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Estimation of Photon Energy Distribution in Gamma Calibration Field
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Photon survey instruments used for radiation protection are
usually calibrated at gamma radiation fields, which are traceable to the
national standard with regard to exposure. Whereas scattered radiations as
well as primary gamma-rays exit in the calibration field, no consideration
for the effect of the scattered radiations on energy distribution is given
in routine calibration works. The scattered radiations can change photon
energy spectra in the field, and this can result in misinterpretations of
energy-dependent instrument responses. Constructicn materials in the
field affect the energy distribution and magnitude of the scattered
radiations. The geometric relationship between a gamma source and an
instrument can determine the energy distribution at the calibration point.
Therefore, it is essential for the assurance of quality calibration to
estimate the energy spectra at the gamma calibration fields.

Then, photon energy distributions at some fields in the Facility of
Radiarion Standard of the Japan Atomic Energy Research Institute
(JAERI)were estimated by measurements using a NaI(Tl)detector and Monte
carlo calculations. It was found that the use of collimator gives a
different feature in photon energy distribution. The origin of scattered
radiations and the ratio of the scattered radiations to the
primary gamma-rays were obtained. The results <can help to

improve the calibration of photon survey instruments 1in the JAERI.

Keywords:Calibration Field, Photon Energy Digtribution, NaI{Tl)}Detector,
Unfolding, Monte Carlo Caluculation, EGS4
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Table 1 Irradiation type using collimator and shadow cone shield, and gamma
-ray components appearing on the pulse-height distribution.
Irradiation | Collimator | Shadow cone | Gamma-ray components on the pulse—height spectrum
type shield
(a) used- not used Primary, Collimator-scattered and Air-scattered
radiations
(b) not used not used Primary, Room-scattered and Air-scattered
radiations
(¢c) used used Air-scattered radiations
(d) not used used Room-scattered and Air-scattered radiations
Primary radiations =(h) — (d>
Collimator-scattered radiations = (a) — Primary radiations — (¢c)
Room-scattered radiations = (d) — (¢)
AiT-scattered radiations = (c)



Table 2 Energy bins in the calculation for '*'Cs source and *°Co source.

JAERI- Tech 97-006

Energy range (keV)

Group No.
"*TC s source *°C o source
1 10-40 10-40
2 40-60 40—-80
3 60-—-80 80—-140
4 §0-120 140-210
5 120184 210-290
6 184-250 280-380
7 250-320 380—-470
8 320-400 470-580
9 400-500 580700
10 500—-661 700-840
11 661—662 840~-1000
12 1000—-1172
13 1172-1173
14 1173-1332
15 1332—-1333
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Table 3 Ratio of exposure by the scattered radiations to that by all
radiations for the two irradiation types in No.1 room. (measurement)

ISTCS . GDCO

Irradiation type Gamma-ray components
1. 5m 2. 0m 1. 5m 2. 0m

Collimator-scattered 0. 065 0. 061 0. 081 0. 085

(Colli;zied beam) Air-scattered 0.016 0. 020 0.012 0.015
Total 0. 081 0. 081 0.093 0. 100

Room-scattered 0. 068 0. 098 {. 040 0. 061

¥ Ezgtropic) Air-scattered 0.015 0.018 0.013 0. 015

Total | 0.083 0.116 0.053 0. 076

Table 4 Ratio of exposure by the scattered radiations to that by all
radiations for the two irradiation types in No. 3 room. (measurement)

GUCO

[rradiation type Gamma-ray components
1. bm 2. 0m 2. 5m 3. Om

Collimator-scattered 0.074 0.073 0. 079 0. 083

(Colliézied beam) Air-scattered 0.010 0. 011 0.014 0. 015
Total 0.084 0. 084 0.093 | 0.093

Room-scattered 0.032 0. 049 0. 066 0.083

4z Ezgtropic) ' Air-scattered 0.010 0. 01t 0.013 0. 015

Total 0. 042 0. 060 0.079 0.098
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Table 5 Ratio of exposure by the scattered radiations to that by all
radiations. {(calculation)

No. [ Room No. 3 Room
Irradiation type Gamma-ray components ¥TCs Co °Co
2. 0m 2.0m 2. 0m 3. Om
Collimator-scattered 0. 088 0. 050 0.110 0. 094
Room-scattered 0. 009 0.003 0. 004 0. 007
(a) Air-scattered 0. 004 0. 004 0. 003 0. 009
(collimated beam)
Sum of components 0. 101 0. 097 0. 117 0.110
Total®' | 0.139 0. 167 0.183 0. 186
Heasurement 0. 081 0. 100 0. 084 0. 098
Room-scattered 0.104 0. 066 0. 051 0. 085
Ar-scattered | 0.014 | 0.010 | 0.011 | 0.017
4r g:itropic) Sum of components 0.118 0. 076 0. 062 0. 102
Total™® | 0.206 0.179 0. [71 0. 187
Measurement 0.116 0. 076 0. 060 0. 098

x] : The ratio of scattered radiations with energy below 662keV in Fig 14.

%9 - The ratio of scattered radiations with energy except 1173keV and 1333keV

in Fig. 15 and Fig. 16.
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Table § Ambient dose equivalent rate, H*(10) im No.1 room. (measurement)

Ambient dose equivalent rate, H'(10) {(mSv/h)
[rradiation type | Method of calculation B'Cs *“Co
1. 5m 2. 0m 1. bm 2. (m
A 3. 657 2. 076 4. 450 2. 520
(a)
(Collimated beam) B 3. 634 2. 060 4, 402 2. 495
i
A/ B 1. ¢07 1. 008 1.01L 1.010
A 3. 852 9,985 4. 337 9.512
(b
(47 isotropic) B 3779 2. 226 4. 262 2. 454
A B 1. 019 1. 027 1. 018 1. 024

A : Calculation with the spectral distribution of exposure.
B : Catculation without consideration of scattered radiations.

Table 7 Ambient dose eguivalent rate, H*(10> in No.3 room. (measurement)

Ambient dose equivalent rate, H'(10) (mSv/h)
[rradiation type | Kethod of calculation *“Co
1. bm 2. 0m 2. hm 3. Om
A 4. 407 2. 494 1. 602 1. 113
(a) :
(Collimated beam) B 4. 364 2. 469 1. 586 1. 101
AB 1.010 1. 019 1. 010 1.011
A 4. 285 2. 485 1.616 1. 147
(b)
(47 isotropic) B 4. 231 2.439 1. 581 1.118
A/B 1. 015 1. 019 1. 022 1. 026

A - Calculation with the spectral distribution of exposure.
B : Calculation without consideration of scattered radiations.
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Table 8 Ambient dose equivalent rate, H*(10) in No.1 room. (calculation)

Ambient dose equivalent rate, H*(10) (mSv/h)
Irradiation type : Nethod of calculation TCs ' **Co
1. 5m 2. 0m 1. 5m 2. 0m
A 3. 813 2. 149 4.104 2. 281
(a)
{Collimated beam) B 3.792 2.135 4. 081 2. 267
A/B 1. 006 L. 007 1. 006 1. 006
A 4. 103 2. 392 4. 038 2. 349
(h)
(47 isotropic) B 4.011 2.324 3.975 2. 298
A/B 1. 023 1. 029 1.016 1. 022

A :Calculation with the spectral distribution of exposure.
B : Calculation without consideration of scattered radiations.

Table 9 Ambient dose equivalent rate, H*(10) in No.3 room. (calculation)

Ambient dose equivalent rate, H*(10) {(mSv/h)
Irradiation Method of 'Co
type calculation
1. 5m 2. 0m 2. 5m 3. 0m 7. 5m
A 4.133 2. 300 1. 498 1. 044 0. 185
(a)
(Collimated B 4.109 2. 286 1. 489 1. 037 0. 183
beam)
A7B 1. 006 1. 006 1. 006 1. 007 [. 011
A 4. 052 2. 312 1. 495 1. 081 0.178
()
(47 isotropic) B 3. 999 2.271 1. 464 1. 057 0.170
A/ B 1. 013 1. 018 1. 021 1. 023 [. 047

A :Calculation with the spectral distribution of exposure.
B : Calculation without consideration of scattered radiations.




JAERI-Tech 97-006

5.5 . .
m (No. 1 room), 12m (No. 3 room) 4m (No. 1 room),

6m (No. 3 room)

¥ Source

'

Nal(Tl)
Shadow Cone Shield Detector
L. .' ; i
- Table
1. 2m
Collimator . Carrier
y : OO Y
e
1. Bm~2. Om (No. 1 room) »
1. 5m~3. Om (Ne. 3 room)
Width : 8. 5m (No. 1 room, No. 3 room)
Fig.1 Irradiation using a collimated beam.
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Fig2 4 isotropic irradiation using a source in free-air.
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Fig.3 Spectra for the two irradiation types in No.1 room with 137Cs source.
The source-to-detector distance is 2.0m. (measured)
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Fig.4 Spectra for the irradiation using a collimated beam with ¢*Co source. (measured)
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Fig.5 Spectra for the 47T isotropic irradiation using a source in freg-air with
60(Cg source. (measured)
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Fig.6 Spectral distributions of exposure for the two irradiation types in No.l room

with 137Cs source. The source-to-detector distance is 2.0m.{measured)
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Fig.7 Speciral distributions of exposure for the irradiation using a collimated beam

with 66Co source. (measured)
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Fig.8 Spectral distributions of exposure for the 47T isotropic irradiation using a source

in free-air with $9Co source. (measured)
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Fig.9 Spectral distributions of exposure for the irradiation using a collimated beam in

No.1 room with 137Cs source. The source-to-detector distance 1s 2.0m.
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Fig.10 Spectral distributions of exposure for the 47T isotropic irradiation using a source in

free-air in No 1 room with 137Cs source. The source-to-detector distance 1s 2.0m.
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Fig.11 Spectra for the two irradiation types in No.1 room with 137Cs source.
The source-to-detector distance is 2.0m.{calculated)
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Fig.12 Spectra for the irradiation using a collimated beam with ®¢Co source.

(calculated)
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Fig.13 Spectra for the 47T isotropic irradiation using a source in free-air with

60Co source. (calculated)
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Fig.14 Spectral distributions of exposure for the two irradiation types in No.]l room

with 137Cs source. The source-to-detector distance is 2.0m.(calculated)
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Fig.15 Spectral distributions of exposure for the trradiation using a collimated
beam with 80Co source. {calculated)
100 ¢ v LA B S S S B T T T
Room Source-to
-detector
Na.l 2.0m
10 ---=-- No.3 2.0m
Eo e No.3 3.0m

—
TV

O_'I n I | [ Fu | n " ' I T T 1

10 50 100 500 1000
Photon Energy (keV)

Fig.16 Spectral distributions of exposure for the 47T isotropic irradiation using a

source in free-air with 60Co source. (calculated)
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Fig.17 Spectra of scattered radiations in No.1 room with 137Cs source.
The source-to-detector distance is 2,0m.(measured)
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Fig.18 Spectra of scattered radiations in No.1 room with 6%Co source.
The source-to-detector distance is 2.0m.(measured)
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Fig.19 Spectral distributions of exposure of scattered radiations in No.1 room with
137Cs source. The source-to-detector distance is 2.0m.(measured)
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Fig.20 Spectral distributions of exposure of scattered radiations in No.1 room with

60Co source. The source-to-detector distance is 2.0m. (measured)
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Fig.21 Specira of collimator-scattered radiations with 5°Co source. {measured)
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Fig.22 Spectra of room-scattered radiations with 60Co source. (measured)
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Fig.23 Spectral distributions of exposure of collimator-scattered radiations
with 89Co source. (measured)
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Fig.24 Spectral distributions of exposure of room-scattered radiations with 60Co

source.(measured)
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Fig.25 Spectra of collimator-scattered radiations in No.1 room with 137Cs source.
The scurce-to-detector distance 1s 2.0m.
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Fig.26 Spectra of room-scattered radiations in No.l room with 137Cs source.

The source-to-detector distance is 2.0m.
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Fig.27 Spectral distributions of exposure of collimator-scattered radiations in No.1 room

with 137Cs source. The source-to-detector distance 1s 2.0m.
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Fig.28 Spectral distributions of exposure of room-scattered radiations in No.1 room

with 137Cs source. The source-to-detector distance 1s 2.0m.
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Fig.29 Spectra of scattered radiations in No.1 room with 137Cs source. The source-
to-detector distance is 2.0m. (calculated)
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Fig.30 Spectra of scattered radiations in No.1 room with 69Co source.
The source-to-detector distance is 2.0m, {calculated)
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Fig.31 Spectral distributions of exposure of scattered radiations in No.1 room with,

((nC/kg) = h1 = keV-1)
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137Cs source. The source-to-detector distance is 2.0m. (calculated)
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Fig..32 Spectral distributions of exposure of scattered radiations in No.1 room with

60Co source. The source-to-detector distance is 2.0m. (calculated)
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Fig.33 Spectra of collimator-scattered radiations with 60Co source. (calculated)
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Fig.34 Spectra of room-scattered radiations for the 4 T isotropic irradiation

using a source in free-air with 6°Co source. (calculated)
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Fig.35 Spectral distributions of exposure of collimator-scattered radiations with 60Co source.
(calculated)
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Fig.36 Spectral distributions of exposure of room-scattered radiations for the 47T isotropic

irradiation using a source in free-air with ¢Co source. (calculated)
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Fig.37 Ratio of exposure by collimator-scattered radiations to that by all radiations.
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Fig.38 Spectra of room-scattered radiations for the 4JC isotropic irradiation using a
source in free-air in No.3 room with 137Cs source. (calculated)
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Fig.39 Spectral distributions of exposure of room-scattered radiations for the 47T isotropic

irradiation using a source in free-air in No.3 room with 137Cs source. (calculated)



