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Dose Measurement and Evaluation Method in Low Dose Rate
and Low Dose Neutron and Gamma-ray Mixed Fields (1)
——Gamma-ray Dose Measurement and Evaluation Method with TLD——

Yoshihiro OGAawA*, Yuichiro KiIMURA* and Yoshihide HONDA*

(Received September 23, 1983)

Gamma-ray dose measurement and evaluation method in low dose rate and low dose neutron
and gamma-ray mixed fields were studied with thermoluminescence dosimeters. A principle of
this method is based on a difference in the energy dependence of TL phosphors which have
different effective atomic numbers. A ratio of TL values measured by two different kinds of TL
phosphors is given by a ratio of their mass energy absorption coefficients. This ratio is not
dependent on gamma-ray dose but only on gamma-ray energy. Using this ratio we can estimate
effective gamma-ray energy in nuknown mixed fields and also obtain absorbed doses of irradi-
ated materials.

Gamma-ray dose measurement and evaluation using two different kinds of TL phoshors such
as CaSO, and BeO were carried out in graphite reflector at central stringer of UTR-KINKI:
The results obtained agreed fairly well with the gamma-ray energy spectrum by NaI(T1)
scintilation spectrometer and absorbed dose by tissue equivalent paired ionization chamber.
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Table 1 TL phosphors and effective atomic number

TL phosphers BeO ILiF CaS0O4: Tm CaF :Mn Mg.S50,:Th
Effective atomic number 7.6 8.1 15 16 11
(Effective atomic number of tissue:7.4)
10 = CaSO4: Tm
= I
g T
= [T Mg2804:Thb
g, n
2
3 | LiF : Mg
()]
~ /
1
- / BeO
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Effective energy (KeV)
Fig. 1 Energy characteristics of various kirds of TL phosphors®:®
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Table 2 Gamma-ray mass energy absorption coefficients of some elements and materials®

Energy N O P Air Water
0.010 3.42 5.50 40.1 4.66 4.89
0.015 0.916 1.49 11.9 1.29 1.32
0.020 0.360 0.587 5.00 0.516 0.523
0.030 0.102 0.163 1.45 0.147 0.147
0.040 0.0465 0.700 0.570 0.0640 0.0647
0.050 0.0299 0.0410 0.282 0.0384 0.0394
0.060 0.0244 0.0304 0.166 0.0292 0.0304
0.080 0.0218 0.0239 0.0780 0.0236 0.0253
0.10 0.0222 0.0232 0.0500 0.0231 0.0252
0.15 0.0249 0.0252 0.0315 0.0251 0.0278
0.20 0.0267 0.0271 0.0292 0.0268 0.0300
0.30 0.0289 0.0289 0.0290 0.0288 0.0320
0.40 0.0296 0.0296 0.0290 0.0296 0.0329
0.50 0.0297 0.0297 0.0288 0.0297 0.0330
0.60 0.0296 0.0296 0.0287 0.0296 0.0329
0.80 0.0289 0.0289 0.0280 0.0289 0.0321
1.0 0.0280 0.0280 0.0270 0.0280 0.0314
1.25 0.0268 0.0268 0.0258 0.0268 0.0299
1.5 0.0255 0.0255 0.0245 0.0255 0.0283
2.0 0.0234 0.0234 0.0228 0.0234 0.0260
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Table 3 Gamma-ray mass energy absorption coefficients of TL phosphors and gamma-ray
energy index

Energy BeO (7.6)* CaS0O,; (15)* BeO/CaSO, G. E**
0.010 4.67 40.1 0.117 0.113
0.015 1.26 11.9 0.106 0.102
0.020 0.496 5.00 0.0992 0.0954
0.030 0.139 1.45 0.0959 0.0922
0.040 0.0606 0.570 0.106 0.102
0.050 0.0366 0.282 0.130 0.125
0.060 0.0280 0.166 0.169 0.163
0.080 0.0231 0.0780 0.296 0.285
0.10 0.0228 0.0500 0.456 0.438
0.15 0.0251 0.0315 0.797 0.766
0.20 0.0269 0.0292 0.921 0.886
0.30 0.0289 0.0290 0.997 0.959
0.40 0.0296 0.0290 1.02 0.981
0.50 0.0297 0.0288 1.03 0.990
0.60 0.0296 0.0287 1.03 0.990
0.80 0.0289 0.0280 1.03 0.990
1.0 0.0280 0.0270 1.04 1.00
1.25 0.0268 0.0258 1.04 1.00
1.5 0.0255 0.0245 1.04 1.00
2.0 0.0234 0.0228 1.03 0.990

*Numbers in parentheses represent effective atomic number of material.
**Gamma-ray energy index, see text.

Gamma-—ray energy index
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Fig. 2 Relation between gamma-ray energy and gamma-ray energy index
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index in central stringer measured by TLDs
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Fig. 5 Gamma-ray dose rate distribution in central stringer
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