A

ORNL-3466

UC=34—="Physics
TID-4500 (20th ed.)

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

D. K. Trubey

OAK RIDGE NATIONAL LABORATORY
operated by

UNION CARBIDE CORPORATION
for the

U.S. ATOMIC ENERGY COMMISSION




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Printed in USA. Price: $2.00 Available from the
Office of Technical Services
U. S. Department of Commerce
Washington 25, D. C.

LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,

nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

As used in the above, '‘person acting on behalf of the Commission’’ includes any employee or

contractor of the Commission, or employee of such contractor, to the extent that such employee

or contractor of the Commission, or employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment or contract with the Commission,
or his employment with such contractor.




ORNL-3466

Contract No. W-TLOS-eng-26

Neutron Physics Division

TABULATED VALUES OF SCATTERED GAMMA-RAY FLUXES IN WATER
INTERPOLATED FROM MOMENTS METIIOD CALCULATIONS

D. K. Trubey

Date Issued

dUL—29-1363-

OAK RIDGE NATTONAL LABORATORY
Oak Ridge, Tennessee
Operated by
UNION CARBIDE CORPORATION
for the
U. S. ATOMIC ENERGY COMMISSION



THISPAGE
WAS INTENTIONALLY
'LEFT BLANK



iii

- 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 0.1l 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 valueé 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 lattér set may be
" integrated over any source spectrum to obtain the flux of scattered gamma-
rays in water, and, with ;mall 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.



TABUTATED VAIUES OF SCATTERED GAMMA-RAY FLUXES IN WATER
INTERPOLATED FROM MOMENTS METHOD CALCULATTONS

In calculating the energy spectra of scattered gamms 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 W’ilkins,l who have tabulated values of

2 uor
M(r,E,EO) = bnr® e Io(r,E,Eo) s (1)

r = distance from the source to the space point,

k= total linear absorption coefficient evaluated at Eo’

o

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
necessary to obtain intermediate values from the moments method data. This
was done on the IBM-T090 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

Gamms Rays, NYO-3075 (June 30, 1954).

2S. K. Penny, IBM-7090 Gaussian Integration Package with Optional Point
Quadrature, ORNL-3263 (Mar. 16, 1962).




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

scattering limit

)-Htpr R (2 )

M(r,E ,E ) =
oo 25.33 cn™> (E_/0.511 MeV)

where p = electron density (em=3) x 10724 and r = distance (cm).

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 from 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
E0 = 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 EO = 10 MeV.
The first entry was evaluated by using Eq. 2, and the second entry was
taken from Ref. 1. The sligﬁt discrepéncy 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 “Hot
g(r,E,EO) = bnr 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 notatioh; 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 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 includes the low-Z materials

such as aluminum and air.
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E(MEV)
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0.25
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2.00

16.00
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DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER
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20.30
28.10
23.41
14.58

8.15

'.79
1.39

SCATTERED ENERGY

MFP
7
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82.68

63.73
33.64

15.56

10
50.76
178.87
126.00
57.89
23.8!
14,59

|O.D9
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T6.14
469.85
284.48

110.33

38.92

21.62
15.07

9.18

SCATTERED ENERGY

MFP
7
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30.96
28.83

‘8‘9“

1a
31.14
58.56
55.73
32.59
14,55

.13

15

L6.71

128.48
123.45
613U
23.80

13,19

0.10 MEV
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101.52
996.87
530.07
185.19

56.19
27.u5

16410

0.20 MEV
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62.28
236.58
-213.4y
96.16
32.08
15.76

13.27



SCURCE
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0.50
1.00
2.00
3.00
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SCURCE
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10.00

Q.74
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J.ub
J.38

e 32

o
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CIFFERENTIAL ENERGY SPECTRA

POINT

lalk?2
117

0.82

ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 0.30 MEV

MFP
7 10 15 20

16.75 23.92 35.89 L4L7.85
20.94 39.22 83.06 145.46
4.06 24.23 45,55 70.41

7.30 11.12 18.14 24,92

4,73 6.83 10.29 12.66
3.6u 5.17 T.67 8.83
2.18 2.97 3.63 k. u8
{ .59 2.15 2.88 3.13
1.27 1.68 2.27 2.U45

SCATTERED ENERGY 0.u40 MEV .

MFP
7 10 15 20

.02 20.03 30.0u 40.06
16.75 28.89 56.07 21.93

12.10 20.85- 39.15 62.49

6.25 9.60 15.56 22.50
4.08 5.88 8.90 11.54
3.1 b.uyl 6.57 7.83
1.98 2.69 3.81 4.80
l.44 .95 2.61 2.97
115 1.52 2.07 2.33
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DIFFERENTIAL ENERGY SPECTRA
POINT I50TROPIC SOURCE IN WATER

SCATTERED ENERGY 0.50 Mev

SOURCE MEP

E(MEV) ! 2 4 7 0 15 20
J.50 1.76 3.51 7.03 12.30 17.57 26435  35.1y4
1.00  D.80 1.7 4.97 11.32 19.45 36,36 57.51
2.00 .57 I.30 2.95 5.80 8.92 14,57 21.53
3.00 9.52 1.06 2.15 3.81 5.48 8.33 11.46
4.00 0.y ‘ N.88 1.69 2.87 L.07 6.07 7.68
6.00 0.35 0.66 lolk | | .84 2.u8 3.50 4,53
8.00 .29 0.52 ’0.89 1.33 1.80 2.40 2.90

10.30 N.25 0.43 0.71 1.06 “leyd 1.91 2.28

SCATTERED ENERGY 0.63 MEV

SCURCE MFP

E{MEV) 1 2 u 7 10 15 20
0.60 .58 3.16 6.32 11.06 15.80 23.70  31.59
1.00 0.83 1.91 L.76 10.63 18,01 33.30 52.08
2.00 0.56 1.26 2.91 5.78 8.89  14.58  21.88
3.00 d;ua‘h 0.99 - 2.05 3.68 5.30 8.06 11.u48
4.00 0.ui 0.82 1.61 2.76 3.90 5.84 7.76
6.00 0.32 0.61 1ol 1.78 2.43 3.42 L.40

" 8.00 0.27 0.u8 0.8y 1.30 Py M 2.37 3.02

10.00 0.23 0.u40 0.67 1.02 1.36 .83 2.32

o~
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EI(MEV)
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11

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 0.70 MEV

MFP
2 4 7 10 15 20
2.89 5.78 10.12  1h.46 21,69  28.92
1.97 b.67 .98 16.53 30,16  46.6!

1.19 2.79 5.60 8.6u 4.2 21.36
0.95 1.99 3.60 5.20 7.91 11.42
| N.78 1.56 2.6 . 3.8i 5.70 7.79
0.58 1.07 1.73 2.36 3.35 4.28
0.u6 0.80 1.27 1.70 2.33 2.99
0.38 0.65 1.00 1.33 1.78 2.29

SCATTERED ENERGY  0.80 MEV

MFP

2 4 7 10 15 20
2.79 5.40 9.45  13.49  20.24  26.99
2.09 b.67 Q.44 15,20  26.80 u0.77
117 2.73  5.50 8.53 14.06 21.00
0.93 1.96 3.57 5.19 7.86  11.4D
0.75 1.52 2.64 3.75 5.61 7.82
0.56 I .0u 1.70 2.32 3.30 ba21
e 0.79 Io2u .66 2.28 2.90

N.37 0.63 g.97 130 175 2.22



SCURCE
E(MEV)

£.?20

1.30

SOURCE
E{MEV)

1.00

2.00

12

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY D.9C MEV

: MF P

2 4 7 10 15 20,
2.5 5.08 8.89 12.70 19.05 25.40
2.23 (T N 8.96 13.79  22.97  33.57
117 2.72 5.u8 8.52  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 1.03 1.68 2.30 3.28 4.19
0.43 0.78 1.22 1.64 2.27 2.88
N.36 0.62 0.96 1.28 e " 2.20

SCATTERED ENERGY  1.00 MEV

‘ : MFP.

2 y 7 L 15 20
2.40 4.80 8.40 12,91 18.01 24,01
1.20 2.75 - 5.51 8.58 14.16 20.63
0.90 1.93 3.55 5.18 7.92  11.39
0.72 49 2.62 3.73 5.59 7.93
N.5Yy .02 1.68 2.30 3.28 419
0.43 0.77 1.22 .64 2.27 2.87
0.36 0.62 0.96 1.28 7Y 2.20
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E(MEV)
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J0.25
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SCURCE
E(MEV)

0.50
l .[JD
2.00

3.010
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1 .39
1~39
1 .20

.91
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DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

1.53

N.95

4

7.33

SCATTERED ENERGY

MFP
7

18.81
20.02
24,14

16.03

10
26.87
30.12
46.06
27.62
13.05
B.18
6.14
3.28
2.37

1.86

15
40.31
Lo.07
100.18
51.94
21.13
12.36

9.'2

SCATTERED ENERGY

MFP
7

i1.32

15
26 .35
36.36
t4.51

8.33

6.07

1.91

0.25 MEvV

20
53.75
70.85

177.55
79.16
30.36
16.56
11.35

b.52

3.38

0.50 MEV

20
35.14
57.51
21.53

1146
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E(MEV)

0.75
1.00
2.00

3.00

10.00

SCURCE
E(MEV)

.00

1.40
0.93
0.52
0.45
0.38
0.30

.25

.21 -

1k

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTRQPIC SOURCE IN WATER

SCATTERED ENERGY .75 MEV

MEP
2 n 7 10 1S 20
2,79 5.59 9.77  13.96  20.95 27.93
2.03 .66 9.69  15.86  28.51  43.80
.18 2.75  5.5u4 8.56 4.1l 21.16
0.94 1.97 3.58 5.19 7.88  11.ul
0.76 - 1.54 2.66 3,77 5.65 7.80
0.57 1,05 171 2.3k 3.32 B.2u
0.u5 0.80 1.25 1.68 2.30 . 2.93
0.37 .64 0.98 1.3 1.76 2.25
SCATTERED ENERGY  1.00 MEV
MEP
2. 4 7 10 IS 20
2.40 4.80 g.40 12.01  18.01  24.01
1.20 . 2.75 | 5.51 8.58 14,16  20.63
0.90 1.93  3.55 5.18 7.92 1139
0.72 149 2.62 3.73  5.59 7.93
0.5u 1.02 1.68 2.30 3.28 4.19
0.43 0.77 1.22 1.6k 2.21 2.87

0.36 N.62 0.96 1.28 beTl 2.20



15

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 1.25 MEV

SOURCE MFP :

E(MEV) i 2 4 7 10 15 20
1.25 1.07 2.15 4.29 7.51 10.73 16.09 21.45
2.00 0.6 .27 2.83 5.56 8.62 4.21 20.48
3.00 .43 0.91 QU 3.61 5.29 8.15 11.56
4.00 0.35 D.72 1.50 2.67 3.84 5.77 8.13
6.41 .27 .53 1.02 1.70 2.33 3.34 4.28
8.00 0.22 . O.u2 D.77 1.23 1.65 2.31 2.90

10.00 0.19 - 0.35 0.61 J.96 1.28 176 2.20

SCATTERED ENERGY 1.50 MEV

SCURCE MFP

E(MEV) I o2 y 7 10 15 20
1.50 0.98 1.97 3.93 6.88 9.83  14.T4  19.65
2.00 .67 1.39 2.98 5.66 8.66  1L.12  20.15
3.00 N.45 0.9u 2.00 3.72 5.49 8.51  11.91
.00 0.36 0.74 - 1.53 2.76 3.98 6.01 8.36
6.00 0.27 0.53 1.03 1.73 2.39 3.4k Bou2
8.00 n,22 0.42 © 0.77 1.25 1.69 2.35  2.97

10.040 O.19 .35 N.62 B.97 I «30 a9 2425



SCURCE
E(MEV)

1.75
2.60

3.00

SOURCE
E(MEV)

-2.00

0.92

.76

J.u8

D.37

0.27

0.22

g.18

16

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

157
1.05

0.79

SCATTERED ENERGY

MF P
7

"SCATTERED ENERGY

MFP

le8U4

1.32

1.02

A}

10

8.59

15

12.88

.75 MEV

20
18.31
19.19

12.45

2.31

2.00 MEV



17

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 2.25 MEV

SCURCE MFP

E(MCV) ! 2 y 7 10 15 20
2.25 0.8 1.63 3.26 5.70 .14 12.21  16.28
3.50 .57 1e15 2.39 4.35 6.42  10.03  13.77
4.00 D.ui 0.83 1,72 3.12 4.56 6.98 9.51
6.30 0.28 0.56 lo12 1.92 2.68 3.90 5.03
8.00 5.22  0.uy 0.83 .36 | .85 2.61 3.31
10,00 D.19 0.36  0.66 1.06 .42 1.97 2.48

SCATTERED ENERGY 2.50 MEV

SOURCE MFP

E(MEV) | 2 Y 7 10 15 20
2.50 D.T7 1.55 3.10 5.42 7.7 I1.61 15.48
3.00 J.62 .25 2.56 b.61 6.76 10.53 4. 34
4 .30 O.43 g0.88 1.81 3.28 4.80 7.38 10.01
6.00 3.29 0.58 .16 2.00 2.79 .07 5.27
8.00 .23 O.ul 1.85 1.40 1.92 2.71 3.44

160.00 0.19 D36 .68 1.09 147 2.05 2.58



18

DIFFERENTIAL CNERGY SPECTRA
POINT [SOTROPIC SOURCE IN WATER

SCATTERED EMNERGY 2.75 MEV

SOURCE MEP
E(MEV) | 2 4 7 10 15 20
2.75  O0.74 1.u9 2.97 5.20 7.43  11.15 14,86
3.00 0.67 1.35 2.74 4.88  7.08 I0.88  14.70
4 .00 0.u45 0.92 1.90 3.4y 5.02 7.71 1047
6.00  0.30 0.60 1.20 2.08 2.91 4.26 5.52
g.00 0.23 0.u6 .87 1.45 2.00 2.82 3.59
1G.00 8.19 0.37 0.70 13 1.52 2.13 2.69

SCATTERED. ENERGY 3.00 MEV

SCURCE . MFP

E(MEV) | 2 U 7 1o 15 20
5.00 D.71 .43 2.85 4.99  7.13  10.69  14.25
4.00 0.u8 0.98 2.00 3.60 52U 8.04  10.91
6.00 0.31 0.62 1,24 2.16 3.08 Hou5 5.78
8.00 0.2y 0.u47 0.90 1.5t 2.08 2.95 3.76

.00 - D.20 0.38 N.72 117 1.58 2.21 2.79



19

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 3.25 MEV

SCURCE MEP

E(MEV) ! 2 4 7 tQ 15 20
3.25 0.69 1.38 2.75 4.82 6.88 13,32 13.76
4.00 .52 f.0u 2. 11 3.77 5.48 8.37 1.3
6.00 0.32 0.65 1.29 2.24 3.17 4.65 6.05
8.00 N.24 0.48 J.93 1.57 2.17 3.08 3.93
10.00 0.20 0.39 0.73 1.20 .64 2.29 2.90

SCATTERED ENZRGY 3.50 MEV

SCURCE MFP : '
E(MEV) | 2 4 7 13 15 20
3.50 J.66 .33 2.66 4.65 6.65 9;97 13. 30
4,30 3.55 1.10 2.23 3.96 5.72 8.70 11.75
6.00 0.33 0.67 1«34 2.33 3.30 ° 4.85 6.32
8.00 0.25 O0.49 0.96 1.63 2.25 3.21 boif]

10.00  0.20 9.40 0.75 .24 1.69 2.38 3.01



20

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 3.75 MEV

SGURCE | MEP

E(MEV) ! 2 4 7 1D 15 20
3.75 .64 1.28  2.57  4.50 642 9.64  12.85
4.00 1.59 117 2.36 h.16 5.98 9.05 12.1u4
6.00 n.35 0.70 1.39  2.43 3.4 5.07 6.61
8.00 n.26 0.51 . 0.99 .69 2.33 3.34  4.27
10.00 0.21 0.40 n.77 1,28 1.75 2.47 3.12

SCATTERED ENERGY 4.00 MEV

SCURCE MEP

E(MLCV) | 2 ) 7 10 15 20
4.00 B.63 1.25 2.51 L.39 6.27 9.40 12.53
6.00 D.36 D.73 .45 42.53 3.58 5.29 6.92
8.090 N.26 0.52 1.03 1.75 2.42 3.u47 houy



SCURCE
E(MEV)

SCURCE
E(MEV)

10.00

21

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 4,25 MEV

MFP

2 4 7 10 15 20
1.22 2.u3 4,25 6.08 9.12  12.15
N.76 o5 2.63  3.74 5.53 7.25
0.5 .06 l.81 2.51 3.61 .62
D.u2 0.82 1.36 1.87 2.65 3.35

SCATTERED ENERGY 4,50 MEV

MFP ‘

2 y 7 10 15 20
.18 2.36° u.lh 5.91 8.87 11.82
0.80 |.58 2.75 3.90 5.78 7.60
0.56 .09 1.87 2.60 3.75 b.8Y

OJ.u3 J.84 1.40 1.93 2.74 3.48



22

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 4.75 MEV

SOQURCE MFP

E(MEV) : 2 n 7 10 15 20
.75 0.58 1.15 2.3 4.0u 5,77 8.65  11.54
6.00 O.41 0.83 1.6b 2.87  4.07 6.05  7.97
8.00 0.29 0.57 (.13 1.93  2.70 3.89  5.00
10.00 0.23 © O.u4  0.86 1.45 1.99 2.84 3.6l

SCATTERED ENERGY 5.00 MEV

SGURCE MEP

E(MEV) ! 2 y 7 10 15 20
5.00 '0.56 1.13 2.26 3.95 5.64 - B.u6  11.28
6.00 D.u3 . 0.87 1.72 3.00 4.26 6.34 8.37
8.00 0.30 0.59 1.16 2.00 2.80 . u4.05 5.21

10,30  0.23 0.u46 0.89 I .49 2.06  2.94 3.74



23

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 5.25 MEV

SOQURCE MFP

E(MEV) | 2 7 10 15 20
5.25  0.55 . 1.10  2.20  3.85 . 5.50  8.25 10.99
6.00  0.45  0.91  1.79  3.13°  4.45  6.65  8.80
8.00  0.31 0.6 .20  2.07  2.90  u.20  5.u2

1G.30 0.24 Qel7 0.91 1.53 2.13 3.0u 3.87

SCATTERED ENERGY 5.50 MEvV

SCURCE MEP |
E(MEV) ! 2 u 7 10 15 20
5.50 0.5u 1.07 2.15 3.76 5.37 8.05  10.7u
6.00 Dot 0.95 .87 3.28 b.66 6.97 9.27
8.00 1.32 0.63 to2u 2,14 3.01 u.37 5.65

10.30 d.24 D.uB .93 1.58 2.19 3.1k 4.32



2L

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 5.75 MEV

SCURCE MFP

E(MEV) | 2 b 7 10 15 20
5.75 0.53 1.05 2.10 3.68 5.25 7.88 10.51
6.40 D.u9 0.99 1.96 3.u43 4.89 7.32 9.76
8.80 0.33 0.65 1.28 2.21 3.12 4.54 5.88
?G.OD 0.25 O0.u49 0.96 1.63 2.26 3.25 4oté

SCATTERED ENERGY 6.00 MEV

SCURCE ' MFP

E(MEV) | 2 4 7 10 15 20
6.00 .  0.51 .03 2.06 3.60. 5.15 7.72  10.30

10.00 0.25 1.50 N.99 1.68 2.34 3.37 4.3



SCURCE
E(MEV)

SCURCE
E{MEV)

6.50

8.00

10.00

25

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

0.99

0.72

2.0
1.37

1 .01

'.97

I.hz

1.0u

SCATTERED ENERGY 6.25 MEV

MEP

7 10 15 20
3.52 5.03 7.55  10.07
2.37 3.36 4.92 6.40
1.73 2.41 3.48 Loyt

SCATTERED ENERGY 6.50 MEV

MFP

7 10 15 20
3.45 4.93 7.39 9.85
2.46 3.u8 5¢12 6469



SCURCE
E{MEY)

6.75

8.00

10,00

SCURCE
E{MEV)

7.00

J.u8
0.37

0.27

oy
0.38

0.28

26

DIFFERENTIAL ENERGY SPECTRA
POINT I[SOTROPIC SOURCE IN WATER

SCATTERED ENERGY 6.75 MEV

MFP
2 4 7 10 15 20
0.97 1.93 3.38 4.83 7.24 9.66
.74 147 2.55 3.62 5.3 6.99
0.54 1.07 1.83 2.57 3.72 .80

SCATTERED ENERGY 7.00 MeEV

' MFP
2 4 7 10 15 20
0.95  1.90  3.32 .74 7.11 9.u8
0.77 .52 2.6M 3.76 5.56 7.30
0.56 .10 1.89 2.65 3.85 4.98



SCURCE
E{MEV)

7.25
8.00

10.00

SCURCE
E(MEV)

O.u7
0.40

0.29

27

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY 7.25 MEV

MFP
2 Y 7 10 15 20
0.93 1.86 3.26 L.66 6.98 9.31
D.79 1.58 2.74 3.90 5.80 7.64
D.57 lo13 .94 2.73 3.98 5.16

SCATTERED ENERGY 7.50 MEV®

MFP
2 4 7 10 15 20
0.92 .83 3.20 4.58 6.87 916
0.82 1.63 2.84 4.06 6.05 8.00

0.59 le16 2.00 2.82 4ot2 5.35



SCURCE
E{MEV)

T.75
8.050

10.00

SCURCE
E(MEV)

345

042

0.30

Jablu

.31

28

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY

MFP
2 Y 7 10
3.90 1.79 3.04 bL.49
0.85 .70 2.95 4,22
0.61 - 1.20 2.06 2.91

SCATTERED EMERGY

MFP
2 4 7 10

0.88 .77 ©3.09 Lou2

0.62 1.23 2.12 3.00

7.75 MEV

8.00 MEV



29
DIFFERENTIAL ENERGY SPECTRA
POINT ISOTYTROPIC SOURCE IN WATER

SCATTERED ENERGY 8.25 MEV

SCURCE : MEP

E{MEV) | 2 4 7 10 15 20
8.25 0.43  0.87 1. 7h 3.04 4.34 6.51 8.68
10.00 0.32 0.6u 1.26 2.19 3.10 4.56 5.97

SCATTERED ENERGY 8.50 MEV

SCURCE MEP
E(MEV) i 2 y o 7 10 15 20
8.50 0.u3 0.85 1.70 2.98 4,26 6.39 8.52

10.00 N.33 0.66 1.30 2.25 3,19 b.72 6419



30

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SCURCE IN WATER

SCATTERED ENERGY 8.75 MEV

'SOURCE . ' MFP
E(MEV) 1 -2 Y 7 - 10 15 20
8.75 1.b2 0.8u4 1.68 2.93  4.19 6.28 8.38

10.00 0.34 0.67 1.34 2.32 3.29 4.88 6.42

SCATTERED ENERGY 9.00 MEV

SQURCE " MFP
E(MEV) | 2 4 7 10 15 - 20
- 9.08 J.b1 .83 1.65 2.89 .13 6.20 8.27

10.09 J.35 0.69 .38 2.39 3.40 5.04 6.66



31

DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROFIC SOURCE IN WATER

SCATTERED ENERGY 9.25 MEV

SCURCE MFP
E(MEV) l 2 b 7 10 15 20
9.25 J.41 0.81 .63 2.85 L.o7 6.10 8.14

SCATTERED ENERGY 9.50 MEV

SOURCE MFP :
E(MEV) | 2 y 7 10 15 20
9.51 .40 " 0.80 1.60 2.79 3.99 5.98 7.98

1C.00 0.37 0.73 .46 2.54 3.62 5.u40 716



SOURCE
E(MLV)

SCURCE
E(MEV)

10.00

10.00

0.39

. 0.37

D.39

0.38

32

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

0.79

0.75

D.77

.77

1.57 .

1.50

} .55

.54

SCATTERED ENERGY 9.75 MEV

MFP
7 10 15 20
2.75 3.93 5.89 7.86
2.61 3.73 5.58 743

SCATTERED ENERGY 10.00 MEV

MFP ,
7 10 15 20
2.71 3.87 5.81 7.7y

2.69 3.85 S5.77 7.70



SCURC
E(MEV

0.10
0.25
0.50
1.00
2.00
3.00
4.00
6.00
8.00

10.00

SQURC
E(MEV

0.20
0.25
Q.50
D
2.00
3.00
4.00

6.00

E
) 20

6.01E-001

.02 0O

i .00E 00

7.88E-01
5.96E-01
u.B5E-01
4. D0E-0O1
3.09E-01
2.55E-01

2.05E-01

E
) 20

5.58e-01

5.23E-01

5.7T1E-01
3.54E-01
- 3.43E-01
2.41E-0O1
1.96E-01
1 .55E-01I

1.29E-01

33

DIFFERENTIAL ENERGY SPECTRA

L0
4.26E-02
2.85E-01
4.61E-01
5.19E-01
5.06E-01
4U.64E-DI
4.03E6-01
3.48E-01
2.92€E-01

2.49€E-01

Lug
7.34E-02
1. 20E-01
2.26E-01
3. 18E-01
3.04E-01
3.06E-01
2.45E-01
2.13E-01
t.79E-01

I .5u4g-01

DISTANCE (CM)
70 100
4.9TE-0U4 4.T7UC-06
2.10E-02 1.11E-03
6.86E-02 7.43E-D3
| uIE-01 2.89E-02
2.19E-01 7.54E-02
2.53E-01 1.09=-01
2.49E-01 1.25E-01
2.54E-01 1. 49E-01
2.24E-01 1. 44E-D1
2.07E-01 1.41E-DI

SCATTERED
DISTANCE (CM)
70 100
2.176E-03 5.23E-05
7.23E-03% 3.31E-0O4
3, 116-02 3.296-03
8.10E-02 1.63E-02
|.326-01 4.54E-02
| .58E-01 6.72E-02
| JS4E-O1 7.74E-02
l.soE-bn 8.71E-02
1.37€-01 8.78E-02
1.25E6-01 8.33E-02

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY

150

1.68E-09.
5.97E-06
1.32E-04
|.56E-03
1 .03E-02
2.24E-02
3.30E-02
5.07E-02
5.96E-02

ENERGY

150
8.72E-08
l.U6E-D6
5.77€E-05
8. 78E-04
6.27E-03
1.37E-02
2.06€E-02
2.99E-02
3.54E-02

3.68E-02

0.10 MEV

200
5.29€E-13
2.52€E-08
1 .956-06
7.15E-05
1.24E-03
4.,18E-03
7.89E-03
I .61E-02
2.21E-02

2.51E-02

0.20 MEv

200
I.2§E-ID
5.37e-09
7.93E-07
4 .00Ee-05
7T.59E-04
2.58E-03
4.96E-03
9.52&—03
1 .30e-02

I .u8E-D2



SCURCE
E(MEV)

C.31

8.0

“10.09

SCURCE
E(MEV)

‘0.48
0.50
1.00
2.00

3.00

3k

DIFFERENTIAL ENGERGY SPECTRA

POINT "ISOTROPIC SOURCE IN WATER

20

5.33e-01

J 4.I7TE-OI

3.98E-01
3.24E-01
2.70E-01
2.24E-11
i .53E-M1
| .20E-01

20
5.09€-01
4.34E-O]
3.10E-01
2.46E-O1
2.13E-01
1. T6E-D1
1.32E-01
| .OSE-D I

8.84E-02

4g
I.O1E-D
I.66E-01
2.30E-3!
2.47E-01

2.36E-01

2.15€6-01

1.656-01
. 39E-01

1 «20E-J1

u0
1.22e-01
l.S1E-01
t . 90E-01
2.01E-01
| «93E-01
1.75E-01
I «45E-01
1.22E-01

DISTANCE

70 -

S.HIE-U3

2.27E-02
5.97E-02
| O4E-D01
|.22E-01
|.28E-01
| 16E-01
| O7E-O1

{CM)
100

2.12E-04
2.32e-03

1.21E-02

3.54E-02

5.22E-02
6.36E-02
6.71E-02
6.82E-02

6.43E-02

'SCATTERED

DISTANCE

70
8.86E-03
l.83E-02

5.09€-02

-8+ 68E-D2

|.03E-01
1.07€-01
| O4E=01
9.53E-02

8.56E-02

(CM)
100

5.25E-0u4
1.72e-03
1. 04E-02
3.00E-02
L,45E-02
5.38E-02
6.06E-02
6.13E-02

5.75E-02

150

8.69e-07

-3.89€E-05

6.53E-04
4.84E-03
1.0TE-02
1 .69E-02

2.31E-02

2.74E-02

2.84E-02

ENERGY

150
3.92E-06
2. 64E-05
5.61E-04
4.15E-03
9.22E-03
| 4LE-D2
2.09E-02
2.48E-02

SCATTERED ENERGY  0.30 MEV

200
3.17E-09
5.38E-07

Z.QBE—DSI

1.98€-03
4¥.05e-03
7.37E-03
1 .O00E-T2

O.40 MEV

200
2.60E-08
3.u43e-07
2.55E-05
5.01E-0Ou
1.7T1E~-03
3.46E-03

6.69E-03

9.11E-03



SOURCE

E(MEV)
B.50
t.00
2.00
3.00
4,00
6.00
8.00

10.00

SCURCE
E{MEV)

0.60

1.00

10.00

20
4.91E-DI
2.98E-31
2.13E-T1H
I «85E-01
1 «53E-03
1.13E-T1
Q.DQE-Dé

7T.62E-02

20
4.71E-O]
3.03e-01
2.05E-01
1. 71E-O
| 4DE-OI
1.05€e-01
8.32€-02

6.85E-02

35

DIFFERENTIAL ENERGY SPECTRA

40
ou2e-01
1.80E-01
! .78E-01
1. 7T1E-01
o54E~-01
1.27E-01
1.0TE-DOI

9.20E-02

L0
I 57TE-01I
. 7T6E-OI
1. 72E-01
1 .60E-O1
1.u3E-01
1.1 7E-01
9.80E-02

8.34E-02

DISTANCE

70

(CM)
100

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY

150

l.36E-02 1.07E-03 1.27E-05

4.78E-02
7.87€E-02
9.31E-02
9.6UE-02
9.29E-02
8.u42E-02

7.59E-02

9.72E-C3
2.T6E-02

4 .89E-02

S5.49E-02

5.48E-02

SCATTERED

DISTANCE (CM) -

70
l.87E-02
4,55€E-02
T.72E-02
8.78&—02
9.04E~-02
8.58E~-02
7.78E-02

6.98E~02

100
1 .81E-03
9.13E-03
2.73€£-02
3.90E-02
b.64E-D2
5.16e-02
5.09€E-02

L.81E-02

5.24E-04
3.85E-03
8.58E-03
1.32E-02
1.91E-02
2.26€E-02

2.32E-02

ENERGY

150
3.07E~-05
L.B8LYE-Ou
3.84E-03
8.26E-03
1.26E-02
1.85E-02
2.11E-02

2.19€-02

0.50 MEV

200
1.342-07
2.37E-05
4.66E-0Ou
| .59E-03
3.196-03

6.16E-03

8.40E-03

9.50E-03

0.63 MEV

200
L .63E-07
2.18€E-05
L.,6UE-Ou
| «54E-03
3.07E—d3
5.97E-03
7.98€E-03

9.03E-03



36
DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

- SCATTERED ENERGY 0.70 MEV

SCURCE DISTANCE (CM)

E(MEV) 20 40 70 - 100 150 200
0.75 u.ssc;0| | .T1E=D1 2.45E-02 2.86E-03 6.61E-05 1.36E-06
1.00 3.20€-01 1.77E-01 4.38E-02 8.56E-03 B 43E-04 | .97E-05
2.00 1.93E-01 1.64E-01 T.40€E-02 2.63E-02 3.72E-03 4.51E-0u
300 1.61E-01 1.52E-01 8.u44E-02 3.78E-02 8.056-33 I.51E-03
4.00 t.32E-01 1.36E-01 8.65E-02 4.48E-02 1.23E-02 2.99€-03
6.00 9.93E-02 1.11E-O1 8.17E-02 4.94E-02 1.78E-02 5.79€-03
8.00 7.82E-02 9.256-02 7.396-02 4.86E-02 2.035—02»7.735-03

10.00 6.41E=02 7.86E-02 6.61E-02 4.58E~02 2.10E-02 8.71E-03

SCATTERED ENERGY  0.80 MEV

SCURCE DISTANCE (CM)

“E(MEV) 20 u0 70 - 100 150 200
0.80 B.40E-01 V.82E=01 3.01€-02 4.06E-03 1.19E-04 3.10E-06
1.00 3.45E-01 1.83E-01 4.29E-02 8.09E-03 4.05E-04 1.76E-05
2.00 1.90€E-01 1.60E-0! 7.255402 2.58E-02 3;66E—03 L 45E-0u
3.00 1.56E-01 1.48E-01 B8.26E-02 3.71E-02 T.96E-03 |.50E-03
4.00 1.26E-01 1.30E-01 8.3uE—Dé 4.356-02 1.20E-02 2.93E-03
6.00 9.46E-02 1.07E-01 7.90E-02 4.80E-02 |.T74E-02 5.67E-03
8.00 T.46E-02 8.87E-02 7.|3E-02 4.72E-02 1.98E-02 7.54E-03

- 10.00 6.16E-02 7.57€-02 6.40€-02 4.45E-02 2.04E-02 8.50E-03



SOURCE
E(MEV)

U‘QO

t.00

2.09

SCURCE
E(MEV)

100
2.00

20
4.27E-01
3.76E-D1
|.¢SE¥D|
1.52E-01
1.22e-01
9.156-02
7.22E-02

5.97E-02

20
4. 13E-Q|
2.00E-01
I .51E-01
1.19€E-01
8.93E-02
7.05E-02

5.83E-02

37

DIFFERENTIAL ENERGY SPECTRA

Lo
1.93E-01
119IE—D|
1.61E-01
I «45€E-01
1.26E-01
t04E-OI
8.,61E-02

7.35E£-02

L0
2.00e-0t
1« 65E-01
Iu4E-01
| +24LE-0O!
1 OVE-DI
B.43E-D2

7.20E-02

DISTANCE (CM)

70

3. 64E-02
4.25E-02
7.23E-02
8.13€-02
8. 14E-D2
7.73E-02
6.96E-02

100
5.60E-03
T.67TE-03
2.57E-N2
3.67E-02
b.27E-02
4.72e-02
L4.62E-02

4.35e-02

SCATTERED

DISTANCE (CM)

70
L,.20€E-02
7.318-02
8.09E-02
8.03€-02
7.60€8-02
6.84E-02

6.13€-02

100
7.18E-03
2.59€E-02
3.66E£-02
4.23€-02
L.66E-02
4.55E~-02

4., 29E-02

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY

i50
2.05E-04
3.65E-04
3.65E-03
7.9!5-03
I 19E-02
1.726-02
| .95E-02

2.01€e-02

ENERGY

150
3. 13E-04
3.67E-03
7.91E-03
1.18E-02
1.71E-02
l.93E-02

0.90 MEV

290
6.64E-06
| .52E-05
4 4SE-OU
| 49E-03
2.91€-03
5.61€-03
7.44E-03

8.38e-03

{1 .00 MEV

200
1.21E-05
4 .48E-Ou
1 .50E-03
2.90€-03
5.59€E-03
7.39E-03

8.32E-03



SQURCE

38

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

E(MEV) .

20

0.25
80.25
0.50

| .80

SCURCE
E(MEV)

0.50

I .00

5.46E-01
5.42-01.
4.70E-01
4.91E-01
L. ule-0I
3.76E-01
2.95E-01
1. 7€E-01
1.33E-01

| 12E-D1

20
L.?1E-0I
2.98E-01
2.10E-01
| .B5E-D1
1.53E-01
l.13E-01
9.09E-02

7.62E-02

43
8.80€E-02
?.27TE-32
1.88E-01
2.7IE—Oi
3.07E-01

3.0ue-01

2.73e-01

1.83€E-01
| « 53E-01

1.33E-01

L0

14201

| .80E-01

1.78E-01
1. 71E-D1
. SHE-OI
1.27E-DI
1.07E-01

9.20E-02

SCATTERED

DISTANCE (CM)

70
3.52€-03
4.07TE-0C3
2.61E-02
6.86E-02
1 .25€E-01

I« 50E-01

1.56€-D1

l.2BE-D1

I« 18E-0V

| .07E-O1

100
1. 156-04
I« W5E-0OUu
2.72E-03
l1.38E-02
u,22e-02
6.38E-02
7.68E-02
7,MIE-02
T.51E-02

7T.11E-02

SCATTERED

DISTANCE (CM)

70

l.36E-02
4.78E-02
7.87E-02
9.31E-02
9.6LE-02
9.29€-02
8.U42E-02

7.59€-02

100
t «07E-03
9.72E-03
2.76E-02
4.09€e-02
4 .89E-02
5.49E-02
5.u48E-02

ENERGY

150
3. 19E-07
4.63E-07
L4L.68E-05
7.M5E—Du
5.72€E-03
I .30E-02
2.03e-02
2.55E-02
3.02E-02

3.13€E-02

ENERGY

150
1.27E-05
5.24E-0O4
3.85e-03
B.58E-03
1.32E-02
1.91E-02
2.26E-02

2.32€-02

Ge25 MEV

200
7.86E-10
I .31E~-09
6.56E-07
3.39€-05
6.82E-0u
2.39E-03
4.87E-03
8.12E-03
l.11E-02

1 .27E-02

0.50 MEV

200
I 34E-07
2.37E-05
4 66E-Ok
| .59E-03
3.196-03
6.16E-03
8.40E-03

9.50e-03



. SOURCE
E{MEV)

g.75
I .00
2.00

3.00

SCURCE
E{MEV)

.00
2.30

3.00

20
4.L7TE-OI

J.91F-0N1

1 .58E-01
1.29€E-01
9.66E-02
7T.62E-02

6.29E-032

20
Y1 3E-01
2.00E-01
l.51E-01
I 19E-0}1
8.93E-02
7.05E-02

5.83€E-02

39

DIFFERENTIAL ENERGY SPECTRA

40
| «77E-01
1.80E-01
1.61E~01
1.50E-01
I.32E-01
i .09E-O1
?.04E-02

T.71E-02

L0
2.00e-U1

Pobbe-01.

|02uE—O'
Bou3E-02

7.20E-02

DISTANCE

70
2.72E-02
4.33E-02
7.30E-02
8.34E-02
8.4BE-02
8.03E-02
7.26E-D2

6.50E-02

(CM)
100

3.u42E-03
8.32E-03
2.60E-D02
3.7UE-02
b.4)1E-02
4.86€E-02
L. 79€e-02

4.51€e-02

SCATTERED

DISTANCE (CM)

70
4.,20E-02
7T.31E-02
8.09E-02
8.03E-02
7.60€-02
6.84E-02

6b.13E-02

100
7.18E-03
2.59E-02
3.66E-02
4.23E-02
L.66E-02
4.55E6-02

L.29E-32

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY

150
8.90E-05
4.24E-QUu
3.68€E-03
8.00E-03
l.21E-02
1. 76E-02

2.01€E-02

2.07E-02

ENERGY

153
3.13E-04
3.67E-C3
7.91E-03
l.18E-02
1.71E-02
1.93E-D2

|.99E-02

0.75 MEV

200
2.06E-06
1 .87E-05
L. UT7E-Ou
1 .50E-03
2.96E-03
5.7T1E-03
7T.61E-03.

8.59E-03

| .00 MEV

200
.21E-05
4. 48E-O
| .S0E-03
2.90E-03
5.59E-03
7.39€-03

8.32E-03



SCURCE

E{MEV)

125
2.00

3.00

1C.00

20
3.836-01
2.19E-01
1 53E-D1
| .18E-Q1
8.6TE-02
6.83E-02

5.59E-02

SCURCE

E(MEV)

1,50

2.00 2.46E-01

3.00
4.00
6.00
8.00

10.09

20

3.58E-01

l.61E-01
| .21E-01
8.57TE-02
6.69E-02

Lo

DIFFERENTIAL ENERGY SPECTRA

40
2.18E-DI
1.75E-01
I« u5E-01I
1.23E-01
9.90E-02
8.21E-02

6095E—02

L0

1.91E-01
l.51E-DI
1.26E-01
9.84E-02
8.08E-02

6.836-02

DISTANCE

70

5.7T6E-02

7.57€-02

8. 14E-02
8.05E-02
7.u8E-02
6;7DE;D2

5.97e-02

(CM)
100

1.24E-02
2.6ME702
3.69E-02
u.zsé—oz
4,61E-02
4.49E-02

,h.ZIE-Uz

SCATTERED

DISTANCE (CM)

70

7.02E-02
8.05E-02
8.u3E-02
8.23€-02
7.48g-02
6.64E-02

SOQIE-DZ

100 .
1.78E-02
2.75E-02
'3.80E-02
4.35€-02
4. 64E-D2

4,.48E-02

L,19E-02

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY

150
8.01E-0Ou
3.69E-03
8.01E-03
1.20E-02
1.70E-02
1 .93E-02

1.97E-02

ENERGY

150-

1.50E-03
3.76E-03
8.25€-03

1.23E-02

|073E-02,

(.93E-02

1.97£-02

1 .25 MEV

200 -
b .59E-05
4 .50E-0U
1.52€E-03
2.97€-03
5.63E-03
7.40E-03

8.28E-03

.50 MEV
200
| .1 2E-0U
b 52E-0k
| .57TE-D3
3.06E-03
5.71E-03
7.48E-03

8.35E-03



SCURCE
E(MEV)

1«75
2.4930
3.0
L4.00
6.00
g.03

1€.00

SCURCE
E(MEV)

2.30
3.00

L.00

L1

DIFFERENTIAL ENERGY SPECTRA

PCINT ISOTROPIC SQURCE IN WATER

20
3.36E-1}
2.79E-01
l.72E-
1.256-01
8.63E-012
6.63E-02

23
3.16E-0}
1.86E=031
I.31e-01

B.7T5E-02

-6.73E-02

5.45€E-02

40
2+33E-D1
2.12E-01
1. 60E-01I
1.30E-01
9.93E-02
8.09E-02

6.80E-02

L
2.36E-01
1. 72E-C1
1 «36E-01
1.01E-0t
8.17E-02

6.8UE-J2

DISTAN
70

8.32E-02
B.62E-02
8.88E-02
B.U6E-{12
T.57E-02
6. 69€E-02

5.91€E~-02

DISTANCE

70
9.44E-02
9.LT7E-02
8.82E-02
7.73e8-02
6.79€E-02

S.97TE-02

SCATTERED ENERGY

CE (CM)

100
2.42E-02
2.90E-02
3.99E-02
4 47E-02
4.70E-02
4.53E~-32

y.21E-D2

SCATTERED

(CM)
100

3.08E-N2
4.25€E-02
4,65E-32
4.82e-02
L.61E-N2

4,27E-02

150
2.57E-03
3.85E-03
8.65E-03
1.26g-02
|l T6E-02
1.927€-02

2.00€E-02

ENERGY

150
3.95€E-03
9.14E-03
1.32E-02
1.81E-02
2.01€E-02

2.03e-02

.75 MEV

200
2.42E-0u4
4 .53E-0u
I «65E£-03
3.15E-03
5.84E-03
7T.64E-03

R.L49E-03

2.00 MEV
éDU
4.50E-04
l.?hE;U3
3.29E;D3
6.05E-C3
7.84E-03

8.68E~03



Lo

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SCURCE IN WATER

SCATTERED ENERGY  2.25 MEV

SOURCE DISTANCE (CM)

E(MEV) 2D 40 70 100 150 200
2.25 2.99E-01 2.36E-01 1.03E-01 3.66E-02 5.42E-03 7.12E-04
3.00 2.02E-01 1.86E-01 1.02€6-01 4.54E-02 9.71E-03 |.84E-03
4,00 1.38E-N1 1.43E-01 9.26E-02 4.89E-02 1.38E-02 3.46£-03
6.00 8.94E-D2 1.03E-01 7.94E-02 4.97C-02 1.BBE-02 6.29E-03
8.00 6.TTE-02 B.26E-02 6.88¢-02 4.69E-02 2.06E-02 g8.03E-03
10.00 5.48E-02 6.91E-02 6.06E-02 4.356-02 2.08E-02 8.92E-03

SCATTERED ENERGY  2.53 MEV

SCURCE DISTANCE (CM) |

E(MEV) 20 Y 70 193 150 200
2.50 2.82E-01 2.36E-01 1.11E-01 4.29E-02 7.26E-03 |.09E-03
3.00 2.21€-01° 2.926-01 1.10€6-01 4,86E-02 1.03E-02 |.94E-J3
4.00 1.u7E-01 1.51E-01 9.77E-02 5.156-02 {.46E-02 3.64E-03
6.00 9.196-02 1.06E-01 B8.18E-02 5.13E-02 1.94E-02 6.52E-03
8.00 6.85E-02 8.38E-02 7.01€-02 4.79E-02 2.11E-02 8.26E-03
10.00 5.53E-02 6.99E-02 6.16E-02. 4.44E-02 2.14E-02 9.19E-03



SOURCE
E(MEV)

2.75

3.00

SCURCE
E{MEV)

20
2.69E-01
2.41E-01
1.56E-01
Q.MQE;OZ
6.97E-02

5.60€E-02

20
2.55€6-01
l .66E-01
9.83E-02
7.13€E-02

5.68E-32

43

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

40
2.34C-01
2.20E-01
I.60E-01
1.1 0E-01
8.556-02

7.09E-02

40
2.32E-31
1.70E-01
1o tUE-O1
8.75E-02

7.20E-02

DISTANCE

70
|.18€E-01
. 19E-01
l.03E-01
8.u45€-02
7.17E-02

6.27E-02

DISTANCE

70
f.ZuE‘ﬂl
1.09E-01
8.75e~-02
7.36E-02

6.38E-02

{CM)
133

4.85E-02
5.21E-02
5.4 1E-02
5.30E-02
B.926-002

4.53g-02

SCATTERED

{CM)
100

5.42E-02
5.70€e-02
5.49E-02
5.06E-02

4.62E-32

SCATTERED ENERGY

150
9.12E-03
1. 10E-02
1 «52E-02
2.01E-02
2.17E-02

2.19E-02

ENERGY

ISD'
1.13E-02
| .60E-02
2.08E-02
2.24E-02

2.24E-02

2.75 MEV

200
i .53E-03
2.05E—D3.
3.80E-03
6.7T6E-03
8.53€-03

?.45E-03

.3.00 MEV

200
2.08E-03
3.98e-03
7.01E-03
8.83E-03

?.72E-03



.SCURCE
E(MEV)

3.25

SCURCE
E(MEV)

20
2.UuE-DH

1 .77TE=D1I

a r.02e-01

7.30E-02

5.7T7E-{2

20

3.50 2.34E-01

4.30

6.410

| .89E-D1I
1.06E-01
7.49€E-02

5.88E-02

Ly

DIFFERENTIAL ENERGY SPECTRA

L
2.29E-01
1.81E-T1
l..18E-J1
8.98E~02

7.33E-02

Lg
2.25€e-01
1.93E-01
I.23E-UI
?.21E-02

7T.47E-02

"DISTANCE (CM)

70
1.28€-01
1. 15E-01
2.08e-02
7.57e-02

6.51€E-02

DISTANCE

70
| .32€-01
1.22e-01
9 45€-02
7.78e-02

6+6U4E-D2

100

5.86E-02

6'D'E—02
5.70E-02

u.72E_02

SCATTERED

(CM)
1 G0

6.32E-02

6.36E-02

5.92€E-02

5.36g-02

4.83E-02

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY

150
1 .32E-02
| . 68E-02
2.16E-02
2.31E-02

2.30E-N2

ENERGY

150
|.53E-02
| . 7T7E~02
2.25E-02
2.39E-02

2.36E-02

3.25 MEV

200
2.63E-03
4,.,18E-03
7.,28€E-03
?.15E-05

9.98E-03

3.53 MEV

200
3.29€E-03
4 .33E-03
'7.57E-03
9.46E-03



SOURCE
E(MEV)

8.40

10.00

SCURCE
E(MEV)

4.00
6.00
8.00

10.00

20
2.236-01
2.02E-01
. 10E-01
7.68E-02

5.99E-02

20
2.16E-01
|« I4E-D]I
7.89€E-02

6.10E-02

L5

DIFFERENTIAL ENERGY SPECTRA

L0
2.22E-31
2.05E-U1
1.27€-01
9.U46E-02

43
2.19E-01
1.33E-01
9.72€6-02

T.77E-02

DISTANCE

70
|« 36E-01
1.30€E-01
9.84E-02
8.00E-02

6.78E-02

DISTANCE

70

{CM)
100

6.76E-02
6.75E-02
6.1 7TE-02
5.52E~-02

SCATTERED

(CM)
100

POINT ISOTROPIC SOURCE IN WATER

SCATTERED ENERGY

150
. 76E-02
1.87E-02
2.33E-02
2.u46E-02

2.42E-02

ENERGY

150

1.98E-02

3.75 MEV

290
L.06E-03
4,62E-03
7T.87E-03
9.77E-03

b .00 MEV

200

1.J3E-D1 6.43E-002 2.43E-02 8.19E-03

8.23E-02

6.93E-02

5.68€E-02

5.05E-02

2.54E-02

2.48E-02

1 .01E-D2



L6

DIFFERENTIAL ENERGY SPECTRA

POINT ISOTROPIC SOURCE IN WATER

SOURCE
E(MEV) 20 4
4.25 2.07E-01 2.156~01
6.00 1.19E-01 1.38E-01
8.00 8.11E-D210.00E-02

10.00 6.21E-02 7.93E-02

SOURCE. .

E(MEV) 240 ui
4.50 1.99E-01 2.11E-01
6.00 1.24E-01 {.45£-01

10.00 6.34E-02 8.10E-02

SCATTERED
DISTANCE (CM)
70 100

| 4OE-01 T.46E-02
| .O7E-O1 6.70E-02
8.47E-02 5.85E-02

7.08E-02 5.17E-02

SCATTERED

DISTANCE
70

(CM) -
100
l.LIE-D1 7.76E-02

1.12E-0f 7.00E-02

8.72E<02 6.03E-02

7.24€-02 5.30E-02

ENERGY

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

2.54E-02

ENERGY

150

2.36E-02
2.64E-02
2.70E-D2

2.61E-02

4,25 MEV

200
5.58e-03
8.54E-03
1 .04E-02

1.11E-02

4.50 MEV

200
6.38E-03 .
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DIFFERENTIAL CNERGY SPECTRA
PCINT ISOTROPIC SOURCE IN WATER
SCATTERED ENERGY 6.25 MEV
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SCURCE | " DISTANCE (CM)
E(MEV) 20 10 . 710 {00 150 290

6.50 1.54E-01 |.B1E=01" |.43E-01 9.22E-02 3.67E-02 1.30E-02
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DIFFERENTIAL ENERGY SPECTRA
POINT ISOTROPIC SOURCE IN WATER
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DIFFERENTIAL ENERGY SPECTRA
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DIFFERENTIAL ENERGY SPECTRA
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DIFFERENTIAL ENERGY SPECTRA
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