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TOM TAT: Code MCNP 4C da duoc sir dung dé tinh todn liéu hép thu trong cdc san
pham chiéu xq trén thlét bi SVST-Co-60/B ¢ thanh phé Ho Chi Minh. Céu hinh tinh todn la
twong doi giong voi cau hinh thuc cua thiét bi SVST-Co-60/B. Cdc két qua tinh toan nhédn
duwoc dd chi ra rang su dung code MCNP dé tinh todn phdn bé liéu, sudt liéu hap thu trung
binh va ty sé bat dong déu bén trong thing hang véi cdc mdt dg khdc nhau la rat tét. Cdc
gia tri tinh todan duoc rat phit‘h,op VOi cac gia tri th,u"c pghién:z. )

Twr khoa: Code MCNP, Liéu hap thu, Phdn bo suat liéu, Thiet bi chiéu xa SVST-C0-60/B

1. GIOI THIEU

Sau khi khanh thanh vao thdng hai nim 1999, thiét bi chiéu xa SVST-Co-60 & thanh
phd HO Chi Minh dé dwa vén hanh va chiéu xa xir 1y nhiéu loai hang khac nhau: dung cu y
té, thude dong nam duoc, thuc phém kho va dong lanh. Cac loai hang nay c6 mat do rat
khéc nhau thay ddi tir 0,1 - 0,5 g/cm’. Cau hinh ngudn Co-60 ciing dugc thay déi 100 kCi,
200 kCi va sau d6 400kCi. Sau mdi cdu hinh nguon khéc nhau, liéu hap thu va phan bd suat
lidu trong thung hang chiéu xa d3 duogc xac dinh bé'mg thuc nghiém va tinh toan. Han ché
trong thyc nghiém 1a chi xac dinh dugc phan bd suét liéu, vi tri lidu Dmax, Dmin trong
thung hang chiéu xa va ciing chi tién hanh duoc voi mat d6 0,2 g/cm3 va 0,3 g/cm3 ddi véi
cac vat liéu chon 1am thi nghiém 13 vé trdu va mun cua twong tng [3]. Mit khac trong thuc
nghiém, viéc tinh suét lidu trung binh trong thung hang chiéu xa 13 mot diéu rat khé khan.

Trong cong trinh ndy, chung t6i nghién ciru sir dung code MCNP @& tinh toan phan b
suét liéu, lidu hép thu trung binh, liéu Dmax va Dmin ddi véi cadc mat do hang khéac nhau
trong thung hang chiéu xa.

2. THIET BI CHIEU XA VA CODE TiNH TOAN

2.1. M t4 thiét bj chiéu xa SVST-Co-60/B

Thiét bi chiéu xa SVST-Co-60/B tai thanh phd H6 Chi Minh 14 thiét bi chiéu xa, su
dung ngudn Co-60 [1]. Thiét bi do Hungary thiét ké va ché tao, hoat dong theo kiéu hang
hoa duoc xir Iy di chuyén bao quanh ban ngudn ¢ dinh.

Bao vé phong xa cho budng chiéu 1a tudng bé tong, duoc thlet ké dam bao an toan cho
ngudn phong xa c6 hoat do cuc dai 2 MCi (74PBq). So dd mit cit ngang cia buong chiéu
xa dugc mo ta trong hinh 1. Trong buong chiéu xa c6 bé nuéc bing thép khong ri, chiéu sau
6 m dé chira nguon phong xa khi thiét bj khong hoat dong. Khi ngudn nam trong bé nudc,
tia gamma dugc che chin boi mot 16p nudce day trung binh 4,5m. Ngudn phong xa €6 dang
thanh duoc lip vao ba gia nguon moi gid ngudn chura bbén module. Cac gid ngudn dugc
nang 1én dén vi tri chleu Xa, nam ¢ gitra theo chleu ngang h¢ ddo hang. Hé ddo hang duoc
thiét ké bang thép nam hai bén gia ngudn khi ngudn dugc kéo 1én. Hé dao hang nhan duoc
hop chira san pham (tote box) nap tu ngoa1 vao va duoc dao vi tri cac hop chira hang xung
quanh ban ngudn. H¢ c6 hai tang, mdi tang c6 bbn hang (row), moi bén ¢ hai hang. Cac
hop chtra sén pham dugc lam bang nhém day 1 mm, chuyen dong trén céac thanh ray, hop
no sat hop kia. Moi hang c6 tam vi tri cho hop chira san pham va bén hop ¢ vi nang Ién va
ha xubng tai hai dau cia cac hang. Tong s c6 68 thung hang trong budng chiéu xa.Viéc di
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chuyén cac thing hang dwoc thuc hién nho cac cylinder bd tri & cac duong hang. So d6 bd
tri va dich chuyén cac thung hang trong buong chiéu xa dugc dua ra trong hinh 2 va cau
tric thung hang chira san pham trong hinh 3.
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Hinh 2. So db di chuyén hang trong budng chiéu Hinh 3. Cau trac hop chira san pham
Xa

Heé théng duogc diéu khién t dong theo chuong trinh di dwoc cai dit trén may tinh. Mo
hinh tinh toan trong INPUT dugc mo ta hoan toan nhu ciu tric thuc cua buéng chiéu xa.
Bao gdm cau trac ngudn, bé ngudn, cac gia dd thung hang, ciu trac thing hang va cau tric
tuong bé tong bao vé. Gbc toa do trong tinh toan dugc chon tai diém gitra ban nguén Iuc
chiéu xa.

2.2.Code MCNP

Code MCNP [2] 14 phan mém tng dung phuong phap Monte Carlo dé mé phéng cac
qua trinh vat ly hat nhén d6i véi notron, photon va electron mang tinh chit théng ké. MCNP
duogc phat trién tai phong Vat 1y 1y thuyét timg dung, Los Alamos (M§y). MCNP duoc cung
cép t6i ngudi ding qua Trung tim Thong tin Che chin Buc xa (RSIC) ¢ Oak Ridge,
Tennessee va ngan hang dir lisu OECD/NEA & Pari, Phap. MCNP sir dung cac s lidu hat
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nhan va nguyén tir ning luong lién tuc tir cac ngudn dir litu ENDF, ENDL va ACTL. Céc
bang so li€u hat nhan bao gom cac tuong tac notron tao photon, tuwong tac phdton, licu
notron, kich hoat va tdn xa. Trong bdo c4o nay, chung t6i st dung code MCNP phién ban
4C.

3. KET QUA VA BAN LUAN

3.1. Tinh toan phén b6 lidu trong thing hang chiéu xa

Chung t6i da tién hanh tinh toan phan b lif‘}u trong thung hang chiéu, xa dbi voi cac mat
d60.1,0.2,03 va 0.4 g/’cm3 khi cuong do nguon 325 kCi, thoi gian chi€u xa 3 gio' 24 phat
(moi budc 1a 3 phut). Két qua tinh toan doi véi mat d6 hang 0.2 dua ra trinh bay trong hinh
4.

So sanh két qua tinh toan phan bd suit liéu trong khong gian thung hang chiéu xa voi
két qua thuc nghiém trong [3] khi mat dg 0. 2g/em’ suy vé cung thoi gian chiéu xa tchiéu
=16 gid, hoat 46 ngudn 280 kCi dugc dua ra trong bang 1. Tir bang 1 cho thay, sai léch gitra
tinh toan va thyc nghiém nhin chung l1a khong vuot qua 6%. Trong thyc nghiém, sai s6 la
10%; trong khi do sai so trong tinh toan 1a <2%.
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Hinh 4. Két qua tinh toan phan bd suét lidu trong thung hang chiéu xa, mat d6 0.2

Bang 1. Két qua tinh toan va thuc nghiém phan b liég trong thung hang véi p= 0.2 g/en?’,
tChiéu=16 giod, hoat d0 nguon 280 kCi

Viti | Matl Mt 11 Mt 1L
Tinh toan Thyc nghiém Tinh toan Thyc nghiém Tinh toan Thyc nghiém
1 25.3 27.2 22.2 23.0 25.5 27.4
2 26.4 28.1 22.6 23.8 259 28.4
3 27.2 27.7 23.1 24.8 27.2 274
4 26.8 26.1 23.5 24.4 26.4 26.6
5 27.2 28.2 23.1 24.7 26.8 28.2
6 25.5 27.8 21.8 23.8 25.9 28.3
7 23.5 25.5 21.0 22.3 23.5 25.5
8 27.2 29.7 23.5 23.5 26.8 294
9 28.0 30.2 23.9 24.6 27.6 30.2
10 29.2 29.7 24.7 24.7 29.6 29.5
11 28.4 28.2 25.1 24.8 28.0 27.8
12 28.8 30.7 24.3 24.6 28.4 30.8
13 27.2 31.0 23.1 24.2 27.6 31.0

Trang 51




Science & Technology Development, Vol 9, No.9- 2006

14 25.1 28.1 21.8 24.0 25.5 28.9
15 25.0 27.1 22.0 23.0 25.9 27.2
16 26.8 27.6 22.6 23.6 26.4 28.3
17 27.2 27.4 23.1 23.6 27.6 27.1
18 26.8 26.0 22.6 24.6 26.8 26.3
19 27.0 28.1 23.1 24.5 26.8 274
20 243 27.5 22.0 235 24.7 28.2
21 239 25.0 21.0 22.0 235 25.5

Tir két qua tinh toan va thuc nghiém ciing cho thiy: Hai mat déi dién ban ngudn co lidu
hép thu cao hon hai mit bén cta thung hang. Trén hai mat dbi dién ban ngudn co hai vi tri
cuc dai va hai mat bén c6 hai vi tri cyc tiéu. Gia tri cye tiéu & phia day thung hang nho hon
vi tri cuc tiéu phia trén do ¢ day thung co vién mot dai nhom day 3mm lam liéu nhan duoc
bi giam di. Két qua tinh toan so sanh vé6i két qua thuc nghiém khi mat o hang 0.3 g/em’
ciing rat phu hop véi thuc nghiém va thu dugc cac két luan tuong tu.

3.2. Tinh toan hé sb bt dong déu trong thung hang chiéu xa

Tir két qua tinh toan vé phéan b liéu trong khong gian thung hang chiéu xa, chung ta s&
nhan dugc céac gia tri DMax va DMin va ciing tor d6 xac dinh duoc hé s6 bat déng déu theo
cong thiic: B = DMax/DMin

Hé s6 bat déng déu xéac dinh tir thuc nghi¢m va tinh toan dugc trinh bay trong bang 2.
Hé s6 bat dong déu theo khuyén cdo ciia nha cung cap thiét bi 1a 1.3 £ 0.13 khi mat d6 hang
p=02 g/cmS. Trong khi d6 v6i mat do nay, thuc nghiém xac dinh duge la 1.4 £ 0.1 va
trong tinh toan cho gia tri 1.41 + 0.04. Két qua tinh toan va thyc nghiém tring rat tot voi
nhau.

Bang 2. Hé sb bit dong déu trong thung hang chiéu xa vdi cic mat do hang khac nhau

Mit do (g/cm’) Heé s6 bat dong déu tinh Heé s bat dong déu thuc
toan nghiém [4]
0.1 1.35+0.04
0.2 1.41 £0.04 1.4+0.1
0.3 1.50 + 0.03 1.5+£0.1
0.4 1.60 +0.03

3.3.Tinh toan suit li¢u trung binh

Gi4 tri liéu trung binh trong thung hang chiéu xa véi kich thudc 48x48x85 cm véi cac
mat d6 p khac nhau dd dugc dua ra trong bang 3. Véi gid tri trong bang 3, suit liéu trung
binh mo ta t6t boi mot ham tuyén tinh theo mat do sau: y(KGy/h) = 2.1823 -
2.1533%p(g/em’)

Ham nay cho phép chung ta xac dinh thoi gian chiéu xa thich hop khi biét mat do hang,
lidu can nhan duoc va cuong do ngudn. That vay, hoat d6 hién tai 1a 250 kCi, cac san phdm
gac, bang ron, ging tay va ca bo kho s& c6 thoi gian chiéu xa dua ra trong bang 4.

Bang 3. Liéu trung binh trong thung hang chiéu xa, v&i hoat do nguén 325 kCi

Mat do (g/cm’) Li¢u trung binh, thoi gian Suit lidu trung binh
chiéu 3.4 gio (KGy) (KGy/gid)
0.1 6.657 1.96
0.125 6.412 1.89
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0.15 6.274 1.85
0.2 5.856 1.72
0.3 5.166 1.52
0.4 4.636 1.36

Bang 4. Thoi gian chiéu xa d6i vd1 mot s6 san pham

Mat do Liéu yéu cAu Dmin Thoi gian phiéu
San pham g/em’ kGy xa can thiét gio
Ca bo kho 0.3 8.5 8.5
Gac 0.1 18 14
Bing rén 0.15 22 18
Gang tay 0.2 25 22.3

4. KET LUAN

Tir két qua tinh toan phan b liéu trong khéng gian thung hang, hé sb bat dong déu va
sut lidu trung binh cho thdy gi4 tri tinh toan ding code MCNP la rat phi hop véi thuc
nghiém. Diéu nay cho phép chung ta khang dinh kha ning str dung code MCNP trong tinh
toan lidu 1a rat hitu hiéu. Tir ham phan bd suat lidu trung binh theo cac mat d6 khac nhau,
cho phép cac nhan vién van hanh dé dang xac dinh thoi gian chiéu xa cho timg loai san
pham theo cac lidu yéu cau khac nhau.

CALCULATION OF ABSORBED DOSE AND DOSE DISTRIBUTION IN
PRODUCTS IRRADIATED IN SVST-CO-60/B

Tran Van Hung(l), Mai Van Nhon®
(1) Research and Development Center for Radiation Technology
(2) University of Natural Sciences, VNU-HCM

ABSTRACT: Code MCNP 4C was used for the calculation of absorbed dose and
dose distribution in productions irradiated in Iradiator SVST-Co-60/B in Ho Chi Minh City.
The calculation configuration is similar with real one. The obtained calculated results
showed that the use of MCNP code for the calculation of the dose distribution, average
absorbed dose rate and overdose ratio inside box irradiated in SVST-CO-60/B Irradiator
with different product densities is successful. The calculated values agree well with
experimental ones.
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