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ABSTRACT

Tables of scattered gamma-ray fluxes in water that are suitable
for integration over source spectra have been generated on the IBM-T090
computer by Lagrangian interpolation of moments method results for point
isotropic gamma-ray sources. Values of the fluxes were obtained for a
consistent set of scattered gamma-ray energies taken in steps of 0.1 MeV
from 0.1 to 1.0 MeV and in steps of 0.25 MeV from 0.25 to 10 MeV. One
table was obtained for each scattered energy for various values of the
source energy and of the distance from the source in mean free paths.
Tables were then generated in which the distance from the source was
converted from mean free paths to centimeters. The latter set may be
integrated over any source spectrum to obtain the flux of scattered gamma
rays in water, and, with small error, in any material in which the cross
section is dominated by the Compton scattering cross section. This in-

cludes the low-Z materials such as aluminum and air.







TABULATED VAIUES OF SCATTERED GAMMA-RAY FLUXES IN WATER
INTERPOLATED FROM MOMENTS METHOD CALCULATIONS

In calculating the energy spectra of scattered gamma rays at various
points in a medium, it is often convenient to use the kernel method, in
which case the results of transport calculations performed for monoener-
getic sources are integrated over the desired source spectrum. One trans-
port calculation for which results are available is the moments method cal-

culation of Goldstein and Wilkins,l who have tabulated values of

2 Mo'
M(r,E,E ) = k™ e © I (r,B,E) , (1)

r = distance from the source to the space point,

Bo = total linear absorption coefficient evaluated at Eo’

Io = scattered gamma-ray energy flux per source photon from a point
isotropic source,

Eo = source energy,

E = scattered energy.

The tabulated values of M(r,E,EO) are grouped together for each source
energy and are presented as a function of the scattered energy and of the
distance from the source in mean free paths (mfp).

In a recent calculation undertaken by the author it was necessary to
generate tables of gamma-ray fluxes from the Goldstein and Wilkins data
which would be suitable for performing an integration over a particular
source spectrum. Since the moments method results do not have a consist-
ent set of scattered energies for each source energy, however, it was first
necegsary to obtain intermediate values from the moments method data. This
was done on the TBM-7090 computer by Lagrangian interpolation,2 with four

data points used for each resulting value. In addition to the values given

lH. Goldstein and J. E. Wilkins, Jr., Calculation of the Penetration of
Gamma Rays, NYO-3075 (June 30, 1954).

2S. K. Penny, IBM-7090 Gaussian Integration Package with Optional Point
Quadrature, ORNL-3203 (Mar. 16, 1962).




in Ref. 1, the values for E = EO were calculated by evaluating the single-

scattering limit

Lhypr (2)

M(r,E ,E ) =
o’ 25.33 cm™ (B_/0.511 MeV)

O

where p = electron density (em~3) x 10"2% and r = distance (em).

The results of the interpolation are given in the first 50 tables
presented in this report (pages 8 through 32), each table giving values of
M(r,E,EO) for a particular scattered energy for various values of the
source energy and of the distance fram the source in mean free paths. The
scattered energy values are taken in steps of 0.1 MeV from 0.1 to 1.0
MeV and in steps of 0.25 MeV from 0.25 to 10 MeV,.

In the table for E = 0.25 MeV (page 13), there are two entries for
EO = 0.25 MeV. The second one is actually for a source of 0.255 MeV. 1In
the table for E = 10 MeV (page 32), there are two entries for E, = 10 MeV.
The first entry was evaluated by using Eq. 2, and the second entry was
taken from Ref. 1. The slight discrepancy between the two is due to a
small difference in the cross sections assumed. This discrepancy is appar-
ent in other tables in which E coincides with a value of E, calculated in
Ref. 1.

The above tables are not yet suitable for integration over source
energies, however, since the distances from the source are given in terms

of mean free paths at the source energy and thus are not directly compa-

rable for different source energies., Therefore, additional values of the
function M(r,E,EO) were generated by further interpolation to obtain re-
sults that would correspond for distances from the source specified in

centimeters. These values were then converted to the function g(r,E,EO),

where
2 ~Ho”
g(r,E,EO) = gy Io(r,E,EO) =e M(r,E,EO) .

Values of this function are given in the second set of 50 tables
presented in this report (pages 33 through 57), one table being given for
each scattered energy for various values of the source energy and of the
distance from the source in centimeters. The values are printed in float-
ing point notation; that is 1.56E-01 = 1.56 x lO'l. The double entries in
the tables for E =0.25 and 10 MeV are explained as above.




The function g(r,E,EO) is also plotted for selected values of E in
Figs. 1 through 22, both as a function of the distance for various source
energies and as a function of the source energy for various distances.

An index to the plots is given on page 58.

The function g(r,E,EO) may be integrated over any source spectrum to
obtain the resulting filux of scattered gamma rays in water, and, with
small error, in any material in which the cross section is dominated by
the Compton scattering cross section, This includes the low-Z materials

such as aluminum and air.
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SOURCE
E(MIV)

.19

SCURCE
E{MEV)

.20

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SQURCE IN WATER

!.‘.\%D

137

1.18

u

12.46

12.60

11.38

SCATTERED ENERGY

MFP
7

35.53
82.68
63.73
33.64

15.56

1o
50.76
178.87
126 .00
57.89
23.81
14.59

10.39

SCATTERED ENERGY

MFP
7

21.80
30.96
28.83

18.94

10
31.14
58.56

55.73

0.10 MEV

15 20
T6.14 101.52
469.85 996.87
284,48 530.07
110.33 185.19
38.92 56.19
21.62 2T7T.45
15.07 16. 10
9.18 9.78
6.31 6.45
L.99 Lh.99
Q.20 MEV

15 20
46,7 62.28
128.48 236.58
123.45 213,44
61.34 6. 16
23.8C 32.08
13.19 15.76
9.54 13.27
4,55 5.22
3.73 3.89
2.93 3.05
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CIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 0.30 MEV

SCURCE MEP
E(MLCV) 1 2 Y 7 10 15 20
J.32 2.59 b.78 9.57  16.75 23.92  35.89  47.85
0.52 1.21 3.02 8.40  20.94  39.22  83.06 145.46
.07 1.39 2.59 6.24  I4.06 24,23 45,55  70.ul
2.33 J.88 .80 3.83 7.30  11.12  18.14  2u4.92
3.30 .74 142 2.75 w73 6.83  10.29 12,66
sl 1.63 117 2.18 3.64 5.17 7.67 8.83
6.00 Q.46 D.e2 1.39 2.18 2.97 3.63 .48
8.30 7. 38 0. €5 1.07 .59 2.15 2.88 3.13
10.00 .52 0.54 7.86 .27 .68 2.27 2.45

SCATTERED ENERGY 0.u40 MEV

SCURCE MFP

E(MEV) ! 2 uy 7 10 15 20
Gekd 2.00 4.0l 8.01 14.02 20.03 30.0u L40.06
0.50 la4l 3.13 7.58 16.75 28.89 56.07 921.93
1.0 N.82 2.01 5.27 12.10 200.85 39.15 62.49
2.00 .67 .46 3.23 6.25 9.60 15.56 22.50
3.00 0.59 .18 2434 4.08 5.88 8.90 11.54
4.33 J.51 0.98 1 .85 3a1t Lok 6.57 7.83
6.00 Jeul fle73 1.25 1.98 2.69 3.81 4.83
8.00 .33 0.59 .97 Ik 195 2.61 2.97

10,99 J.28 J.u8 0.78 fe15 1.52 2.07 2.33




SCURCE
E(MEV)

SCURCE
E(MEV)

.60

176

10

CIFFERENTIAL ENERGY SPECTRA
POINT I50TROPIC SOURCE IN WATER

SCATTERED ENSRGY J.50 MEV

MEP
2 " 7 10 15 20
3.5 7.03  12.30  17.57  26.35  35.1h
fo21 H.9T 11432 19.45  36.36  57.51
139 2.95 5.80 8.92  14.5%  21.53
1.6 2.15 3.81 5.u8 8.33 11.ub
n.88 .69 2.87 T 6.07 7.68
0.66 Toll L8k 2.48 3.50 4,53
7.52 1.89 1.33 | .80 2.40 2.90
0,43 0.71 1.36 Loty ! .91 2.28

SCATTERED ENERGY 9.60 MEV

MFP

2 4 7 10 15 20
3.16 6.32 11.06 15.80 23.70  31.59
1.91 L.76 10.63 18.01  33.30 52.08
1.26 2.91 5.78 8.89  I14.58  21.88
0.99 2.05 3.68 5.30 8.06 11.u48
0.82 1.61 2.76 3.90 5.84 7.76
0.61 1ot 1.78 2.43 3.42 b.40
0.48 0.84 1.30 [y M 2.37 2.02
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DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 0.70 MEV

SCURCE MFP
E{MEV) | 2 L 7 10 15 20
Je73 1.45 2.89 5.78 10.12 14,46 21.69 2B.92
§ .00 0.89 1.27 Leb67 9.98 16.53 30.16 6,61
2.30 0.53 1.19 2.79 5.60 8.64 4.2 21.36
3.43 J.u45 .95 1.99 3.60 5.20 7T.91 11.42
4.03 J.39 N.78 1.56 2.69 3.8] 5.70 7.79
6.U Te31 .58 1.07 1.73 2.36 3.35 L,.28
8.09 7.25 Talbb 7.80 1.27 1.70 2.33 2.99
10.03 Je21 .38 £.65 1.2 1.33 1.78 2.29

SCATTERED ENERGY 080 MEV

SCURCE MFP
E(MEV) I 2 L 7 10 15 20
0.40 1.35 2.79 5.44 945 13.49 20.24 26.99
1.00 .98 2.009 b.67 ekl 15.20 26.80 L. 77
2.33 J.52 el 7 2.73 5.53 8.53 b .06 21.00
3.910 Dol N.93 .96 3.57 5.19 7.86 1.4
L.00 9.37 0.75 1.52 2.64 3.75 5.61 7.82
6.7 3429 0.56 l.0Uu .79 2.32 3.30 b.21
g8.003 .24 D.u4u .79 1.24 .66 2.28 2.90




SCURCE
E(MEV)

g.70

l.i-}g

10.90

SOURCE
E(MEV)

1.010

6.30
8.300

10..0

1.018

71053

N.u3

12

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 0.70 MEV

MF P

2 4 7 10 15 20
2.54 5.08 .89  12.70  19.05  25.40
2.23 baTh 8.96  13.79  22.97  33.57

Lol 7 2.72 S5.48 B.52 14.07 20.77

0.91 1.93 3.55 5.17 7.86  11.38
0.73 1.50 2.62 3.72 5.58 7.87
0.55 163 1.68 2.30 3.28 419
0.u3 0.78 .22 .64 2.27 2.88
N.36 0.62 0.96 1.28 1Tk 2.20

SCATTERED ENERGY  1.00 MEV

MFP

2 4 7 10 15 20
2.40 4.80 .40 12.01 18.01  2u.01
1.20 2.75 5.51 8.58 14,16 20.63
0.90 1.93 3.55 5.18 7.92  11.39
D.72 .19 2.62 3.73 5.59 7.93
N.5y .02 1.68 2.30 3.28 419
0.u43 .77 .22 1.64 2.27 2.87



13

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 0.25 MEV

SCURCE MFP
E(MEV) 1 2 L 7 10 15 20
€25 2.69 5.37 10.75 18.81 26.87 40.31 53.75

8.25 2.58 5.25 13.83 20.82 30.12 49.07 70.85

.57 1.39 3.40 .48 2h. 14 4b6.96 100.18 177.55
.00 I -39 2.99 7.23 16.03 27.62 5l.94 79.16
2.00 .20 2.23 L.59 B.63 13.05 21413 30.36
3.434 Fedl 1.78 3.35 5.74 B.18 12.36 16.56
4 .50 .82 laby 2.62 L.38 6.4 9.12 11435
6.0 He51 0.90 1.53 2.41 3.28 3.77 4.52
8.30 Dol D.72 .18 175 2.37 3.18 3.38
10.4d3 J.36 D.60 7.95 tou0 1.86 2.50 265

SCATTERED ENERGY 0.50 MEV

SCURCE MFP
E(MEV) ! 2 Yy 7 10 15 20
C.50 1.76 3.51 7.33 12.37 17.57 26.35 35.14
1.0 N.80 .91 L.97 11.32 19.u45 36.36 57.51
2.00 3.57 1.30 2.95 5.80 8.92 14e51 21.53
3.70 0.52 1716 2.15 3.81 5.48 8.33 11.ub
4.00 Jaul 0.88 169 2.87 L.07 6.07 7T.68
6.0 J. 35 D.66 lell 1.84 2.u48 3.50 4.53
8.07 0.29 0.52 N.89 f«33 .80 2.u4C 2.90

10.073 .25 d.u3 et 1.76 ol 1.91 2.28



SCURCE
E(MEV)

SCURCE
E(MEV)

.03

10.U3

1k

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY .75 MEV

MEP
2 n 7 10 15 20
2.79 5.59 9.77  13.96 20.95 27.93
2.03 hab66 9.69 15,86  28.51  L3.80
.18 2.75 5.5U 8.56 I 1l 21.16
0.9u .97 3.58 5.19 7.88  1l.u4d
0.76 I .54 2.66 3.77 5.65 7.80
0.57 .05 171 2.34 3.32 b2y
0.45 N.80 Ie25 1.68 2.30 2.93
0.37 N. 64 7.98 .31 1.76 2.25
SCATTERED ENERGY  1.00 MEV
MFP
2 4 I 10 15 20
2.40 .80 8.u4N  12.01 18.01  24.01
120 2.75 5.51 8.58  14.16  20.63
0.90 173 3.55 5.18 7.92 11439
0.72 ley9 2.62 3.73 5.59 7.93
.54 .02 1.63 2.30 3.28 Bel9
0.u43 N.77 1.22 .64 2.27 2.87
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DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 125 MEV
SOURCE MFP
E(MEV) i 2 4 7 10 15 20
125 1.07 2.15 4L.29 7.51 10.73 16.09 21.45
2.030 3.60 1.27 2.83 5.56 Ba.62 o2 20.48
3,43 J.43 0.91 l.%4 3.61 5.29 8.15 t1.56
L.00 0.35 D.72 1.50 2.67 3.84 5.77 8.13
6.37 J.27 N.53 .02 1.70 2.33 3.3y L.28
.09 0.22 Qo2 Q.77 1.23 .65 2.31 2.90
10.571 .19 0.35 0.61 J.96 1.28 le76 2.23
SCATTERED ENERGY 150 MLV
SCURCE MFP
E(MIV) | 2 L 7 10 15 20
1.50 J.98 1.7 3.73 6.88 9.73 th.7y 19.65
2.07 .67 139 2.78 5.66 8.66 thel2 20.15
3.03 Telis .74 2.00 3.72 5.u49 851 .91
bl fle36 D74 153 2.76 3.98 6.01 B.36
6.00) .27 0.53 1.23 1.73 2.39 3.yl h,u2
8.0 .22 D42 Fe77 1.25 1.69 2¢35 277

1000 I .35 .62 C.97 130 179 2425




SCURCE
E(MEV)

1.75

SOURCE
E(MEV)

16

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

1.83
.54
.20

9.76

3.19
2.10
157
1005

.79

164
1.08
.81

Jebl

SCATTERED ENERGY

MF P

SCATTERED ENERGY

MFP
7

6.01
L.otl
2.97
1 .84
1.32

1.02

1.75 MEV

20

18.31

19.19

'2.“5

2.00 MEV

20
17.17

13.09



17

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 2.25 MEV

SCURCE MEP
E(MCV) ! 2 4 7 10 15 20
2.25 Tl 1.63 3.26 5.70 Ballb  12.21  16.28
3.50 J657 le15 2.39 4,35 642 10.03 13.77
sl Dbl 0.43 1.72 3.12 4,56 6.9¢8 9.51
6410 J.28 J56 fel2 1.92 2.68 3.90 5.03
8.710 5.22 O.uY 0.83 1.36 [.85 2.61 3.31
10,30 .19 1.36 D.66 1.36 42 1.97 2.u48

SCATTERED ENERGY 2.50 MEV

SCURCE MFP

E{MEV) | 2 L 7 10 15 20
2.57 q.07 1.55 3.10 5.42 T.74 I1.61 15.48
3.3 J.62 .25 2.56 L.6l 6.76 10.53 14,34
4 .37 TJ.u3 0.488 181 3.28 4.80 7.38 10.01
64713 J.29 0.58 .16 2.00 2.79 4,37 5.27
8.00 1.23 0.4l .85 1.40 1.92 2.71 3.4u

10.33 de19 0.36 J.68 .09 lel47 2.05 2.58



18

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED EMERGY 2.75 MEV

SCURCE MEP

E{(MTV) | 2 4 7 13 15 20
2.15 Tk feliQ 2.97 5.240 Ta.u43 T1elb 14,86
3.7 J.67 1.35 2.74 4,88 7.38 10.88 4o 71U
holy .45 He?2 1.90 3ol 5.32 T.71 1047
6.50 J. 30 .60 1.20 2.38 2P 426 5.52
8.0 .23 Jeol6 n.87 ol 2.37 2.82 3.59
1G.00 .19 .37 .70 fet3 1.52 2.13 2.69

SCATTZRED ENERGY 3.00 MEV

SCURCE MFP

E{MEV) | 2 L 7 {a 15 20
3,433 O.71 .43 2.85 L.99 7.13 10.69 14.25
4,03 J.u48 .78 2.00 3.60 5.24 8.04 10.91
6.73 0.31 D62 l.24 2.16 3.0u4 b.u5 5.78
8.0 .24 Q.u7 0.90 151 2.8 2.95 3.76

1C.00 0.20 D.38 N.72 117 1.58 2.21 2.179



19

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 3.25 MEV

SCURCE MEP
EIMEV) | 2 y 7 10 15 20

3.25 7.69 1.38 2.75 4,82 6.88  10.32 13,76
.07 1.52 M 2.11 3.77 5.48 8.37  11.3L
6.00 J.32 0.65 1.29 2.24 3,17 4.65 6.05
8.00 7.24 D.u8 0.93 1.57 2.17 3.08 3.93
10.00 0.20 0.39 1.73 1.20 1.6 2.29 2.90

SCATTERED ENTZRGY 3.50 MEV

SCURCE MFP

E{MEV) | 2 L 7 13 15 20
3.50 J.66 .33 2.66 L4.65 6.65 9.97 13.30
4,330 055 .10 2.23 3.96 5.72 8.70 11.75
6.30 J.33 0.67 1.3y 2.33 3.30 4.85 6.32
8.30 0.25 0.49 0.96 1.63 2.25 3.21 4.10

10.00 N.20 2.u40 0.75 |24 1.69 2.38 3.301




SCURCE
E(MLV)

SCURCE
E(MLV)

L.an

6 .01

20

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SCURCE IN WATER

1 2 L
O.6L 1.28 2.57
1459 a7 2.36
e 35 0.79 1 .39
elb 0.51 1.99
Te21 0.u0 Ne?7

1 2 L
Jeb63 1.25 2.51
}e36 0.73 l.ub5
.26 0.52 1.03
J.21 Db 3.80

SCATTERED ENEKGY
MEP

7 10 15
4.50 642 9.6u
b.16 5.98 9.0
2.43 3.4y 5.07
1.69 2.33 3.34
1.28 .75 2.47
SCATTERED ENERGY
MFP

7 10 15
I 39 6.27 9.40
2.53 3.58 5.29
1.75 2.u2 3.47
.32 .81 2.55

3.75 MEV

L.3030 MEV



SCURCE
E(MEV)

SOURCE
E(MEV)

21

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SQURCE IN WATER

SCATTERED ENERGY

MEP

15

9.12

SCATTERED ENERGY

MFP
7

T

2.75

1.87

I'L‘g

h.25 MEV

20
12.15

7.25

4,50 MEV



22

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY L.75 MEV

SCURCE MEP
E(MEV) 1 2 4 7 10 15 20

4,75 0.58 1.15 2.31 .0y 5.77 8.65  11.54
6.20 J.ul 0.83 I.6U 2.87 4.07 6.05 7.97
8.10 0.29 0.57 113 1.93 2.70 3.89 5.00
18.00 0.23 O.by 0.86 .45 1.99 2.8Y 3.61

SCATTERED ENERGY 5.00 MEV

SCURCE VEP
E(MEV) | 2 y 7 10 15 20
.20 J.56 .13 2.26 3.95 5.64 8.46  11.28
6.00 N.u3 0.87 1.72 3.00 4,26 6.3 8.37
.00 .40 0.59 1.16 2.00 2.80 4,05 5.21
1G.30 0.23 2.46 0.89 .49 2.06 2.94 3,74



SOURCE
E(MLV)

SCURCE
E(MEV)

5.58

23

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

179

1.20

D-Q]

2.15

187

.24

.93

SCATTERED ENERGY

MEP
7

3.85

3.13

2.97

1.53

SCATTERED ENERGY

MFP
7

3. 76

2.28

2.1k

t.58

5.25 MEV

5.50 MEV




2

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 5.75 MEV

SCURCE MEP

E(MEV) 1 2 b 7 10 15 20
5.75 J.53 1.05 2.10 3.68 5.25 7.88 10.51
6.40 Oeu9 0.99 1.96 3.43 L.89 7.32 9.76
8.d3 0.33 Ne65 l.28 2.21 3.12 L.54 5.88
1G0.00 J.25 D.u49 0.96 1.63 2.26 3.25 L.16

SCATTERED ENERGY 6.00 MEV

SCURCE MEP

E(MEV) ! 2 4 7 1d 15 20
6.03 J.51 1.3 2.06 3.60 5.15 7.72 10.30
g.07 0.3 .67 .32 2.29 3.23 L,73 614

10.00 0425 {1.50 N.99 1.68 2.3U4 3.317 .31




25

DITFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 6.25 MEV

SCURCE MEP

E(MEV) ! 2 4 7 g 15 20
6425 .50 .0l 2,31 3.52 5.33 7.55 1g.07
8.0d Te35 .69 1.37 2.37 3.36 4,92 6. 40
12.3070 Je26 .52 I d1 1.73 2.41 3.u8 L,uv

SCATTERED ENERGY 6.50 MEV

SCURCE MEP

E{MEV) 1 2 4 7 1a 15 20
6.50 J.u9 .29 1.97 3.45 4.93 7.39 9.85
8.07 1e36 O.72 142 2.46 3.u48 5.12 6.69

1C.00 J.27 0.53 f o4 1.78 2.49 3.60 L.63



26

CIFFERENTIAL ENERGY SPECTRA
POINT 1SOTROPIC SCURCE IN WATER

SCATTERED LNERGY 6.75 MEV

SCURCE MEP
E{NMEV) | 2 b 7 10 15 20
6.75 Jeh8 d.97 1.93 3.358 L.#3 724 .66
8.9 .37 Telb Pola7 2455 3.62 5.34 6.99
10,30 .27 J.5u 1 .07 1.83 2.57 3.72 W8l
SCATTERED ENERGY 7.00 MEv
SCURCE MEP
E(MEV) | 2 4 7 10 15 20
7.530 347 .25 .70 3432 btk fetl 9.48
g8.01 .38 n.v7 1.062 2.64 3.76 5.56 7.30

10.33 .28 0.56 .10 1,89 2.65 . 3.85 L.98



SCURCE
E(MEV)

SCURCE
E(MEV)

7.50
g€.37

10.38

27

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 7.25 MEV

MFP
2 4 7 10 15 20
0.93 .86 3.26 4.66 6.98 9.31
0.79 .58 2.74 3.90 5.80 7.64
N.57 lol3 e9u 2.73 3.98 5.16

SCATTERED ENERGY 7.50 MEV®

MFP

2 u 7 10 15 20
0.92 1.83 3.20 4.58 6.87 9.16
N.82 1.63 2.84 4,06 6.05 8.00

J.59 116 2.00 2.82 bet2 5.35



28

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY T.75 MEV

SCURCE MFP

E(MEV) 1 2 4 7 10 15 27
Tef5 Jeu5 J.938 1.79 .14 L.u9 6.73 8.97
8.0 Deu2 J.85 1.70 2.95 4,22 6.31 8.38
IC.03 0.30 g.61 1.20 2.06 2.71 L.26 5.55

SCATTERED EMERGY 8.00 MEV

SCURCE MFP
E(NEV) ] 2 4 7 19 15 20
8.00 Dol J.88 177 3.09 boy2 6.63 8.8y

10.010 1. 31 .62 1.23 2.12 3.00 Lohl 5.76




SCURCE
E({MEV)

SCURCE
E{MEV)

29

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

feTl

126

.70

b 30

SCATTERED ENERGY 8.25 MEV

MFP
7 10 15 20
3.0u h.3Y 6.51 8.68
2.19 3.10 4.56 5.97

SCATTERED ENERGY B.50 MEV

MFP



SOURCE
E(MEV)

SQURCE
E(MEV)

9.073

10.303

30

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SCURCE IN WATER

SCATTERED ENERGY 8.75 MEV

MFP
! 2 y 7 s 15 2N
N.u2 0.84 1.68 2.93 4.19 6.28 8.38
0.3y g.67 | .34 2.32 3.29 4.88 642

SCATTERED ENERGY 9.00 MEV

MFP
| 2 Y 7 10 15 20
Toul n.83 .65 2.89 413 6.20 8.27

J.35 0.69 1.38 2.39 3.u0 5.04 6.66



SCURCE
E(MEV)

9.25

10.39

SCURCE
E(MEV)

9.50

1C.03

31

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROFIC SOURCE IN WATER

SCATTERED ENERGY ?.25 MEV

MFP
2 y 7 10 15 20
0.81 .63 2.85 4.07 6.10 Ball
0.71 1okl 2.6 3.51 5.22 6.90

SCATTERED ENERGY 9.50 MEV

MFP
2 Yy 7 10 15 20
0.80 .60 2.79 3.99 5.98 7.98

o}

.73 falb 2.5L 3.62 5.u40 T.16




SCURCE
E(MEV)

SCURCE
EI{MEV)

IC.373

10.00

32

DIFFERENTIAL ENERGY SPECTRA

POINT

[SOTROPIC SOURCE IN WATER

1.57

|.SD

1 .55

1 .54

SCATTERED ENERGY
MEP

7 i0 15
2.75 3.93 5.9
2.61 3.73 5.58

9.75 MEV

SCATTERED ENERGY 130.J0 MEV

MF P

7 10 15
2,71 3.87 5.81
2.69 3.85 5.77




SCURCE
E(MEV)

.10
0.25
0.50
.40
2.30
3.110
4.309J
6.101)
8.00

10.30

SCURCE
E(MEV)

0.27

10.80

20
6.01E-01
1.002E OO0
1 .JJE 20
7.88E-01
5.726E-011
4.85E-31
4.00E-01
3.092e-001
2.55€E-01

2.35%€e-31

20
5.58E-T1
5.23E-01
6.03E-01
5.71£-01
3.5LE-DI
3.43E-01
2.41E-
1 .96E-01
1 .55E-01

’.ZQE—DI

33

DIFFERENTIAL ENERGY SPECTRA

POINT

yfl
L,26E-02
2.856£-01
L.61E-]1
5¢.19E-01I
5.06E-01I
bo6LE-TI
4.03e-01
3.48E-71
2.92€-01

2.&9E~j‘

43

7.34E-02
1.20E-01
2.26E-01
3. 18E-31
3.0uE-01
3.06E-01
2.45E-01
2.13E-01
|..79E-01

].SQE“DI

DISTANCE (CM)
70 100
L.QTE-04 L.74LC-06
2.10E-02 1.11E-03
6.86E-02 T7.43E-03
l.ulE-01 2.89€E-D2
2.,198-01 T7.5LE-02
2.53E-31 1.39=-{1
2.49E-001 1.25E-01
2.5LE-01 1.u472E-31
2.24E-01 t.4LE-OI
2.,07E-01 1.41E-T1

SCATTERED
DISTANCE (CM)
70 100
2.1 7E-03 5.23E-35
7T.22E-03 3.31E-04
3.11E~02 3.29E-03
8.10E-02 1.63E-02
1.326-01 L.54E-D2
1.58E-01 6.72E-02
l«54E-01 7.7u4E-02
1.50E-01 8.7I1E-02
1.37e-01 8.78E-02

1.25E-01

8-33E""02

ISOTROPIC SOQURCE IN WATER

SCATTERED ENERGY

150
l.68E-09
5.97€E-36
1.32E-04
| +56E-03
{.03E-02
2.24E-32
3.30E-02
5.07E-02
5.96E-02

6.2ug-02

ENERGY

150
8.72€E-08
1. L6E-06
5.7TE-05
B.78E~0u
6.,27E-03
|.37E-02
2.06E-02
2.99E-02
3.5u4E-02

3.68E-02

0.13 MEV

200
5.29E-13
2.52E-08
1.956-06
7.15E-05
| «24E-03
L.18E-03
7.39E-03
I «61E-02
2.21E-02

2.51E-02

0.20 MEV

200
1.29E-10
5.37E-09
71.93E-07
4 .080E-05
7.59E-0u
2.58E-03
4 ,96E-03
?.52E-03
1 .39g-02

| .48E-02



SCURCE
E(MEV)

.37

1

Ui

Eo

(I

2.00

3.:10

10.37

SCURCE

E{MEV)
O.43
0.53

<130
2.430
3.00
4,80
6.00
8.30

10.00

23
5.338-01
LI 7TE-01
3.798E-01
3.24E-11]
2.70E-11
2.24E-1 1
1.53E-111
|.23E—Qi

20
5.09E-01
h.34E-DOI
3.10E-01
2.46E-T1
2.13E-31
1.76E-0O1
1.32E-01
1.05€E-01

8.84E-32

34

DIFFERENTIAL ENCRGY SPECTRA

POINY ISOTRQOPIC SOQURCE IN
SCATTERED

CISTYANCE (CM!

L 70 163
1.O01E=-T1 S5.11E-0U3 2,12E~04
l.66E-0V 2.27E-02 2.32E-03
2.30E-21 5,97TE-(2 1.21E-012
2.4 7E-d1 1.O4E-0J1 3.54E-T12
2.36(-01 1.22E-01 5.22E-02
2.15E-01 1.28E-01 6.36E-02
1.656-J1 1.16E-0t 6.71E-02
1.39E~31 {.07TE-01 6.82E-32
}.20E-01 9.66E-02 6.43E-02
SCATTERED

DISTANCE (CM)

40 70 130
1.226-01 B.86E-03 5.25E~0u4
l.51E-001 1.83E-02 1.72E-03
l.90E-01 5.09E-02 1.04E-02
2.01E-01 8.68E-02 3.00E-02
|l «93E-01 1.03E-01 L4 ,45E~02
l.75E-01 1.07E-01 5.38E-02
l.45E-01 1.04E=01 6.06E-02
1.22E-01 9.53E-02 6.13E-02
1.05e-01 8.56E-02 5.75E-02

WATER

ENERGY

154
B.6GL-117
3.89E-05

6.53E-04

1.07E-D2
1.69E-12
2.31E-0Q2
2.74E-02

2.84E-02

ENERGY

15U
3.92E-06
2.6LE-05
5.61E-0u4
4,15E-03
9.22E-03
|l 44E-02
2.09E-02
2.48E-02

2.55E-02

0.30 MEV

243
3.176-09
5.38E-07
2.78c-05
5.81E-04
1 .98E-03
4.05e-03
7T.37TE-03
t LOOE-T2

l.15E-02

0.40 MEV

203
2.60E-08
3.43E-07
2.55E-05
5.01E-0O4
| 71E-03
3.46E-03
6.69E-03
9.11E-03

1 .O4E-02



SCURCE
E(MEV)

£.50
1.038
2.03
3.0
4,00
6.0G3
8.U0

10.00

SCURCE
E(MEV)

1C.30

20
4.91E-01
2.98E-71
2.13JE-1
t.85E-111
I «53E-01
1.13E-31
9.N9E-02

7.62E-02

20
h.71E-01
3.03E-01
2.05E-01
1.71E-01
| .4BE-CH
1.05E-01
B.32E-02

6.85E-02

POINT

35

DIFFERENTIAL ENERGY SPECTRA

44
1 u2e-J1
1 .80E-T1
| . 78E-31
1. 71E-O1
| «5LE-01
l.27E-D1
| .O7E-3!

9.20E-02

L
I 57E-01
| . 76E-01
1. 72E-01
I «6CE~D1
I u3E-{
1.1 7E-01
9.80E-02

DISTANCE

ra
1«36E-02
L.78E-02
7T.87E-02
9.31E-02
9.64E-02
2.29E-02
8.42E-02

7.59E-02

DISTANCE

70
l.87E-02
4.55E-02
7T.72E-012
8.78E-02
9.04€E-02
8.58E~02
7.78E-02

6.98E-02

(CM)
100

1.07E-03
9.72E-C3
2.76E-02
4,.09E-02
L.89E-02
5.49E-02
5.48E-02

SCATTERED

{CM)
100

1.81E-03
9.13E-03
2.73€E-02
3.90E-02
4.64E-02
5.16E-02
5.09E-02

L4.81E-02

ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY

150
1.27E-05
5.24E-04
3.85€£-03
B8.58E-03
1.32E-02
1.91E-02
2.26E-02

2.32€E-02

ENERGY

150
3.07E-05
L.84E-O4
3.84E-03
8.26E-03
1.26E-02
1.85€E-02
2.11E-02

2.19E-02

0.59 MEV

233
1.34=-07
2.37E-05
L.66E-04
1.59E-03
3.19E-03
6.16E-03
8.40E-03

9.50E-03

O0.61 MEV

2309
4.,63E-07
2.18BE-05
U,64E-04
| s5UE-D3
3.07e-03
5.97E-03
7.98E-03

9.03E-03



SCURCE
E(MEV)

C-{_)
1.33

2.03

IC.an

SCURCE
E{MEV)

g0.80

1.30

20
4.,.55E-01
3.27E-11
1.23E-01
l.61E-01
1.326-01
9.93E-32
7T.82E-02

6. ulE-N2

20
b.u0E-n1
3.45E-01
1.90E-D1
1 .56E-0|
1.26E-01
9.46E-02
T.u6E-02

6.16E-02

36

DIFFERENTIAL ENERGY SPECTRA

L3
1. T1E-O1
l.7T7TE-DI
l.6uC—-J1
1o 52E-31
l.36E-01I
1o 1E=-31
9.25E-32

7.86E-02

L0
1.82e-01
1 .83E-01
1. 60E-01
| 48E-OI
t30E-0!
1 .07E-01
8.87E-02

7T.57E-02

DISTANCE

70
2.45E-02
b,38E-02
7.40E-02
B.uuE-02
8.65E-02
8.17e-02
7.39e-02

6.61E-02

DISTANCE

70
3.01E-02
L.29E-02
7.25E-02
8.26E-02
B.34E-02
7T.90E-02
7.13€E-02

60’40E—02

{CM)
100

2.86E-03
8.56E-03
2.63E-02
3.78E-02
L.u8E-02
L, uE-(J2
L.86E-02

L.58E-02

SCATTERED

{CcM)
100

4.06E-J3
8.09E-03
2.58E-02
3.71E-02
4.35E-02
4,.80E-32
4.72e-02

4.45e-32

POINT ISOTROPIC SOQURCE IN WATER

SCATTERED ENERGY

150
6.61E-0U5
Y.43e-04
3.72E-03
8.05€-03
l.23E-02
1.78E-02
2.03E-D2

2.10€E-02

ENERGY

150
. 19E-Cu
L.05E-04
3.66E-03
T.96E-03
1.20E-02
1.7T4E-D02
l.98E-02

2.04E-02

O0.70 MEV

200
1 .36E-06
1.97E-05
Lo o5I1E-(u
1.51E-U3
2.99E-03
5.79E-03
7.73E~-03

8.71E-03

0.80 MEV

231
3.10e-06
| . 76E-05
4,u5E~-04
1.5J6-03
2.93E-03
5.67E-03
7.54E-03

8.50E-03



SCURCE
E(MEV)

D.()D

1.00

SCURCE
E(MEV)

I.BO
2.00
j.aﬂ

L.03

10.349

20
4L.27€e-01
3.7T6E-N1
1.93€e-01
1 .52E-001
1 .22€E-01
9.15E-02
7.22E-C2

5.97E~-02

20
L.I3E-01
2.03€E-01
| 51E-D
1.19E-Q1
8.23€-02
7.705E-N2

5.83E-32

37

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

L
1.923E-01
te21E-U1
le61E-JI
Fo45E-31
I« 26E-T]
1 OuE-0I
8.61E-32

7.35E-02

L
2.00E-31
1.656-01
l.4uE-DI
1 +24E-01
1.OTE-D1
8.43E-02

7 .20E-02

DISTANCE

70
3.64€E~-02
4.25E-02
7.23E-D2
8. 13E-02
8. 4E-02
7T.73E-02
6.96E-02

b6.24E-02

DISTANCE

70
L,20€e-02
T.31E-02
8.09€-02
8.03E-02
r.63€-02
6.8L4E-02

SCATTERED

{CM)
100

5.60E-03
T.67TE-03
2.57E-N2
3.67E-02
b.,27E-02
L,72E-02
L,62E-02

4, 35E-02

SCATTERED

(cM)
100

7.18E-03
2.59E-02
3.66E-02
4,.23€E-02
L.66E-02
L.55€6-02

ENERGY

153
2.05E-04
3.65E-0u
3.65E-03
T.91E-113
|l I19E-02
l.72E-02
l.95E-02

2.01E-32

ENERGY

150
3.13E-04
3.6T7TE-03
7T.91E-03
1.18E-02
l.71E-02
1.93E-02

1.99E-02

0.90 MEV

230
6.6LE-T16
I .52E-05
L.uSE-UL
1 49e-03
2.91E-03
5.61E-03
7T.44E-03

8.38E-03

1.00 MEV

200
1.21€E-05
4. 48E-0u
1 .53E-03
2.90E-03
5.59E-03
7.39€E-03




38

DIFFERENTIAL ENERGY SPECTRA
POINT [SOTROPIC SCURCE IN WATER

SCATTERED ENERGY

SCURCE DISTANCE (CM)

E{MEV) 2C Lo 70 100 150
0.25 5.46E-71 3.80€E-02 3.52€E-03 1.15C-04 3.19E-07
Ce25 5.42E-T1 9.27E-32 4.07E-03 1. 45E-0U u4.63E-07
D57 L.TOE-OI 1.88E-31 2.61E-02 2.72E-03 4.68€E-D5
1.33 4.91E-01 2.7T1E-0! 6.86E-02 1.38E-D2 7.45E-0u4
2.77 L WI1E-T01 3.07E-31 1.25E-01 4.22E-02 5.72E-03
3.00 3.76E-01 3.0uE-01 1.50E-01 6.38E~-02 1.30E-02
4.3 2.95E-31 2.73E-01 1.568-01 7.68E-02 2.03E-02
6.3 1.7JE-01 1.83E-01 1.28E-0t 7.,41E-02 2.55E-02
8.30 1.33E-01 1.53E-01 1.18E-01 7.51E-02 3.02E-02

10.30 1.12E-T1 1.33E-01 1.07e-01 7.11E-02 3.13E-02

SCATTERED ENERGY

SCURCE DISTANCE (CM)

E(MEV) 20 La 70 100 150
0.53 W .29E-01 1.42C-01 1.,36E-02 1.07E-33 1.27C-05
1.03 2.98E-01 1.80DE-0! u4.78E-02 9.72E-03 5.24E-0u
2.00 2.170E-31 1 .78E-01 7.87E-02 2,76E-02 3.85E-U3
3.00 1.85E-01 1.71E-01 9.31E-02 4.J%9E-02 8.58E-03
L.DT 1.53E-01 1.54E-01 92.6u4E-02 L4.89E-02 1.32E-02
6.0 1I13E=-01 1.27E-01 9.29E-02 5.49E-{12 1.91E-[2
8.00 9.09E-N2 1.07E-01 8.u42E-02 5.u4BE-02 2.26E-02

10.30 7.62E-T2 9.,20E-02 T7.59E-02 5.17E-U2 2.32E-02

204
7.86E-10
1 .31E-D9
6.56E-07
3.37E-05
6.82E-04
2.39E-03
4L.87E-C3
8.12E-03
l.1IE-02

|1 .27E-02

0.50 MEV

203
| «34E-QO7
2.37TE-05
4,66E-0u
1.59E-03
3.192E-03
6.16E-013
8.u40E-03

?.50E-03



SOURCE
E(MEV)

g.75

1 .00

10.00

SCURCE
E{MEV)

"U:J

2.17

3.0

24
L.47E-(1I
3.32E-01
F.91E-0OI
| «.58E-01
1 .29E-01
?.66E-02
7.62E-02

6.29E-012

20
Lo13E-01
2. 11E-T1
PohiE-
Po12E-1
8.73E-012
7.315E-12

5.83E-012

39

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOQURCE IN WATER

49
|  7T7TE=-TI
1 .B0E-01
le61E-01I
1.50E-01
1.32E-01
1.09E-01
?.04E-32

f.71£-02

L
2.00€E-01
165E-11
[ SHLE=-OI
e 24E-T11H
e E-J1
eI -12

{.20E-02

DISTANCE

70
2.72E-02
L. 33E-02
7.30€E-02
8.34E-02
8.L4RE-02
8.03e-02
1.26E-02

6.50E-012

DISTANCE

70}
L.,20E-02
7.31E-02
83.09E-0G2
B.MN3e-02
T.6UE-02
6.84E-02

6e136-02

(CM)
100

3.42E-03
8.32E-03
2.60E-02
3.74E-02
L.4JE-DB2
L.86E-02
L.79E-D82

4.51E-02

SCATTERED

(C™)
10d

7.18€-03
2.59E-02
3.66E-02
Lh,23E-02
ho.66E-T2
b.55E-02

b,29E-]2

SCATTERED ENERGY

150
8.90E-05
4.24E-QU
3.68e-03
8.00E-03
1.21E-02
1. 76E-02
2.01E-02

2.07E-02

ENERGY

150
3.13E-0U4
3.67e~C3
7.91E-03
l.I1RE-02
1.71E-02
1. 93E-12

{.99E-02

U0.75 MEV

200
2.06E-06
|l .BTE~-05
b .u7E-OU
1 .50E-03
2.96E-03
5.71E-03
7T.61E-03

8.59E-03

1.00 MEV

2090
1.21E-05
4.u8e-04
1 .50E-33
2.90E-03
5.59E-03
7.39E-03

8.32E-03




SCURCE
E(MEV)

1.25

8.00

1C.3J7

SCURCE
E(MCV)

1e57
2.0

3.850

20
3.83e-01
2.192E-01
1 .53E-01
l.18E-D1
B.67TE-N2
6.83E-02

5.572€E-02

20
3.58E-01
2.46E-01
1.61E-TI
1.21E-01
B.5TE-02
6.69E-112

Lo

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

L0
2.18E-01
1. 756E-01
| «45E-OI
1.23E-01
?.90E-32
3.21C6-02

$.95€E-32

L
2.268-01
l.91E-01
t.51E-31
1e26E-01
?.84E-02
R,080-02

DISTANCE

70
5.76E-02
7T.57E-02
8. 14E-0J2
8.05E-02
7.u8E~-02
$.70E-02

5.97e-02

DISTANCE

70
7.02E-02
8.05E-02
B.u3E-02
B.23€E-02
7.48g-02
6.6LE-02

5.91E-02

SCATTERED

{CM)
108

1.24E-02
2.64E-02
3.69E-02
4,25E-02
4,61E-02
4. 49E-02

h,21E-02

SCATTERED

{CM)
100

1.78E-02
2.75E-12
3.808-32
4.35e-02
4.,64E-32
L.uBE-U2

h,19E-12

ENERGY

150
8.01E-04
3.69E-03
8.01E-N3
1.20E-02
l.70E-02
1.93E-02

1.97E-02

ENERGY

150
1.50E-33
3.76E-013
B.25E-03
1.23€E-02
l.73E-02
1.936-02

125 MLV

200
4 ,59E-05
4 ,50E-0u
1.52E-03
2.97E-03
5.63E-03
7.40E-03

R.28E-03

1.5d MEV

200
e 12E-T4
4.52£-04
l.57C£-03
3.06€-03
5.71C-03
7.486-03

B.35E-03




SCURCE
E(MZV)

I.TS

€e7

iC.d3

SCURCE
E{MIV)

2.20

3.34

10.20

20
3.36E-T1
2.72E-01
bor20 -1

1.25€E-01

6e6RE-12

5.438-02

27
3.165E-0
1.86E-T31
l.3ie-01
B.75€E-0G2
6. 73E-112

5.45E-012

L1

DIFFERENTIAL ENERGY SPECTRA

POINT

L0
2.33E-N
2.12E-01
1.60E-01
1.306-31
?.93E-32
3.00£-J2

6.80E-02

yil
2.36E-01
1.72E-01
I .360-01
1.O1E-O1
8.17C-02

6.84E-32

DISTANCE

[40)
Be32E-02
B.67E-02
8.8RE-02
B.UbE-02
7T.57E-02
6. CPE-112

5.721E-02

DISTANCE

70
?.4L4E-32
?.47E~-T2
8.82E-02
7.73e-02
6. 7T9E-0D2

5.97e-02

{CM)
100

2.42E-32
2.90E-02
3.99E-32
hoyTE-12
L. 72E-02
4.536-32

h.21E-02

SCATTERED

{CM)
100

3.08E-012

4,25E-32

4.65E-32

4.82E-012

b.61E-12

4,27E-02

ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY

150
2.57E-03
3.B5E-03
B.65E-03
l1.26E-02
| .T6E-02
1.97E-02

2.00E-02

ENERGY

150
3.95E-03
?. 4E-{3
1.32E-012
1.81E£-02
2.01€E-02

2.03e-02

75 MEV

200
2.42E-0U
4.53£-04
| +65E-03
3.15E-03
5.84E-03
7T.64E-03

B.L4OE-03

2.00 MEV

2343
4,50E-04
l . THE-O3
3.29E-03
6.05E-C3
7.84E-03

8.68E-03




ho

DIFFERCNTIAL ENERGY SPECTRA
POINT ISCTROPIC SCURCE IN WATER
SCATTERED ENERGY 2.25 MEV

SCURCE CISTANCE (CM)
E(MEY) 20 uij 70 130 150 2303

2.25 2.99E-01 2.36E-01 1.03E-01 3.66E-02 5.426-03 7.12E-D4
3400 2.02E-D1 1.86E-31 1,02E-31 4.54E-12 Q. 71E-03 1.84E-T3
4,070 1.38E-T1 1.u30-01 2.26C0-02 4.89E-42 1.38E-02 3.46E-03
6.00 B.OUE=N2 1.03E-01 T.94E=-02 4,276-02 {.88E-02 6.2%26-13
8. 0 6.TTE-N2 B.26E-02 6.88Br~202 4.,69E-32 2.04E-22 #.03E-03

IC.370 5.48E-02 6.915-12 6.006FE-32 4.356-32 2.08E-02 3.922E£-03

SCATTERED ENERGY 2.5d MEV

SCURCE DISTANCE (CM)
E(MZV) 24 Lo 73 1737 1590 290

2.50 2.82E-71 2.36C-01 1.11E-01 4.29E-32 7.26E-33 1.39E-33
3.0 2.21E-0) 2.72E-01 1.10E=-301 u4,86E-32 1.03E-02 1.9u4E-J3
4,30 1.uT7E-J1 1.51E-01 9.77E-02 S5.15E-32 1.46E-02 3.64E-03
630 9.19E-02 1.,060-01 B8.18E-02 5.13E-02 1.94E-02 6.52E-03
8.00 6.856-02 8.38E-02 7.01€-02 u.79E-02 2.11E-02 8.26E-03

1IC.00 5.53E-N2 6.99E-02 6.16E-02 W.LhyE-J2 2.14E-02 9.17E-03




SCURCE
E{MEV)

2.75
3.49

4,0

SCURCE
E(MEV)

20
2.69€E-01
2.4 1E-TH
1.56E-11
Q. UFE-112
6.77TE-02

5.60E-32

20
2.55E-111
| +66E-01
9.83E-02
7.13E-032

5.68E-012

43

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER
SCATTERED ENERGY
DISTANCE (CM)

L 70 133 150
2.340-01 1.18E-01 u4.85E-02 9.12€E-03
2.20E-01 1.19E-01 5.21E-32 .10E-02
bo60E-01 1.03E-01 5.41E-32 1.52E-02
110E-01 B8.u45€-02 5.30E-02 2.80i€E-22
B.56560-02 7.17€-02 L4.92E-132 2.17€E-02
T.09E-02 6.27E-02 4L.53=-02 2,17€E-02

SCATTERED ENERGY
DISTANCE {(CM)

Ll 70 1320 150
2.32E-31 1.248-01 5.42E-02 1.13E-02
1.70E-0t 1.09E-01 5.70E-02 .63E-02
l.14E~Ot 8.75E-02 5.u49E-02 2,08E-02
B.75E-02 7.36E~-02 5.36E-032 2.24E-D2
1.21E-U2 6.38E-02 L.62E-32 2.24LE-02

2.75 MEV

233
i.53E-03
2.15€e-03
3.83E-03
6.7T6E-03
8.53e-03

? u45E-03

.00 MEV

200
2.718E-03
3.98E-03
7.01E-03
8.83E-03

9.72E-03




SCGURCE
E(MIV)

c
32.25

SCURCE
E(MEV)

20
2 ulE-11
1 77E-11
i.7120-11
7.373E-02

5.77€E-2

20

3.50 2.3uE-T31

6.0
8.731

10.00

1 .872E-01
| O6E-{1
7T.49E-02

DIFFERENTIAL ENERGY

e
2.29C~-71
.81E-T1
Lo 180-31
8.98C0~02

7.33E-32

LG
2.25€E-01
1.93E-01
1.23E-D1
?.21E-J2

7.47E-02

L

POINTY ISOTROPIC SOURCE

DISTAMCE

70
1.28E-01
1. 15E-01
?.08E-02
7.57E-02

b.51E-02

DISTANCE

70
l«32€-01
1.22e-01
9 .U5E-02
7.78E-02

6e6LE-(2

(CM)
104

5.86E-32

6.TJIE-{12

5.70E-02

L.,72E-02

SCATTERED

(CM)
100

6.32E-02
6.36E-72
5.72E-02
5.36E-02

L.83E-02

SPECTRA
IN WATER

SCATTERED ENERGY

150
1.32E-32
l.68E-02
2.16E-M2
2.31E-02

2.30E-12

ENERGY

150
1 .53€E-02
1. 7TE-0O2
2.25E-02
2.39E-712

2.36E-T12

204
2.63E-03
4.18E-03
r.,28e-013
?.15E-03

9.98E-C3

3.51 MEV

204
3.27€E-03
L.33c-03
7.57£-03
9.46E-03

1 .036-02




SCURCE

E(MEV) 20
3.75 2.23E-021
4,30 2.92E-31
6.00 t.10E-01I
8.30 7.68E-02
0.0 5.99E-02
SCURCE

E(MEV) 20

6.00 1. 14E-DI
B.J0 7T.89E-02

10.07 6.13E-T2

L5

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOQURCE IN WATER

L0
2.22E-31
2.05E-d1
1.27E-1
9.46E-32

Te62E-1J2

L
2.19E-31
1.33E-d1
?72E-]2

7T.778-02

DISTANCE (CM)
70 100
1.36E-01 6.76E-02
1.3UE-01 6.75E-C2

9.BUE-02 6.17E-02

8.00E-02 5.52E-02

6. 7T8E-02 L.94E-D2

DISTANCE

70

1.735€E-01

SCATTERED

{CM)
130

7.|9E"02

6.43E-J2

8.23E-02 5.68E-02

6.93E-02 5.05E-02

SCATTERED ENERGY

150
1. 76E-02
1.87E-02
2.33E-02
2.46E-12

ENERGY

153
l.98E-02
2.43E-02
2.54E-0J2

2.48E£-02

3.75 MEV

2340
L.06€E-03
L.62E-03
7.87E-03
?.77E-C3

4.03 MEV

207
4.876-03
B.19E-03
1 .01E-02




L6

DIFFERENTIAL ENERGY SPECTRA

POINT
SCURCE
E(MEV) 20 L3
L.25 2.37E-N1 2.15£-31
6.30 1.19E-01 1.38E-01
8.00 8.11E-0217.00€e-02

10.00 6.21E-02 7.93FE-02

SCURCE

E{MEZV) 23 L7
.50 1.99E-011 2.1 1E-O1
6.3 1.2LE-DT 1 U5E-
8.0 R.3LE-D2 1.03E-01

10.710 6.34E-82 8.10E-T2

SCATTERED
DISTANCE (CM)
70 1030
F.LOE-01 7.46E-02
1.07E-01 6.70E-02
8.47E-02 5.85E-02
7.08E-02 5.17E-32
SCATTERED
DISTANCE (CM)
70 100
FWIE-TIlI T.76E-32
1.12e-01 7.00E-32

8.72E-02 6.03E-32

7.24E-02 5.30E-12

ISOTROPIC SOURCE IN WATER

ENERGY

150
2.16E-02
2.53E-02
2.62E-02

2.54E-02

ENERGY

150
2.36E-012
2.64E-02
2.7IE-02

2.61E-(12

4 .25 MEV

240430
5.58E-03
8.54E-03
1 .O4E-02

I« 11E-02

L.50 MEV

2Ud
6.38E-03
8.90E-03
1.07e-02

1. 14E-0O2



SCURCE
E(MLV)

h,75

6,00

8.{:]{_]

10.03

SCURCE
E(MEV)

5407

6.3

8.07

20
1 .92E-01
| «29E-01
B.59E-02

6 U4TE-D2

27
1.,B6E-T1
1 .35E-01
B.836E-02

6.610=-112

kt

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

L3
2.07e-01
l.51E-31
l.06E-01

8.27E-32

L

1 58E-T1

DISTANCE

70

l.43E-0)

l. I 7E-O1

SCATTERED

{CM)
100

8.06E-02

7.30E-32

8.99E-02 6.22£~-32

f.4l1E-D02 5.43E-02

SCATTERED
CISTANCE (CM)
70 174
l.u5E-01 B,386-02
o 22E-01 7.636~-12
?.27E-02 6.41E-T)2
T.57E-112 H.56F-02

ENERGY

1503
2.57E-02
2.75E-02
2.78E-02

2.68E-32

ENERGY

2.79E-02
2.87£-12
2.81E-02

2.7TH5g-02

4,75 MeV

200
7.28€E-03
9.29€E-03
P.11E=-32

1 .18E-02

5.00 MEV

203
8.27E-03
?.73E-03
l.15£-02




L8

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER
SCATTERED ENERGY 5.25 MEV

SCURCE DISTANCE (CM)
E(MTV) 20 4 70 100 150 230

5.25 | .80E-11 1.99E-C1 1 44E-01 8.5u4E-02 2.95E-02 9.03E-03
6.00 1.41E-01 1.65E-01 1.27e-01 7.96E-02 3.00E-02 1.01E-02
8,30 9.13E-02 1.13E-31 9.56E-02 6.62E~02 2.96E-02 1.18€E-02

10.00 6.756-02 B.65F-02 7.77E-02 5.70£-02 2.82E-02 1.24E-02

SCATTERED ENERGY 5.50 MEV

SCURCE DISTANCE (CM)
E(MEV) 249 L1 70 104 150 200

557 P TUE=T1 1.96E-31 1.,u4FE-01 B,71E-02 3.11E-02 9.84E-03
677 1.u8E=-T1 1.726-01 1.336-01 8.32E-32 3.14E-02 1.06E-02
8.30 9.42E-232 1.16E-031 9.,876-02 6.83E-02 3.06E-02 1.22E-])2

10.00 6.90E-02 8.85E-02 7.96E-02 5.85E-02 2.90E~-02 1.28E-02




L9

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SCURCE IN WATER
SCATTERED ENERGY 5.75 MEV

SCURCE DISTANCE (CM)
E(MEV) 20 L 70 130 150 200

5.75 1.68E-11 1.92E-31 1.45E-01 8.89E~-1)2 3,27E-02 {.07E-02
600 1.55E-71 1.83E-31 1.39E-01 8.68E-02 3.2BE-02 1.11E-02
8.50 9.73e-02 1.20C0-31 1.,02E-01 7.05E-02 3.16E-02 1.26E-02

10.05 7.0158-12 92.06E-02 B.16E-02 6.00E-02 2.976-02 1.31E-02

SCATTERED ENERGY 6.00 MEV

SCURCE DISTANCE (CM)
E{MEV) 21 Lij 70 100 150 200

6.00 1.63E-11 1.89C-01 1.458-01 9.08E-02 3.45E-02 1.17E-02
8.300 1.OCE-C1 1.24E-31 1.05E-01 7.29E-02 3.27E-02 |.31E-02

10.00 7.22E-02 ?7.28E-02 8.37E-02 6.16E-02 3.05E-32 1.35E-02
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DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER
SCATTERED ENERGY 6.25 MEV

SCURCE CISTANCE (CM)

E(MEV) 270 L [48! 107 153 23]
6.25 1L.HRE-01 1.850~01 1. ukE-01 Q.14E-32 3.568-02 1.235-02
8.0 1T.0E-01 1 .2BE-T1 1.098-01 7.53E-02 3.385-02 {.356-02
10,00 7T.39E-112 2.51E-02 B.58E-07 6.32E-J2 3.1u4-32 t.33E-32

SCATTERED ENERGY 6.5 MEV

SCURCE DISTANCE (CM)

E(MEV) 23 Y. i 48] 1937 150 233
650 1oOUE-TT T.B1E-J1 1.43E-01 9.22E-32 3.676-12 1 ,.,30€6~02
.30 1.37E-21 1.32C0-J1 1.12E-01 7.79E-02 3.505-02 1.49E-02
1C.00 7.57TE-12 2.756-02 8.81E-02 6.49E-32 3.22t8-012 1.42E-02



SCURCE
E(MEV) 20
6675 1.U9E-T

IC.J0 T.76E-D2

SOURCE

E(MEV) 20
7.30 1.,45E-01
B.030 1.14E-D)
IC.J0 7.95E-02
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DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

L
] « 7TBE-01I

9.99E-02

L3
l.7TLE-O!
l41E-OI

SCATTERED

DISTANCE
70

(CM)
100
| L2E-01 9.29€-02

9.0uE-[02 6.66E-02

SCATTERED

DISTANCE
70

{CM)
130
leWIE-01 9.38E-02
| .20E-01 8.33r-02

?.27E-2 6.34E-12

ENERGY

154
3.62E-02

3.31E-02

ENERGY

153
3.91E-32
3.75E-C2

3.40E-02

6.75 MEV

2043
l .uSE-'.—)Z

P 46E-02

7.37 MEV

234
1 .50E-002




SCURCE
E(MIV) 20
7.25 t.42e-01

10.00 8.15E-02

SCURCE
E(MEV) 23
1 .38E-01

8.36E-012
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DIFFERENTIAL ENERCY SPECTRA

POINT ISOTROPIC SOURCE

L
1. 71E-31
l.U46E-TI

1 .O5E-1

L
1 .68E-01
l.51E-JI

1.08C-31

IN WATER
SCATTERED ENERGY
DISTANCE (CM)

70 137 150
o) E-O1 9.46E-02 4.N3E-32
l.24E-G1 8.62E-1J2 3.89E-02
7.52E-02 7.33E-J2 3.50E-02

SCATTERED ENERGY
DISTANCE (CM)

170 133 150
. 40E-D01 9.55E-02 u4.l16E-02
1.28E-01 8.93E-02 u4,03g-02

?.7TE-0U2 7.22E-82

3.59E-02

.25 MEV

234

1.53E-02

1 .55E-02

7.50 MLy

231
1 .62E-02

1 «H59E-02



SOCURCE

E(MEV) 20
7.75 1.34e-01
8.030 t.26E-01

10.30 B.58E-02

SCURCE
E(MEV) 20
8.30 1.31E-01
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DIFFERENTIAL ENERGY SPECTRA

POINT

u
1.65£~01

11 1E-01

y
l.62E-01

1. 14E-TI

SCATTERED
DISTANCE (CM)
70 100
1.39E-01 9.54E-02
1.336-01 9.24E-D2
1.00E-01 T 4IE-G2

SCATTERED

DISTANCE (CM)

70 130
1.83E-0' 7.61E-02

ISOTROPIC SCURCE IN WATER

ENERGY

150
4,22e-02

3.69E-02

ENERGY

154
4,35e-02

3.806£-02

7.75 MEV

200

1 .64E-0O2

8.00 MEV

2040
1 .75E-02




SCURCE
E(MEV) 20
8.25 |.28E-11

10.03 Q.N03E-82

SCURCE
E(MEV) 21
B.50 1.25e-01t

1I0.30 9.27E-02

Sk

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

4l
1 .59E-01

e L TE-DOI

47
1 56E-01

I .20E-01

SCATTERED
DISTANCE (CM)
70 100

l.37e~-01 9.60F-02

1.06E-01 7.82E-02

SCATTERED
DISTANCE (CM)
70 1019

| .35E-01 9.58E-02

1.09E-0t 8.033E-02

ENERGY

150

3.90E~D2

ENERGY

150

4L.01E-02

8.25 MEV

2008

8.50 MEV

200
| .BuE-02
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DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

SOURCE
E(MEV) 20 Lo

B.75 1.22E-01 1.54E-01

10.80 2.52E-02 1.23E-1

SCURCE
E(MLCY) 20 L3
.U 1.20E-01 1.51E-01

/

10.370 92.78e-02 1.26FE-01

DISTANCE

V.1 2E-O1I

DISTANCE

lei5E-01

9.61E-02

8.25E-02

SCATTERED

9.62E-02

B.u8E-02

SCATTERED ENERGY 8.75 MEV

150 200

L.I2E-02 t.83E-02

ENERGY 9.00 MEV

150 204U
Wo61E-02 1.96€E-02

4L,2LE-12 1.88C-02



SCURCE

E(MEV) 211
9.25 1 .17E-01
IC.00 1.30e-001

SCURCE

E(MEV) 20
9.53 1.14E-N
1030 F.A3E-Li

56

DIFFERENTIAL ENERGY SPECTRA

POINT

47
le4QE-{JI

43
e h6E-I

1 «33E-31

SCATTERED
DISTANCE (CM)
70 103
1.32E-01 9.61E-02
l18E-01 R.7T1E-D2
SCATTERED
DISTANCE (CM)
70 1000
1.30E-01 9.51E-02
l+21E-M11 8.95€E-02

ISOTROPIC SQURCE IN WATER

ENERGY

150

ENERGY

150

L.,65E-02

4,48E-02

9.25 MEV

2080
2.31E-02

tPLE-O2

9.53 MEV

203
2.112E-02
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CIFFERENTIAL ENERGY SPECTRA
POINT ISOTRCPIC SOURCE IN WATER
SCATTERED ENERGY .75 MEV

SCURCE DISTANCE (CM)
E(MEV) 20 4 70 100 157 200

Qe 05 To120-01 toube-J1 1.29E-01 9.50E-02 L4.7I1E-02 2.3T7E-02

10U 1.16E=T1 1.37E=01 1.24E=-11 9.19E-02 4,61E-02 2.356-02

SCATTERED ENERGY 10.00 MEV

SCURCE CISTANCE (CMm)
E(MEV) 20 Ly 70 100 150 2019

ICeOT 179E=-011 1ou1E-T01 1.28BE-01 9.U9FE-02 u.T76E-02 2.12E-02

1003 1.76-01 1.4NE=31 1.27E-01 9.44E-02 4,Tu4E-02 2.110-02
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DIFFERENTIAL ENERGY FLUX
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DIFFERENTIAL ENERGY FLUX
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Fig. 3.
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Fig. 5.
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DIFFERENTIAL ENERGY FLUX
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DIFFERENTIAL ENERGY FLUX

10

10

10

10

10

66

UNCLASSIFIED
ORNL-LR-DWG 79249

SOURCE ENERGY (MEV)

Fig. 8.
SCATTERED ENERGY 2. 00 MEV
.
10 \
\ {40
._,—s.ﬂ
%\&\
[ I N e iy gy,
\ E_‘Rﬁﬁ
/-""'_'—'—F‘ |
/‘_,_,—4—‘
/////////
|~
150 e—1—]
[
/ /
/ /
/ 200
0 1 2 3 Y 5 3 7 8 g 10



67

UNCLASSIFIED
ORNL-LR-DWG 79248

Fig. ©.
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Fig. 10.
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Fig.11.
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Fig. 13.
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