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SAI SO HE THONG CUA PHUONG PHAP PO GAM-MA
TREN CO SO PHAN BO NGAU NHIEN CUA NGUON PHONG XA
TRONG CAC THUNG CHUA CHAT THAI

TRAN QUOC DUNG’

TOM TAT

Trong kiém tra cdc thung thai phéng xa, viéc danh gid sai sé lién quan dén viéc phan
bé ngdu nhién cia cdc nguon phong xa bén trong thung thai dang duoc quan tam. Cdac
danh gid mang tinh cwc doan dA dwgce dwa ra trén co sé gia thiét nguon phong xa luén & vi
tri ¢6 sai s6 lon nhat. Diéu nay khdng phan danh diing thuc 1é. Bai bao nay trinh bay mgt
phwong phap danh gia Sal o hé thong cua ki thuat do gam-ma sir dung hai dé-téc-to dong
nhdt trén co s gid thiét rang phdn bé cia nguon phong Xxa trong cdc thung Chua chdt thai
co tinh ngau nhién. Két qud cho thay trong hau hét cdc trwong hop, sai s6 hé thong nhé
hon nhiéu so Véi cach danh gia bang phwong phdp tdt dinh mang tinh cuc doan.

Tir khéa: Ki thuat do gam-ma, chat thai phong xa, phd ké gam-ma.
ABSTRACT

Discussion on the systematic error of gamma measurement based on the random
distribution of radioactive sources in the waste

In the checking of radwaste drums, the evaluation of errors related to the random
distribution of the radioactive source inside the radwaste drums is concerned. The extreme
assessments were made based on the assumption that radioactive sources are in the place
causing the largest error. This does not reflect reality. This paper presents an evaluation
method of systematic error of the measurement technique using two identical detectors
based on the assumption that the distribution of radioactive sources in the waste drums are
random. The results show that in most cases systematic errors are much smaller than that
of the deterministic method having the extreme assessments.

Keywords: Gamma techniques, Radioactive waste, Gamma spectrometry.
1.  Giéi thi¢u

Qua trinh hoat dong cua 10 phan tng hat nhan tao ra mot sb lwong 16n rac thai
phong xa thuong dugc chira trong cac thung Kin lon. Cac thL‘mg thai phong xa can phai
dugc klem tra dé danh gia thanh phan va hoat d6 ciia cac dong vi phong xa truge khi
dem di cit giir hoac diéu kién hoa nham tuén thu cac nguyen tac vé quan Ii chat thai
phong xa. Yéu cau cia phuong phap do dap ing dugc cac van dé sau: thtr nhit, nhan
biét dugc gam-ma dac trung cho cac dong vi; thir hai, xac dinh muc d6 phong xa; thi
ba, danh gia duoc sai s6 cua phép do [2].

Khong ké dén sai s6 hé thong ciia thiét bi do va sai s6 ngau nhién, sai s6 hé thong
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cta phép do 12 do sy vao phan b ciia ngudn va chéat don (matrix material) khong dung
nhu gia thiét khi tién hanh xay dung phép do. Cho dén hién nay viéc danh gia sai s h¢
thdng nay ciia phép do 1a mot van dé dang dwoc quan tim. Cac danh gia cuc doan Véi
cac gia tri cuc dai cua sai sb hé théng cho ki thuat quét gam-ma phan doan (Segmented
Gamma Scanning) va sir dung hai dé-téc-to dong nhat da duoc dua ra [3-5]. Viéc danh
gi4 cuc doan duya trén gia thuyét 1a cac ngudn phong xa trong thing thai lun & cac vi
tri ma sai s6 hé théng 1a cuc dai. Piéu nay khdng phan anh dung thuc té bai vi khi céc
nguon phéng xa duoc dua vao thing thai thi chiing ndm ngau nhién & mot vi tri ndo do
chir khong nhat thiét phai nam & cac vi tri s& dan dén sai s6 cyc dai. Trén co sd da o,
chiing t6i d& néu ra mot phuong phap tinh toan sai s6 hé thong gan véi thuc té hon dwa
trén gia thiét cic ngudn rac thai trong thung duoc phan bd theo mot cach hoan toan
ngau nhién theo luat phan phdi déu. Két qua cho thiy trong hau hét cac truong hop, sai
s6 h¢ thdng nhé hon nhiéu so v6i cach dénh gia bang phuong phap tat dinh mang tinh
cuc doan.
2. M0 hinh tinh toan sai sb
2.1. Nguyén li do

Nguyén Ii caa ki thuat do dugc dé xuat bai A.Cesana va cong sy [1]. Thung thai
hinh tru dwgc dat nam, hai detector dong nhat dat trén truc cua thing véi ciing khoang
cach tir day (hinh 1). Néu khoang cach nay du 16n thi kich thude cia detector va béan
kinh caa thung c6 thé bo qua.

Néu goi A la hoat do cia ngudn tai diém P; C,, C, la céc tdc do dém cua dé-téc-to
1 va dé-téc-to 2, khi do

1/2
(c.C,)
G (1)
G- hiéu suét do hinh hoc dugc xéac dinh bai
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Hinh 1. Cdu hinh do mét thung chat thai
Khodang cach tur hai de-téec-to toi hai day thung la nhu nhau
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Trong d6: a- hé s6, n6 phu thudc vao ning lugng caa buc xa gam-ma can do, hiéu
suat ghi cua deé-téec-to, vat li¢u va bé day cua thanh thung; p- hé so6 hap thu tuyen tinh
(cm™), voi p= 2 /D+p.

Viéc duara hé s6 G ¢ cong thirc (2) d4 sir dung ba gia thiét gan dung: tha nhat,
khoang cach D du 16n hon chiéu dai cua thung thai L, khi d6, D~D1, x~X4; thi 2, x/D
<< 1; thtr 3, hoat d6 phong xa tap trung ¢ trong mot 16p mong cat ngang truc thung.

Trong trudng hop tdng quat, hoat ¢6 ngudn phan bd mot cach ngiu nhién, khi d6
thung thai dugc chia nho thanh nhiéu 16p mong. Néu A ; la hoat d6 caa lop tha i ¢ do
sau X; khi do toc dd dém cua hai dé-téc-to 1,2 duge tinh nhu sau:

C = %ZAie_mX' , Gy = %ZAie_M( =
D" D"

B -uL/2
Vithé (C,-C,)t2 = 28

1/2
[ZA g M ZAie“”X'j (3)
Tir hé thirc ndy ta thay hiéu suat do hinh hoc chinh xac Gt phai dwoc xac dinh
bang cong thirc sau:

(C C )]JZ —ulLIZ

12
GT _ l-A2 _ [ZA e — X ZA eulx j _

1/2
_o-e "t hbi2 —x) (X =X)
_ +zz [ e g (4)

D i i
trong d6, A lahoatdotong. A=Y A

Néu so sénh cdng thirc (4) va cong thic (2) ta thay hai gié tri Gr va G gan bing
nhau khi hé s6 hap thu tuyén tinh p nho hay khoang céach (x-x;) nhé, nghia 1a hoat do
téng tap trung & mot phan nho trong thé tich cua thing. Sai s6 s& tang 18n khi hé s6 hap
thu p ting hogc/va khoang cach gitra cac ngudn (x;-x;) I6n. Sai s6 dat gia tri cuc dai khi
6 2 ngudn c6 hoat dd nhu nhau nam & hai dau thung.

2.2. Ddnh gid sai s6

MG hinh tdt dinh

Céc tinh toan d4 chi cho thay sai s6 do gia thiét thir nhat va thir hai gy ra chi
khoang 7% [3]. Nhu d& dé cap ¢ trén day, khi hé sé hap thu p khong dbi thi sai s6 cha
yéu 12 do khoang cach giita cac ngudn (xi-X;) lon. Pé ude luong sai s6 ndy, hai ngudn
dang tAm v6i nhimg khoang cach gitta ching khac nhau duoc 1am mau nhu Hinh 2. Ti
s6 giira hoat do do dugc (A) va hoat d6 “thuc” (Ay) trong thung thai phu thudc vao
khoang cach giita hai ngudn thé hién & Bang 1 cho truong hop hé sé hap thy p=0,03cm’
! va D=150 cm.
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Do khﬁng khong thé biét dugc phan bd cua ngubn trong thing nén khi danh gia
sai s6 hé théng ctia phép do cac gia tri uoc luong I6n nhét thuong dugc chon. Cu thé &
trong truong hop dang xét sai so hé thong s¢ 1a 220% twong tmg voi sy phan b6 cia 2
nguon ¢ hoat d6 nhu nhau nim ¢ hai du thung, hoat d6 do dugc 16n gap hon 3 lan
hoat d6 thuc trong thung.

X, X, X3 X,

Hinh 2. Mét tdp hop ciia hai nguon phéng xa trong hai \6p khdc nhau dwoc xem xét

Bdng 1. Su phu thuéc ciia A/ANvao khodng cach giita hai nguon

Khoang cach | X1-Xz | X1-Xs | X1-Xa | X2-Xs X2-Xa
gitra hai nguon | (L/4) | (L/2) (L) (L/4) | (BLM4)
AlA 117 | 149 | 322 | 1,15 2,14

Mb hinh dira trén s phdn bé ngdu nhién ciia nguon

M0 hinh tinh toan trén 1a cuc doan va dwa ra sai s6 16n nhat do lubn gia dinh ring
thiing chat thai luén chira 2 ngudn c6 hoat ¢ nhur nhau ndm & hai dau thing khi danh
gia sai s6 hé thong. Piéu nay khong phi hop véi thuc té do xac suat dé co 2 ngudn co
hoat d6 nhu nhau nam & hai dau thing 12 rat thap. Dya trén nhan xét nay, mét mé hinh
danh gia sai s6 dya trén gia thuyét sy phan bd ngau nhién cia hai ngudn theo luat phan
bd déu dugce dé nghi v6i thu tuc tinh nhu sau:

- Khéi tao bién mot cach ngiu nhién dé co dugc gid tri x; V6i 0 < x,<L;
- Khéi tao bién mot cach ngau nhién dé c6 duge giatrix, voi0 < x,<L;
- Tinh giatri hoat do A; theo cong thirc (1) va (2) sau do tinh ti sO Al A
- Tinh giatri Aw = PR 1 Ai/n,n 1a s6 1an thir.

Khong 1am mét tinh tong quat cua bai todn, gi4 tri ciia hé s6 a va hoat do cua
ngudn duge chon 13 1.

Kha nhiéu céc tinh toan cho cac truong hop khac nhau vé sy thay ddi cua hé sé
suy giam tuyén tinh gam-ma va khoang cach tir day thing dén dé-téc-to da dugc tién
hanh. G day chi dua ra mot s6 két qua tiéu biéu dé 1am co s& cho thao luan vé phurong
phap. Cac két qua véi 10 phép thir duogc cho ¢ Bang 2. Ti sb trung binh cua hoat d6
tinh va hoat do thuc qua nhiing 1an thir dugc cho & Bang 3.
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Béng 2. Két qua véi 10 phép thir

Lanthei |1 2 3 4 5 6 7 8 9 10

X;(cm) 0 10 40 30 50 |85 75 20 40 30

Xp(cm) 90 50 60 90 80 |86 80 50 80 40

A/A 321 |147 117 203 |13 113 |111 |129 |147 |111

Bdang 3. T/ so trung binh ciza hoat dg tinh va hoat dé thirc qua nhiing lan the véi
D=150 cm, u=0.03 cm™.

S6 1an thur 10 50 100 500 1000 4000
A 1.53 1.51 1.46 1.41 1.46 1.44

3.  Kétluan

Két qua trong Bang 2 va céac truong hop d& xem xét cho thdy xac suat vé sy phan
b6 cuia ngudn dé dan dén sai s6 16n khi khoang céch gitra hai ngudn 1én hon mot nia
do cao cua thung la thép so voi cac truong hop khac. Cac truong hop thu tir 10 dén
4000 d4 duoc khéo sat, két qua ¢ Bang 3 cho thay sai s6 trung binh chi dao dong tir 40-
50 %. Nhu vay su phan bb ngiu nhién cia ngudn phong xa trong thing thai 4 dwa dén
két qua sai S0 hé thong nhé hon nhiéu so voi phuong phap tat dinh. Didu nay lam ting
d6 tin cdy vé kha nang 4p dung cua ki thuat do.

Dé c6 thé dua ra md hinh danh gia sai s6 dwa trén sy phan bd ngiu nhién cia
ngudn phong xa, can phai tién hanh 1am sang to cac yéu td sau day:

- Mo h‘lnh vé sy phan bd déu cia ngubn trong thung thai da phan anh dang quy
trinh dua nguon thai vao thung trong thuc té chua.

- Viéc ap dat hai nguon ngau nhlen 0 hoat d6 nhu nhau trong mo hlnh tinh 1a chua
phan 4nh dung thyc té, vi thé can phai mo hinh héa sy ngiu nhién vé hoat do cia
nguon.

- Can phai thiét 1ap mot chuong trinh tinh tong quat dé c6 thé danh gia anh huong
dén sai s6 hé thong ctia cac yéu td nhu: hiéu suat ghi cta dé-téc-to, khoang cach tir dé-
téc-to dén thing thai, hé sb suy giam tuyén tinh tuong tmg véi cac ning luong gam-ma
khéc nhau ciia cac nguodn thai phong xa v.v...

- So sanh céc cdu hinh do khac nhau dé tir d6 cd thé t6i uu hoa viéc lwa chon ki
thuét do sao cho ¢6 thé nhan duoc sai s hé thong 1a thap nhét.

Mic dU van con phai tiép tuc nghién ciru dé c6 thé dua ra mot phuong thire danh
gi sai s6 hé thong, md hinh danh gia sai s6 dua trén sy phan bb ngau nhién ciia ngudn
da chung minh dugc kha nang tin cdy cia n6 do né phan anh mdt cach kha trung thuc
qua trinh xay ra trong thyc té.
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