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Radiation and Shielding Design of Hengjian Proton Medical Facility
WU Qingbiao' > PENG Yi* WANG Qingbin' > ZHOU Bin' *
(1. China Spallation Neutron Source ( CSNS) Institute of High Energy Physics (IHEP) Chinese Academy of Sciences ( CAS)
Dongguan 523803 China; 2. Dongguan Institute of Neutron Science ( DINS) Dongguan 523808 China;
3. China Energy Engineering Group Guangdong Electric Power Design Institute Co. Ltd. Guangzhou 510663 China)

Abstract: Hengjian Proton Medical Facility ( HIPMF) is the first proton therapy device being built in Guangdong province. To en—
sure the radiation safety of HJPMF two methods of emprical formulas calculation and Monte Carlo codes simulation were used to cal—
culate and analyze its prompt radiation and induced radioactivity and optimization design for its original shielding structure was con—
ducted according to dose limit. The results shown that the original shielding structure basically satisfies the requirement of shielding
prompt radiation but the thickness of outer concrete wall can be optimized and decreased greatly by soil shielding to save cost and
the thickness of several mazes and shielding walls can be optimized. The results also shown that the induced dose rates from compo-—
nents in cyclotron room and from patients in treatment room are comparatively large and should be governed strictly. The research
proved that both the empirical formulas and FLUKA or MCNPX code can be used to shielding design for proton medical facility but
the Monte Carlo codes are more suitable to the situations with sophisticated structure and induced radioactivity.
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Fig. 1 Structure of HIPMF at its beam plane
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Tab. 1 Source terms of HIPMF
/MeV /% /(nA *h) /h /nA
150 ~230 20 52 669. 17 Fe/Cu/Al 10.97
230 40 105 338.35 Fe/Cu/Al 4 800 21.95 263 376.45 nA. h
230 5 5 266.92 Fe 1. 10 e
0. 00 0. 00 265. 39 0. 00 230 MeV
1.43 88.51 296. 87 0. 30 210 MeV
230 6. 40 636. 61 Be/C/Al 476.93 1.33 180 MeV
10. 39 3 285.35 1517.06 2.17 160 MeV
17.24 8 063. 41 2 243.76 3.59 130 MeV
230 1 250. 00 5 min/ 4.17 300
beam stop( )
100 Ni
beam stop( ) 230 450.00 30 min/d 15000 3
230 24. 30 1 344. 50 265. 39 5.07
210 53.85 3 285.36 296. 87 11. 07
180 77. 81 7241. 14 Ta 476.93 15.18 —
160 85.41 24 206. 68 1 517.06 15. 96
130 91. 15 35 288. 65 2 243.76 15.73
230 88. 11 3 690. 46 265. 39 13.91
210 85.93 2 419.20 296. 87 8. 15
+ 180 83. 15 1717.33 Ni 476.93 3.60 e
160 78.59 3 250. 31 1 517.06 2. 14
130 79.52 2 724. 60 2 243.76 1.21
230 789. 10 15.78
210 474. 17 9.48
180 100 216.53 Ni 10 min 50. 00 4.33 —_—
beam stop 160 136. 31 /d 2.73
130 76. 35 1.53
230 29. 88 265.22 0.113
( 210 23.77 296. 27 0. 080
+ 180 6 20. 88 Fe 477. 49 0. 044 *
160 53.13 1 518.23 0. 035
130 42.10 2242.79 0.019
230 0.13 1. 88
210 0.09 1.34
5s/d
( 180 100 0. 05 Fe 1 d/ 0.07 0.73
160 0.04 0.58
130 0.02 0.31
230 0.12 1.76
210 0. 09 . 5. /d 1.26
180 100 0. 05 Ni 0.07 0. 69 e
beam stop 160 0,04 1d/ 0.55
130 0.02 0.29
230 5.62 53. 08 0. 106
( 210 4.47 59.37 0. 075
+ 180 6 3.93 Fe 95.39 0.041 —
160 9.99 303. 41 0.033
130 7.91 448.75 0.018
230 0.12 1.76
210 0.09 1.25 e
5s/d
180 100 0.05 Fe 0.07 0. 69
() 160 0.04 Ld/ 0.55
130 0.02 0.29 (nA *h)
230 88. 00 53.08 1. 66 88. 00
( 210 70. 00 59. 37 1.18 70. 00
180 100 61.50 95.39 0. 64 61.50
160 156. 50 303. 41 0.52 156. 50
130 124. 00 448.75 0.28 124. 00
(1) ~8 nA 2 min 1.66 nA
(2) 230 MeV o
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