~
1
[
b

Diode data not reduced.

; 2115 Diode data not reduced.
2116 570 24.5 638 789 51
2117 300 8.9 287 461 62
‘ 2118 510 17.0 420 765 56
2119 710 22.8 541 1044 43
2120 520 30.3 586 911 62
2121 850 18.0 453 1117 38
i 2122 710 26.6 575 1044 52
i’ 2123 700 32.0 663 987 58
2124 780 25,1 519 1093 52
" 2125 730 22,3 497 959 52
i
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: Table 1 (cont'd) % ‘
i .
o
i Mean Total Peak Peak Power
3 Shot Electron Diode Diode Diode Pulse ‘ 1
No. Energy Energy current Voltage Width
1 (keV) (kJ) (KA) (kV) (nsec) : ‘
é 21286 Poor quality photograph.
& 2127 360 7.51 320 486 63 ;
% 2128 690 35,1 652 935 61
3 2129 640 38.7 652 947 64
‘f 2130 700 23.6 541 1068 45 X
i 2131 740 21.4 497 983 46
; 2132 550 32,4 751 850 65
¢ 2133 700 17.6 497 886 45
E 2134 500 27,2 586 838 62
4 2135 650 21.4 519 874 51
: 2136 610 34.5 738 838 71 ;
4 2137 780 22.1 519 1056 52 E
4 2138 660 28.7 608 996 53
213 780 30.7 641 923 54 |
2140 720 28.2 575 720 52
b 2141 770 30.8 597 1020 58
g . % 2142 670 32,6 619 1020 58
. 2143 660 18.8 431 838 56
é” ! 2144 720 20.8 497 971 50
| 2145 670 29.2 541 862 65
: 2146 §70 25,4 530 296 50 !
i 2147 670 32.1 564 899 67 | !
:@ ‘ 2148 650 28.8 586 899 60 f |
b . 2149 690 19.4 508 971 43 {
2; E 2150 810 18.6 486 1105 39
J A

2151 720 25.0 508 959 53




L Table 1 (cont'd)

; Mean Total Peak Peak Power
{ shot Electron Diode Diode Diode Pulse
H No. Energy Energy Current Voltage Width
: (kev) (k) (ka) (kv) (nsec)
2242 750 30.2 564 996 55
2243 560 27.4 486 850 a7 K
2244 630 20,8 486 1020 47 ;
I 2245 No diode data ;
2246 390 29,2 575 939 59 %
2247 580 31.7 652 ¥35 62 :
2248 580 39.8 €41 935 68 :
: 2249 640 29.7 586 959 51 ;
% 2250 520 30.5 862 765 63 f
' 2251 370 29.5 873 656 63 ﬁ
2252 690 26.6 553 996 50
2253 680 32.0 586 271 59
2254 650 22,9 541 911 49
2255 640 29.7 619 913 55 i
2256 710 25.6 553 1002 51 i
2257 640 20.1 53¢ £50 45 i
2258 £20 28.7 729 729 53
2259 550 25.3 652 897 49 }
2260 600 14.8 519 814 40 }
2261 580 26.3 663 716 58 :
2262 730 30.4 564 1020 56 3
2263 480 36.2 718 899 a2
2264 580 28.4 685 850 52
2265 560 32.4 718 286 L
2266 560 26.9 652 789 51
2267 720 18.3 508 1008 41
2268 770 18.2 475 117 42
2269 510 16.7 497 777 46
14
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; Table 1 (cont'd) :
;
:
1 Mean Total Peak Peak Power :
3 shot Electron Diode Diode Diode Fulse ' ‘
3 No. Energy Energy Current Vvoltage width i
i {keV) (kJ) (KA) (kV) (nsec)
2270 510 28.2 773 . 716 59 §
3 2271 510 26.6 729 . 109 53
{ .
2272 470 27.2 718 729 54
1
. 1 2273 550 31.6 862 680 54 |
: 2274 490 25.7 641 850 49
¥ 1
» ; 2275 500 33.4 762 789 5 % l
' i 2276 530 35,1 6621 874 65 i l
' 2277 Bad Polaroid Film i
‘ ¢ 2278 560 30.7 663 862 61 §
' !
' :
i
] :
o
B
i
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calculations of material response. These calculations
can be both guided and checked by the material response
data of Section III.

All characterization and material response measure-
ments were done with the test configurations shown in
Figure 1. The electron beam extracted at the mylar anode
is propagated in a drift chamber at l-torr through a
0.025-gm/cm2 scatterer and guided by an axial magnetic
fieid. The peak magnetiz field of 25-~-kilogauss occurs at
the location of the scatterer, and the beam is expanded
adiabatically as the distance from the scatterer increases
to the target location. Target distance from the anode
was varied between 60— to 68~centimeters in order to control
the fluence,

The TWCP was FM5822A Panel-Molded materia: manufactured
by American Viscose Corp. Both the TWCP and its constituent,
91-LD resin were supplied by ETI. The nominal densities

3 .
of the CP and resin are 1.435- and 1.25-gm/cm’, vespectively.
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SECTION II

BEAM CHARACTERIZATION

The objective of beam characterization is to define
the distrikution of energy in space and time within the
target material on data shots. The lateral distribution
cf energy is determined on fluence calorimeter shots by
spatially resolving fluence probes. Each probe intercepts
a 0.25—cm2 érea of the incident beam, The face of the
fluence calorimeter assembly is shown in Fiqure 2. For
data shots the central portion of this calorimeter is removed
leaving the twelve peripheral elements to gauge the fluence.
Representative fluence data taken zt three axial locations
are given in Figures 3, 4, and 5. The fluerice data from all
fluence shots taken during the two tests series are given in
Table 2. In this table we have tabulated the average fluence
over the center seven calorimeter elements and the average
fluence over the twelve peripheral elements. From these data
correlation factors were determined which relate the central
fluence to the peripheral fiuence as a function of axial
location. These correlation factors are given in Table 3

and defined as

¢C
E
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Figure 2. Peripheral Calorimeters with
Central Calorimeter Assembly (upper),
and with TWCP Sample (lower).
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Table 2

CENTRAL AND PERIPHERAL FLUENCE CALORIMETER DATA

% Shot Distance Center Peripheral Ratio
i No. co Anode Fluence,® * Fluence,fp** /%o
v (cm) (cal/cm?) (cal/cmz? )
% 2047 70 70 69 1.01
; 2048 70 62 63 .98
é 2049 66 95 99 .96
; 2050 66 93 35 1.09
2051 " 68 118 108 1.09
; 2052 66 91 95 .96
: 2053 66 113 108 1.05
E 2054 66 123 142 .87
% 2055 66 84 (91) (.92)
% 2056 70 73 78 .94
[ - 2057 70 87 84 1.04 f
' Z0s8 72 81 54 .96 :
i 2059 72 57 55 1.04 %
: ?‘ 2060 71 41 42 .38 2
| 4 2061 68 59 64 .92 %
Lt 2062 68 36 105 .91 }
‘ 2063 68 71 77 .92 3
; { 2068 68 83 96 .86 i
B 2070 68 79 85 .93 i
2073 68 81 82 .99 f
2083 68 (45) 62 (.73)
64 88 88 1.00
68 79 83 .95
68 38 a1 .93 ;
68 62 69 .90 |

68 67 76 .88

23




Table 2 (cont'd)
RUOOWES L. dmme. mw
(em) {cal/em?) {cal/em*iP e/ P
2110 64 79 B4 .94
2111 64 113 97 1.06
7 2112 62 (135) 125 (1.08)
: 2113 64 {(97) 102 {.95)
2116 64 29 3z .91
2118 64 { 92 &3 2.1
2119 64 97 92 1.05
2124 63 104 87 1.20
2128 62 - L17 -
2137 62 112 - -
2143 61 66 65 1.02
2146 60 - 88 - ;
2149 60 77 72 1.07 :
2151 60 (79) 37 25 :
: 2243 61 132.3 89.9 L.47
i 2244 61 103.7 63.7 1.63
2246 61 (137.5) (109.7) (1.25)
: 2248 61 Coar2.8) a3.4 (2.0)
i 2249 62 126.1 72.5% L. 74 5-
a 2250 62 77.7 65.3 1.1 ;
E 2252 62 123.8 90.2 1.37 f
Py 2260 60 55.7 4.8 1.33 '
z 2261 60 t122.5} 70.% (1L.73)
i 2264 60 94.7 72.0 1.32 ;
2267 60 57.3 54.7 1.05 ',
2270 60 . 105.% 64.6 1.63 '
2275 60 93.6 67.2 1.39 ‘
: 2278 60 97.6 81.0 1.21 g
2281 60 59.6 56.5 1.06 5
2283 €0 68.8 57,0 1.21 %
2289 60 (136.4) 106.1 (1.29; i
i 2291 . 80 112.0 100.6 1.11 ‘ 's
"hc = averaga of seven central clements.
“:bo = average of twelve pmripherdal elements. ‘
Note: gg::.i.‘giz:‘:;:;:o:;: tizgié?at. more than two eclements broken.
24
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Table 3

CENTRAL/PERIPHERAL FLUENCE CORRELATION FACTORS

TR M R s

et - i s iniom e b 150 T

‘Standard
Distance No. of Average Deviation
from Anode Data Shots, N ratio, R* of R, g**

(cm) {percent)

60-63 18 1.30 20
64-67 1l 1.00 8
68~72 18 0.95 5

BRI - ARt . N
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The R factors were used to determine the sample fluence
from the peripheral fluence measurements for each data shot
given in Table 4.

The axial energy distribution relative to fluence is
determined by electron transport calculations. Since the
electron energy spectrum varies from shot to shot, these
calculations must be performed for each test based on elec-
tron spectra calculated from the diocde current and voltagé
data, In addition to the electron spectrum, the ELTRAN
electron transport code requires the electron incident
angle which is a function of target position in the axial
magnetic field, The "effcctive” or mean electron angle is
determined from a simple model of electron transport in an
axial magnetic field. The maximum electron angle which can

be transported through the "magnetic loss-~cone" is given by

1/2

1ot

B
P

8 = sin
m in

1. this expression Bt

of the target and peak field location, respectively. This

and Bp are the magnetic field strengths

theory is described in reference 3 and its application to
our particular Blackjack III transport condition is dis-
cussed in vVolume ITI. We calculate the mean electron angle

as follows:

26

e —

o s <




i,

i B L0 T

IR - W

- s B o L A N e PR

Table 4

FLUENCE DATA FOR SAMPLE SHOTS

* &

Distance Measured Calculated
Shot tc Anode Peripheral Sample
No. {cm) Fluence, ¢p* Fluence, ¢c
(cal/cm?) (cal/cm?)

2069 68 84 80
2072 68 98 93
2074 68 85 8l
2075 68 72 68
2076 68 56 53
2077 68 90 86
2078 68 79 75
2079 68 25 25
2080 68 54 sl
2082 68 96 21
2084 68 89 85
2086 68 111 106
2087 68 87 83
2088 68 78 74
2090 68 83 79
2091 68 81 77
2094 68 83 79
2095 68 97 92
2096 68 76 72
2098 68 94 89

B S U PR S T
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Table 4 (cont'd)
‘ Distance Measurad Calculated ﬁ
H Shot to Anode Peripheral Sample
: No. (cm) Fluence, ¢.* Fluence,_o¢_.**
(cal/cm?) P (cal/cm?)
i :
‘ 2106 68 86 82
§ 2107 68 49 47 ;
; 2108 68 61 s8 ;
2109 68 83 79 '
‘ 2114 64 123 123 i
; 2115 64 91 91 3
: 2120 63 104 135 ?
% 2121 63 70 91 .
i 2123 63 111 144 !
1 2125 63 92 120 ﬁ
i 2126 63 95 124 ;;
2127 63 24 3 i
2129 62 93 121 i
; | 2130 63 59 78 ’
" 2131 62 pud f
. 2133 52 67 57
1 2134 62 110 143 ;
2135 62 84 109 !
: 2136 62 94 122 %
I 2138 €2 98 127 : ]I
2139 61 109 142 ‘ !
2140 61 94 122 ;
f 2141 61 101 131 .
. 2142 61 105 137
K . 2144 61 "76 99 '
v 2145 60 97 126 |
2147 60 100 130
2148 60 100 130

5T 2 Y S YR TS B



Table 4 (cont'd)

|
i
|
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Mgasured Calculated

Distance Peripheral Sample :

Shot to Anode Fluence, ¢_* Fluence, ¢ _** :

No. (cm) (cal/cm?) P (cal/em?)© ;

1

2251 62 ) 732.3 - 42 %
2253 62 86.0 112
2254 62 59.6 78
2245 62 72.9 95

2256 61.5 66.9 87 3
¥ 2257 61 49.2 64
2258 61 69.2 9q

2259 60 49,9 65 3
2262 . 60 85.8 112
j ! 2263 60 69.2 90
; 2265 60 72.0 94
‘ i ) 1 2266 60 39.7 52
I 2268 £0 42,9 $5
‘i 2271 61 61.9 81
‘ ‘ 2272 60 70.1 91
j 2273 50 69.7 91

: 3 2274 60 57.4 75 !
{ 2276 60 95,1 124
' 2277 60 61.6 80

I . ¥ *$_ = average of twelve peripheral elements
I : bk = R ¢, , (See Tuble 3)
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The total number of electrons in any volume 1is

N =deV

where P is an electron distribution function. The total

number of electrons with incident angles hetween 0 and %ﬂ

{standard spherical coordinates) is

a ~2mu m
NG ) =f[fﬂr,¢,e)r2:;inedrd¢de

We assume P is constant so that
N@,) = 2/3ma’® (l-cosdy)

The mean electron angle is therefore

< 0> (e) jij(r,cb ,0) r?6sin 6dr &¢da

I‘em
= 1 ! ;
<0> = (F.mn) 0sin 649

sinenl— q“ cos em

< B> =
l-cos 6
m

SR T TSP KR

e A bt A T e s a1
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This simple transport model is verified for our pur-
poses by experiments in which the axial distribution of
energy is directly measured. This depth-dose calorimetry
technique is described in reference 1. The technique is
difficult to apply at doses above 600-cal/gm with 10-mil
graphite calorimeter foil thicknesses because of the thecsmo-
mechanical failure of the thin 10-mil foil elements. For
the Blackjack III beam which has a mean energy ranging
between 600- and 700-kev, survival of the first foil is
essential in order to obtain angular resolution. The front
foil survived in four out of approximately 12 tests, and
these data are given in Figures 6 through 9. Other depth-
dose data obtained by CAPCo for this beam are reported in
Volume II and reference 1. All depth-dose data are norm-
alized to the absorbed fluence. The mean electron angle

implied by each of these tests was determined by interpola-
tion hetween the ELTRAN calculaticns
degrees at the depth coordinate corresponding to the center
of the first foil. A summary of these measurements compared
with the mean angles calculated with the model described
above are yiven in Table 5 and are plotted in Figure 10.
Based on the agreement between the measured and calculated

electron angle dependence on position, the electron angle

is appropriately varied between 32- and 23~degrees as the

target location ranges between 60- and 6B-centimeters.




10

f | 1 0 - ¥
Shot 2093
= Z = 68 cm,
8 r .
——
N .
5 6 .
™~
— |-
: o
! Qo h
|
H g 4 —
{ 0
é a
g ,
I B
| 2 - |
!
|
o 5
o 0
i
S 0 0.1 0.2 0.3 0.4 0.5 [
: ‘ Depth (gm/cm?) %
L !
; f ]

Figure 6. Depth Dose Data and Calculations
for Shot 2093,




i’f'mu“‘;!”‘"ﬁfmw@w My e £ v

Shot 2105
3 - Z = 68 cm, _]
Z
%
v - i
————
gt 6fF 40° .
o -
::r—: 3 © ::‘
mins = _ ,3
Lo ;
i
o . 3
0 i
0 3
°
?
‘ B !
1 :
1
0 0.1 0.2 0.3 0.4 0.5

Depth (gm/cmz)

Figure 7. Depth Dose Data and Calculations
for shot 2105,




5 r

)

cal/cm
cal/gm2

Dose (

10 T T T T
Shot 2122

L Z = 63 cm. -
8 — —
6 40°

r—. pu—

30°¢ —

4
2
0

Depth (gm/cm?)

Figure 8. Depth Dose Data and Calculations
for Shot 2122,

34




| |
{
1
: 10 T T T T i
7 Shot 2132
{ B z = 63 cn. 7
8 —
! ~ 6 ~
g6
o U
NN
e — | -
ol
010
\ 9 T — 4
L-' 9 .
o]
a
2
7] ;
. .
., 3
0 L
. 0.4 0.5
B Depth (gm/cm?)
R

A Figure 9. Depth Dose Data and Calculations
4 for Shot 2132,




Table 5

MEASURED AND CALCULATED MEAN ELECTRON ANGLZS

e

Shot Digtance Measured Calculated

No. to Anode Angle Angle Reference
(em) (deg) (deq)

2122 63 28 29 *
2132 63 26 29 *

] 1631 65 30 27 1

i 1629 65 30 27 1

t 1870 65 27 27 3

; 2093 68 20 23 *

% 2105 68 20 23 *

‘ 1809 79 20 21 3

*This work
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ELTRAN electron transport calculations for each material
response experiment are tabulated in Appendix B, Also given
in Appendix B are the spectra for each experiment as computed
from the diode voltage and current data. For all transport
calculaticns the spectrum determinsd from the diode data
is assumed incident to the scatterer at an angle of 60°.

The spectrum transmitted by the scatterer is then assumed
incident to the sample at the angle appropriate to the
sample axial positicn. The time dependence of the electron

deposition is discussed in detail in Appendix A,
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- summarizes the material response data.

SECTION III

MATERIAL RESPONSE DATA

The material response data consist of impulse and
particle veleccity versus time data taken on TWCP and
91-LD specimens exposed to the Blackjack III pulsed elec-
tron beam. The electron beam was characterized for each

of the data shots &as described in Section II. The measured

sample thicknesses and depth dose profiles for each test
are given in Appendix B. Figure 1l describes the four

configurations which were used. Tests were performed with

several s.mpla thicknesses for each test configuration
except for the impulse test configuration. The raticonale
used to determine these sample thicknesses and configurations

is described briefly in the following paragraphs. Table 6

This table gives the
test configuration, sample type, nominal sample thickness,

fluence, peak dose, and impulse for each test. The impulse
measurements were adjusted by 0.l0-ktap to correct for the

anode debris contribution as described in reference 2. The
anode debris data base justifying this correction is given in

in Table 7.

The Gruneisen test configuration was chosen such that
a relatively thin sample would be uniformly heated., The

*
sample material was backed by a fused silica buffer and

o
Dynasil, grade 1C09
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Thick Sample

Fused Sili ~n
i Buffer and Window
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.—

Attenuation Configuration
{particel velocity
measurement only)

Sample

MMA Buffer
and window

i
'*

Inpulse Configuration
(particle velocity and
impulse measured)

Thin Sample

Fused Silica
Buffer and Window

.
e~ H=_

Gruneisen Configuration
{particle velocity
measurement only)

~ Thin Sample

ATJ Graphite
; PMMA Buffer

and Window

-

E_ Configuration
(particle velocity and
impulse measured)

Figure 11l. Test Configurations
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Table 6 1’

MATERIAL RESPONSE DATA ‘

é ,

§ ShOt Tes!‘: Samp]l.e 7$amp1e Fluence ' Couplin:_;  Peak Impulse
) No. Config, Material Thickness cal/gm Dose
¥ (xam) (cal/cm?) (ca cm {cal/gm)  (ktap) 1
i . )
% 2074 G THCP 2.8 81 5,2 421 — {
g 2072 [¢] TWCP 1.8 25 5.3 133 —
L3 2080 G THCP 1.8 51 4.7 240 — ‘
g 2084 G 91-LD 2.0 85 4.2 357 - %
i 2086 G 91-LD 2.0 106 4.2 445 —— g
i 2087 A TWCP 3.3 83 5.1 423 4.1 ?
% 2088 G TWCP 3.3 74 4.8 355 3.8
3 2090 1 91-1D 1.8 79 5.0 395 5.0 S
ﬁ 2091 I 91-LD 3.8 77 5.2 400 4.8
t 2066 1 TWCP 1.3 72 4.5 324 2.3 '
2098 1 TWCP 3.3 89 4.3 383 3.5
2100 1 TWCP 3.3 90 4.6 414 9.1 ;

: 2101 I 91LD 3.8 56 5.2 291 3.3 %

s 2102 E 921LD 1.2 g4 4.3 361 5.5 i
-k 2103 E 91-LD 1.2 73 5.1 372 4.6 i
.} 2104 E 91-LD 1.2 86 5.8 499 5.1 %

! : 2106 A THCP 7.2 g2 3.7 385 4.7 1
! ﬂ 2107 A TWCP 7.2 a7 5.4 254 2.9 ]
é71 2109 G 91-LD 3.2 79 5.9 466 - J
F l 2115 G TWCP 2.7 91 6.5 592 ——-
. 2121 G 91-LD 2.0 91 3.8 345 -
. 4 2123 G 91-LD 2.0 144 5.3 763 -
' 2125 A THCP 3.3 120 5.3 636 5.8
2126 1 91-LD 3.8 124 11.5 ;
; 2129 I 91-LD 2.7 121 5.3 641 19.1 f
. 7 2130 1 931-LD 3.9 78 4.7 367 4.7
K 2133 1 91-LD 3.9 87 5.6 487 7.3
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Table % (cont'd)

Shot Test Sample Fluence Coupling Peak Impulse
; No. Config. Material  Thickness cal/gm Dose
. {mm) (cal/cm?) (ca cm‘) {cal /gm) (ktap)
% 2140 E 91-LD 1.2 122 5.1 622 9,9
é 2141 E 91-LD 1.2 131 4.9 642 9.2
2142 E 91-LD 1.2 137 5.1 699 15.6
2144 1 TWCP 3.3 99 5.6 554 5.3
|, 2145 1 THCP 3.3 126 5.9 743 14.7
2147 1 wer 3.3 130 5.7 741 14.1
2148 I TWCP 3.2 130 5.6 728 14.6
2251 I 91-LD 3.9 42 3.1 i
2253 1 91-LD 3.8 112 5.4 605 33.2 ?
2254 I 91-~LD 3.8 78 5.7 445 5.9
2255 1 91-LD 3.8 95 6.2 589 11.7
2256 1 91~LD 3.8 87 5,3 461 7.2
2257 I 91-LD 3.8 64 5,9 378 4.1
, ; 2258 I 91-LD 3.8 90 7.5 675 19.6
A 2259 I 91-LD 3.8 65 7.4 481 5.8 :
%. g 2262 1 91-LD 3.8 112 4.9 549 13,6 §
; i
i i 2263 G 91-LD 1.2 20 6.7 603 —-—
L 2265 G 91-LD 1,2 94 7.0 658 ———
E, : 2266 G 91-LD 1.2 52 6.4 334 ——-
3 ; 2268 G 91-LD 1.2 65 5.1 332 ——-
? % 2272 G 91-1h 1.2 91 9.1 828 - !
| 2273 G TWCP 1.1 91 9.1 828 - f
E 2274 G TWCP 1.1 75 7.0 525 - '
{% : 2276 G TWCP 1.1 124 6.5 806 ---
ii j 2277 G TWCP 1.1 80 -
R ’
L 1 Note:
i G rafers to the Gruneisen configuration,
A refers to the attenuation configuration.
1 refers to the impulse configuration.
E refers to the E

configuration.
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. Table 7

as ANODE DEBRIS DATA

- Shot Distance Impulse 1
3 No. to Anode

3 (cm) {ktap)
i 1829 70 0.10
; 1851 65 0.09

f 2271 60 0.12

3 2296 60 0.13

¢

%

- -
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window. Fused silica was selected because of its extremely
low Gruneisen coefficient and its well-known thermomechani-
cal respcnse. Tests were done with three sample thicknesses
for each of the two target materials. The most accurate
Gruneisen data should be obtained from the thinnest sample
since in this case the uniformity of deposition is maximized
and the wave propagation is minimized. The thin sample is
thick enough so that the c¢enter porticon remains undisturbed
by relief wave propagation during deposition. The two
potential problems with very thin samples are that the epoxy
bond between the sample and fused silica is at an extremely
high dose and also the fused silica buffer is at high dose.
It was believed that the relatively low sublimation energy
of the epoxy might cause even the thin (0.03-mm thick) epoxy
bond to generate a stress pulse at the interface between
the sample and the fused silica backer. It was also felt
that uncertainties in the fused silica equation of state at
these relatively high (up to 500-cal/gm) doses might add
considerable uncertainty to the interpretation of the results
through the hydrocode calculations. At the high fluence
levels doses at the TWCP/fused silica interface were greater
than 300-cal/gm and no pressure spikes due to the epoxy bond
were observed even at the thinnest sample thickness.

For the impulse test configurations relatively thick

*
samples were backed by piexiglass (PMMA) . Plexiglass was

*
Rhom and Hass, grade UVA-~II

i e = e 1L
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chosen to minimize the mechanical impedance mismatch between
the sample materials and the backer. Impulse and particle
velocity-time measurements were made simultaneously in this
test configuration.

For the stress attenuation configuration TWCP samples
were backed with fused silica buffers and windows. Two
sample thicknesses were used to obtain propagation distances
of 3.3-mm and 7.2-mm. Fused silica was chosen as the backer
material because of its well-known egquation of state.

The Es configuration was exploratory in nature, the
idea being to make an impulse measurement on a uniformly
heated sample. This would provide a most sensitive measure-
ment of the sublimation energy and its dependence on internal
energ;, The problem with this technique, as anticipated,
was that the epoxy bond penetrates the ATJ graphite, and

a large stress is generated in the epoxy which decoup-

often
les the ATJ from the sample, Good quality particle velocity
data were obtained on 38 tests and the results given in
Figures 13 through 50.

Figure 12 depicts the test geometry which allows simul-

taneous measurement of particle velocity versus time and

total impulse.
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Figure 12, 7Typical Sample in Holding Cup
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SECTION IV

CONCLUSIONS

In the previous section data are reported for 38
interferometer measurements of particle velocity versus
time and for 37 impulse measurements. In some cases the
impulse and interferometer measurements were made on the
same test. In these experiments the peak dose ranged
between 130- ana 1000-cal/gm; and data were obtained for
four sample configurations. The data presented in this
report represent the results of 21 days of testing which
attests to the overall efficiency of the electron beam and
instrumentation systems which have been recently developed
at the Maxwell Blackjack III facility.

A major improvement in the normal uncertainty due to
shot-to-shot variations in fluence was gained through the
use of peripheral calorimeters on the data shots. Analysis
of 11 calorimeter shots at the 60-cm location and 11 shots
at the 68-cm location indicates a significant improvement
through the use of peripheral calorimeters; see Table 8.
The standard deviation in the average fluence over the
sample area was found to be 28% and 21% at the 60- and 63-
centimeter positions respectively. The standard deviation
in the ratio of the average center (sample location) fluence

to the average peripheral fluence measured on these same
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Table 8

FLUENCE STATISTICS

Distance to Anode (cm)

No. of Shots

Mean Ceénter Fluence, bc (cal/cm?)
Mean Fluence Rati )

ean Fluence Ratio, ¢c/ >

Standard Deviation in Center Fluence (%)

Standard Deviation in Fluence Ratio (%)

60
11
92
1.30
28
15

0.93

4.

21
3

St S et s

AR L s . 310 IR Ao e




tests was found to be 15% and 4% for the 60- and 68-centimeter i
position respectively. Thus, a considerable decrease in the
é sample fluence uncertainty can be gained throggh the use of
peripheral calorimetry.
The various errors which contribute to uncertainties
- in the beam characterization and material response data
7 presented in this report are not constant and, in general,
depend on the experimental parameters of each particular j
test. For completeness, however, we have estimated the

resultant uncertainties in the principal measurements of

DT

interest, peak dose, total impulse, and peak particle

IR T

velocity to be approximately 15%, 5%, and 3% respectively

for a typical experiment with a peak dose of 500-cal/gm. !

-« Sy e

Although more comprehensive and quantitative error analysis

2

is desirable, it is beyond the scope of this work.
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Appendix A

DEPOSITION TIME DEPENDENCE

Material response dependence on deposition time must be
considered in the interpretation and analysis of pulsed

electron beam data. Generally, the deposition time relative

to the time dependence of stress generation and the stress i
pulse width are the principal factors which determine the |
significance of the time resolved deposition. Therefore, the
thermomechanical response of porous materials and mixtures which
exhibit time dependent stress generation can be considerably
affected. The response of materials exposed tu relatively low
mean-energy electron beams (which yield steep deposition
profiles and, therefore, narrow stress pulses) are also often
influenced by the time dependence of the energy deposition.

In this Appendix we present the results cobtained from §
the representative time-resolved Blackjack III spectrum given
in Table A-l. Four energy versus time relations were

considered:

O

: 1. Actual spectral and fluence time ;
dependent deposition,

; 2. Time integrated spectrum with
instantaneous deposition.

3. Time integrated (constant) spectrum
with constand d¢/dt (fluence rate)
over the full-width-half-maximum
(FWHM) of the diode power curve,

‘4 ETERARS v

4. Time integrated (constant) spectrum
with the actual fluence dependence.

Tavs
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In order tc determine the actual energy versus time
relation (case 1 above) ELTRAN electron transport calculations
were performed for the time resolved spectra given in the
table with the results shown in Figure A-1. The proper
fluence dependence was determined by integration of the diode
current and voliage data over the appropriate time intervals.

Figure A~2 gives *the result for the case ¢f a time integrated

{constant) spectrum with the appropriate time resolved fluence.

Differences in measured material response result from
differences ir. physical processes occurring during deposition
as a function of the energy-time-depth relation. Figure A-3
compares the actual energy—tihe relation for three depths
with phe_three simple models which use the time integrated
spectrum (cases 2 through 4 above), i.e., depth independent.
The fluence resolved deposition (case 4) is extremely close
to the actual situation in the region of peak dose. Also,
note that the commonly used model which deposits energy at a
uniform rate over the FWHM (case 3) is also fairly good in
the region of peak dose.

PUFF hydro-code calculations were made with a 91~LD
resin target for each of the four energy-time-depth conditions

with the results shown in Figure A-4. Since this solid

material (model) does not exhibit time dependent stress genera-

tion and the deposition gradient in the region of peak dose

is small relative to the wave propagation distance during




deposition, no difference in the generated (15-kbar) or
propagated (7.5-kbar) stress-wave profile was resolved within
60-nsec (FWHM), the deposition time. However, the time
resolved depositicn data should be useful in evaluating

the response of other materials and material models to the

Blackjack III electron beam.
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Table A-1

TIME RESOLVED SPECTRUM

Relative Number of Electrons

voltage Time (wsec)
é (kV) 0-25 25-50 50-175 75-100 100-125 0-125
E 0-60 0.0 0.0 0,0 0.0 0.31 0.07
% 60-120 1.0 0.0 0.0 0.0 0.38 0.10
; 120-180 0.85 0.0 0.0 0.0 1.00 0.27
% 180-240 0.50 0.0 0.0 0.0 0.64 0.17
: 240-300 0.97 0.0 0.0 0.0 0.49 0.14
: 300-360 0.0 0.06 0.0 0.0 0.41 0.12
2 360-420 0.0 0.03 0.0 0,36 0.10 0,19
. 420-480 0.0 .08 0.0 0.26 0.0 0.14
: 480-540 0,0 1.00 0.0 0.19 0.0 0,48
540-600 0.0 0,13 i.0 0.53 0.0 1.0
| 600-660 0.0 0.0 0.52 1.0000 0,0 0.81
E 660~720 0.0 0.0 0.0 0.94 0.0 0.40
Fluence
Fraction 0.01 0.13 0,34 0.44 0.08 1,00
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Appendix B

DATA COMPILATION

This Appendix contains detailed data describing each
TWCP and 91-LD experiment. These data are required input for
computer code material response calculations and are presented
here in three tabulations: (1) Sample Geometry; (2) Electron
Spectra; and (3) Depth~Dose Calculations.

The sample geometry tabulation identifies the sample
material and the test configuration as described previously and
shown in Figure 11. The measured sample thickness and buffer
thickness for each test is also given. The otpical window
thickness is nominally 1.3-cm for the PMMA windows and 1l.0-cm
for the fused silica windows.

The second tabulation gives the electron spectra as
determined from diode voltage and current data. The numbers
given represent the relative number of electrons in each 60-keV
wide bin beginning at zero and ranging to 1.2-MeV at the top of
the last bin.

These spectra were used in ELTRAN electron transport
calculations, the results of which are given in the third tab-
ulation. In the calculations the tabulated spectrum is
incident to the O.O25-gm/cm2 filter at 60-degrees, and the
resulting transmitted spectrum is incident tc the sample at an
appropriate angle which depends on the sample location. This
procedure is discussed in Section II. The calculations were
made for l.65-gm/cm2 carbon and the results are tabulated in

terms of mass-depth and dose normalized to absorbed fluence.
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SAMPLE GEOMETRY

2087
2088
2090
2091
2096
2098
2100
2101

2102

2103

2104

2106

Sample Buffer Dls?;zce

Sample Config. Thickness Thickness L0 Arode
Material (inrm) (ram? (cm)
TWCP G 2.69 2.03 68
TWCP G 2.76 2.07 68
TWCP G 2.74 2,03 68
TWCP G 2.78 2.03 63
TWCP G 2.75 2,03 68
TwCP G 1.73 2.03 68
TWCP G 1.74 2.04 68
TWCP G 1.75 2.04 68
91~LD G 2.01 2.03 68
9i-LD G 2.00 2.04 68
91-LD G 2,01 2.04 68
TWCP A 3.32 2.04 68
TWCP A 3,32 2,03 68
91-LD I 3.77 l.61 638
$1~LD I 3.75 1.87 68
TWCP 1 3.33 1.49 68
TVICE 1 3,31 1.64% 68
TWCP I 3,31 1.43 68
91-LD I 3.76 1.64 68
91-LD E 1.21 1.65 68

ATJ 1.04

9i=-LD E 1.20 1.44 68

ATJ 1.04

91-LD E 1.21 1.60 68

ATJ 0.99

TWCP A 7.17 2.94 68
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SAMPLE GEOMETRY

Sample guiter Dls?;:cc
Shot Sample Cont:g, Thickness Thicincss to Anode
NC. Material (um} {mm) (cmy
2107 TWCP A 7.17 2.04 o8
2108 91-ib G 3,21 2.03 68
2109 91-1LD G 3.20 2,04 928
2114 TWCP G 2.75 2.03 64
2115 TWCP G 2,74 2.05 64
2120 31-1LD G 1.21 2.06 63
2121 91-LD G 2,00 2.04 63
2123 91-LD S 2.00 2.06 63
2125 TWCP A 3.32 2.03 63
2126 91-LD I 3.75 1.68 63
2127 91-LD I 3.75 1.87 63
2129 91-LD I 3.72 1.57 63
2130 91-LD I 3.75 1.49 63
2131 91-LD I 3.75 1.50 62
2133 91~-LD I 3.75 1.50 62
2134 21-LD I 3.76 1.46 62
2135 51-LD T 3.77 1.47 62
2136 91~-LD 1 3.76 1,80 62
2138 91-LD G 2.00 2.06 62
2139 91-LD G 2.01 2.03 61
2140 91-LD E 1.21 1.52 61
ATJ 0.99
2141 91-1LD E 1.20 1.52 61
ATJ 0.99

) 2142 Q1-LD E 1.20 1.85 63

! AT 0.99

S 2144 TWCP I 3,322 1.45 61

: 2145 TWCP 1 3.32 1.49 60
2147 TWCP I 3.32 1.8% 60
2148 TWCP 1 3,21 1.5¢6
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A=T

Distance

Shot Sample Config. Thickness Thickness to Anode
No. Material (mm}) (mm) (cm)
2251 91-LD I 3.85 1.27 62
2253 91-LD 1 3.84 1.72 62
2254 91-LD I 3.83 1.78 €2
2255 91-LD 1 3.84 1.72 92
2256 91-~LD I 3.83 1.61 61.5
2257 91-LD 1 3.81 1.72 6l
2258 91-LD 1 3.82 1.70 60
2259 91-LD i 3.83 1.73 60
2262 91-LD 1 3.83 1.68 60
2263 91-LD G 1.22 z.04 60
2265 91-1D G ).21 2.04 60
2266 91-LD G 1.22 2.05 60
2268 91-LD G 1,21 2.06 60
2272 91-LD G 1.22 2.05 60
2273 TWCP G 1.06 2.03 60
2274 TWCP G 1.086 2.05 60
2276 TWCP G 1.06 2.05 60
2277 TWCP G 1.05 2.04 60
Note: As described in Pigure 11, Volume I:

refers
refers
refers
refers

B H PO

to
to
to
to

the Gruneisen configuration.
the attenuation configuration.
the impulse configuration.

the E
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configuration.

.



-w e
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SHOT 2247 SHOT 2948
0.200¢C 0.0000
L2377 L2105
.1648 .2930
L1386 -5115
L1631 -1682
L2344 -1835
1234 L2157
129¢ .1282
L1795 L1315
. 14380 .1346
1443 .1798
.173¢ L2047
.3827 L4676
L2727 L2315
1.0000 1.0000
0.7000 .1784
2.0000 0.0000
C.0000 0.0000
0.0000 0.0000
0.0000 0.0000
SHOT 2052 SHOT 2053
G.00090 0.0000
L1455 .1883
21492 .1605
.132¢ . 1866
.1670 23315
L1119 . 3149
0931 .1410
L0896 L1334
.0955 L1379
L1024 L1424
L1073 L1467
1137 L1757
54 .19%98
.9824 .6207
L2710 . 4265
1.0000 L6400
L5269 1.000¢C
0.0000 0.01%090
2.0000 0.3000
¢.0000 €.0000

SHOT 1040

0,0000
L3310
1283
L1462
.1440
L4014
L1602
.1714
.1328
L1951
L2652
L5119

1.,0000
0.0000
0.0000
0,0000
0.0000
0.0000

SHOT 2054

0.0000
1.0000
L1066
.1264
.1955
.0823
.1904
L1341
.1478
.1448
.1181
1251
.1360
. 1891
.5042
.2838
. 3440
L4144
0.0000
0.0000
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SHOT 2050

baseline shift

Current trace
off scale.

SHOT 2055

0.0000
.2015
-1226
.0998
.0984
.1092
. 1200
.1308
1416
-1526
1661
.1817
-1974
.6109

1.0000
.4429
-4656
-4862
L5413

0.0000

SHOT 2031

0.7002
-l205°7
.1505
L2738

OO OO
o
[}
(o]
[

SHOT 2056

0.000)2
1.00n¢C
L1363
.2029
. 1450
.18638
L1724
L2355
.1082
.1201
1315
.1420
L3713
. 3579
L2607
.4722
L2012
5.0000
0.0000
0.3000




SHOT 2057 SHOT 2058

6.92C0 0.0000
L2432 L1775
L1648 L2097
L3329 L2726
.1539 .1976
L1449 L2512
L2207 .28¢6
L1822 .2885
L1431 L1755
L1485 .1860
L1526 L1949
L1561 .2082
L1599 .2345
L4140 L2962
EERED) L5594

1.0000 1.0000
L8091 .9595
L5622 .1894

0.0000 0.0000

0.0000 0.0000

5407 2062 SHOT 2063

0.0000
L1542
L3372
L3178 .
.1950 o
.2078 i
.4009 c
2609 2
L3060 o
L2627 CB]
L2137 P
L2334 o 2
L4473 ve
. 5038 o0

1.0000 =3
L4879 S
.824}

0.0000

0.0000

0.9900

SHCT 2059

0.0000
L0922
L3340
.1698
.1795
L2476
L1137
L1044
L1076
L1710
L2063
L2167
.2286
.5664
L9599
. 4896
.0000
.0000
.0000
.0000

OO~

5iHLT 2064

.1836
.0309
L0915
.0939
L1021
.1090
L1122
.1144
L3015
.2411
.2205
L3337
L3622
L0009
.0892
.0000
L0000
.0000
L0000
L0000

[

oCOoSOD
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SHOW

SHOT 2060

0.0000
L1022
L0521
L0567
L0621
.0705
L0776
.0823
.0874
L0951
.1049
L1214

1.0000

0.0000

0.3600

0,0000

0.0000

0.0000

0.0000

0.0000

0.0000
.3700
.1293
.1341
1690
.20286
.3831
.1611
L1909
.2189
L2433
.2656
.2877
.3969
.38083
.5491

1.0000

0.0000

0.0000

0.0000

2065

SHOT 20061

0.0000
.188¢9
L3219
L3705
.0704
L0649
L3129
.1488
L1539
.1648
L1725
L1659
-2804
.6457
L3506

1.0000

0.0000

0.0000

0.0009

0,0000

SHOT 2066

0.0000
.2353
L1564
.1085
.113e
.1187
L1239
L1315
L1422
L1541
.1681
.2030
L2549
.8909
.6978
.7862
L8947
.0000
.0000
.0000
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00600
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SO O

SHCT 2072

0.0000
.8981
-2940
21292
.0870
.0923
.1057
-1371
L1577
.1845
.2258
2272
L2431
.9402

1.,0000
.449s
.5042
. 9651

0.0000

G.2000

SHOT 2069

0.0000
L0823
L1587
2863
.0008
L0624
.0636
L0647
L0706
.0782
L1614
L2475
L2483
L4993
.4896

1.0000
. 5839
L1183

0.0000

0.0000

SHOT 2074

0.0000
.2139
L2171

211
a1l

L3175
L2101
.2035
. 1989
.2004
.2003
.2142
.2245
L6620
.4706
L7947
1.0000
L2417
0.0000
0.12000
0.0000
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SHOT 2075

0.,0000
.0626
.0672
0832
.0863
-0982
.1178
.1444
21710
. 1954
L2197
.2342
.2928
. 7942
L7071
.7809

1.0000

0.0000

0.0000

0.0000

SHOT 2071

0.0000
0.0000
L0337
20269
L0453
.0378
.0402
-0426
-0450
0474
.054¢6
L0632
. 2876
.2588
L6737
1.0000
L6424
.5233
. 3286
0.0000

SHOT 2076

0.0000
.0466
.0504
L0737
.0773
.0900
.1128
.1404
.1680
L1955
L2231
L2507
L2783

1.0000

4841

.8358

L5657

,0000

.0000

.0000

oo o




SHOT 2077

0.,0000
0.0000
.0385
.0505
L0515
L0527
L0553
. 0591
.0628
.0947
L0748
.0825
. 1285
. 6020
1.0000
L5057
0.0000
0.0000
0.0000
0.0000

SHOT 2082

0 0000
L1232
L1231
. 4813
.1185
.0952
.0985
L1215
L1045
L1477
21111
.1195
.1282
. 3531

1.0000
.5478
.6459
.1859

0.0000

0.0000

SHOT 2078

0.0000
L1313
.2857
-1265
.1406
. 1565
L1727
.1189
.1281
L1464
.1524
. 8185
.5682
.0000
.0000
L0000
.0000
.0000
L0000
0.0C00

o CC O

SHOT 2083

0.0000
.2076
.2049
.1556
.1403
.1481
L1057
.1le31
L1706
L2106
L2165
L2531
.2926
.3321

1.0000
.B426
.4541
.4489
.4482
L6233

SHOT 2084

0.0000
.0679
.0767
.1110
.1840
L1397
.0610
L0643
.0698
.079¢
.1585
L1148
L1265
L1381
.6521
.5468
.5418

1.0000

0.0000

0.0000

SHOT 2080

L2459
L1525
1615
L1705
L0944
L0926
L1012
L1125
.1202
L2160
L1647
.1868
L2581
L0000
L3476

~ann
- f4o

.9242
L0000
.Qoao
.0ooo

b
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SHOT 2085

0.00C0
L0973
.2845
L0653
L0723
L0751
.0799
.0876
L1012
.1182
.1348
.1514
.1680
.4598
L2717
1.0000
.4988
0.0000
0.0000
0.0000

SROT 2081

0.0090
L3249
.153¢
L1203
L1176
L1137
L5542
L1291
L2091
L1603
1732
.1838
L2276
.6550
L4756

L0000

L2996
.0000
0.0000
0.0000

ot

(=)

SHOT 2086

0.0000
L3915
. 3008
L2980
.2837
L2904
L2418
L1955
L2149
.2531
L3294
L2810
L2964
.6786
.5396

1.0000
.B110
.B8522
.2230

G.0000




SHCT 1087 SHOT 2088 SHOT 20849 SHOT 2099 SHAT 209]

0.0000 0.0000 ©.0000 0.95000 0.0000

L0636 . 4828 .2114 L1972 L1450

L1974 .0955 L1600 L1207 2670

0972 1188 . 1833 L1044 L1224

., 1094 .1106 .2185 L1233 .1583

.0930 1058 C L2344 L1529 L0731

1013 L1101 L1443 L1493 L0816

L1118 1297 .1527 L1618 .09153

.1218 .1704 .1987 _1716 L1017

11330 13309 L1762 L1805 L1647

L1497 . 3009 S1877 .189% L1524

L2543 .2258 L2860 .leg2 L1721

5389 3502 .5405 L5375 03578

.2925 L4861 L7087 1.0000 L6276

3077 L5211 1.0000 L7561 .6210

1.0000 1.0000 .9899 L4972 1.0000

L1978 . 8622 L2077 0.0009 0.0000

0.0000 n.0000 $.000C 5.0000 0.0000

0.95000 0.6000 0,0000 0.0000 0.0000

0.9000 0.0000 9.0000 0,0000 6.0000
SHOT 2092 SHOT 2093 SHOT 2094 SHOT 2095 SHOT 2036

.0125 0.0000 0.0000 0.0000

.02236 0.0000 .0784 L0517

! .0187 J1171 .0864 .0409
: .0288 L0600 .0824 .0424
.0255 .0753 L0692 .0484

. L0372 L0655 .0607 L0594
; .0463 0746 L0672 o .0538
; . 0585 .0884 L07ay o o . 0565
j .0763 .1040 5918 b= .0600
i .1984 .3358 S1201 ua 0636
| L1176 L2022 L1762 @~ L1050
j .1329 .2951 .2152 c£3 1267
; L1482 1.0000 2539 goa .1025
. 6244 L9473 .3408 Hoow L1674
; 3165 .2898 .4093 S 1.0000
: 1.0000 .2885 1.0000 .3645
0.0000 . 3300 .5874 .5668

0.0000 0.0000 L6330 0.0000

0.0000 0.0600 1063 9.0000

0.0000 0.0000 0.0900 ~ 0.0000
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0.,0000
. 3990
.0715
.0650

.0678

.0812
.0891
.0960
.1041
.1149
.1621
.2258
.2804
.4765
1.000C
. 7304
.9800
.7580
u.0000
0,0000

SHOT 2102

SHOT 2098

0.00600
L2322
.3283
L3296
.2518
L 2R73
.2830
.19€9
.165¢0
L1731
L2153
L2510
L2621
.2879
.8551
.9975

1.0000
.5582

0.0000

0.0000

SHOT 2103

0.0000
.0994
.0572
.0596
.074¢
L2124
L0781
.0863
L2392
.1682
.1850
L2010
.5440
.4049

1.0000
.5405

0.0000

0.0000

0.0000

0.0000

50T 2099

0.0000
.1507
.1782
L1952
L1421
L0912
L1018
L1131
L1259
.139¢
.1464
.1880
L5147
L4390
L0000
.0000
.2000
. 0000
ROLVINY
.0000

OCC oD O

SHOT 2104

0.0000
.2450
.2206
L2931
.27

QOO O
[w]
o
(=]
o
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SHOT 21090 0%
0.0000 2.30338
.3ocl 11y
.2078 L9800
L1952 L2543
.1288 L0582
2248 L0633
Lin3l .6 80
L1720 LNael
L1967 L1151
.2308 L1290
L2769 L1504
L3129 0176
L3394 L3831
L5960 L4717
.B0S4 1.40000
.9528 RETRE
1.0000 0.0000
0.%000 0.92060
0.0000 5.300°0
0.0000 0.0000
SHOT 2105 SHOT 210686
0.0000 0.0¢N0
L1771 L0743
.1296 .0880
L1547 .0970
L1626 L1102
.18c3 .0873
.2520 L0826
L2043 L1031
.1487 L1132
L1707 L1233
L1926 .1338
.2146 .1805
.2783 L2595
. 7404 L3319
.5070 .4052
1.0C00 1.6000
.7783 .2365
L4193 0.6000
0.0000 0.0000
0,00G0 0.0000



{
SHOT 2107 SHOT 2108 SHOT 2109 SHOT 2110 SHOT 2111
i
0.00%0 0.0000 0.9000 0.0000 0.0000 j
.0469 L0427 L3272 L1023 L0336 j
.1258 L0492 L3456 .0988 L1826 \
L1106 .0591 L2781 L1175 L0573 \
.1017 .0422 .1225 .1351 L0606
L1213 .0440 L1224 L1220 L0653
.1440 LG511 L2750 L1139 L0704
L1677 L0602 L4603 L1273 L0755 ‘
.1900 L0725 L2135 .1407 .0803 1
L2130 .0897 .2115 .1832 L0830 ‘
L2367 L1152 L2119 .4658 .0%09
.8278 L1471 L5778 L3137 .3081
L4094 L1910 1.0000 .3453 .3193
.8193 .5877 .7898 .9528 .4530
L4896 1.0000 .7006 .7109 1.0000
1.0000 . 3457 0.0000 1.00600 0.0000
0.C000 L2027 0.0000 .85A9 0.0000
0.,0000 0.0000 0.0000 .8881 9.0000
0.0000 0.0000 0.0000 .0085 0.2000
0.0000 0.0000 0.0000 0.0000 0.0000
SHUT 2112 SHOT 2113 SHOT 2114 SHOT 2115 SHOT 2116
0.0000 0.0000 0.0000 0.0000 0.0000
i .3527 L2102 L1360 L1861 1.0000
‘ .3579 L0903 .0588 .0856 .3515
.2108 L1088 L0624 L0761 L1963
.2215 .120¢ .0583 .1685 . 3141
L2315 .1405 L0641 21043 ..754
.2492 .1088 .0829 L0947 .9345
.2703 L0715 .1200 L1012 L7794
.2908 .0756 .0835 L1072 0.0000
L2407 L0865 .0908 .2082 0.0000
L2007 L1021 .1014 .2720 0.0000
.5438 .2956 L1114 .7333 0.0000
L3713 .5997 L1213 1.2000 0.0000
.94328 L4976 L3547 .0850 0.0000
L9380 1.0000 .3205 0.0000 0.0000
1.0000 L9155 1.0000 0.0000 0.0000
0.0000 .5988 .5898 0.0000 0.0009
0.0000 0.0000 0.0000 0.0000 £.0000
0.0040 0.0000 0.0009 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
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30T 2117

Shortad shot to
air from
pulseline.

shake

SHOT 2122

0.0000
L2208
L1685
.1283
L1029
.1086
L1126
. 1094
L1109
L1129
L1165
. 3400
L2728
L2990
7943

1.0000
L4913
L1986

0.0100

D.0000

SHOT 2118

0

SO C OO+

SHOT 2123

a

eNw el

L0000
.1443
-1473
L2553
.3809
.2180
.3208
.1548
.16 34
.3068
L5978
.6508
L0000
.0000
.0000
.0000
L0000
.0000
.0000
.0000

.0000
.1884
-1893
.1984
L2007
L3090
.3293
L1444
L1470
L1496
.1532
L1604
.3522
.0000
.5416
.4847
.1877
.0000
0000
L0090

SHOT 2119

0.0000
.2425
L0509
.0642
.C67¢
L0784
L0917
L1009
. 1100
L1231
L1429
L1652
.1876
. 6451

1.0000
. 4005
L4045
L1617

0.0000

0.0000

SHOT 2124

0.0000
.0356
.0410
L0779
.0924
.0803
.0700
L0965
L1108
L1238
L1376
.2176
L4910
.6175
.5433
.4836
. 4891

1.0000
L2050

0.0000

SHO

o

-
1

[T o e}

SHOT 2125

1.

0
¢
0
0

T

r

T

1

.0000
.0000
L3716
.3698
L3732
L3602
L2354
L2426
,2539
.2835
.B2672
.5236
L9092
L6251
.8497
.8965
L0000
L0030
.0000
. 00900

.0685
.0440
.0210
L0321
L0546
.0828
.0606
.0710
.0868
L1032
L1215
L3742
L3483
4209
0000
. 4924
009
L1000
L0000
L0000

SHOT 21:

9]
-

0.0000
.0830
L0644
0735
L0686
L0736
.0785
L0843
L1357
L1197
.1381
L1596
L6227
L2943
.3160

1,0000

faan
AV Y

L6306
L3944
0,0000

SHOT 2126

Poor quality
photograph .




0.,0000
L0747
.1400
.155¢
-1871
L3660
.8986

1.0000
.062¢6

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

06.0000Q

G G000

0.0000

0.0000

0.0000

SHOT 2132

0.0000
.3524
.1534
-1566
.1549
.2436
. 3103
L1255
L1335
.6386
. 4710
.9729
. 4440

1.0000

L1557

.0000

. 0000

.0000

.0000

. 0000

[=ReNeR- )

SHOT 2128

0.0000
0.0000
.1538
1662
.1089
.1187
.1318
L2259
.2248
. 1806
2422
.5040
.4388
. 8048
L6724
.000¢0
L UOYU
.0000
.0000
.0000

DOOC

SHOT 2133

0.0000
0475

SHOT 2129

90.0000
L2728
L2179
.2308
L2179
1604
.1688
.1794
.2381
.3482
.2034
.4916
.3829
. 5940
L9101

1.0000

0.0000

0.0000

0.0000

0.0000

SHOT 2134

0.0000
.2811

2410
sL910

.2510
.2197
21562
.1402
.4196
.3998
.2502
.5104
1.0000
4416
.9357
.0000
.0000
.0000
.0000
.0000
.0000

[~ReRole NN
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SHOT 2135

0.00¢C0
.1845
L0651
.0685
.0740
.0784
.0828
L0871
.0912
1241
L1519
.4180
5994
.5424
.0000
.0000
.0000
.0000
.0000
.0000

SO0 O+

SHOT 2131

0.0000
L0333
L0355
L0370
L9392
.0438
L0511
.0594
0674
.1c4l
L1069
L1059
.1128
L1254
.1530

1.0000
.2917

0.0000

0.0G00

0.0000

SHOT 2136

0.0000
L1275
.2804
L1200
.1132
-1254
L2092
1312
.1284
. 3699
.2654
» 3802
. 6924

1.0000

0.0000

0.0000

0.0000

00,0000

0.0000

0.0000
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SHOT 2137

.0246
.0099
.0293
.0194
.0268
.0327
L0342
.0384
L0503
.0632
.0763
.0893
.1024
L3478
.7600
1.00c0
.3072
L1735
0.0000
0.0000

CJu0T 2142

L5211
L1219
1274
L1344
0700
. 0498
.0739
L1241
L1441
L2132
L2113
.4024
L2935
. 3194
L9172
. 4815
1.0000
0.0000
0.0000
0.0000

SHOT 2138

0.0000
. 0881
.0885
L1229
.1709
.111u
.1144

2%¢€
. 1396
L1537
.2392
.2965
.6507

1.0000
.8932
.4239
.3834

0.0000

0.0000

0.0000

SHOT 2143

0.06000
L0530
.035%6
L0616
U782
.0708
.0818
L.1021
.1309
.1598
4312
.6708
.7999
.0000
.0000
.0000
.0000
. 0000
.0000
.0000

OO OOODH

SHOT 2139

0.0000
.1039
.0476
.0515
.0545
.0681
.1392
.0588
.0711
L0836
.0889
.097s
.1360

1.0000
.5C27
L2276

0.0000

0.0000

0.00060

0,0000

SHOT 2144

0.0000
. 0260
L0337
.0403

.0553
.0653
.0455
.0604
.0695
.0937
.2980
L3524
.5276
1.0000
L4311
L4222
.0785
0.0000
0.0000
0.0000
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SHOT 2140

0.0000
.0754
L0767
.0866
.2408
.1026
.1006
1137
.1376
L1683
.1984
.4712
L4167
.8070

1.0000
.4876
.6484

0.0000

0.0000

0.0000

SHOY 2145

0.0000
.0798
.0832
.0885

0731
L7700

.0789
.0865
L0919
.0981
.1084
4273
L3555
.8400
L4922
.0000
.0000
.0000
.0000
.0000
.0000

OO O

SHOT 2141

0.0000
L1591
L1943
.0681
.0685
.0702
.1985
.2200
.0826
L1471
.1335
.1506
.4517
.6217
.9738

1.u000
L7252

0,0000

0.0000

0.0000

SHOT 2146

L2973
.2058
L1148
L1202

, 1296
. 1425
.1399
L1510
.1637
.2085
. 3355
.5812
.6298
.8303
1.0000
. 9509
L6753
.0000
.0000
.0000
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SHOT

0.0000
L0721
.0944
.0535
.0s584
.0547
L0514
L0542
L0578
L0625
.218%
L1916
L1423
.1849
.0000
L0000
.00040
.0Cvu0
-000G
.0000

CODQ O

2147

SHOT 2148

0.0000
L0620
. 1006
.0768
. 0496
L0521

DO 0O -
(el
<
o
(=]

i -

SHOT

L]
o

¢.000¢0C
.0807
L0775
.0815
.0856
.0975
L1122
L1218
.1314
L1410
.21s1
L2841
.5963
1.00090
.3649
.4674
.0881
0.0000
0.0000
0.0000
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SHOT ..1%0

.1540
L0333
.1C2]
L0251
.0322
L0431
. 0540
L0650
.07133
L1617
L1
AR
L4570
av
L4816
) I R
T
RETTTRN
2578

0.0000

>

OO

£ ¢

SHOT 2151

6402
L3275
.050%
.9520
L0530
0541

552

L0647
1126

1614

.1817
.3370
L5372

5046

L9721
.0000
.0000
.0o00
L0000
.000q
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SHOT 22412

0.0000
.1597
L1220
1256
L1181
.1219
.1304
L1393
L4760
L4164
L4663
6537
L3291
. 6886

1.6000
.4786
.3099

0.0000

G.,0000

0.0000

SHOT 2247

0.0000
L1510
.1586
L1551
L3725
L1762
.1193
.1234
L1272
L1305
L1333
.2463
L1276
. 4386

1.0000
.5893

0.0000

0.0000

0.0000

0.0000

SHOT 2243

0.00990
. 3958
2602
L2533
1429
L1477
L1565
.1678
. 3842
L4512

1.0000
.5855
L6725
.6531
.1208

0.0000

0.0000

0.0000

0.0000

0.0000

SHOT 2248

L0105
.3054
.2842
L1425
.1522
.1659
.1808
.2033
L2611
.2474
. 3046
.3033
L3251
.3425
.3664
1.0000
0.0000
0.0000
0.000G
0.0000

.0425
.0784
L0657
L0771
L1100
.2618
L1247
L1252
L7101
L5551
1.0000
L4314
L5211
.5668
. 3289
. 3328
.3819
0.0000
0.0000
0.0000

SHOT 2249

.2804
L1319
L1429
L1471
L1717
.3038
.2117
. 1685
L1660
.1824
.6432
L5181
1.0000
.5094
.5251
.8899
0.0000
0.0000
0.0000
0,0000

vl

SHOT

[

[ 3

4

SHOT 2250

0.0000
L6231
.4388

aan
L3390

L2239
.2279
L2363
L2305
L2315
.3596
.8023
.5558
1.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000

SHOT 2246

1.0000
L3021
.2093
L0563
.0524
L0537
L0922
.1108
.06456
L0691
.0769
L5224

572
L1169
.1834
L2274

0.0000

0.000Q0

0.0000

0.0000

SHOT 2251

.Du30
L2509
.2617

A=~
P e

L1821
L1917
L1941
L1418
L1075
L3035
0000
.0000
L0000
.0000
.0000
.0000
,0000
. 0000
.0000
.0000

COoOO0OO0OoCOQCOoOH




SHOT 2252 SHOT 2253 SHOT 2254 SHOT 2255 SHOT 2256

L0025 0.0000 L1639 0.0000 L0983
L5925 L1129 .3165 .1786 LI612
.1028 L1161 . 0690 L1677 .0551
L0751 .2805 L0662 0200 .1844
p L0902 .1044 L0704 , . 0925 L0720
.1009 L0593 .0769 .1476 L0734
L1195 .1058 .0870 .2224 L0843
.1408 L1162 .0974 .0963 L0972
1633 L1508 L1063 .1067 .1016
. 3688 .19:5 L1161 1182 L3050
L3631 L2355 L2876 .6917 L3117
1.0600 L6317 .3008 1.0000 L1767
! L5297 1.0000 .2913 .3369 1,099
L4991 .3454 1.0000 .6048 L3759
.3081 L3537 .6761 L5537 . 3866
ErE L1281 L1329 .1264 L4268
.5500 .1023 0.0000 0.0000 .5716
0.0000 0.0000 0.0000 6.0000 L1152
0.0000 0.0000 ©.0000 0.0000 0.0000
0,0000 0.0004 0.0000 0.0000 C.0070
SEGT 2257 SHOT 2258 SHOT 2259 SHOT 2260 SHOT 2261
0.6000 0.,0000 0.0000 0.0000 0.6000
3491 L1784 .14z22 L0185 .224
0566 .1936 .1010 .0350 .1299
.0686 .3708 .0999 0422 . 1357
: L0661 .1018 .1090 .0421 L0595
.0768 .1138 L1279 .0549 L0849
.0859 .1618 .1489 . 0826 .1301
.0952 .2204 .1699 .0990 .1809
.1069 .2596 .1.909 .3362 L1281
L1167 .4807 .5881 5129 L5501,
L4470 .9099 1.0000 .5255 1.000¢
L4967 1.0000 L3224 1.0000 . 3145
.4984 .5978 .3690 .3847 0.0006
L7930 0.0000 .3687 L2224 0.0000
1.0000 0.0000 .3540 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0,0000 0.0000 0.9000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
‘ 0.0000 0.0000 0.0000 0.0000 0.0000

! 113




SHOT 2262

L2607
L1197
L0337
.0225
.0273
.0367
.0776
1623
.1808
.1046
.1504
.2827
. 3453
.6785
,2462
L7235
1.0000
0.0000
0,0000
0.0000

SHOT 2267

.G195
.0272
.0294
.032%
.0405
.0489
.0589
.0728
.0968
L1973
.5278
.3551
1.00930
.6093
.6389
.6008
.7853
6.0NGO
0.0000
0.0080

SHOT 2263

0.0000
.6783
.0977
L0727
.0750
.0795
.1723
. 1904
.1987
.2108
L2914

1.0000
L4008
.4039
3901

0.0000

0.0000

0.0000

0.0000

0.0C00

SHOT 2268

.0352
.0424
.0335
.0401
.0508
.0614
L0620
.2966
.2242
.2172
.2489
.5851
1.0000
.5652
.5981
.9068
L7952
.5527
.3251
0.0000

SHOT 2264

L6633
.1883
L0815
L0929
.0889
.0864
.0925
.1000
.1081
.1543
L1853
.5400
1.0000
.5888
.1202
.0000
.0000
.0000
.0009
0,0000

OO0

SHOT 2269

.4394
.1478
L1019
.1037
L1110
.1184
.1257
.1573
L3233
L2679
.6068
1,0000
6711
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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SHOT 2265

0.0000
.2187
. 1466
L1220
L1153
.1249
L1327
L1212
L1312
.2330

1.0000
-4499
.2558
.2819
.3202

0.0000

0.0000

0.0000

0.0000C

0.0000

SHOT 2270

.2258
.1334
L1103
L1126
L1214
L1526
.2225
.4297
. 3695
.3337
1.0000
.7069
0.0000
0.0000
0.0000
0.0000
0.9000
0.0000
0.0000
0,0000

[eNaNoRoNe]
o
o
Q
o

SHOT 2271

.4145
-1210
-1146
.0876
.1019
.1358
.2091
.269S
. 3299
.3903
1.0000
.5502
.9523
.2049
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

o i st 1 ¢
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SHOT 2272

L5425
L2125
L2183
258
2311
.2118
. 3139
. 3834
.9913
.833)
l,0000
.B245
.1162
0.0000
0.0000
9.0000
0.0000
0.0000
0.0000
0.0000

SHOT 2276

0.0000
22174
-2160
. 1641
1711
.1780
.1974
.3313
.3816
-3472
.3676
.2682
.909¢

1.00v0

.4927

. 0000

.0000

.0000

.0000

.0000

[=NeNoNoRa)

SHCT 2273

0.0000
.0891
.0751
.0813
.1322
L1114
L1217
.2601
.188¢
.2437

1.0000

L1279

.0000

.0000

.0000

.G000

.0o0ng

.0000

.0000

.0000

DOOOOHDOO

SHOT 2277

Bad Polaroid film

SHOT 2274

.5399
L2263
.1906
.1820
.1932
.2101
L2272
.2475
3105
.9276
9426
.5549
.5868
1.0000
.3745
d.0000
0.0000
0.0000
0.0300
0.0000

SHOT 2278

0.0000

Nagt

e VIG A

.0792
.0476
.0456
.0535
-0619
.1097
.2225
.1363
.3331
1.0000
.1698
.2756
.4719
0.0000
0.0000
0.0000
0.0000
0.0000
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SHOT 2275

0.0060
L1228
.1397
.1499
.2852
.1467
.1600
L2654
.2800

1.0000

.6808

. 3729

. 7804

.1915%

.0000

.0000

.0000

.0000

.0000

.0000

OO0 OOO




Shot No: 2074 2078 2079 2090
Dose Dose Dose Dose
Deptl; (cal/gm) (cal/gm) (cal/gm) (cal/gm)
(gm/cm®) (cal/cm?) (cal/cm*) (cal/cm®) (cal/cm®)
1 ey “,4749 4,622 4,24S1 3.7248
2 L0129 4.9319 44R94] 4,5740 3.9522
hl 0290 B.0RS1 S.aS22 4,7846 b,4152
4 .07R0 5.1715 S.5115 4.90772 %.,5953
5 +0361 S.1269 S.6693 5.1817 4,6R1A
A L0640 $.102S S.6703 55,2285 a,T2h9
? L0820 $,2190 55,7432 S.1436 4,9310
f cNRCN S.1254 S5.7871 S5.1399 4,9293
Q .0RAN 5.0805 S5.R242 5.,197S 4,880
10 NT7EN 4,.97RG S5.8354 $.2521 a,7649
11 «QR40 44,7550 S5.6612 S.3016 4,9938
12 ,N92n 4,R113 S5.2191 S.1304 4,.,8364
13 L1007 445549 5.2195%3 4,9261 4,719S
14 L1081 4,3366 4.9445 4, 8195 4,6916
15 N6 4,0964 4,8306 4,5227 w,6549
14 S i T.8926 4,.R41% 4,5210 4,584S
17 .112n 33,7164 4ah306 4,2164 4,L097
1@ o 1606 3.8029 4,58A0 4 0667 4 ,5044
19 Lladn 3.,6765 4,1625 3.8427 44,0708
2N 1560 «SN16 J.R419 33,6920 3.9%571
21 JRGe0 3,395% JeoOpa 3.6817 3.7033
27 .1720 33,0058 2.9713 33,3412 3.6393
23 . 180N 2,767 247724 3.0657 3.3A28
2% 1880 2.73A7 2.5008 2.84613 3.12810
25 1969 2.6730 2.2192 Z.4553 2.83134
24 J2nac 2.3407 1.8487 2,2611 2.%5713
27 21270 2.20F(3 1.536F 2.1470 2.2659
2R 27290 2,0395 1,2760 1,9R81% 2.0597
29 .2780 1.8677 9787 1.6788 1.R258
30 2360 1.70SS #7782 1.5291 1,6RAS
31 I 1.4744 +SRAY 1.1491 1.3940
a> 2520 1.2836 W6237 +9155 1.1178
33 2600 1,077% 2504 8354 . 9784
34 2639 140468 22206 +HRBR26 « 75990
as 2760 «92H8 1168 5257 +6B28
3¢ JPRAG 26643 «N760 +4070 T JS4u56
17 ,292n0 < SUL?2 . 0225 «3359 0326
3e 3000 5648 0.0000 «2121 « 3226
Jo «30AR0 «JRAG 0.0000 .143) £ 2430
40 <3160 .3121 0.n500 «0539 1322
1 <3740 .1723 0.0000 .07133% .07932
4?2 23720 s 14R7 0,0000 + 0157 0611
[} 23400 0723 0.,0000 0,0000 0657
Lo J6A0 +0602 00,0000 0.0000 0336
45 L3560 07206 0,0000 0,0000 J01us
Y 6ol 20171 o.n00n 0.0000 . 0057
.7 ,ar2en L0148 0.0000 n,0000 .0Nsa
47 J5a L0082 nL2ars 0.n0nn parane
49 L 3RAn 0,0000 0.0000 0,0NNY n,0000
50 43960 0.0C00 0,0G600 0.0000 00,0000
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Shot No:

2075

2076 2077 2080 2082
Depth  Dose Dose Dose Dose Dose
(gm/em®) (cal/gm)  (cal/gm) (cal/gm) (cal/gm) (cal/gm)
7 (cal/cm?) (cal/cm?®) (cal/cm?) (cal/cm?) (cal/cm?)
0050 3.3173 3.3837 3.2938 3.2624 3.5400
L0152 3.6798 31,7872 3.55164 21,6823 3.5334
L,075n 3.9966 4,0348 3.RS47 1.7040 3.6575
ELT, 4,0904 4.1826 4,na65; 3,9555S 3.8691
L0450 4,20A9 4,2767 443120 w2107 L0763
0550 4,3914 4.h997 4.4752 4,3602 4,2270
L0h50 4,59%51 4,92R2 4.593% 4,4839 4,4129
20782 4.,6435 4,9749 4. TRNG 4,5836 4 ,3RQ7
LY 4,5545 44,8324 & ,AR798 44,5122 44,1912
.0950 64,4531 4,8222 46,7044 b 6660 44,2185
.1AS0 4.4868 4,679S 4.6964 4,5723 44,1713
1150 4,3743 4.6511 4,6498 4. 4408 4,212
1259 44,3152 4,6K72 4. L9QRY 4,239 4,1606
. 11350 4,2290 4,2981 4,3582 4,1908 6.0517
L1650 4,2478 44,1039 4,30S3 4.26R9 4,.0237
L18%0 4,0070 3.99n8 4,0361 3,G470 3.8384
L1450 3,7572 3.8085 3.871¢ 1.7517 3.669)
J175e 3.2202 3,5568 3.6R46 3.3890 3.3801
L1850 3.1270 3.,2184 s PR LY 3.28A8 2.2762
L1950 2.8353 2 .BR4L6 3.1896 3.0195 3.05880
L2060 2.7054 2.6000 2.8224 2.9010 2.7%97
.2150 2.4992 2.3762 2.5021 2.6087 2.6A09
22250 22,2646 2.1213 2.3220 2.3420 2.4269
.23%0 2.1151 1.82%4 1,9695 2.1851 2.2629
L2450 1,8266 1.5839 1.6317 1.9026 2.1133
2580 1.5683 1.2047 1.3699 1.5440 1.6905
L2650 1,4316 1.0690 1,0740 1.3322 1.6291
2780 1.,1440 .932% LA704 1.1535 1.3811
.2A59 1.0006 «6945 JT641 9241 1.1213
2951 .A335 -SR43 .5813 7324 L9594
+3756 L6968 4351 L4370 .5928 <7115
L3158 +50669 L3470 2391 4RSS .52307
3790 «33%1 2960 0967 .3166 L4909
.335n + 2657 .1592 .0528 2615 4156
23650 «1905 .1036 L0280 1912 .2817
. 1554 0973 +0598 L0183 J1113 1905
»3650 .0836 L0204 0,0000 . 0651 1489
3750 .0515 0106 0.0000 .0356 1151
»3350 001’ .0078 9.0000 .0193 £ 0739
.3959 0037 .0029 0,0000 .013% 0213
L4050 0.0000 .0018 0.0000 .0016 L0046
L6188 0.0000 0,0000 0.000N 0.0000 L0039
L6250 0.0000 0.0000 06,0000 0.0000 0077
L4350 0.0000 0,0000 0,0000 0.0000 0068
L4450 0.0000 0.0000 0.,00n0 0.,0000 N.,C000
L0550 N.0000 0.0n00 o0,0n00 0.0090 0,00nn
L4556 0.002%0 0.0000 0,0000 0.00600 7.0C00
£6750 0.00040 0,0000 0,0000 0.0000 0.1208
.5350 0.0000 6.0000 40,0000 0.0000 0.0000
L,u950 0.0000 0,0000 N,0000 0.0000 0.0000
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Shot No: 2084 2086 2087 2088 2091
Depth 3
(gmyem?) (cg(fje ) aose pose Dose Dose
g"‘z (cal/gm) (cal/gm) (cal/gm) (cal/gm)
2
(cal/cm?) (cal/cm?) (cal/cm?) (cal/cm?) (cal/cm?)

L0050 3.2040 3.6632 3.7386 Je93ab 3J7164
L0150 3.64632 3.8735 4.0160 3.803R 4,0126
MFLY) 3.6934 4,0112 44,2974 4,1R49 LT
0750 3.5931 3.9799 4,625% 4,2949 “L 6640
L0450 3.6557 4.1155 4,6726 L,0617 LY
L0580 3.R690 4,1277 4,R045 4,6139% 4,9472
06SC 3.9584 441363 S.06A1 4.,65947 5.066S
0780 3.96R9 64,1689 4 ,8399 4, 7677 S.1472
.ORSA 4,087h 4,1565 4.B346 4,7413 Z.1027
L0950 4.0896 4,0853 4,7475 4,64064 4,R34%
L1059 4,0570 4 0255 4.6978 6,4701 4 ,R%93
L1150 4,1664 4,171 4,51R0 4,4925 4,7573
L1753 4,0187 13,9001 4,19467 44,2884 4, Tabk
£135a 3,9470 3.8192 4,0550 3.9094 48,4329
L1680 3.8571 33,7742 3.0643 3.3097 4 ,0390
L1550 3,R351 3.5143 3.7595 23,7148 4.0%ak
.1ASa 13,5331 1,6684 1.6181 3.6772 31,2339
L1780 3.4037 3.3290 3.3532 3.223¢ 3.45R2
L1850 3,2273 3.3212 3.06R% 3.0674 3.0618%
1950 2.9990 2,9231 2.8643 2,9224 2.6961
.2050 2.R454 2.6570 2.6366 2 7435 2.4825
2150 2.635R ?2.1942 2.2817 2.5099 2.2n2¢
2250 2.5860 2.3418 2.0765 2.1868 1.8523
L2354 2.6176 2.2431 1 .ROR3 1.91139 1.4369
L2450 2.1758 2.0%6S 1.5621 1.7769 1.2837
.265n 2.0944 1.9541 1.2631 1,641 .QR65
22650 1.7661 1.8577 1.1563 1,3002 » 7995
2750 1.6800 1.,647%9 .S809 1.0665 JOLRT
2850 1.4609 1.1777 6613 .9572 L4990
.2954 1,257 1.1616 5703 <7372 L3540
<3158 1.0101 <9307 L0505 6388 26731
<3150 8314 8463 .J852 .5166 .1621
+ 3250 +76R10 +7086 2983 L6084 .i322
L2350 .6003 5523 .1873 .2873 L0574
L3450 24005 4403 .1051 1690 .0329
.3S5n +3607 2601 .037S 1152 .0207
.3650 «2269 22229 .0224 + 0569 0.0600

3750 .1945 ,2083 , 0079 L0507 0.0009

L3350 .1328 <1183 0,0000 .0277 0.0000

L3953 .0726 ,099¢ 0.0000 0.0000 0.n0000

L4nsn 0412 .0486 ¢.0000 0.,0000 00,0099

L4150 .0214 0373 60,0000 0.0000 1.0000

L4750 0n67 0199 0.0000 0.0000 0.0000

L4150 .0070 <0068 0,0000 0.0000 0,0000

L8659 0.,0000 . 0034 0.6000 0.0000 0.0000

L 6,000 pLNm3) n.nnng 60,0009 3,6000

2450 g.0000 0.0G3¢C d,00C0 0,07%40 3}.,0000

L6780 0.0000 Gev000 3.0000 0.0000 6,0900

L4RSH 4.0000 0.r090 n,0000 0.0000 0.0000

L4950 0.0000 c,e000 0.0000 0,0000 0.0000
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Shot No.:

—_— %995 2098 2100 20 2102 [
ose Dose Dose Dose Tose
(ggsg;@) (cal/gml (cal/gmi (cal/gm) (cal/gm) (cal/gm)
(cal/cm?) (cal/cm®) (cal/cm?) (cal/cm?) (cal/cem?)
Lan5n 3.2161 R D) 3.61R0 RN -4 JIToony
<0150 34663 3.7906 37447 3.0140 3.3077
6250 3,7z01 3.9725 41151 4.2607 3.4694
.035¢ 3.9693 4,0179 4,1986 4,5h92 3,5809
L£450 “,029) 3,9988 %.3295 4.6145 3,8620
20650 44,2236 4,0626 4,6531 L,GRRE 4,0695
L0655 4,3714 4,20R9 4,.6278 S,.1155 4,1250
J 0752 4,6631 4,1160 4,46600 5.1753 4,2378
1859 44,3479 46,2593 4,64572 s.121¢2 4,27%4
L0052 4,LAST 4,2621 4,3976 4,9095 4,2990
L1059 4,3850 4,0471 4,276 4.9784 4.2830
J1150 4,3713 4,0733 4,199 4,6620 4, 27R2
01250 &,26R7 44,0228 4.1250 4 ,SK%S3 4,0971
.1135n 4.1576 4,0152 3,9628 4,2961 1,993%
AN L.0615 3,8444 3.9530 4,1505 4,0090
L1550 J.9204 1,76452 31,9274 3.R27) 21,9321
W 1550 3.6634 3,604 3.6R3) 3,7593 3.6927¢ ‘
L1750 3.5399 3.2036 3.3106 31,1721 3.3760
L 1ase 3.3946 3,0835 3.16R2 13,7020 3.18M0 \
1950 3.0993 3,0985 3,023? 2.7196 2.0762
2050 2.R796 2.R350 7.8025 22,5864 2.,991A
2156 2.876H8 2.5767 2.5581 2.3055 2.7237 (
J22580 2.5394 ?.6047 2.6802 2.0122 2,5699 |
. 2359 2.3281 2.3582 2,1826 1.7587 2,376 !
L2650 2.0720 2.0144 1.8277 1.01321 2.1119 ?
L2550 1,7600 1.7924 1.5531 1,0000 1.,9322 |
. 265C 1.4240 1.59R% 1.,3564 L4599 1.63i19
L2750 1.1656 1,2908 1.1180 L6RER 1.4939
.2R%0 .B8924 1,2500 L9641 ,aaa2 1.2457
.29%1 7525 1.0629 LR35 3769 1.0892
L3155 6061 LRAZT L6506 2467 +8699
22150 <5067 7309 L4685 .1327 L7171
.3250 +3672 «5670 .3981 .1045 .5985
.3380 .2917 L3920 2479 . 0688 L5080
L3650 .,2071 .2533 .1649 L0370 2 JU6S
. 3551 .1413 L1950 L0940 .GIRO .22213
. 3650 0857 L1677 LO6SH .002% .1975
+3752 L0312 .1595 L0266 ,0039 1602
» IR50 0148 <0930 D117 0,0000 .0999
L2959 0,0000 L0598 .0106 0.0000 L0497
L4nSN 0.0000 L0637 .001& 3.0000 0289
4159 0.0000 .0127 0.0000 0.0000 0108
.4250 0.0000 . 0058 0.0000 0.0000 <0010
L4350 60,0000 0.0000 0,0000 6.0000 0.0000
L4450 0.0000 0.0000 0.0000 0.0000 0.1000
Le55h 06,0000 0,0000 0.0000 £.00800 0.0600 .
Janse 0,0000 .0000 0.0000 0.7990 0.0000
ca7en n.,0000 g.o00e 0.An0N 5.0070 €.2000
La05n 0.0000 0.0000 0.0000 n.00cd ¢.0ca00
L4950 0,000 g,00¢0 0.0000 0.GN0O0 0,0000
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Shot No 2102 2104

\ ' Depth Dose  Dose '
(gm/cm?) (cal/gm) (cal/gm) ‘

(cal/cm?) (cal) /cm?)

1 L0040 33,7019 4,5967
2 ,0120 4,015% 4,RAY]
2 L0200 &,3226 5.12377
I LO2R0 4,60201 S.3640
S L0360 4,6923 5.,6965
A L0468l 4,17890 55,6503
7 »0520 4,9217 S.R34R
9 060N S.0463 S,696R
Q L0ARA $.,0616 S.8132
10 L07¢€0 4,9115 S.662T
11 L0F G0 4,9542 5.2379
12 L0926 4 ,8789 S.1u422
13 L1000 4 ,RAR1 4, RT1S
16 .108¢ G.6700 4, RT3
15 1160 4 abb66 &,.5974
16 21240 4 ,5RS7 4,3671
\7 1329 4,a207 44,1816
1R L1400 Geldld 44,2463
19 .1480 4,N290 3.GR6S
720 L1560 3,7072 3.7R2S%
21 L1640 3.7771 3.4R4G
22 L1729 3,3295% 2.9727
22 L1200 33,1308 2.7145
26 .138n0 3.0329 2.6803
25 L1960 2.7114 2.20562
25 L2040 2.06966 2.0868
27 «2120 2,4791 1.8R49
2a .2200 2.2011 1.,4933
29 +27280 1.93RS 1.36753
ae . 2360 1.6977 1.0711
31 L2447 1,6298 JB614
3? JZ5¢0 i.clfé W0ulG
33 2600 1.0976 .5831
36 25”0 .8715 L6901}
35 W 2THD . 7259 L3718
a4 LPR4AN 6636 2264
37 L2920 + 4858 .2109
2e L3000 23114 L1547
3% LINAYG £2716 + 1076
4L L3160 1692 204056
al P60 1559 « 0019
42 .332n .113a .N268
4L Jd6(n D4b4 L0055
4t L 34R0 0268 0.0nG0
49 « 3560 .0118 n,onnon
L) 3ALN 0022 0.0000
07 3720 LOnsR nH,nann
4n J32N00 0,0000 0.00C0
49 LARAD 0.0000 0.0000
50 2 36RO 0.0000 n,.chnn
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Shot No.;

2106 21q7 2108 2107 2114
( D?Ptg Dose Dose Dose Dose Dose
gm/cm®) (cal/gm) (cal/qm) (cal/gm) (cal/gm) (cal/gm)
(cal/cm?) (cal/cm?) (cal/en?) (cal/em®) (cal/cm?)
L0050 36460 3,R216 3.3991 4,7149 3.3960
L0150 3.82R3 4,2997 3.7409 55,0978 3,737
,NP580 4.10K4 4.5245 3.9249 5.5506 3.9724
, 0350 4.2833 4,A78S 4,1504 5,7879 4,0836
LN6S0 4,33n2 5.0550 4.3681 S,7340 4,2849
L0550 4.5062 5.2043 446061 S.6637 4.3380
L0A50 4.6187 S.1274 &.5RR6 5.8970 4,3969
L2730 4 ,6R95 5.1755 446357 5,7858 4.5402
VRS9 4,5495 S.0640 448324 S.3841 4.7168
. 09590 4,61352 5.,2057 44.830" S.1726A 4,6816
L1059 46,4270 4.8935 4.5515 4,947 44,5345
L1150 4.61G1 4, 62R4 4,4687 4,7495 4.38R8
L125h 4,2502 4.4651 444375 4,%336 44,2208
.135n 4,20R5 543926 4,32120 &.3010 3.59582
Jla50 3.9831 3.3849 4.168] 3,9699 3,824S
158N 3,.9€631 3,7674 4,0518 32,7127 3,57R5
. 1650 3.6715 3.3210 JeHRI6 3,387% 3,7009
L1780 3.3389 3.1522 3.5226 2.9062 3.58h65
.185n 3.0878 2.8397 3.3R17 2.4432 3. 2966
L1650 2.9498 2.6979 3.0172 2.1717 3.0584
L2050 2.7706 2.3211 2.7172 1.9197 2.8348
2150 2.4767 2.0044 244927 1.%438 2.5636
£ 2250 2.3246 1.7979 2.2302 1.2172 2.2810
.23%0 1.95A8 1.8127 2.0167 L9nas 2.2808
L2650 1.7379 1.2279 1.7028 . 7291 1.8072
2650 1,4752 1.0S24 1.4423 5312 1.70590
L2650 1,2904 L8560 1.9555 L4297 1.33897
2750 1.0579 .7373 2 G054 .2899 1.1719
L2859 .B219 5077 47158 .1905 «9681
2952 L7071 L4329 .S57R .0935 L7986
+315¢6 .S2R0 «3212 6738 20625 oH122
{23150 4507 2035 L2470 .D40R G475
! 43250 3763 .1694 22241 20155 L0112
© L3350 2721 «0629 1246 .0110 .2625
L3550 1116 «966% «DBCS 0061 »2027
L3550 .0658 0254 .352% 0.0000 «0952
« 3650 «03R7 0108 0177 0.0000 » 0565
L3750 0274 U6 20089 0.0000 0202
L3356 .0038 0.0000 L0067 0,0000 0226
23359 0.1000 0.0000 0.06000 0.,0000 <0019
L4N50 0.000¢ 80,0000 0.00N0 0.0090 0.0000
6150 0.0000 0,0n00 0.0900 0.C000 0.0000
6250 0.0000 0.0060 0.0000 0.0000 0,0000
L4750 0,0000 0.0n0N 0.0000 0.no00 0.0000
RYs-1 n.0000 0."0NY 0,.0500 0.0000 0,n030
Ty 0.C0NY 0,067 0.G035 0,00n0N T.n0nn
L 0.0000 C.o205 n.00J90 6.5C%0 0,000
£5750 a.n000 0.0090 0.0000 0.00Q0 0.0009
L4850 0.0000 0.00073 94600 0,000 0.0000
ALY 00000 g,n""0 0.00Nn G,6n000 0.00n0
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Shot No,.: 2115 2iz0 2121 2123 2128
Depth A DOS€ Dose Dose Dose —DoSE
(gm/cmz)(cal/gml (cal/gm) (cal/gm) (cal/gm) (cal/gm)
(cal/cm®) ‘cai/cm?V (cai/cm®) (cal/am?) (cal/cm®)
AneEA S.1502 5.6694 Z2.9677 R.75T3 J. 5676
L0160 S.5811 5.189% 3.019) 55,0677 4,0761
L0750 65,1934 S.4433 3.1190 5.2519 L,46209
«015¢ 6,317 5.6808 3.3343 5.2750 4,77T13
0450 6,4929 5.7440 3,3AS7 55,2957 S.1264
,065a 6.,6362 5,7091 3.5627 Se1141 5.1139
L0650 6.2760 5.6488 3.6090 S.066 S.2426
LOTRN 643298 5.547S J.6240 S.2681 5.2807
LORSGY 5.92R9 5.3650 3.6015 4,944 $.1080
,0950 S.5920 S5.1046 3.6768 4.8133 4,8246
L1050 5,366 4,944 3.7661 4,4869 44,8615
1150 5.1659 445739 3.7060 4,42R1 4.6165
.12%4 4.,R780 4,218% 3.6409 44,1674 4.4365
L1380 4,486) 4,1063 13,6363 3,9551 4,1503
L1480 3.5174 3.79461 2,564 3.R223 4,0748
.18%0 3.5%38 3.5453 3.5319 3.6794 3.7111
L 1R8N 2.9822 3.0080 J.4420 3,4445 3.5965
L1780 24740 2.6820 3.2831 3.083S 3.28A8
.1a5n 1.9366 2.4479 3.0777 2,7945 3.0098
.1950 1.5062 2.2105 24,9736 2.6473 2.7394
2080 1.1546 1,R420 249355 2.3144 2,4956
L2150 -A381 1.6132 2.R380 2,1300 2.2415
,226n +5718 1.4155 2.6620 1.7720 1.8791
,23%0 «3320 1.28%2 2.6425 1,3R68 1,6874
L2450 »2029 1.0197 2a4bb64 1.2675 1.,3763
. 2550 «1155 . 7848 2.2367 .9671 1.1308
2650 «0476 +H7B9 1,9646 L7117 8723
L2750 »0067 o433 1.A191 26369 55658
7850 . 0065 «3048 1.6559 « 3791 24861
+ 72951 G.0000 2583 1.487S 23555 +3919
3950 0.0000 21166 1.3919 .3243 .2823
«31%0 a.0000 «NTT4 1.3786 al2464 1595
03250 0.0000 20729 1,131¢€ «1031 1299
«335n 00,0000 0348 » 9927 <0974 + 0415
L3650 4.0000 0261 .8101 .0380 .0319
P LAY 0.0000 .0087 « 7347 .0192 .0038
+36S0 0.0000 0.,0000 .5800 «012S «003%
L3750 0.0000 0.0000 Whbl? «0N67T 0,0000
+ 3450 a.0009 C.0000 « 3242 6.0000 0.0000
3388 0.0000 00,0000 «2701 0.0000 00,0000
L0050 0.0000 0.0000 + 2481 00,0000 0.0000
Lal15Nn 02,0000 0,0000 *15LA 0,0000 0.,0000
L4250 9.0000 0.0000 «11R2 0.0G00 0.0000
L4350 ¢.0000 0,0000 «12729 0,0000 0.0000
L4450 N.9000 0.0000 PRI L 0.00 0 0.0000
G50 n.0000 0.0000 +0273 0.0000 0.0000
Lange f.N0Nn 0,030 ek ¢.2000 ALAN00
LHT7S0 n,6200 00,6000 N11A 0.,05wv 0.0¢00
JARSH 0.0000 00,0000 .903S 00,2000 0.000€
L4050 0.0000 0.0000 040002 0.0000 0.0000
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Shot No.: 2127 2129 2130 2131 2133
Depth Dose Dose Dose Dose Dose
(gr/cm?) iEE&ZSE%_ (cal/gmg (cal/gm) (cal/gm) {(cal/gm)
{(cal/cm®) (cal/cm?) (cal/cm®) (cal/cm*) (cal/cm*)
L0050 14,2250 4,3506 3.,4319 3.,5076 3.%a7s
L0150 16,1R94 4.6374 3.8176 3.8533 4,3492
,0250 16,12A80 S.0238 4,0742 4.1271 4.7123
L0350 16,7538 5.2275 442965 54,3474 5.0266
L0450 12.30951 5.3280 445364 4,6630 5.36492
,05Sn 10,0912 5.2512 4.602R 4.7168 S.43137
.065¢ 7.1500 5.1731 4.6212 4,6231 5.5RS13
L0750 4,646 5.1053 446976 4,81R0 5.4530
«DRSH 2.5080 S.0980 4ohE6T 4.6819 S5.4715
0950 1.199%2 4.9086 4.5727 4,.6461 5.2416
.1059 . 7399 4.7302 4,3915S 4,5135 4.9687
1150 21642 4.5438 4.3371 46760 4,7993
12532 .0781 4.3198 3.9944 4,0035 4.6840
L1350 .53232 4,1068 A,RA12 23,9049 4.5193
L1450 .0096 3.8904 3.7845 3.7206 4,2019
L1550 2.,0000 3.6973 3.6926 3.62R0 3.9139
.1A5n 0.0000 3.3444 3.5300 3.4739 3.48683
L1750 0,0000 3.0A70 3.3535 3.32348 3.3600
L1850 0.,0000 2.7839 31,1877 3.178R° ?.8598
+19%0 0.0000 2.6287 2,9909 2.8550 2.7024
2060 0.0000 2.1781 2.8013 2.7219 2.1942
2150 0.0000 21005 2.5903 2.56S6 1.8154
#2250 0,6000 1.7772 2.2915 2.1568 1.5683
£27350 0.0000 1.51%1 2,0A80 2.0722 1.i90!
L2650 0,0000 1.1996 1.8751 1.8272 8774
2850 0.0000 1.0177 1.7635 1.7250 6920
.2550 90,0000 »8032 1.37S3 1.2269 LB562
2750 86,0000 26202 1.1452 1.1259 » 2949
.2853 C.55086 2890 -22¢ 25077 .Z275
2951 0.0000 «40R1 .8250 27432 «1607
+3958 8,.0000 <2774 +5751 «5693 L1100
+3180 0.0000 - 1689 <4645 .4178 . 0451
37250 0,0000 #1507 <3410 <3338 <0095
+3350 0.0000 «0493 2 2244 2222 20049
Jusd 0.0000 0205 +1256 « 1994 90,0000
3554 0.0000 20071 20737 .N771 0.,0000
L3650 0.,0000 20018 20316 L0612 0.0000
23750 0.0000 g.nNo00 «0136 .0153 0.0000
JIAS0 0.0000 0,0000 .0079 +N059 0.0000
950 0.0000 0.0000 0.0000 0.00090 0.0000
LaN5N 0.0000 0.0000 0.0000 0.0000 0,0000
ST 0.0000 G.0N00 0.0000 n.0000 0,0000
L6750 0.0000 0.0000 0,0000 0,N000 00,0000
L4t 0.6000 20,0000 0.0000 0.0000 n,n000
R 0,0000 00 A S nnen A rrpn
LL55P 0.0000 0.0000 f.00c? 06,0000 0.CO00
L4650 0,0000 0.0000 n,nnnn 0.0000 0.0000
L4750 0.0000 0,0000 0.0030 0,0000 0.6000
L8050 0,0000 0.0000 Gogudiu 0.0000 0.00¢¢
L4950 00,0006 0.0C00 0.0007 L.0000 00,0960
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Shot No. 2134 2138 FARTS 2128 2139
Deptg Dose Dose Dose Dose Dose
(gm/cm®)  (cal/gm) (cal/gm) (cal/gm) (cal/gm) (cal/gm)
(cal/cm?) (cal/em®) (cal/cm®) (cal/cm®) (cal/cm?)
,0050 S.87RS 4.1054 $.0218 3.9345 4e134R
L01Sn £.5781 4.5500 5,4569 444362 4.4581
L0250 6,795% S.1587 6,0809 “4e6210 4,ATHB
.035¢ 6.9713 5.2961 6.2036 4.R293 S.0A53
0450 6.9919 S.4631 6.194A 5.0024 S.1373
.055n 6.4591 S.4718 6.3427 S.17h4 S.1410
.0A5¢C 6.4276 S5.6199 6,2343 Sa1345 53350
075 6,0077 5.4642 5.9103 $.2203 S5.3490
DR LY 5,5321 Saal)72 S.8240 4.9701 $.0945
.0950 5,1792 S.16A7 S.6608 4,8059 449445
1080 5.207S 449827 S,0750 6202 4.8925
<1150 4, 4868 447214 46,6571 6.53%54 44,8008
. 1250 4.1960 4,5627 4,4643 4.4293 44,5341
.1150 3.49209 Ly 1642 &,2104 4, 0RART 4.100?
Jl4asn 3.6047 4,057} 33,9420 3.7236 3.9039
.158%s4 3.0471 J.7278 3,44972 3.6A70 3.59%¢
L1650 2.5554 3.3565 2.9239 3.5470 3.4387
.1780 2.3144 3.0772 2.6408 3.1091 3.2875
. 1RGN 1.9150 2.7045 2.1979 2.7248 3.0291
»1950 1.5R67 2.6220 1.7413 245757 2.6347
2080 1.3167 2,1582 1.56461 2.39133 2.3092
.21549 1. 0548 1.8774 1.2R57 242234 2.1976
L2250 TORGL 1.592% 9985 1.9934 1.851¢6
L2350 L4297 1.3360 .7738 1.7586 1.4623
J2450 .3721 1.04597 L4975 1.3459 lalR&7
. 25508 .2376 7150 «3348 1.112% «8920
L2650 1263 WS473 22448 «9121 L7721
L2TS0 L0782 .3688 .1330 .BS64 +S5376
- LLT] 0141 » 2550 #0507 ;640D 2 A9/7
.+ 295 .0068 « 1485 +0203 .5229 ~2R6R
23050 0,0000 01343 0.0000 2 3S40 «lall
L3150 0.0000 0647 0.0000 2618 +0R07
217250 0,0000 s 0254 0.0000 «2013 « 0507
3350 00,0000 .0150 0.0000 1093 0252
+ 3480 9.00060 0.0000 0,0000 20708 «0208
L3550 0,0000 0.0000 0,0000 0436 L0020
TN 0.0000 0.0000 0.0000 . 0397 20045
L3750 0.0000 0.0000 0.0000 .0069 «0027
. 1A50 0.0000 0.,0000G 0.0000 0020 0.0000
£ 2950 0.,0000 0.0000 0.0060 0061 0.0000
L4N5A 0.6000 0,0000 0.0000 0.0000 0.0000
Lal5n 0,0000 0.0000 0,0000 0.0000 0,0n00
4760 0.0000 0.0000 0,0000 0.0000 0.0000
IS 0.0000 0.0000 0.,0000 0.000¢ 0.0000
YA 0.0000 N,"ohn 0,000" n,nenn N.000
La550 0.0000 0..390 0,000 Naunity 0.0000
JUAS 0.0000 0.000% 0,nnnn G.0000 T.0N0¢
YLD 90,0000 ¢.0000Q 4.0000 G.N0ONN 0.0069
L4850 0.0000 N.0000 Q.0Con 0.0000 0,0n00
.4950 0.9000 0.06039 09,0000 0.00060 0,0000
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Shot No.: 2140 2141 2142 2144 2142
( Deptg Dose Dose Dose Dose Dose
gm/cm®) (cal/gm) (cal/gm) (cal/gm) (cal/gm) (cal‘gm
(cal/cm?) (cal/cm?) (cal/cm?) {(cal/cm?} (cal/om®)
L0050 3.R618 1.6301 3,8397 .U 4,2%22
L0151 44,3065 3.9456 4.0894 44,2554 4,784
L0250 4,547R 443200 4.525"° 4,741 5,3239
L0350 4,A790 64,5226 4.8580 5.0572 5,608L
045N 5.0571 4.6612 S.0344 S.2860 5.9439
. 0550 Se044] 4,7751 5.0978 S5.4268 $. 8779
L065C 4,9634 4,8586 4,94669 5,6035 5,.F167
L0752 S.0831 4.8864 5,031S 5.,60649 5. 0675
.NRSY 44,9005 4,8863 4.R621 <£,51R2 S.4926
L0950 46,6930 4,.6142 4.6355 5.1777 5.1133
L1050 4.5109 4,5312 443256 s.0126 4,R%37
1150 44,3505 4,3595 4,307S 4.855¢% 4,6634
.1250 4,3529 44,3352 4.1679 4,3832 4,4125
.1350 2.9517 4400617 2,.8782 4,35%30 4,073k
L1450 3.9816 3,826%8 3.7280 %4,09723 3.8540
L1860 3.6176 3,7185 3.,7375 3.8114 3,5972
L1450 3.5216 13,3536 3.4275 3.6165 3.3143
L1782 3,2432 3,2173 3.06A8 3.04R2 2.87137
1830 2.8350 2,9900 2.900A 2.6912 2.5A12
L1953 2.5876 2,8400 2.6888 2.5970 2.372S
L2050 2.4099 2.523%4 2.64097 2.0969 2,035+
22156 2.1792 2.3498 2.1591 1.7125 1.6601
.225n 1.95R6 2.2278 1.9007 1.5641 1.,4505
.23%9 1.7194 1,8995 1,79R7 1.3915 1.0712
« 2450 1.4037 1.7310 1.5210 1.0623 .R788
+ 255N 1.2108 1,4723 1.3076 .8374 .700S
.2650 1.0219 1,1277 1.1749 .6700 JUuBGLS
22750 eTuNN 1.02338 1.005% +5595 .39326
LRS54 o T455 «AS1H + 8555 +3919 22330
2959 «S5648 6966 1783 $3756 L1661
«3156 a232 .5659 6612 2171 1072
22150 «3579 6177 .5295S .1i57 0752
.3254 2786 «2931 3082 .0629 L0631
»3350 .1627 « 1969 L1998 £0876 L0170
2 3650 «1335 »1231 +13R9 « 0456 .0027
.185n 0985 .0838 .0931 . 0425 0.0000
L3650 20757 L057R «0612 .0244 0,0000
L3750 .03239 20002 20317 .0018 0.N0000
<3ASN «0092 + 0006 0021 0,0000 0,0000
+ 3959 0064 0,0000 20074 0,0000 0.0000
.Ansn 0.0000 6.0000 2.€000 0.0000 0.0000
ALY 0.0000 €,0000 0.0000 0.000n 0,0000
L4250 0.0000 0.0000 N.0000 00,0000 0.0000
L6150 0.0000 0,0n00 0.0000 0.0000 00,0000
SuhS7 0,0000 0.0100 0.0002 0.0000 6,600
LS50 0.0n00 0,000 0,0000 0.0007 0.0000
LOAR5H 0,0009 6,000 0.0060 a5 a.onnn
L4750 0,0000 0.00u0 0.0000 0.000 0,000
4850 0,0000 0.0000 0.,0000 n.00N0 0.0000
LT 0.0000 6.0000 0.0000 0.0000 6.0000
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Shet No.: 2147 2148 2253 2254 2255

Depth  Dose Dose  Dose Dose Dose
(gm/cm?) (cal/gm) (cal/gm) (cal/gm) (cal/gm) (cal/gm)
(cal/cm?) (cal/cm?) (cal/cm?) (cal/cm?) (cal/cm?)

L0050 64,1727 4.0198 822520 4,1660 4,6713
L0150 4,430 4,3611 —be 8967 4.5341 5.0912
.NPSA 5,.0998 4.9763 — %.9216 _ 5.0163 5.7021
L0250 5.72960 S.2333 —_—3e0972 5,.3445 5.A573
N4Sn 5,2751 S,40A6 ——Se2lf2 5,%5250 6.,2125
L0550 5.4309 $,5145 —5a3826  S.ATRA 6,040A
40650 S.6545 5.5430 —522338 S.h185 S.9847
0752 5,4R7T0 5§.,5279 843406 S.66E9 T 6,0227
NASH 5.3222 5.2697 ——2a2328 55,2500 S,.8248
0950 5.1694 S.0847 —.5.1040 __ S.153% 5.4796
.1nS0 4.8330 4,8792 58715 5.0072 S.1065
1150 4.6%507 4,5554 —a 1816 4.7817 4,.6h63
L1259 4,4587 4,3529 —0.5023 446083 4,2942
.135n 442807 bob)by 1250 4,1843 4,231
1450 3.94R2 3.971¢& —_——13:8920 J.9261 3.A393
Jesn 3:6679 3.82301 3.66A1 3.6276 3. 6ka’
L1£50 3.40A2 3.550) ——33453 3.4e99 3.06%1
£ 1757 2.9372 3.135¢P 3. 1678 3.0877 2.7407
1950 2,62R82 2.8052 2,035 2.6537 2.2824
L1950 2.4637 2.6456 3245705 2.4083 1.9275
2051 2.152¢6 2.2403 22014 1.9947 1,556%
L21%0 1.9671 1.976R 1,6281 1.7R43 1,6109?
22250 146149 1.6594 1.5375 1.5999 1.08387
.23%0 1,452 1,26485 1.4052 1.3330 L9046
L2450 1.1153 1.0626 ig1268 1.0326 .6356
2550 «9426 +B609 e __e8084 . 7891 «S341
2656 7008 .6033 47229 h429 L4275
2750 +6AS0 6625 . 5355 «4253 .32R82
+2950 «3365 «3202 . 4096 .2951 L2433k
22951 « 1884 «2153 23473 +2304 »157S
ML LY 51177 21360 22385 -1352 L3
+ 3150 <0754 L0582 »2218 « 0629 L0479
. 3750 0232 L0393 ___e1562 «C23A PRFLY
3350 «01236 0122 0737 +00R3 L0113
23650 «0013 L0042 + 0429 «N0i2 0.0000
3554 0,0000 00,0000 0111 0.0000 n,00n0
«3650 0.,0000 0.0000 0125 0.000n0 0,6000
L3750 0,00n00 0.0000 __0.0000_ 0.0000 0.7000
.23350 0,0000 0.0000 0.0000 0,0000 ¢.0000
.3351 0.0000 0.0n00 0,0900 0.0000 0.0000
J4NSN 0.0000 0.0000 —— R 92,0000 0.0000
6180 0.0000 0.00006 ———D -0 0 Qe 0.0000 0,000
LT 0.0000 0.0000 G030 33— 0,0000 0.00Nn0
<4350 0.0000 0.0n00 ~——0~2000—— Fe0nnn 0.00n0
LaLS0 0,0000 0,073 - =0,0007 . n.annn c.0nrn
4850 0.0000 0. nrn —— e e — Gl a 0,000
14458 0.6000 ALnnis —~0000— N, 0.rrnn
| 4750 0,0000 q9.0n0v —0.4000— 0.0000 n.oto>
b .5850 ©.0000 G ounp —~—0,0000— 0.0000 0.0300
L4950 08,1000 0.0000 - —0.0000 0.0n00 0,0000
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Shot No.: 2256 2257 2258 2259 2262
Deptg Dose Dose Dose Dose Dose
(gm/cm®) (cal/gm) (cal/gm) (cal/gm) (cal/gm) (cal/gm)
(cal/cm?) (cal/cm?) (cal/cm?) (cal/cm?) (cal/cm?)
L0054 3.8248 46,1530 5.9712 S.4718 3.5579
L0180 4.1915 4.7172 6,4594 6.1R84 33,9098
L0260 4.54AR1 5.16AkA 7.,3180 7.0759 4 ,6L6R5
L0150 H,9404 5.5156 7.4139 T.4220 46,5580
L0650 5.15146 5.734]) T.4774 7.1178 b, 6017
L0550 5.07S9 5.5910 7.3110 7.3369 4,717
.0AS0C S.28A81 S.8669 T7.0763 $.8878 4, RA8R
L0781 5.2045 S.Re21 6.€42" 6,603k 4,R057
NASY S.1386 S.5802 6.,2786 46,0099 4.80G1
L0950 S5.0096 5,2099 5.,6R35 S.7301 4,hARG
L1157 4,7797 5.0350 $.59139 S,35649 4,5363
L1150 4462R7 449146 4,R939 4,42¢9 4,6237
.12S9 4,617 4,5062 44,2792 4.2102 4.2A09
.1135a 4.17R4 441837 3,8704 3.7338 L 168
Jdee 3.7336 440434 3.1245 3.1 31,9453
L1580 3.5560 3.76604 2.7080 2.6911 3.66A2
. 1550 3.,3563 33,2237 2.215% 2.22%6 3.4526
R LY 31.0667 2.8733 1.82133 1.8554 3,1329
LY 2.A708 2.4373 1.2587 1,6653 2,939
.19%a 2.5438 2.307) «97292 1.16567 ?2.7359
2050 2.3160 1.89R% +6509 1,0273 2.52%
21960 1.891¢6 1.7552 né211 » 7495 2.3262
L2284 1.771S 1,4189 «2640 .5808 2 109n
L2350 1.,5414 1.1700 2078 .5142 1.8352
L2650 1.281¢4 «R9137 «0R4S + 3775 1.4818
.2550 11347 26728 .0233 L1912 1.6417
L2650 +B04A 4953 .0195 .1980 11440
L2780 .7718 »3318 £ 0099 1416 1.0A52
«2?8S93 +6914 22573 g.0000N .0987 «9363
2954 «5546 LN 6.,0005 LS040k R767
. 3158 4368 1150 0.0000 L0147 6024
L3150 +33R0 . 0556 0,0000 «00K9 6796
,3284 +2354 .0342 0.00n90 0051 3161
,31sn «1593 «0174 n.00n0 t.0000N W 2271
L3650 .1063 10029 0.0000 0.0000 » 1259
. 3550 +0R7S 06,0000 0.0000 0.00NN .0719
LIRS0 +045) 0.0000 00,0000 0.,0n00 Ry
3750 <0534 0,0000 0.0000 0.00n0 L0137
.33s0 .0126 0.0609 0.0000 0.0000 L0104
39719 0121 0.0600 0.0000 0.0n0071 .0050
4050 0031 0.,0000 0.0000 0.0000 0,0000
24180 .0017 0,000 NG00 0.0000 0.00nn
L4250 0057 0,0600 0.0000 0.0000 n.0000
R 0.0000 0.00" 0 00,0000 00,0000 0.0060
P2 0.0000 f.ooTn 1,000 SRR g nnr s
Lu55A n.nono a0NN 0.n00Q 0.0nnne 0.N800
J4RSC 0.0000 0e70r9 0.00n0 0.0900 0.NNND
L4750 g.0nno 0wy 0.,00€0 G.nrran N.0ung
L4950 " La500 0.0000 0.0000 000N 0.0019
L6950 J.0000 g.0000 0.0000 040000 0.0000
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Shot No.: 2263 226% 2266 2268 2272

Depth Dose Dose Dose Dose D
(gm/cm?) (cal/gm) (cal/gm) (cal/gm) (cal/gm) (caiigm)
(cal/cm?) (cal/cm?) (cal/cm®) (cal/cm?®) (cal/cm?)

.0050 4.9545 5.664573 5.6501 3.572¢ 6ava N
L0150 55,7745 641004 56,0338 4,0728 8,0757
0750 6.2957 6.6549 6,2753 Gab231 9,0590
L0250 6,4927 6,907 6.3210 4.7692 8.7390
L 0aS0 6.6521 6.9249 6,76A5 4,R320 8,7355
L0650 65,6377 6.92067 s, 4148 5.0007 A.2312
0”5 E,6004 6.6609 6.,1716 5.07R4 7.,8965
L0780 5,94138 6.2R12 5.75R9 H,9074 7.0740
.NASH S. 7144 S.98S54 5,6641 4,766 6.,4213
0950 S.6349 5.7890 5.,5620 444803 5.7770
<1059 5.2509 5,4236 S.1075 4,46421 4.9047
.1150 4,7290 4,9978 4,7856 4.3929 3.9666
.1250 4,5054 4,3506 4,6061 3.9696 3, 1408
L1350 86,2604 3,8508 44,3130 3.R519 2.7686
YTy 3,6264 3.2058 31,9516 31,5793 2.,3919
. 1580 3.228% 2.783S 3.5279 3.453% 1.3%14
L1450 2.81964 2.5181 3.0404 3.2093 1.46230
L1750 2.2102 1.9227 2.5418 2.9923 « 9523
+1850 1.9880 1.6449 2.1677 2.797% 5927
.1950 1.5735 1.3534 1.7257 2.7552 .3568
,2050 1.353% 1.0182 1,2R26 2.,4815 . 1756
21560 1.0610 L7771 1.04696 2.29a7 21971
L2250 8473 5949 .8070 2.0014 .0699
L2359 6775 <5332 25065 1.8647 0120
+ 2650 24859 <4602 +258% 1.6611 $6102
. 2550 .3611 «2F 06 12725 1.3681 L0058
. 2650 <2644 2164 L0521 1.1908 0.,0000
L2780 .1718 .1592 .0338 1.0807 0,0000
.2859 .1050 1167 .0i05 28946 0.0000
.2asn L0844 0860 .007R .8026 0.0000
.3956 20417 0215 0049 BI2Y 0.0000
. 1150 L0604 203504 0.0000 +6061 0,0000
» 3750 L0091 20112 0.0000 J46A9 0.0000
L3350 .00643 .06S] 0.,0000 £3575 0.0000
3650 0.0000 0.0060 0,0000 +2901 0.,0000
. 3554 0,0000 0.0000 0.0000 «1840 0.0000
L3650 0,0000 0,0000 0.0000 .1352 0,0000
,375n0 0.0000 0.0000 a,00nn 0905 0.0000
. 2850 0.0000 0,0000 00,0000 «0655 0,n000
ETEY! 0.0000 0,0000 0,0000 20511 0.0000
L4050 60,0000 0.0000 0.0000 <0209 0.0000
L4180 0.0090 0.0090C 0.0007 «0259 0.0000
L4250 0.0000 0.0000 0.0000 <0053 0.0000
4150 0.0000 0.0000 0.0000 00467 0,000
AL n,onrg 0.0190 0.0000 0066 90,0000
R0 0.00c0 0,CnD f,n00n 0.0nen 00,0000
LOASE [ I T o) N, T3 n,nnnn 0.0200 0.N00N
4750 0, LND 0,un00 00,0000 0.0900 0.0000
L4850 0.0000 0,0000 0.0000 0.,0000 6,0000
L4050 0,0000 0,00C0 0.,0000 0.0000 0.0000
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Shot No.: 2273 2274 2276

Deptg— Dose Dose " Dose
(gm/cm?) (cal/gm) (cal/gm) (cal/gm)

(cal/cm?) (cal/cm?) (cal/cm?)

. ,npnce 7.2:280 5,4975 S.23612
2 .N18a 9.3077 6.,0390 5,094
3 Lh25A Q,0608R 5.677 h.2722
o ATy ﬂ.FPgR 6.9n1{ 6,525
s .fasn 8.6705 6,9975 s 2401
[ s , »05%0 8.348% 4.93%56 “.1933
7 = 7.9u437 A.S371 65,0750
a L0732 7.2504 £.3542 Seh927
9 R 6.4542 S.RR0A 5.3625
10 ALY S.601% S.5A15 4.c383
1 PR 4, Q0k2 4,9277 4,7960
12 L1150 4,2655 4.6127 G anla
12 1788 3.8236 4,1309 “.2%2
la L1758 2.9176 3.9802 “.0054
1= Jlana Z.19R4 I epun 3.74368
1e L1680 17347 I.0362 3.13%4
17 3558 1,257 2.4333 2.3975
1a REigs 65629 2.08RG 2.59113
19 L195a . 3897 1.73R4 2,275
20 L19%) .1913 1.4915 Z.06R7
21 L2080 1323 1.1537 1,79252
i 22 L2150 .0575 .9275 1,4003
23 £22%2 0.,0000 .7127 1.0131
se 2359 0.00n0 +ASAT .P231
1S L2050 0,0000 Jlala17 .F024
25 .?G&r n.00090 22192 JuDAT
27 L7658 0.0000 2798 $ 3454
2a LPUSA N.0000 1719 «?2nS1
=0 JPusa 0.0600 «0729 1773
35 RELIE 0.000n92 .N530 1226
31 LR 0.0000 «21R8 20522
32 <3180 9.0000 0142 G159
32 L3254 0.0000 «N0RA 0060
K1 L3350 0.0000 .003AR L0034
e L3655 n.0000 0.0600 0,0000
34 L1550 9.00n0 0,0000 0.00C0
1 L3e%0 0.0000 0.0000 0,2n0N
ap .375n 0,90n00 0.0000 0.0000
3n Caasa 0.0000 0.0nN0 0.0000
an , 2359 0.0000 C.00n0 0.00n0
1 L4150 0.0000 00,0000 n,0nQ0n
) L6154 0,0000 00,0000 0.0000
2 WELT N.0000 N,0000 n.0900
we a5 0,0000 0,0000 0.4000
e g 0.0000 0.9000 0.0000
Lk Cug5n 0.0000 0.00Ng 0.0r0N
o7 LuhGir 0.0009 0.0000 0.c0950
o e 0.0000 N.0n0ng 0.00un
40 Lamin 0.0n00 0,0000 n,0non

SN La3ten

9.0000 D.,0000 2,000
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