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ABSTRACT In response to the development needs of nuclear medicine, this study proposes a solution to convert
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a linear accelerator into a cyclotron room. Through theoretical calculations and MCNP (Monte Carlo N-particle

transport code) simulations, we evaluated the shielding effectiveness of the original heavy-concrete structure (1.2 -

2.6 m thick) against y-rays, and proposed an optimized scheme that adds boron-containing polyethylene (24 -

48 cm) to the inner walls for neutron shielding. The results show that the original concrete structure meets the

requirements for y-ray protection. Simulations verify that selecting boron-containing polyethylene provides high

neutron-shielding efficiency with a smaller increase in secondary y radiation, resulting in lower dose rates. By

combining a polyethylene moderator layer with an 11% boron-containing polyethylene absorption layer, the risk of

neutron activation from iron-ore aggregates is effectively avoided. This solution involves low construction difficulty

and controllable costs, and enables efficient reuse of medical facilities. The study provides technical guidance for

similar renovations and supports policy goals for the high-quality development of nuclear medicine in China.

KEYWORDS
Optimal-design
CLC R318.6, TH774

2021 4F, EEKETF RN B GRS 751
1E 2R A (B H A A 2= K R R JLRITD (2021 -
2035 4F), Ay A B A R Aok R P k.
[l B s 25 N AR P7 IE B R S T2 2% (PETO H
R PEZG W B R %, R 2R AT
AP PETHTAH IEH FREE AR KR,
KRPERT IEF AT IRRIZE M T EZR R N
I, BT LR R R B R e AR, E AT A
SPEZ5Y), CLUCD daE ) R PR, fRIEZ R
P T IR I MM TAEE . SRR B A% R
BHUB I PET T H , 4 J5 807 O B 26 I 23 A1
5 O A B e ISR B HLES « DA SO %, 2B
RS B4 B vE R R AT b, kR
T 0 T TS T A% 2R A = 1D [ o ook % S A L
%,

1 MRERE

1.1 &

HRE (A% 5 2248 S B 47 5 22 A2 BR ) (HT 1188—
202D AT (% = 2 RO B 4 2R ) (GBZ 120—
20200 KL R B2 YT ) A ME B SR, AR H &
BIEEAVMIRE, WE A 93 25 5
FEIN G P iE g . 5B e AR R A% =
P (B S5 MD FR BT o (R Z 45D, % il
B AL EE A0 o BAK R 2 0 IV 3 G WL AT
B LR, SRS RANREEX, FHMNE5E
TSP A3 A B A ) o SR s

1.2 BRSO
AT H AL B 8] BN #% (10~11 MeV) ,

Medical cyclotron, Radiation shielding, Neutron protection, Boron-containing polyethylene,

JEHOH [F] S AR I RE R NIE AR K (HM-10) 45 H Ry
Hl B BRI 2 75 b Ry SR I RE R AN Y
RAER, AE T B D E 2% 5 B iR K
. Bk, 2% SRRERI 1 m &N T7 R E)y
SHE MR 78RR KA (547 R
55.9 uSv/h, HFFIERIL112.7 uSv/h), vy ST
HR T AE 2 B8 MeV A5 MeV ™,

1.3 RFikitESH

2 (U B SEF AN, E55% r b1
TRy S AR B B AR 0 N H O H (uSv/h) T
TR X, RS R T Hy B4 B Y E
ML Hy, DL

2
HR = |:;§:| X (H“ X 10*X/TVL“ + Hy X IO*X/TVLy) (1)

A HONIE S5 A 5 =225 SR Ak 1
Ay SRR RS BRI EA, uSvh HAI R4
HE 5 Ay SRR A, uSv/hs HON) K
S HUE R AR R B, pSv/hy XN
BEWE L, em; TVL, NBERE T Hh 7 RE B AH B A
B2 TVL NBEHGy S pe s AR B

1.4 Rkt s R R

ARG A% A = DX IR T 0T H O ) L 2R
TR 2ZR MGG BT WL LR 29097 ML, BN
SRAR AL L S Bl e MR 2L, HoAth R #E
FREEES, P E L, ST E L

= B [m] Jie in 3 2 R FH R B 2R s 2 ML 55, BT
B R RN E S8y YR E R, 53
H br1E GBZ 120—2020"  “ [m] JiE Jin 38 2% ML 55 1) 22

010601-2



FRIES: B2 HI BN SR AL C5ogt e g s il b3 e e e it

I I G R P R O AR L e e TR
H R 0 BB AR D9 R I SR T,

[SESNYS

Wb, R EUR L P 8 it J8E G v 3 o VR ot = i e
RIS CB RO BIE AL

0 7 / 2 . : = . C0918 0918  C0918 C0918  C0918 C0918
7720 . = |
$eis; 7 ‘30balt-60 machine roon/ After-loading
/ (Design for hot cell) 7 radiotherapy room
oy Medical linear accelerator room / “/{Design for quality control) Flushing room Diagnose room
v (Design for cyclotro room) [/ / |
Y/ | 4 Design for PET-CT room
/ 7 / M ) o1
4 7 . ~ - Control room
O e | -
2 AL YIS, % V ]ZT C1818 C1818
Machine room|  Control room J J -— ’L
Nuclear isotope production area w2l |
d North
Bl BBk R A X T e B (U D
Fig.1 Schematic plan of the nuclear isotope production area before the renovation
R EIRRANESSALGS BRSO BT B BER
Table 1 Design thickness for shielding of the cyclotron accelerator room renovation project
TAE P AL FR Ji 2 WWRA EAMKEEE / mm BB RR B JiE WAt
Name of the Shielding layer Radiation  Original shielding / mm Shielding
workplace types thickness Proposed design thick-  material
ness of shielding layer
[l i 2 /< 8% East wall TR 1450 @ HIREELO
BB k% West wall Leak, catter 1 050+920 / Heavy concrete
Cyclotron i k% South wall 1 880( R 2 590) /
machine room 1 880 (Local area 2 590)
JE5E North wall 1280CJ=# 1 950) /
1280 (Local area 1 950)
JE T3 Roof 1 600Cf=72 3000 /
1 600 (Local area 2 300)
Hu#R Floor 1 600 / e R et
Ordinary concrete
5 471] Protective door 6 10 £ Lead

E: OFE R L CR B A= ED F% 89 3.4x10° kg/m’, 38 TR B - 1% 509 2.35%10° kg/m’, #5809 1.134x10° keg/m’, i
TR 3.25 vm’, S T LA M B ROR, DL R VORI R BE Al ; @/ R SRR BLS AR 18 B s L s R eksh , A LS 1]
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Note: D The density of heavy concrete (containing iron ore aggregate) is 3.4x10° kg/m’, that of ordinary concrete is 2.35x10° kg/m’,
that of lead is 1.134x10* kg/m?, that of barium sulfate cement is 3.25 t/m?, and that of lead glass windows is expressed in lead
equivalents. The above information is provided by the hospital; @ "/" indicates that the original machine room was not set up or the
machine room was not modified, the original organic door was removed and replaced with a new protective door.
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Table 2 Verification calculations for the thickness of the cyclotron room and the design thickness of the shielding

TAERAFR BEM=

FEAFER REAEE  FAFEZEEE/ mm BIETHEEE /mm PH

Name of the Shielding layer / (uSv-h™) /m Original shielding Verification calculation Assessment
workplace H, R thickness of thickness
MIEINE A LS5 445 East wall 2.5 3.6 1450 280 UERF IR 451
Cyclotron Pk West wall 2.5 10.3 1 0504920 580 Maintain
machine roo gk South wall 2.5 5.7 1 880 2 590) 340 the original
1 880 (Local area 2 590) structure
JE5% North Wall - 2.5 6.4 1280CJ=#E 1 950) 340
1 280 (Local area 1 950)
J& T Roof 2.5 5.75 1 600(J552 3000 580
1 600 (Local area 2 300)
HibR Floor 2.5 / 1 600 560
BidrT] 2.5 16.5 10 mm % 10 mm i+ B AN
Protective door 10 mm lead 150 mm % Z.J% Inadequate
10 mm lead + design
150 mm polyethylene
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Table 3 Thickness of the neutron shielding material on the inner walls of the cyclotron accelerator room

Bz KERIEH /m 1 mAbFAIE %/ (uSv-h™)® AETHEERE / em

Shielding layer R Dose rate at 1 m Verify the calculated thickness
7R3 East wall 3.85 14.1 24

UL West wall 4.06 6.7 24

3% South wall 3.46 112.7 48

13 North wall 3.48 30.3 32

J&£ T Roof 5.75 144 24

T O mAEFERLHARITT ] FURG R

Note: @O The data of dose rate at 1 m is derived from the manufacturer's test results.
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Table 4 Total dose of neutrons and gamma rays for the neutron protection materials on the inner walls of the cyclotron
machine room

Bz 1 mAbFIEZ / (uSv-h™) AR B / em il EAE S KF / (uSveh)
Shielding layer Dose rate at 1 m Verify the calculated thickness Dose control level

7R} East wall 14.1 24 0.130

i3 West wall 6.7 24 0.167

P34 South wall 112.7 48 0.124

Jt3E North wall 30.3 32 0.126
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