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TEE—FRRIC K 2 =2V F—734 1 Energy distribution of terrestrial gamma rays 1

MONARIZA/G?2 (Volume source)
Detector at 1m abowve the ground
1,000,000 histories each

Energy (MeV) Flux (/cm? s MeV)
Bin No. El Eu <BE AE 1% K 1ppm U lppm Th
1 0.050 0.075 0.063 0025 TJA1JEH00 BH93EH0 3.16E+00
2 007 0.100 0.087 0025 6.29EH00 490EH)0 2.65EH00
3 0100 0125 0113 0025 473100 344EH00 1 .63E+00
4 0125 0.150 0.138 0025 370EH00 258EH00 1.20EH00
5 0150 0175 0162 0025 275EH00 208E+00 9.08E-01
6 0175 0.200 0.188 0025 219400 1.72EH00 7.13EO01
7 0200 0.228 0214 0028 198EH00 125E+00 6.38E-01
8 0228 0.252 0.240 0024 170400 12400 7.82E01
9 0252 0.281 0.267 0.029 13900 881E01 37301
10 0.281 0.309 0.295 0028 1126400 1.05EH00 3.00E-01

—
—

0.309 0.337 0.323 0.028 96401 HATED1 281EN

12 0.337 0.367 0.352 0.030 829E-01 104400 230EM
13 0.367 0.406 0.387 0.039 6.J6E01 327E01 1.70ED0
14  0.406 0.445 0.425 0.039 609E-01 31401 150ED0
15 0445 0.490 0.468 0046 HAED1 287E01  1.45ED
16 0.490 0.530 0510 0.040 452E-01 240E01 154E0
17 0.530 0584 0557 0.054 422E-01 232E01  1.68ED
18 0584 0638 0.611 0.054 360E-01 TIA3EO1  1.26ED
19 0638 0.685 0.661 0.047 33301 13801 571402
20 0685 0.728 0.707 0.043 298E-01 11301 77402
21 0728 0.770 0.749 0.042 290E-01 157/E01 882E02
22 0770 0.822 0.796 0.052 285E-01 13901 844E02
23 0822 0.886 0854 0064 272E-01 THIE02 TO9ED2
24 0886 0.936 0.911 0.050 257E01 95702 202E0
25 0936 0.996 0.966 0.060 230E01 884E0D2 1.55EM
26 0996 1.042 1.019 00456 25301 65202 196E02
27 1.042 1.087 1.065 0.045 216E0 TOVED2 207E02
28 1.087 1.153 1.120 0.066 245E-01 276E01 15402
29 1153 1.220 1.187 0.067 2190 S8S11ED2 12402
30 1220 1.288 1264 0068 213E01 116E01 166E02
31 1.288 1.355 1.321 0.067 221E01 51502 1.16E02
32 1355 1.422 1.389 0.067 21801 151E01 1.10E02
33 1422 1.500 1.461 0.078 406400 45202 2.10E02
34 1.500 1574 1.537 0.074 0O00E+00 603E02 260E02
3% 1574 1.6417 1.611 0.073 0.00E+00 425E02 5A0ED2
36 1647 1.721 1684 0074 O000EH)O 557E02 150E02
37 1021 1.809 1.765 0.088 000E400 224E01 5.88ED3
38 1809 1.895 1.862 0.086 O0O00E+00 434E02 6.34E03
39 1895 1.982 1.938 0.087 000E+00 ©665E03 6.17E03
40 1982 2.067 2.025 0.085 O0O00E+00 410E03 524E03
4 2067 2154 2111 0.087 O0O00E+00 217E02 5.03E03
42 2154 2256 2.205 0102 O0O00E+00 604E02 563E03
43 2256 2.356 2.306 0100 O0O00E+00 442E03 523E03
44 2356 2.458 2.407 0102 O0O00E+00 13302 DHBI1TED3
45 2.458 2.558 2.508 0100 O0O00E+00 894E03 5H5H3ED3
46 2.558 26172 2.615 0114 000E+00 OQO00EHD0 157ED0
47 2672 2.186 2.729 0114 000E+00 000E+00 0.00E+00
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Forward & Backward Spectra at 1 m
for mean concentrations in soil in Japan
[U=1.7 (ppm); Th=7.2 (ppm);, K=1.6 (%0}]
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BRI X B E AT Height distribution of terrestrial gamma rays

Uniformly distributed volume source

Gamma ray flux and dose rate in air
{20 relative to 1 m values)

Height (meters)

0 1 10 30 100 300
Flux
K=40 101 100 93 83 559 21
| L—238 seres 101 100 93 23 50 14
Th—232 senes 101 100 93 82 09 16
Typical natural field 101 100 95 86 51 18
Dose rate
K-40 102 100 89 74 44 12
L2338 seres 102 100 =9 i3 42 10
Th—232 seres 102 100 29 74 43 12
Twpical natural fisld 102 100 29 74 44 12

Beclk HL.{1975) The physics of environmental gamma radiation fields, MNatural

Radiation Ervironment 11, Yol 1, pp.101-133, USERDA Eeport COMF-720805-P1.
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Uniformly distributed volume source
Gamma rays at 1 m above ground level

wxx [ONARIZA-GE #+% 1% K

-— At 188  (cm) ——
AngleDegrees) Flux(-cm™2-5-sr)  Dose RateinGu-h-sr)
p- 18 1. 720E-@1 1.91PE+@R
118 - 2@ 1. TGRE-@1 1.8T2E+@R
o - 30 1.823E-81 1.955E+0R
3@ - 4@ 1.829E-01 1.931E+@R
48 - 5@ 1.816E-81 2. Q43E+08
S I | 1.781E-81 1.999E+0R
60 - @ 1.666E-01 1. 8G4E+0AR
@ - 8@ 1.579E-81 1.7TEE+ER
20 - 9@ 1.613E-81 1. T28E+0R
4@ - 100 9.539E-02 4, 298E-01
102 - 110 2. MS8E-02 2. 896E-01
18 - 120 T.442E-02 2.315E-81
120 - 120 T.217E-B2 1.88%9E-01
120 - 140 6. oERE-R= 1.512E-81
140 - 150 6. R64E-R2 1.338E-01
150 - 160 6.013E-02 1.246E-01
160 - 170 5. 249E-R2 1.185E-01
178 - 120 5, 320E-B2 1.159E-@1
e [MONARIZA-G2 #++ 1 ppm U
-— At 188 (cmy —
AngleiDegrees) Flux{-cm™2:s-sr)  Dose RateinGu-h-sr)
p- 18 1.P59E-01 T.691E-81
118 - 2@ 1.P97TE-@1 T.693E-01
o - 30 1.187E-81 2. A2PE-81
3@ - 4@ 1.873E-@1 T.9ToE-01
48 - 5@ 1.873E-81 T.063E-01
S I % 1.P92E-@1 2. 25TE-01
60 - @ 1.218E-81 T.6ToE-81
@ - 8@ 9.967TE-02 T.282E-01
20 - 9@ 2.991E-02 6. 4T8E-01
98 - 100 6.347E-B2 1.915E-81
100 - 110 5. 11302 1.3%0E-01
118 - 120 4.618E-02 1.P%PE-A1
120 - 130 4, 25TE-R2 2.934E-02
130 - 140 3. 903E-02 T.85TE-02
140 - 150 3.791E-B2 T.431E-02
150 - 160 3.82PE-02 6.8ToE-02
160 - 170 3.912E-02 T.064E-02
170 - 180 3. 866E-02 G.880E-02
w4k MONARIZA-GE2 ##++ 1 ppm Th
-— At 108 (cmy ——
AngleiDegrees) Flux(-cm™2-s-sr)  Dose Rate(nGu- hosr)
p- 18 5. 182E-02 3.891E-81
18 - 2@ 5. 2891E-@2 3. 982E-01
20 - 3@ 5, 390E-B2 4, 843E-81
2@ - 48 5. ZORE-B2 3. 925E-81
48 - 5@ 5. 3@3E-02 2. 9T2E-81
I 5, 2@3E-02 4, BESE-81
60 - TR 4, 6TeE-B2 3. T20E-81
@ - 8@ 4, 684E-02 3.539E-01
20 - 9@ 4, 528E-02 3. 494E-01
98 - 100 2.861E-02 8. 655E-02
18 - 11@ 2.39hE-02 6. 630E-02
118 - 128 2. 17TE-B2 5. @54E-02
120 - 130 2.082E-02 4.338E-02
130 - 14@ 1.883E-02 3.665E-02
140 - 150 1.828E-02 3. 0EPE-R2
150 - 16@ 1. T9TE-B2 3.192E-02
160 - 178 1.7T39E-82 3.211E-02
170 - 180 1.50PE-02 2.661E-02
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W2 v 1R DA

(10° H7=v2FHE # Elm)

[U=1.7 (ppm); Th=7.2 (ppm); K=1.6 (%0)]

3R K 2 A E 54 3 Angular distribution of terrestrial gamma rays 3
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TR K 2 ERDOE S /54 Depth distribution of terrestrial gamma ray dose
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KIREM T CTOHKR y #E%F  Natural gamma ray dose rate at large depths

Dose rate (nGy/h)
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DR Solid angle of a cliff

Solid angle of a cliff with infinite width

2] w wi2rr
) (sterad) (%)
\ 0 0.00 0.0
WP?} 10 0.36 57
7
4 20 0.71 11.2
,//’ 30 1.04 16.6
’ﬁ’ 40 1.40 222
,ﬁ/ 8.\ Detector 0 Detector 50 1.76 28.1
Z ; , 60 2.1 336
70 2.46 39.1
80 2.81 447
90 3.14 50.0

Minato,3., Hu, 3T (1998) Train-borne measurements of background radiation
along the railways in New Zealand, Radicisotopes, 47 707-712.

HIRWE#Em (Bl z2i3%4)  Finite material surface (e.g. Rock surface)

Detector at the center of the front surface of a cylindrical source
Rock density = 2.7 gfem?  [Typical rock composition]
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HIREMBES 27 Sl CEEIR) MERZFHET 5 )7 Method to calculate 27

equivalent (Semi-infinite) dose rate from a finite material measurement
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Minato,S., Hayashi,K., Ikebe,Y. (1978) Numerical evaluation of terrestrial beta
radiation field in natural environment, Health Physics, 34: 673-683.
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