38 Vol. 38 ,Suppl.

2004 7 Atomic Energy Science and Technology July 2004
1 2 2 3
(1. , 100084 ;
2. , 100039;
3. , 100037)
1 235 MeV
y ( )
:X837 A :1000-6931(2004) S0-0192-05

The Problems of Environmental Safety for Application
of High Energy Proton Accelerator Therapy System

LIU Yuanzhong', TANG Esheng®, L | Jianrping®, GU Hong-kun®
(1. Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China;
2. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100039, China;
3. Beijing Radiation Environment Management Center, Beijing 100037, china)

Abstract : The environment ssfety problems resulted from the operation of high energy pro-
ton accelerator are described based on the analyss of radiation sfety for a 235 MeV proton
accelerator thergpy systemin the paper. The primary environmentd impact resulted from the
operation of high energy proton accelerator is asfollows: 1) radiation dose from neutron and
Y -ray to men; 2) the activation of air; 3) the activation of component cooling water of accel-
erator ; 4) the activation of il ( and groundwater ) ; 5) the activation of materia of acceler-
ator components; 6 ) producing har mf ul gases ( such as
Oz , NO; and HNO;z ) . The caculated results show that the saety of men around the
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accelerator can be ensured during high energy proton accelerator thergpy system operation ,
long as it has fine desgn and construction for shiddd sysstem ,and ventilation system ,and
safety interlock system which it is used to protect person going incidentdly into the high ra

diation area.
Key words: proton accelerator ; thergpy system; environment impact

240
, 80 :
60 , PTS , 235
MeV )
Bragg ;
; , Y
50 500 MeV
, : [1,2]
: : (C Al Cu Fe Su Ta Pb
: , ) [1,
2] PTS (Fe)
: IBA 1, , 0.048
1 235 MeV PTS , IBA
( PTS , ( 18
)
1.2
Moyer
; Moyer )
, \" , [1,3]

y Dp = S, H®) i';e' e )
oS D = S HE) Ze 10RO (g
1 y :Dp DL
1.1 yV's; Sy

, s TS
s hm i HE)
, , I1m
: Sv-m* A @)
( ,g/cm2 0



194

38

o/ cm?
[1.3] H®)
AO) 0
IBA PTS
3 H
0. 08 mSv,
@B5172 —85 0.1 mSv
1.3
Y
y H
y H
- LQ— oA MM r/A
o (r) 4”2(1 e "Ne (4)
P (r) r
cm s o p A e
51
PTS, ,
10" * mSv
2
2.1
N O
3H 7Be llC 13N :
0 (n,2n) ®0o;
14y (n,p) U W0p
(ny) “Ar;
1 min 14

o 90 N 17N
PTS

Q= FBIT+yE"-D] (5
g - 2RAOWAgfyfy 1. g o
A GV 1-¢e™
A=A+ FHV
1Qi i )
Bg/d; Ro
CMA s to
i :
sz; Y ,s'l;p
g cm’; Ao S
7 fm
;G ,o/ mol; Vv
cm’; F
cmis; T
,S; To
,ST S
,PTS
2.67 x 10Bq,
6 x 10 Bg/ m*, N “c
41Ar
2.2
, 4.9%x10"*mSv/a, 5.8 x
10" *m9v/ a,
: BN
160
, 10C 6
8 BN MC "Be °H ‘Be *H ,
20 min(*C
20.39 min)
: Be
°H
PTS



195

@Aofnfn 1-e*To 1. et
i =@ G ’ 1- ¢ T 1 e-)\iT
(6)
1 G i ,Ba/
cm’ ;@ cm s ity
S T
SP .9/ cm®
PTS 3 ,
( 1 3 )
1 30 Bg/cm® ,3
54 Bg/cm® , *H "Be, °*H
75 % ,'Be 25 %
4 ( )
PTS
(PTS
) , ( )
PTS ,
Lo M,
a = QOND; 1. e (7)
Lay [ Bd/g:¢
cm % st N;
i ,
9 9
3.8x10 *Bg/g,
3H( 71%) , "Be ZNa
54Mn
5 PTS
PTS
, PTS
[5]
1 12 h D
Y , 4,13 x
100°C kg >h*( 1.6 RN DY; 2
6.84x10°°C-kg ™ h '( 0.265R

.h'l)

(6]

10°°2.6%x10°° 1.1x10 *mg m*;

0.55 0.26 0.11 mg/ h;
2.631.21 0.51¢

, 1 kW
, 6.3x10"%Bq
PTS
6.8 x 10"
Bq ;
59 %
10°B¢/ kg [4]
Y
54Mn 58V 51Cr 52Mnm 56Mn
6
Y ,
, (o)} 03,03
NO NO, ,NO, H,0
HNO; ,0s NO, HNO;
( 100 eV
) 10 4.8 1.5
PTS ,
Q= FA[T+3 (e - D] (8
A =7.97x10Y YVLE&;SG- 11 ee_amT°
a =a' + J\R/‘E + J\ﬁ/_E
'Q o/
d; ¥ y s
E Y ,MeV ; f
Y 'S Y
cm;L oy
cm; G O3 a' O3
s v cm®; F
cms; R Oz ,
cm®/eV ;P y eV/s: K
ot ,S
PTS
Os NO, HNO; 5.7 x



196

38

(2]

’ (3]

[4]
, IBA

PTS ,
(5]

' (6]
[1] Texh K. A Smple Edgimation of the Laterd

Shielding for Proton Acceerators in the Energy

Range 50 to 1 000 MeV [J]. Radiation Protection
Dosmetry , 1985,11(3) :165 172.
Hagan WK, Colborn BL ,Armstrong TW. Radia
tion Shidding Cdculations for a 70 to 250 MeV
Proton Thergoy Facility [J]. Nudear Science Engi-
neering, 1988 ,98:272 278.
Agogten S, Corrado MG, Slari M, et d , Shidding
Desgn for a Proton Medical Accderator Facility
[J]. IEEE Transactions on Nuclear Science,
1996 ,43(2) :705 715.
Patterson HW, Thomas RH. , ,
, . [M] .
,1983. 252.
, .1.2m
[J7 . ,1985,5(4) :303
307.
Thomas RH, Sevenon GR. Radiological SHfety
Agectsof the Operation of Proton Acceerator[ R].
Vienna: A EA ,1988.

( 181 ,Fromp.181)

L ECO CS444
0.3¢
; 0.3 ¢ ,1.0g , [1]

10 %,

91% 114 %

. HCS040
[31. ( ) ,2002,
38(5) :251 252.



