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Abstract: A new operating phantom was studied for obtaining the true distribution of
the radiation field of the gamma irradiation facility and the dose field in the cargo con-
tainer. An effective and usable simulated radiation field was constructed based on the
parameter of the real gamma irradiation facility. The design method for the structure
and padding of new operating phantom was proposed. The Monte Carlo method and ran-
dom filling method (RCS) were adopted to simulate the distribution law of the main fac-
tor affecting the dosimetry parameters of the phantom body, such as the dosimeter
sleeve material and wall thickness, filler ball size, hollow filler ball size and wall thick-
ness, ball filling method, etc. Under the premise of satisfying the calculation confidence

level, the optimization ranges of parameters are as follows: Aluminum tube with wall
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thickness of 3-5 mm is used as the sleeve, which interferes with the radiation field no

more than 4. 372 23%; Polypropylene sphere with outer diameter of 1-4 cm, wall thick-

ness of 1. 1-11. 5 mm, cargo density simulating range of 0. 1-0. 5 g/cm’, and good mate-

rial equivalence is selected as the phantom padding, which interferes with the radiation

field no more than 9. 998 44 % ; The interference level of the uniform and random filling

modes on the radiation field is almost the same, and both are less than 10%. The results

show that the current design is feasible and effective, with low investment, more

parameters and wider range, and it is suitable for popularization and application.

Key words: gamma irradiation facility; operating phantom; optimization design; Monte

Carlo method; random filling method
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Fig. 1 Basic structure of new operating phantom
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Fig. 2 Geometric modeling

of gamma irradiator and container
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Table 1 Result of theoretical method and

Monte Carlo method to dose validation

JNER 1 — b5 5 AH

% MONP BiIZ g N
1 0. 999 69(0. 760 0%) 1. 000 00 0.029 56
2 0.297 61(1.425%) 0.296 25 0.436 87
3 0.136 55(2.109%) 0.137 27 0.497 72
4 0.078 29(2.793%) 0.078 48 0. 226 46
5 0.048 43(3.572%) 0. 050 64 4.332 05
6 0. 035 34(4. 132 5%) 0. 035 34 0. 000 00
7 0.025 16(4. 873 5%) 0.026 07 3.405 44
8 0. 070 58(2. 821 5%) 0.073 94 4.521 82
9 0. 063 39(3.068 5%) 0. 063 05 0.512 76
10 0.050 27(3.401%) 0. 050 64 0.705 45
11 0.040 84(3.781%) 0. 039 69 2.677 08
12 0.031 82(4.227 5%) 0.031 07 2.228 74
13 0.078 35(2.755%) 0.074 28 4. 940 45
14 0. 065 17(3.049 5%) 0.063 89 1.859 19
15 0.051 17(3.401%) 0. 051 60 0.808 51
16 0.039 04(3.876%) 0. 040 53 3.633 47
17 0.032 72(4. 284 5%) 0. 031 70 2. 980 04
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Fig.4 Spatial structure scheme of sleeve and dosimeter
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Table 2 Dose maximum relative deviation
of phantom dose field caused by sleeves

with different wall thicknesses and materials

A [] B JEE (o) ™ 550 ik dge AR X 2 / 24

HH 2.0 3.0 4.0 5.0
i 3.271 12 3.637 44 3.912 11 4.372 23
I3 6.501 62 7.425 13 8.327 173 10. 091 12

M 2 n] L A R ALK 2K A A $R
B R R R RE S AR R T RO R
O Bk — 25 o3 M R S PR Y =S 1) ) A B
HE 0l e P A HEBE RO 3. 0 mm Y 45 A5 I BE
JE 2 2.0 mm [ BRAE X R 90 A7) A X
FZELR LR S s . nIAE L AR AR
IR ) A5k RS i 22 e KA S 3. 637 4404, H.
XS BT YRR BN . BRI R R
14 7 IR WA EE B A 3 K R A 5 O 541
562 25t AL T 5T AR i A - B R I
75 R B AR B AR 3 O 1 O T X
ST P I b el A AR
JOL G SE i £ B AR AR B < OF T T AL AR A fE
5% 48 LA 5 v ST R RO I PR 5O

r = 3.0 mmEHIEE
L © 2.0 mmekHEE

AR w22/ %
S = N W A Uy 9 ®

500 520 540 560 580 600 620 640 660
FilE s

LS TR A R BE JE £ 8 %)

R 5 3 1 T P08 W 74 5 8] 43 A

Fig.5 Spatial distribution of dose field

interference result caused by sleeves

with different wall thicknesses and materials
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Table 3 Dose maximum relative deviation of phantom

dose field caused by different size filling balls
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Fig. 6 Spatial distribution of dose field interference

result caused by different size filling balls
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Table 4 Dose maximum relative deviation
of phantom dose field caused by different

wall thickness hollow balls
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0.5 0. 486 80 7.178 19
1.0 0. 486 76 7.499 10
2.0 0. 486 70 9. 078 31
3.0 0. 486 46 9.820 28
4.0 0. 186 22 9. 998 14

5.0 0. 485 49 12.118 03
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Fig. 7 Random filling result

of filling ball in phantom (container)
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Fig. 8 Inspection result of particle transport

process of irradiator in random filling mode
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Table S Dose maximum relative deviation
of phantom dose field caused by different size

filling balls under random filling mode
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