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Personal dosimeter calibration based on minitype reference radiation
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Abstract: Gamma-ray personal dosimeters are important tools for the radiation protection for workers.
However, the current calibration method based on standard reference radiation has low verification efficiency, large
calibration workload, and requires remote inspection. To solve the above problems, this paper attempts to apply the
minitype reference radiation to the calibration of gamma-ray personal dosimeters. The Monte Carlo method is used to
simulate the dose distribution in the minitype reference radiation field, the influence of scattering rays which are
caused by the device structure and dosimeters in the dose field. The results show that 1 Ci ¥’Cs can provide a dose rate
of 1.5 mSv/h for the point of test, and the relative standard deviation of the dose rate at the point of test is about 0.48%.
When the thickness of the stage is 20 mm, the influence rate of scattered rays on the dose rate value at the minitype
reference radiation inspection point is 3.27%, which is higher than the influence of the size of the dosimeter (1.62%)
and the number of dosimeters (0.56%). This paper provides a theoretical basis for in situ calibration to calibrate
gamma-ray personal dosimeters.
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Table 1 Impact rate of the stage thickness on the dose rate of the point of test
thickness of stage/mm dose rate at the point of test/(mSv/h) impact rate/% errot/%
5 1.383 1.14 0.11
10 1.395 2.00 0.11
15 1.404 2.70 0.11
20 1.412 3.27 0.11
25 1.419 3.78 0.11
30 1.424 4.20 0.11
35 1.430 4.57 0.09
40 1.434 4.90 0.09
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Table 2 Impact rate of the dosimeter size on the dose rate of the point of test

size of dosimeter/(mm X mmXmm)  dose rate at the point of test/(mSv/h) impact rate/% error/%
10X3X8 1.427 1.62 0.03
8X3X8 1.419 1.08 0.04
8X3X6 1.411 0.46 0.04
8§X3X4 1.397 -0.47 0.05
8X2X4 1.414 0.70 0.05
8X1X4 1.420 1.11 0.05

(B T A0 2, B T T V5 8 R, R s Ak ) R R A (R e, TRy R VR B R
A B PR 5 B 700 TR T R A B G 6 A Ak 0 7R i A, i ol TR R T LRI AL DN,
B 5y 2 B AH LB A S

046002-5



weOoW s 5 Ol TR

24 FISIHHETAITRIE S AN L R 5 BN

R T I MRR BRLYR S5 A S50 DA 2 765 36 28 0 T 0 A 560 A 0 R i), 75 B 4 9 ) o A A A X A 56
A O e R R . BEBEE AR 0L 1L 2. 4. 8 AN FIETUEATIRSE, AN S BIR

R AIE 0 P o7 B T2 B T BRAE B HE M 75 ke, 200 keV, 250 keV BT o 24 0 8 300 e 3 0 S Bl i i, O SR Y
ARAL IR B o 3K 1 B TR A 4 4 0 7 A ) A S ke ARG 56 s Ak 1 T SRR Y R RN, AU 0.6%. K
SRR IO 2 A G S 4 AR TR b 28 R0 A 3 s T R o AR G 56 R SRR R )
T, N8 3 Fron . fH 2 3 AT 0L, BE AR G40 K00 A A R i SR A IR IR AT, M SRR E £ 8
NGRS A 56 a5 A 591 5t 3 ) 32 B 50 S T U P A B 0.56% . XL EIIE TR S A3 EI I ZE S

#£3 FEHHENARAVEERERWEL KR

Table 3 Impact rate of the dosimeter number on the dose rate of the point of test
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Fig. 7 Scattering spectrum at scattering monitoring point under different conditions
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Table 4 Analysis of uncertainty factors

uncertainty factor

reference condition

error value/%

uncertainty component/%

MRR box 60 cm X 60 cm X 60 cm 0.08 0.05
thickness change of stage 20 mm 3.27 1.89
size change of dosimeters 10 mm X3 mm X 8 mm 1.62 0.94

number change of dosimeters 8 0.56 0.32
combined standard uncertainty — 3.20
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