TINH TOAN PHAN BO SUAT LIEU BEN NGOAI BUONG CHIEU XA VA
HIEU UNG SKYSHINE CUA MAY GIA TOC CHUM TIA PIEN TU
UERL-10-15S2

NGUYEN ANH TUAN, CAO VAN CHUNG,
Trung tdm Nghién ctru va Trién khai Cong nghé Blic xa

Tém tit: Nhiam danh gia an toan vé phuong dién sudt lidu khi may gia téc chum tia dién
te UERL-10-15S2 nang lugng 10 MeV van hanh, nhom tac gia da sit dung chuong trinh
MCNP & tinh toan va xay dung ban d6 lidu bén ngoai budng chiéu xa va dan cu xung
quanh. Sut liéu tai khong gian bén ngoai do chum birc xa him duoc tao ra trong budng
chiéu khi cac electron va dap vao hang hoa, bang tai, tudng bé tong... con lidu dén cu do
hiéu g skyshine gy boi dau quét thir hai tir dudi thang dimg, hudng 1én. Két qua cho
thdy suat lidu bén ngoai budng chiéu xa thip hon rit nhiéu (10 1an) so v&i ban danh gia
so bo cua hing thiét ké va cung cip may gia toc [3], con suat liéu dan cu van & muc cho
phép (1 mSv/nam).

Tir khéa: MCNP, skyshine, liéu gioi han

I. MO DAU

Dy 4n xay dung va lip dat may gia tbc chim tia dién tir tng dung trong linh vuc chiéu
xa khtr tring tai Trung tdm Nghién ciru va Trién khai Cong nghé Buc xa dang dugc tién
hanh, vi vy viéc tinh toan phan b suat lidu bén ngoai buf)ng chiéu xa 1a rat can thiét. Kha
ning xuyén sau ctia chim electron nang lwong 10 MeV rét thap, nhung ching sinh ra chum
blirc xa ham nang lugng cao khi va dap vao cac vat chat bén trong budng chiéu xa. Ning
lugng chum burc xa hdm tao thanh phd véi xac suat cao tap trung trong khoang 0 + 1 MeV.
Suét lidu bén ngoai buong chiéu xa gay boi chum birc xa hdm nay can phai duoc tinh toan
trudc dé so sanh voi suét lidu gidi han cia tung nhom d6i twong 1am viéc xung quanh budng
chiéu xa. Ngoai ra, d6i v6i dau phat electron thang dimg, huéng 1én cia may gia’ téc UERL-
10-15S2 c6 kha nang géy ra hiéu tmg skyshine cho dan cu xung quanh, vi vay suit lidu xung
quanh Trung tdm can thiét phai dugc danh gia. Trong béo cdo ndy, cong cu dé thyc hién viéc
tinh toan la chuong trinh MCNP4c2 [2]. Tuy nhién, do suét liéu bén ngoai budng chiéu xa va
khu dan cu dugc du doan 1a rat nho nén dé co két qua dang tin cy (sai s0 < 10 %), nhom tac
gia d3 nghién ctru cac phuong phap tinh hop 1y nham giam sai sd.

II. NOI DUNG

1. Mo ta hinh hoc

Céu tric bé tong che chin phong xa dugc mo ta lai bang MCNP theo dung ban thiét ké
ctia hang cung cap thiét bi CORAD SERVICE — Nga. Theo ban thiét ké va dang duoc tién
hanh xay dyng thi bé day bé tong tdi thiéu 2,6 m dé che chin phong xa tur ngudn ra bén ngoai
buong chleu Cac 16p bé tong duoc hang thiét ké va cung cip thiét bi tinh toan dua theo 1y
thuyét vé sy truyén birc xa trong vat chat. Cac tinh toan dya trén nhiéu phuong phap Xap xi
nén khong phan anh dung qué trinh twong tac va truyén birc xa trong vat chat. Vi vay nhém
nghién ctru cia Trung tdm da st dung chuong trinh MCNP m6 phong va tinh toan suét liéu
bén ngoai budng chiéu xa tir ngudn phat electron don nang 10 MeV.

Gdc toa do tinh trong MCNP duogc chon tai vi tri thang ding ctia chum electron tai mat
san. Truc Ox dit song song voi chiéu quét chum tia trong scanning horn, truc Oy vudng goc
v6i scanning horn, truc Oz thiang dimg, hudng 1én. Cac mit va cac 6 dugc dinh nghia theo
toa do cua h¢ truc Oxyz nay dé mo ta cac vat chat cau thanh buéng chiéu xa.



Nguén electron tir hai dau phat nguoc chidu nhau duge mé ta bang MCNP duéi dang
hai ngudn phat dang hudng. Ca hai ddu phat electron déu chiéu tryc tiép vao hang héa (thuc
pham dong lanh mat do 0,4 g/cm3) va sinh ra chum burc xa hdm. Cau trac bé tong che chin va
vi tri hai dau phat mé ta bang MCNP duoc minh hoa trong hinh 1.1 va hinh 1.2.

Hinh 1.2: Mzt cit vuong goc truc OX tai gé,c toa do

2. Phuong phap tinh suét liéu photon tao ra tir dau phat electron

Chum electron phat ra tir may gia téc don nang 10 MeV khong thé xuyén qua bé day bé
tong (toi thiéu 2,6 m) duogc th1et ké va xdy dung tai Trung tam nghién ctru va Trién khai
Cong nghé Birc xa. Do d6, suat lidu bén ngoai budng chiéu xa khong c6 su dong gop cua
chum electron ma toan bo 1a suat lidu photon. Chim photon dugc tao ra do cac electron bi
ham lai trong hang hoa chiéu xa. Qu4 trinh sinh birc xa him rat phtre tap va cac cong thire
toan hoc khong thé tinh toan mot cach chi tiét ma phai str dung rat nhiéu phuong phap xap xi
[4]. Trong d6 phai ké dén viéc gia sir chim birc xa hdm sinh ra 1a don ning thi cac tinh toan
ly thuyét méi c6 thé thuc hién duoc. Trong thyc té, chum burc xa hdm sinh ra khong phai 1a
don niang ma ning luong cua ching c6 dang phd, vi vay cac su sai 1éch giita tinh toan va thuc



té 1a khong thé tranh khoi. Dé khic phuc nhitng sai léch nay, nhom tac gia dd s dung
phuong phap moé phong Monte — Carlo thdng qua chuong trinh MCNP.

Chuong trinh MCNP mo ta toan b qua trinh tuong tac cua buc xa voi vt chat va cho
phép tinh toan thong luong photon (hat/cm®) tai mot vi tri bén ngoai budng chiéu xa. bé
chuyen tur thong lugng qua suét lidu (uSv/h), két qua phai duoc nhan them mot hé sb chuyen

d6i fi. Viéc tinh toan hé sb nhén f, kha phire tap vi ta phai tinh toan sut lidu photon tir dau
phét electron. C4c tinh toan gdm cac budc sau:

" Cudng do dong trung binh ciia mot du phat electron: 0,75 mA ~ 1mC/s ~ 0,75/1,6.10*°
(hat/s)

" Gi4 trj sut lidu duoc ghi nhén 1a luong dién tich dé lai trong mot don vi khéi luong va su
mat ning luong qua nhiéu 1an. Vi vdy, tng véi mdi mutc ning luong c6 mot hé sé nhan
khac nhau nén ta can chia cac mic ning luong cta chum photon t6i thanh cac khoang
nho va gan hé sé nhan tuong Gmg.

Pé tinh hiéu ung skyshine gay ra lidu cho dan cu xung quanh, nhom tac gia da phai sur
dung cac phuong phdp giam sai s6 trong MCNP d€ c6 két qua dang tin cdy. Trong d6 phai ké
dén phuong phap chia ving khong gian va s dung nguén mat tuong duong.

III. KET QUA TINH TOAN

3.1. Pho photon tao ra trong hang héa chiéu xa
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Hinh 3.1: Ph6 photon trong hang chiéu xa

Hinh dang pho photon trong hang hoa c6 dang nhu trong hinh 3.1 theo do, xac suét tao
ra chum photon nang lugng xap Xl ning luong chum electron (10 MeV) rat thdp. Chum
photon sinh ra ¢ ning lugng chu yéu tir 0,01 + 2 MeV.

3.2. Két qua tinh phan b sut liéu xung quanh budng chiéu xa

Suét liéu duoc tinh toan doc theo duong van chuyen hang trén bang tai, cac diém trong
phong diéu khién va khong gian bén ngoai budng chiéu xa ctia may gia tdc chum tia dién tur.
S6 lidu tinh toan ¢ y nghia quan trong trong viéc danh gia an toan vé phuong dién suét liéu
khi thiét bi chiéu xa nay van hanh. Phan bd cac diém tinh sut liu duoc minh hoa trong hinh
3.2. Két qua tinh ton tai cac diém twong ing dugc cho trong bang 3.1.



Hinh 3.2: Phén b6 céc diém tinh suat liéu tai do cao 100 cm so vdi dit

Bang 3.1: Két qua tinh suit lidu xung quanh budng chiéu xa

Piém | Suitlidu | Saisd Piém | Sudtlidu | Saisd
(mSv/h) (%) (mSv/h) (%)
0 1,5E+09 0,02 9 7,42E-08 | 0,05
1 1,86E-03 | 0,18 10 1,04E+08 | 0,02
2 8,06E-04 | 0,05 11 1,14E+05 | 0,05
3 7,05E-03 | 0,06 12 2,23E+03 | 0,09
4 1,12E-03 | 0,03 13 1,16E-05 | 0,04
5 1,35E-07 | 0,12 14 595E-06 | 0,04
6 1,76E-03 | 0,13 15 2,67E-06 | 0,05
7 1,01E-06 | 0,03 16 8,64E-04 | 0,08
8 1,60E-07 | 0,04 17 1,24E-04 | 0,15

Két qua trong bang 3.1 cho thiy suét lidu trong phong diéu khién va khong gian bén
ngoai thip hon rét nhiéu (tr 10° + 10 1an) so v6i suét liéu cho phép ddi v6i nhan vién buc
xa (6 uSv/h) va ddi véi khach vang lai (1uSv/h) [1].

3.3. Két qua tinh suét liéu dan cu



Suét }iéu gay ra cho dan cu xung quanh Trung tam do hi¢u ting skyshine tur dau phat
electron thang ding, hudng 1én. Két qua tinh tir khoang cach 30 m dén 100 m quanh Trung
tam duoc cho trong bang 3.2.

Bang 3.2: Két qua tinh skyshine

dox Suét lidu Sai s6 doy Suét lidu Sai 86
(m) (mSv/h) (%) (m) (mSv/h) (%)
-90 1,82E-04 0,02 -90 2,30E-04 0,16
-80 1,43E-04 0,01 -80 1,43E-04 0,02
-70 1,14E-04 0,01 -70 1,16E-04 0,02
-60 9,07E-05 0,02 -60 9,08E-05 0,01
-50 7,21E-05 0,01 -50 7,34E-05 0,02
-40 5,77E-05 0,01 -40 5,78E-05 0,01
-30 4,55E-05 0,01 -30 4,56E-05 0,01
30 1,94E-04 0,06 30 1,69E-04 0,01
40 1,48E-04 0,01 40 1,35E-04 0,01
50 1,15E-04 0,01 50 1,12E-04 0,01
60 9,59E-05 0,02 60 9,30E-05 0,04
70 7,51E-05 0,01 70 7,16E-05 0,01
80 6,07E-05 0,01 80 5,76E-05 0,01
90 4,73E-05 0,01 90 4,64E-05 0,02

Theo két qua trong bang 3.1, sut liéu tai cac diém dan cu thip ngang mirc phong
phong xa. Piéu nay khang dinh rang khi may gia toc chim tia dién tr van hanh chiéu xa tai
Trung tdm Nghién ctru va Trién khai Cong nghé Buic xa khong giy anh huong dén dan cu
xung quanh.

IV. KET LUAN

Véi viée st dung chuong trinh MCNP dé mé ta ciu trac buéng chiéu xa va tinh toan
suét liéu, ket qua thu dugc trong bao cao nay phan anh dung thuc té truong lidu bén ngoai
may gia téc chiéu xa cong nghiép. Theo d6, nang lugng chum photon duge tao ra do chim
electron bi ham trong hang hoa c6 dang pho va tap trung tai muc nang lugng <2 MeV. Két
qué tinh toan suét lidu thu duoc thap hon 10° 14n so v&i suét liu gi6i han cho timg nhom ddi
tuong lam viéc bén ngoai budng chiéu. Liéu dan cu xung quanh Trung tim do hiéu tmg
skyshine gay ra cao nhat 12 10 pSv/h thap hon rat nhidu suét liéu cho phép. Do d, theo két
qua tinh toan trong bo co ndy, may gia tdc chum tia dién tr 10 MeV tai Trung tim Nghién
ctru va Trién khai Cong ngh¢ Buc xa ddm bdo an toan vé sudt lidu khi van hanh chiéu xa.
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CALCULATION DISTRIBUTION DOSE RATE OUTSIDE IRRADIATION
ROOM AND SKYSHINE EFFECT OF LINEAR ACCELARATOR
ELECTRON BEAM UERL-10-15S2

NGUYEN ANH TUAN, CAO VAN CHUNG
Research and Development centre for Radiation Technology

Abstract: Necessary safely assessment about dose rate for linear accelerator electron
beam UERI-10-15S2 with energy of 10 MeV has been operating, MCNP code was used
for calculating distribution dose rate and making dose mapping outside irradiation room
and populated area. Outside dose was collected by bremsstrahlung from inside irradiation
room and population dose by skyshine effect from second scanning vertical. The result
shown that outside dose rate was less than (107 times) preliminary estimate of design and
manufacture accelerator technology, and population dose rate less than limit (1
mSv/year).
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