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Dept. of Nuclear Engr, College of Engr., Hanyang Uhiversity Seoul, Korea

Abstract

This paper presents. flux-to-dose-rate conversjon factors for neutrons and gamma rays based
-on the American National Standard Institute(ANSI) N666. These data are used to calculated
-the dose rate distribution of neutron and gamma ray in radiation fields.

Neutron flux-to-dose-rate conversion factors for energies from 2.5X107% to 20 MeV are
-presented; the corresponding energy range for gamma rays is 0.01 to 15 MeV.

Flux-to-dose-rate conversion factors were calculated, under the assumption that radiation

-energy distribution has nonlinearity in the phantom, have different meaning from those' values

obtained by monoeriergetic radiation. Especially, these values were determined with the cross

section- library.

The flux-to-dose-rate conversion factors obtained in this work were in a gqod agreement to

the values presented by,’ ANSI.

Those data will be a useful for the radiation shielding analysis and. the radiation dosimetry

in the case of continuous energy distributions.
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Table 1. Neutron' Flux-to-Dose-Rate Conversion

Factors and Mean Quality Fators (QF)

Neutron Energy (Rem/h)/
 {(MeV) QF* (Neut/cm?-s)

2.5—08* 2 3. 67—06
1.0—07 . 2 3. 67—06
1.0—06 2 4.46—06
1.0—05 2 4,54—06
1.0—04 2 4,18—06
1.0—03 2 3.76—06
1.0—02 2.5 3.56—06
1.0—01 7.5 2.17—05
5.0—01 11 9. 26—06

1.0 11 1.32—04

2.5 g 1.25—04

5.0 8 1.56—04

7.0 7 1.47—04
10.0 6.5 1.47—04
14.0 7.5 2.08—04
20.0 8 2.27—04

* Maximum value of QF in a 20-cm phantom.
+ Read as 2.5x107%
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Table 2. Polynomial Coeficients for Neutron Flux-To-Dose-Rate Conversion Factors.

Neutron Energy
(MeV) A B c D
2.5 —08 to 1.0 —07 —1.2514+01
1.0 —07 to 1.0 —02 —1.2210+01 1.7165—01 2. 6034—02 1. 0273—03.
0.01 to 0.1 —8.9302 7.8440—01
0.1 to 0.5 —8.6632 9. 0037—01
0.5 to 1.0 —8.9359 5. 0696—01
1.0 to 2.5 —8.9359 —5.5979—02
2.5 to 5.0 —9. 28922 3. 2193—01
5.0 to 7.0 —8.4741 —1.8018—01
7.0 t0 10.0 —8.8247
10.0 to 14.0 —1.1208+01 1.0352
14.0 t0 20.0 —9.1202 2.4395—01
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Table 3. Gamma-Ray Flux-To-Dose Conversion
Factors

Photon Energy (rem/h)/ mrem/hr/
(MeV) (Photon/cm?-sec.) (MeV/cm?sec.)
0.01 3.96-—06 3.96—1
0.03 5.82—07 1.94—2
0.05 2.90—07 5. 80—3
0.07 2.58—07 3.69—3
0.1 2.83—07 2.83—3
0.15 3.79—07 2.53—3
0. 2 5.01—07 2.51—3
0. 25 6.31—07 2.52—3
0. 3 7.59—07 2.53—3
0.35 8.78—07 2.51—-3
0. 4 9, 85—07 2.46—3
0.45 1.08—06 2.40—3
0.5 1.17—06 2.34—3
0.55 1. 2706 2,31-3
0. 6 1.36—06 2.27—3
0.65 1, 44—06 2.22—3
0. 7 1.52—06 2.17-3
0. 8 1.68—06 2.10—3
1. 0 1.98—06 1.98—3
1. 4 2.51—06 1.79—3
1. 8 2.99—06 1.66—3
2. 2 3.42—06 1.55—3
2. 6 3.83—06 1.47—3
2. 8 4.01—06 1.43—3
3.25 4, 4106 1.36—3
3.75 4.83—06 1,293
4,25 5.23—06 1.23—3
4.75 5. 60—06 1.18—3
5 0 5.80—06 1.16—3
5.25 6.01—06 1.14—3
5.75 6. 38—06 1,113
6. 25 6.74—06 1.08—3
6.75 7.11—05 1.05—-3
7.5 7. 66—06 1.02—3
9. 0 8.77—06 9,74—4
11.0 1.03—05 9,36—4
13.0 1.18—05 9.08—4
15.0 1.33—05 8.87—4




=12 FET 2 Rl I REE BRERT HES

Qg AL 4 % FL WPeE T 4 9
1 4 vhest ek

E,!
#E%=( " DF(B)§(E)IE
E)t

EY
+ f DFy(E)$(E)AE @
EJ

4 WA

Ef=1d32 oA A4

E)"=%2 oA AA

Ef=3% A FA el

RfETY A Sdl4sk v R (4 (@) 2T

duix FAALE AR el ALTE U A4kl
ook € ¥ 4 DOF 834 Ao 29 3¢ 4
@)% ol &3tz & 59 I AH&she] viEhd 2ol
I ol & HARNA 4 D H 4 (DOF d4stz o
o 4% HER BE"UEE AT A4l T
Aeg FAVAEY FH F —BIE 2o Fo 2
¥ 4% bRl A AeE fakelxk gh¢ ANSI ¥
& W%, GRIDS, GRASS, LSD-2*%, QAD %44 2}
48 #E< A4zvmsle] ekl Aoleh

10" ——rrrrem

1 IR ALREBLL

TTTTT

10°

{rem/hr} / (photons /en - sec)

i

10” | SR NI

T rrrrrng 1T OrTIme J L3R

— ANSI
X Present Work

1 L titiui 1t atinge Lol t il

[ 2 W

Lol L1 LILL o1ttt [

1

10* 10

10° 10
Photon Energy (Mev)

Fig. 3. Photon flux to dose rate factors

Table 4. Maximum Gamma-Ray Dose Rates in the Dose-Rate Distribution in a Slab Phantom*

107

Dose Rates for Normally Incident Flux
Group Energy (rad/h)/r/(cm?® sec)

Group No ™'p - nge (MeV)
’ ANISN

OGRE

ANISN Dose Rates for
- Isotropically Incident Flux
(rad/h)y/(cm?-sec)

High-Energy Structure

1 14 16 1. 326—5
2 12 —14 1.171-5
3 10 —12 1.021—5
4 8 =10 8.734—6
5 7 —8 7.625—6
6 6.5 —7 7.074—6
7 6.0 — 6.5 6.710—6
8 5.5 — 6.0 6. 339—6
g 5.0 — 5.5 5.961—6
10 4.5 — 5.0 5.579—6
1 4.0 — 4.5 5.190—6
12 3.5 — 4.0 4,785—6
13 3.0 — 3.5 4. 365—6
14 2.6 — 3.0 3.969—6
15 2.2 — 26 3.596—6
16 1.8 — 2.2 3. 200—6
17 1,35— 1.8 2.727—6
18 0.9 — 1.35 2.141—6

1.317—0(0. 029)+

9. 458—6(0. 037)

5.938—6(0.34 )

3,143—6(0.42 )

1.331—5
1.178—5
1.024—5
8 760—6
7.660—6
7.112—6
6.750—6
6.379—6
6.003—6
5.620—6
5.230—6
4.822—6
4.398—6
3.996—6
3.616—6
3.210—6
2.721—6
2.109—6
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Group - - Energy

Dose Rates for Normally Incident Flux

(rad/h)/r/(cm?® sec)

ANISN Dose Rates for

Group No Range (MeV) ANISN OGRE Isotr(c;ggc/a Byr}?ccri?’iletc)l: tux
High-Er{ergy Structure

19 0.6 — 0.9 1.581—5 1.516—6

20 0.4 — 0.6 1.173—6 1.140—6(1.5 ) 1.077—6

21 0.2 — 0.4 7.208—7 7.363—7(1.9 ) 6.088—7
22 0.1 — 0.2 4.506—7

Table 4. (Cont.)
Low Energy Structure

1 '2,48—2.72 3.789—6 3.815—6

2 1.92—2.48 3,399—6 3.418—6

3 1.68~—1.92 2.999—6 3. 003—6

4 1.12—1.68 2.505—6 2.494—6

5 0.88—1.12 1.995—6 1.961—6

6 0. 72—0. 88 1.692—6 1. 643—6

7 0.68—0. 72 1.534—6 1.500—6(1.1 ) 1.478—6

8 0.62—0. 68 1. 445—6 1.385—6

9 .0, 58—0. 62 1.357—6 1.292—6

10 0.52—0.58 1.264—6 1.196—6

11 0.48—0.52 1.173—6 1. 140—6¢1.5 ) 1.102—6

12 0.42—0. 48 1.074—9 9,991—7

13 0.38—0. 42 9.769—7 8.991—7

14 0.32—0. 38 8.663—7 7.850—7

15 0. 28—0. 32 7.565—7 7.363—7(1.9 ) 6.762—7

16 0.22—0.28 6.196—7 5.371—7

17 0.18—0.22 5.185—7 4.367—7

18 0.12—0.18 3.826—7 3.026—7

19 0.08—0. 12 2, 765—7 1,989—7

20 0. 06—0. 08 2.661—7 2.016—7
21 0. 04—0. 06 2.821—7
22 0.02—0. 04 5. 867—7

* Infinite slab 30-cm thick- 1l-element standard man composition; density, lg/cm?®
+Parentheses include the estimate standard deviation in %

Table 5. Polynomial Coefficients for Gamm-Ray Flux-To-Dose-Rate Conversion Factors.

Photon Energy
(MeV) A B C D
0.01 to 0.03 —2.0477+01 —1.7454
0.03 to 0.5 —1.3626+01 —5.7117—01 —1. 0954 —2.4897—01
0.5 to 5.0 —1.31334-01 7.2008—01 —3.3603—02
5.0 to 15.0 —1,27914-01 2. 830901 1.0873—01
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Table 6. The Group Dose Rate Conversion Factors
Based on ANSI-N666 for CASK-22 Group

Neutron-+18 Group Gamma (ELC-23)
Structure
Group Upper Lower Conversion
Energy Energy Factors (rem
(MeV) (MeV) /hr/Unit-
Flux)
1 1.490E 01 1.220E 01 1.991E-—04
2 1.220E 01 1.000E 01 1.633E—04
3 1.000E 01 8.180E 00 1.471E—04
4 8.180E 00 6.360E 00 1.475E—04
5 6.360E 00 4.960E 00 1.530E—04
6 4,960E 00 4.060E 00 1.500E—04
7 4,060E 00 3.010E 00 1.393E—04
8 3.010E 000 2.460E 00 1.285E—04
9 2,460E 00 2.350E 00 1.253E—04
10 2,350E 00 1.830E 00 1.263E—04
11 1.830E 00 1.110E 00 1.290E—04
12 1.110E €0 5.500E—01 1.161E—04
13 5.500E—01 1.110E—01 5.334E—05
14 1.110E—01 3.350E—03 8.412E—06
15 3.350E—03 5.830E—04 3.713E—06
16 5.830E—04 1.010E—04 4.009E—06
17 1.010E—04 2.500B—05 4.295E—06
18 2.900E—05 1.010E—05 4.476E-—06
19 1.010E—06 3.060E—06 4.567E—06
20 3.060E—06 1.120E—06 4.535E—06
21 1.120E— 4, 140E—07 4.370E—06
22 4,1404—07 1.000E—08 3.961E-—06
23 1.000E 01 8.C00CE 00 8.772E—06
24 8.000E 00 6.,500E 00 7.478E—06
25 6.500E 00 5.000E 00 6.375E—06
26 5.000E 00 4.000E 00 5.414E—06
27 4,000E 00 3.000E 00 4.622E—06
28 3.000E 00 2.500E 00 3.960E—06
29 2.500E 00 2.000E 00 3.469E—06
30 2.000E 00 1.660E 00 3.019E—06
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Group

Upper Lewer Conversion
Energy Energy Factors (rem
(Mev) (MeV) /hr/Unit-
Flux)

31
32
33
34
35
36
37
38
39
40

" 1L.660E 00 1.330E 00 2.628E—06
1.330E 00 1.000E 00 2.205E—06
1.00OE 00 8.000E—01 1.833E—06
8.000E—01 6.000E—01 1.523E—06
6.000E—01 4.000E—01 1.185E—06
4.000E—01 3.000E—01 9.113E—07
3.000E—01 2.000E—01 6.757E—07
2.000E—01 1.000E—01 4.364E—70
1.000E—01 5.000E—02 3.418E—07
5.000E—02 1.000E—02 1.025E—06

Table 7, The Group Dose Rate Conversion Factors

Based on ANSI-N666 for DLC-27,
104 Group Neutron+22Group Gamma
Structure

Group

Upper Lower Conversion

Energy Energy factors(rem/

(MeV) (MeV) hr/Unit-
Flux)

WO =S Ul o W =

] DD b ot = e el el b el el e
NEO‘QW\‘IO’)U‘I%WNHO

1.500E 01 1.350E 01 2.082E-—04
1.350E 01 1.221E 01 1.906E—04
1.221E 01 1.105E 01 1.7I8E—04
1.105E 01 1.000E 01 1.550E-—04
1.000E 01 9.048E 00 1.471E—04
9.048E 00 8.187E 00 1.471E—04
8.187E 00 7.408E 00 1.471E—04
7.408E 00 7.000E 00 1.471E—04
7.000E 00 6.708E 00 1.476E—04
6.708E 00 6.360E 00 1.489E—04
6.360E 00 6.065E 00 1.503E—04
6.065E 00 5.488E 00 1.523E—04
5.488E 00 4.966E 00 1.550FE-—04
4.966E 00 4.750E 00 1.548E—04
4.70E 00 4.493E 00 1.523E—04
4.493E 00 4.066E 00 1.486E—04
4.066E 00 3.679E 00 1.439E—04
3.679E 00 3.329E 00 1.393E—04
3.326E 00 3.012E 00 1.349E-04
3.012E 00 2.725E 00 1.306E—04
2.725E 00 2.466E 00 1.265E—04
2.466E 00 2.350E 00 1.253FE—04

TE
Group Upper Lower Conversion
Energy Energy factors(rem/”
(MeV) (MeV) hr/Unit
Flux)

23 2.350E 00 2.231E 00 1.256E—04-
24 2.231E 00 2.019E 00 1.262E—04
25 2.019E 00 1.827E 00 1.269FE—04-
26 1.827E 00 1.653E 00 1.276E—04
27 1.653E 00 1.496E 00 1.283E—04-
28 1.496E 00 1.353E 00 1.290E—04.
29 1.353E 00 1.225E 00 1.297E—04-
30 1.225E 00 1.108E 00 1.305E—04-
31 1.108E 00 1.003E 00 1.312E—04-
32 1.003E 00 9.072E—01 1.285E—04-
33 9.072E—01 8.209E—01 1.221E—04.
3H 8.200E—01 7.427E—01 1.161E—04-
35 7.427E—01 6.721E—01 1.103E—04-
36 6.721E—01 6.081E—01 1.049E—04
37 6.081E—01 5.502E—01 9.970E—05"
38 5.502E—01 4.979E—01 9.477E —05-
39 4,979E—01 4.505E—01 8.821E—05-
41 4.076E—01 3.688E—01 7.367E—05-
42 3.688E—01 3.337E—01 6.732E—05"
43 3.337E—01 3.020E—01 6.153E—05"
44 3.020E—01 2.732E—01 5.623E—05-
45 2.732E—01 2.472E—01 5.139E—(5°
46 2.472E—01 2.237E—01 4.696E—05
47 2.237E—01 2.024E—01 4.292E—05
48 2.024E—01 1.832E-—01 3.923E—05
49 1.832E—01 1.657E—01 3.585E—05
50 1.657TE—01 1.500E—01 3.277E—05
51 1.500E—01 1.357E—01 2.995E—05
52 1.357E—01 1.228E—01 2.737E—05
53 1.228E—01 1.111E—01 2.501E—05
54 1.111E—01 8.652E—02 2.150E—05
55 8.652E—02 6.738E—02 1.762E—05
56 6.738E—02 5.248E—02 1,448E—05
57 5.248E—02 4.087E—02 1.191E—05
58 4.087E—02 3.183E—02 9.785E —06-
59 3.183E—02 2.479E—02 8.043E—06
60 2.47T9E—02 1.930E—02 6.610E—06
61 1.930E—02 1.503E—02 5.432E-06
62 1.503E—02 1.171E—02 4.465E—06
63 1.171E—02 9.119E—03 3.709E —06°
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Group Upper Lower Conversion Group Upper Lower Oonversion
Energy Energy factors(rem/ Energy Energy factors(rem/
(MeV) (MeV) hr/Unit (MeV) (MeV) r/Unit
Flux) lux)
64 9.119E—03 7.102E—03 3.554E—06 105 1.0C0E 01 8.00CE 00 B8.772E—06
65 7.102E—03 5.531E—03 3.563E—06 106 8.000E 00 6.500E 00 7.478E—06
66 5.531E—03 4.307E—03 3.577E—06 107 6.500E 00 5.000E (0 6.375E—06
67 4.307E—03 3.355E—03 3.596E—06 108 5.000E 00 4.000E €0 5.414E—06
68 3.355E—03 2.613E—03 3.618E—06 109 4.000E 00 3.000E 00 4.622E—06
69 2.613E—03 2.035E—03 3.644E—06 110 3.000E 00 2.500E 00 3.960E—06
70 2,035E—03 1.585E—03 3.674E—06 111 2.500E 00 2.000E 00 3.469E—06
71 1.58E—03 1.234E—03 3.707E—06 112 2.000E 00 1.660E 00 3.019E—06
72 1.234E—03 9.611E—04 3.743E—06 113 1.660F 00 1.330E 00 2.628E—06
73 9.611E—04 7.485E—04 3.782E—06 114 1.330E 00 1.000E 00 2.250E—06
74 7.485E—04 5.829E—04 3.824E—06 115 1.0C0E 00 8.000E—01 1.833E-—06
75 5.820E—04  4.340E—04  3.86TE—06 116 8.000E—01 6.000E—01 1.523E—06
76 4.540E—04 3.536E—04 3.912E—06 117 6.000E—01 5.200E—01 1.289E—06
77 3.536E—04 2.734E—04 3.959E—06 118 5.200E—01 5.000E—01 1.200E--06
78 2.754E—04 2.145E—04 4.007E—06 119 5.C00E—01 4.000E—01 1.089E—06
7 2.145E—04 1.670E—04 4.055E—06 120 4,000E—01 3.0008—01 9.114E—(7
80 1.670E—04 1.301E—04 4.104E—06 121 3.000E—01 2.600E—01 7.507E—07
81 1.301E—04 1.013E—04 4.1S3E—05 122 2.600E—01 2.500E—01 6.887E—(7
82 1.013E~04 7.889E—05 4.202E—06 123 2.500E~—01 2.C00E—01 6.131E—07
83 7.889E—05 6.144E—05 4.250E—06 124 2.000E—01 1.060E—01 4.364E—07
84 6.144E—05 4,785E—05 4.296E—06 125 1.000E—01 5.000E—02 3.418E—07
85 4.785E—05 3.727E—05 4.341E—06 126 5. 000E—02 2.000E—02 6.516E—(7
6 3.727E—05 2.902E—05 4.383E—06
5 2.002E—05  2.260E—C5  4.422E—06 Tahle 8. The Group Dose Rate Conversion Factors
88 2.960E—05 1.760E—C5 4.430E—06 " Bused on ANSI-NEES for DLC-3l, 37
89 1.760E—05 1.371E—05 4.491E—06 Group Neutron-21 Group Gamma Structure
90 1.371E—05 1.068E—05 4.519E—06 - -
91 1.06BE—05 8.315E—06 4.542E—06 U0 UPRE Lo onversion
92 8.315E—06 6.476E—06 4.560E—05 (MeV) (MeVy - Grem/ ?%x)
93 6.467TE—06 5.C43E—06 4.572E—06
94 5.043E—06 3.928E—06 4.578E—06 1 1.960E 01 1.690E 01 2.221E—04
95 3.928E—06 3.059E—06 4.577E—06 2 1.690E 01 1.490E 01 2.148E—04
96 3.050E—06 2.382E—06 4.568E—06 3 1.490E 01 1.420E 01 2.103E—04
97 2.382E—06 1.855E—06 4.552E—06 4 1.420E 01 1.380E 01 2.078E—04
98 1.855E—06 1.445E—06 4.528E—06 5 1.380E 01 1.280E 01 1.973E—04
99 1.445E—06 1.125E—06 4.495E—06 6 1.280E 01 1.220E 01 1.853E—04
100 1.125E—06 8.864E—07 4.455E—06 7 1.220E 01 LI110E 01 1.722E—04
101 8.864E—07 6.826E—07 4.406E—06 8 1.110E 01 1.000E 01 1.553E—04
102 6.826E—07 5.316E—07 4.346E—06 9 1.000E 01 9.050E 00 1.471E—04
103 5.316E—07 4.140E—07 4.278E—06 10 9.050E 00 8.190E 00 1.471E—04
104 4.140E~07 1.000E—10 3.954E--06 1 8.190E 00 7.410E 00 1.471E—04
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Growp  Upper  lower  Comersion  Group  Iper - Lower  Comversion
(MeV) (MeV)  hr/Unit MoV} reey  factrslrem/
. Flux) Flux)
12 7.410E 00 6.380E 00 1.478E—04 53 L500E—01 1.000E—02 3.820F—07
13 6.380E 00 4.970E 00 1.529E—00 54 LOOOE—01 7.000E—02 3.319E—07
14 4.970E 00 4.720E 00 1.547E—04 55 7.000E—02 4.500E—02 3.699E—07
15 4.720E 00 4.070E 00 1.497E—04 56 4.500E—02 3.000E—02 6.112E—07
16 4.070E €0 3.010E 00 1.394E—04 57 3.000E—02 2.000E—02 8 267E—07
17 6.01CE €0 2.300E 00 1.281E—04 58 2.000E—02 1.000E—02 2.144E—06
18 2.390E 00 2.310E 00 1.254E—04
19 2.310E 00 1.830E 00 1.264E—04
20 1.830E 00 1.110E 00 1.200E—04 Table 9. The Group Dose Rate Conversion Factors
21 L110E 00 5.500E—01 L161E—04 S, °“10‘3§f;;1;66‘;\1£3;r£‘$’613G(g;g
22 5.500E—01 1.580E—01 6.047E—05 Gamma Group Structure
23 1.580E—01 1LII0E—01 2.181E—05 :
24 1.110E—01 5.250E—02 1.786E—05 Group &%ﬁ;‘; Elﬂggl P%%‘;gg?;g&
25 5.250E—02 2.480E—02 9.914E—06 (MeV) (MeV) {:l’llflgjfnit
26 2.480E—02 2.190E—02 6.938E—06 :
27 2.190E—02 1.030E—02 4.986E—06 1 1.492E 01 1.350E 01 2.080E—04
28 1.030E—02 3.350E—03 3.572E—06 2 1.350E 01 1.221E 01 1.906E—04
39 3.350E—03 1.230E—03 3.661E—06 3 1.221E 01 1.105E 01 1.718E—04
30 1.230E—03 5.830E—04 3.783E—06 4 1.105E 01 1.000E 01 1.550E—04
31 5.830E—04 1.010E—04 4.009E—06 5 1.OOOE 01 9.048E 00 1.471E—04
32 1.010E—04 2.900E--05 4.295E—06 6 9.048E 00 8.187E 00 1.471E—04
33 2,000E—05 1.070E—05 4.473E—06 7 8.187FE 00 7.408E 00 1.471E—04
34 1.070E—05 3.060E—08 4.566E—06 8 7.408E 00 7.047E (0 1.471E—04
35 3.060E—06 1.130E-—06 4.536E—06 9 7.047E 00 6.703E 00 1.476E—04
36 1.130E—06 4.140E—07 4.371E—06 10 6.703E 00 6.376E 00 1.489E—04
37 4,140E—07 1.000E—11 3.954E—06 1 6.376E 00 6.065E 00 1.502E—04
38 1.400E 01 1.000E 01 1.102E—05 12 6.065E 00 5.4887 00 1.523E—04
39 1.000E 01 8.000E 00 8.772E—06 13 5.488E 00 4.966E 00 1.550E—04
40 8.000E 00 7.000E 00 7.663E—06 14 4.966E 00 4.724E 00 1.547E—04
a1 7 000E 00 6.000E 00 6.926E—06 15 4.724F 00 4.493E 00 1.522E—04
49 6.000E 00 5.000E 00 6.191E—06 16 4,493E 00 4.066E 00 1.486E—04
43 5.000E 00 4.000E 00 5.414E—06 17 4.066E 00 3.679E 00 1.435E—04
" A000E 00 3.000E 00 4.622E—06 18 3.679E 00 3.320E 00 1.393E-04
45 3.000E 00 2.500E 00 3.960E—06 19 3.320E 00 3.011E 00 1.349E—04
6 5 500E 00 2.000E 00 3. 469E—06 20 3.011E 00 2.725E 60 1.306E—04
47 2.000E 00 1.500E 00 2.927E—06 21 2.725E 00 2.466E 00 1.265E—04
48 L500E 00 1.000E—01 2.316E—06 22 2,466E 00 2.346E 00 1.253E—04
49 LO0OE 00 7.000E—01 1.756E—06 23 2.346E 00 2.231E 00 1.256E-—04
- 50 7 000E—01 4.500E—01 1.313E—06 24 2.231E 00 2.019E 00 1.262E—04
51  A500E—01 3.000E—01 9.600E—07 25 2.019E 00 1.827E 00 1.269E—04
52 3.000E—01 1.500E—01 1.137E—07 26 1.827E 00 L653E 00 1.276E—04
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Group Upper Lower Conversion Group Upper Lower Conversion
Energy Energy factors(rem/ Energy Energy factors(rem/
(MeV) (MeV)  hr/Unit (MeV) (MeV) hr/Unit
Flux) Flux)

7 1.653E 00 1.496E 00 1.283F—04 68 7.102E—03 5.531E—03 3.563E—06
28 L46E 00 1.353E 00 1.290E—04 69 5.531E—03 4.307E—03 3.577TE—06
29 L.353E 00 1.225E 00 1.297E—04 70 4.307E—03 3.355E—03 3.596E—06
30 1.225E 00 1.108E 00 1.305E—04 71 3.355E—03 2.613E—03 3.618E—06
31 L168E 00 1.CO3E €0 1.312E—04 72 2.613E—03 2.035E—03 3.644E—06
32 LOO3E 00 9.072E—01 1.285E—04 73 2.035E—03 1.585E—0 33.674E—06
33 9.072E—01 8.209E—01 1.221E—04 74 1.585E—03 1,234E—03 3.707E—06
34 8.209E—01 7.427E—01 1.161E—04 75 1.234E—03 9.611E—04 3.743E—06
35 7.427TE—01 6.721E—01 1.103E—04 76 9.611E—04 7.485E—04 3.782E—06
36 6.721E—01 6.081E—01 1.049E—04 77 7.485E—04 5.830E—04 3.824E—06
37 6.081E—01 5.502E—01 9.970E—05 78 5.830E—04 4.540E—04 3.867E—06
38 5.502E—01 4.979E—01 9.477E—(5 79 4,540E—04 3.536E—04 3.912E—06
39 4.979E—01 4.505E—01 8.821E-05 80 3.536E—04 2.754E—04 3.959E—06
40 4.505E—01 4.076E—01 8.061E—05 81 3.754E—04 2.145E—04 4.007E—06
41 4.076E—01 3.688E—01 7.367E—05 82 2.145E—04 L.670E—04 4.055E—06
42 3.688E—01 3.337E—01 6.732E—05 83 1.670E—04 1.301E—04 4.104E—06
43 3.357E—01 3.020E—01 6.153E—05 84 1.30IE—04 1.013E—04 4.153E—06
44 3.020E—01  2.732E—01 5.623E—05 85 1.0I3E—04 7.889E—05 4.202E—06
45 2.732E—01 2.472E—01 5.139E—05 26 7.880E—05 6.144E—05 4.250E—(6
46 2.42E—~01  2.237E—01 4.696E—05 87 6.144E—05 4.785E—05 4.206E—06
47 2.23TE—01 2.024E—01 4.292E—05 88 4.785E—05 3.727E—05 4.341E—06
48 2.024E—01 1.832E—01 3.923E~05 89 3.727E—05 2,902E—05 4.383E—06
49 1.832E—01 1.657E—01 3.585E—05 90 2.902E—05 2.260E—05 4.422E—06
50 1.657E—01 1.500E—01 3.277E—05 91 2.260E—05 1.760E—05 4.459E—06
51 L500E—~01 1.357E—01 2.995E—05 92 1.760E—05 1.068E—05 4.505E—06
52 1.357E—~01 1.228E—01 2.737TE—05 93 1.068E—05 8.315E—06 4.542E—06
53 1.228E—01 1.111E—01 2.501E—05 94 8.315E—06 5.044E—06 4.566E—06
54 1.111E—01 8.652E—02 2.150E—05 o5 5.044E—C6 3.059E—06 4.577E—06
55 8.652E—02 6.738E—02 1.762E—05 96 3.050E—06 1.855E—06 4.560E—06
56 6.738E—02 5.248E—02 1.448E—05 97 1.855E—06 1.125E—06 4.511E—06
87 5.248E—02  4.087E—02 1.191E—05 98 1.125E—06 6.250E—07 4.420E—06
58 4.087E—02  3.183E—02 9.78E—06 g9 6.250E—07 4.140E—07 4.300E—06
59 S.183E—02  2.605E—02 8.16E—06 44, 4.140E—07 1.000E—09 3.955E—06
60 2.605E—02 - 2.479E—02  7.423E—06 4 L400E 01 1.200E 01 L1178E—05
61 2.479E—02  2.35/E—02  T.138E—06 4, 1.200E 01 1.G00E 01 1.026E—05
62 2.357E—02  2.187E—02 6.796E—06 143 1.000E 01 8.000E 00 8 772E—06
63 2.187E—02  L.931E—02 6.287E—06 g4 8.000E 00 6.500E 00 7.478E—06
64 L.9S1IE—02 1.503E—02 5.438E—06 45 6.500E 00 5.000E 00 6.375E—06
65 1.53E—02  LI71E—02 4.465E—06 444 5.000E 00 4.000E 00 5.414E—06
66 LI71E—=02  9.119E—03 3.709E—06  ¢7 4.000E 00 3.000E 00 4.622E—06
67 9.119E—03 7.102E—03 3,554 —06 108 3.000E 00 2.500E 00 3.960E—06
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Group Upper Lower Conversion Group Upper Lower Conversion
Energy Energy Factors (rem Energy Energy factors(rem/

(MeV) (MeV) /hr/Unit (MeV) (MeV) hr/Unit

Flux) Flux)

109 2.500E 00 2.000E 00 3.469E—06 22 2.237E—01 1.832E—01 4.108E—05
110 2.000E 00 1.660E 00 3.019E—06 23 1.832E—01 1.500E—01 3.431E—05
111 1.660E 00 1.330E 00 2 618E—06 24 1.500E—01 1.228E—01 2.865E—05
112 1.330E 00 1.000E 00 2 205E—06 25 1.228E—01 8.652E—02 2.250E—05
113 1.00OE 00 8 000E—01 1.833E—06 26 8.652E—02 5.247E—02 1.605E—05
114 8.000E—01 6.000E—01 1.523E—06 27 5.247TE—02 4.087E—02 1.190E—05
115 6.000E—01 4,000E—01 1.185E—06 28 4.087E—02 3.183E—02 9.785E-06
116 4.000E—01 3,000E—01 6'541E—07 29 3.183E—02 2.479E—02 8.042E—06
117 3.000E—01 2.000E—01 6.717E—07 30 2.479E—02 1.930E—02 6.610E—06
118 2.000E—01 1.000E—01 4.364E—07 31 1.930E—02 1.503E—02 5.433E—06
119 1.000E—01 5.000E—02 3.418E—07 32 1.503E—02 1.102E—03  3.909E—06
120 5.000E—02 2.000E—02 6.516E—07 33 1.102E—03 4.307E—03 3.570E—06
3¢ . 4.307E—03 3.355E—03 3.596E—06
Table 10. The Group Dose Rare Conversion Factors 35 3.355E—03 2.613E—03 3.618E—06
Based on ANSI-N666 for ORNL-51 Group 36 2.613E—03 - 2.035E—03 3.644E—06
Neutron+25 Group Gamma Structure 37 2.035E—03 1.585E—03 3.674E—06
Group  Upper Lower  Comversion 38 1.585E—03 1.234E—03 3.707E—06
Energy Energy Factors (rem 39 "1,234E—03 -9.611E—04 3.743E—06
(MeV) G L 40 9.611IE—04 4.540E—04 3.824E—06
' m— 4 4.540E—04 2.144E—04 3.959E—06
1 L4R2E 01 1.221E 01 1.993E—04 42 2.144E—04 1.013E—04 4.104E—06
2 1.221E 01 1.000E 01 1.634E—04 43 1.0I3E—04 4.785E—05 4.249E—06
3 1.0WE 01 8.187E 00 1.471E—04 m L.785E—05 2.960E—05 4.382E—06
4 8.187E 00 6.703E 00 1.472E—04 45 2.260E—05 1.068E—05 4.490E—06
s 6.703E 00 5.488E 00 1.509E—04 46 1.068E—05 5.043E—06 4.558E—06
6 5.488E 00 4.493E 00 1.542E—04 47 5.043E—06 2.382E—06 4.574E—06
7 4.493E 00 3.679E 00 1.462E—04 48 2.382E—06 1.135E—06 4.525E—06
8 3.679E 00 3.012E 00 1.371E—04 49 1.125E—06 4.140E—07 4.371E—06
9 3.012E 00 2.466E 00 1.286E—04 50 4.140E—07 1.000E—07 4.043E—06
120 2.466E 00 2.019E 00 1.258E—04 51 LO00E—07 3.000E—08 3 675506
11 2.019E 00 1.653E 00 1.279E—04 52 1300E 01 LO2E Ol 1 072E—05
12 L.653E 00 1.353E 00 1.286F—04 53 LOXE 01 8.00E 00 88650
13 1.353E 00 1.108E 00 1.301E—04 54 8.000E 00 6.270E 00 7.304E—06
14 1.1BE 00 9.072E—01 1.208F—04 - 6.2705 00 49%E 00 6 258506
15 9.072E—01 7.427E—01 1.191F—04 56 N
16 7.427E—01 6.081E—01 1.076F—04 57 805 00 3.030E 00 4577508
17 6.081E—01 4.979E—01 9.724FE—05 58 5.00E 00 2.360F 00 3 906E—06
18 4.979E—01 4.076E—01 8.441E—05 50 2.960E 00 LB60E 00 3 323E—06
19 4.076E—01 3.337E—01 7.050E—05 60 L80E 00 1460E 00 2.894F—05
20 3.337E—01  2.732E—01 5.888E—05 61 1.460E 00 1.150E 00 2.390E—06
21 Z732E—01 2.23TE—01 4.918——05 62 L150E 00 8.990E—01 2.012E—06
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Group Upper Lower Conversion Group Upper Lower Conversion
Energy Energy factors(rem/ Energy Energy factors(rem/
(MeV) (MeV) hr/Unit (MeV) (MeV) hr/Unit
Flux) Flux)

63 8.990E—01 7.050E—01 1.684E—06 70 1.640E—01 1.290E—01 4.248E—07
64 7.050E—01 5.530E—01 1.406E—06 71 1.290E—01 1.010E—01 3.643E—07
65 5.530E—01 4.340E—01 1.172E—06 72 1.0I0E—01 2.790E—02 3.335E—07
66 4.340E—~01 3,400E—01 9.879E—07 73 7.920E—02 6.220E—02 3.334E—07
67 3.400E—01 2.670E—01 8.069E—07 74 6.220E—02 4.880E—02 3.719E—07
68 2.670E—01 2.090E—01 6.458E—07 7 4.880E—02 - 3.820E—02 4.7383E—07
69 2.090E—01 1.640E-—01 5.173E—07 76 3.820E—02 3.000E—02 7.041E—07

‘Table 11, The. Group Dose Rate Converston Factors Based on ANSI-N666 for LASL-30 Group Neutron+21
Group Gamma Structure

Groun Uspe Bperay  Lower Bersy - Conversion Faeors (LASL Values
1 1.700E 01 1.500 01 2.151E—04 2.15 E—04
2 1.500E 01 1.350E 01 2.082E—04 2.08 E—04
3 1.350E 01 1.200E 01 1.889E —04 1.89 E—04
4 1.200E 01 1.000E 01 1.619E—04 1.62 E—04
5 1.000E 01 7.790E 00 1.471E—04 1.47 E—04
6 7.790E 00 6.070E 00 1.481E—04 1.48 E—04
7 6.070E 00 3.680EF 00 1.506 E —04 1.51 E—04
8 3.680E 00 2.865E 00 1.360E—04 1.36 E—04
9 2.865E 00 2.232E 00 1.267E—04 1.27 E—04

10 2.232E 00 1.738E 00 1.267E—04 1.27 E—04
11 1.738E 00 1.353E 00 1.825E—04 1.28 E—04
12 1.353E 00 8.230E—01 1.284E—04 1.29 E—04
13 3.230E—01 5. 000E—01 1.053E—04 1.06 E—04
14 5.000E—01 3. 030E—01 7.453E—05 7.59 E—05
15 3.030E—01 1.840E—01 4.752E—05 4.84 E—05
16 1. 840E—01 6. 760 E—02 2.496E —05 2.67 E—05
17 6.760E —02 2.480E—02 1. 107E—05 1.18 E—05
18 2.480E—02 9.120E—03 5. 056 E—06 5.38 E—06
19 9.120E—03 3.350E—03 3.572E—06 3.57 E—06
20 3.350E—03 1.235E—03 3. 661 E—06 3.65 E—06
21 1.235E—03 4.540E—04 3.804 E—06 3.79 E—06
22 4. 540E—04 1.670E—04 3.983E—06 3.97 E=06
23 1.670E—04 6, 140E—05 4. 177E—06 4.16 E—06
24 6. 140E—05 2.260E—06 4,361E—06 4.35 E—06
25 2.260E—05 8.320E—06 4,503E—06 4.49 E—06
26 8.320E—06 3.060E—06 4.572E—06 4.57 E—06
27 3.060E—06 1.130E—06 4.536 E—06 4.54 E—06
28 1.130E—06 4, 140E—07 4,371E—06 4.39 E—06
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Group Upoer Kperey  Lower Bnory - Conversion Factrs st (Values)
29 4. 140E—07 1. 520E—U7 4,096 E —06 4,10 E—06
30 1.520E—07 1.000E —09 3.710E—06 3.67 E—06
31 1.000E 01 9.000E—00 9.142E—06 9.15 E—06
32 9.000E 00 8.000E 00 8.401E—06 8.41 E—06
33 8.000E 00 7.000E 00 7.663E—06 7.67 E—06
34 7.000E 00 6.000E 00 6.926 E—C5 6.93 E—06
35 6.000E 00 5.000E €0 6.191E—06 6.20 E—06
36 5.000E 00 4.000E 00 5.414E—06 5.41 E—06
37 4.000E 00 3.000E 00 4.622E—06 4,62 E—06
38 3.000E 00 2.000E 00 3.714E—06 3.71 E—06
39 2.000E 00 1.ODOE 00 2.621E—06 2.62 E—06
40 1.000E 00 5 000E—01 1.596 E—06 1.60 E—06
41 5.000E —01 1.000E—01 7.806 E—07 7.42 E—07
42 1.000E—01 6.453E —07 65.4 E—07

* See Battat & Dudziak, LASL-INS-Report T-1-75-1304 “Shielding Calculations for the Intense Neutron Source:
Facility-I” (Also based on ANSI N666)

Table 12. The Group Dose Rate Conversion Factors Based on ANSI-N666, QAD Gamma-Ray Group
Strructure-19 Groups

Gowp  UseEpemsy  Lowe Brersy  Conversion Kadlors QD Vatues
1 8.000E 00 6.500E 00 7.478E—06 7.53—6
2 6.500E 00 5.500E 00 6.559 E —06 6.61—6
3 5.500E G0 4.750E 00 5.902E—06 5.95—6
4 4.750E 00 4.250E 00 5.416 E—06 5.30—5
5 4.250E 00 3.750E 00 5. 033 E —06 4,986
6 3.750E 00 3.250E 00 4.626 E—06: 4.54—6
7 3.250E 00 2.760E 00 4.195E—06
8 2.760E 00 2.260E 00 3.729E —06 3.57—6
9 2.260E 00 1.860E 00 3.270E—06 3.19—6

10 1.860E 00 1.560E 00 2.883E—06 2.71—6
11 1.560E 00 1.360E 00 2.586 E—06 2.41—6
12 1.360E 00 1.160E 00 2.332E—(06 2.16—6
13 1.160E 00 9.100E —01 2.027E—06 1.80—6
14 9. 100E—00 7.600E—01 1.735E—06 1.54—6
15 7.600E—01 6.600E—01 1.540E—06 1.32—6
16 6.600E—01 5.600E—01 1.374E—06 1.14—6
17 5.600 E —01 4,600E—01 1..200 E—06° 9..55—7
18 4,600E—01 3.600E —01 1.031E—06 7.62—7
19

3.600E—01 2.600E—01 8.214E—07 5.57—7
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