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Shielding optimization of proton therapy facilities based on Monte Carlo simulations and

voxelized human phantoms
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Abstract: Objective To evaluate the shielding optimization of proton therapy facilities by using Monte Carlo (MC) methods
and voxelized computational USTC human phantoms(USTC phantoms). Methods The shielding design of a new proton
therapy facility in Hefei lon Medical Center (HIMC) was evaluated through the calculation of the Equivalent Dose Rate
(EDR) in different parts of voxelized phantoms at different positions by using MC simulations and USTC phantoms, and the
EDR was then compared with the EDR calculated through empirical formulas. Results When iron was used as target. EDR
calculated by empirical formulas were 27.6 times higher than that by MC simulations, and when water was used as target,
EDR calculated by empirical formulas were 36.6times higher than that by MC simulations. Thus, the dose was overestimated
to some degree inempirical formulas, resulting in excessive shielding costs, which does not meet the principle of radiation
protection optimization. Conclusion The calculation by using MC simulations and the USTC phantoms can be more accurate
and optimized in the shielding evaluation of proton therapy facilities.
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Fig.1 Blueprint of HIMC proton therapy system

I e e A AR i KR ERY /N ]|
W GBZT201.5-20152 i 242, {H 35k 26 28 2045 H 1Y
gERAE T TS . T MC BB A (3 RS
JE, ELAT ARSI AR i ) 550 8 o3 A, 248 R B S B
Ol ASSCH Ho A MC UM Z I A TS5 5

B2 MC BRI 8 A XM E . &
56 28 2054 FH 3 T GBZT201.5-2015 i) 22 56 %
KO MCBHLR L T TH TR FIR 7 & M DGR
TOPAS . MC LRI i 58 E B AR « (1) 3K AL
— AN E BUF IR B TOPAS %44 5 (2) Fl FH TOPAS
P 3 I IR 7 R R 50 5 (3) 1 B AL, 43031
JE AR L FOG B 5 (4) XA, 1) B ik &R e
FABCFRBL, IR R B AR LR GRS L SR
Je #EAT MC AL, M43 22 57 522 (EDR) 5 (5)
XFF X RELL, ) R R G R B AT KA & BT
TR, SR & AR (4) B40lid 7245 8 EDR .

1.1 £ ANITE

R 5 i S5 1 3 97 BIL s A 4 S5 B i LV 565 5 3
a3 S IR AT ) (GBZT201.5-2015)
J5t i A< 51 EDR FRAH 5 & B8 R T4 YA G, BP: (1)
2 T=1/2 1 ,EDR 7 ZLORFFAE 2.5 uSvh AN ; (2) 4 T
<1/2 1} ,EDR FRIE A 10 puSv/h,

Bt 2 A1 AR 4l L B 4 G 7 7 5 0 T IR e 4 O
AFRE) (GB18871-2002) A HLAE « SHATAnf TAE A B2
AR FR G AT 2 — 4P R B AN 4 20 mSv/a, 1
INARBYAEA GRS 1 mSv/a, X BB I FR(E
(1) 1/4 FVEIZI00 B 1 FR5E 52 W PEAG 145 BERRAE, jY T
VEN DL AF BE A 85000 B AN R R T S mSv/a, 28 AR AR
A RGR AN 0.25 mSv/a.

290 N AT K W JLAT RS R A 8] 3 B o
T HAR SRR A0 A I B R RO H, 2
— 3 J7 0] [ B AR P 2F 3, B A SN R OG T



- 1484 -

] 22

2L U

S TN %37%

SRR
T AKC TR

Eal /AW

FEF GBZT201.5-2015 H (1)

2R AR

i -
L B =
(EDR)

SRR TOPAS f0HY
WEE TR | VT3 R

SEAE B IERE
WAt W

[ smmmreon | | ommserceon |

B2 MCHE#ITEFIB IR HIRIZE

Fig.2 The flow chart of MC simulations and theoretic calculation
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Tab.2 The required parameters for theoretical calculations

?Q“EE)#‘\ Huascjﬁ(!ﬂ/sv “m’ p_l Hcascjkil‘l/sv ‘m* p_l d/cm j'(0)/g “em? r/m

1 2.22x10°15 1.22x101¢ 360 105 16.32
2 2.22x10°15 1.22x101° 450 105 11.92
3 2.22x10°15 1.22x101° 360 105 9.16
4 2.22x10°15 1.22x101¢ 360 105 7.70
5 2.22x10°15 1.22x101° 360 105 8.58
6 1.31x10°15 2.27x101° 375 58 9.39
7 1.31x10" 2.27x10°16 200 58 7.88
8 1.31x10° 2.27x1016 200 58 5.15

3 LABRANIK AFEET K E S B9 EDR (uSv/h) AR BRI A REE BB F A REBHFIE (mSv/a)

Tab.3 The EDR at points of interest (nSv/h), the annual dose of staffs and general publics (mSv/a) using iron and water as targets

EDR %/ AFFERER{E YmSV -a™!

A FUERFR(E YpSV -h™' EDR 5 /pSV-h' EDR ;u¥mSV-a™' EDR u¥mSV-a™

RSV-h BULAR A&
1 10.0 1.86E-01 1.02E-01 5 0.25 5.37E-01 2.95E-01
2 - 1.16E+00 6.35E-01 - - 3.33E+00 1.83E+00
3 - 8.09E+00 6.37E+00 - - 2.33E+01 1.83E+01
4 - 8.52E+01 4.68E+01 - - 2.45E+02 1.35E+02
5 2.5 4.45E-02 2.45E-02 5 0.25 1.28E-01 7.04E-02
6 10.0 2.52E-04 4.37E-05 5 0.25 7.27E-04 1.26E-04
7 2.5 4.30E-01 7.45E-02 5 0.25 1.24E+00 2.15E-01
8 2.5 1.01E+00 1.74E-01 5 0.25 2.90E+00 5.02E-01
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Tab.4 The EDR of using theoretical methods and MC simulations (containing USTC—AM phantom and water phantom)

at points of interest (nSv/h) when using iron and water as targets

PR 9 24 135 B 3 EDR e/ mSV b

(A H 9 24 1 B 3 EDR yeq/mSV -h™!

A NCRP144 253 fifH/KHEE (i USTC-AM A AN K T USTC-AM {4
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2 1.16E+00 2.04E-01 4.16E-01 6.35E-01  1.53E-01 1.51E-01
3 8.09E+00 6.06E-01 1.37E+00 6.37E+00  4.54E-01 4.62E-01
4 8.52E+01 7.45E+00 1.15E+01 4.68E+01  5.59E-+00 5.52E+00
5 4.45E-02 0.00E+00 0.00E+00 2.45E-02  0.00E+00 2.87E-09
6 2.52E-04 0.00E+00 0.00E+00 437E-05  0.00E+00 0.00E+00
7 430E-01 4.46E-02 3.13E-02 745E-02  3.34E-02 4.25E-04
8 1.01E+00 1.49E-02 2.90E-03 1.74E-01  1.12E-02 1.97E-04
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water as a target
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