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Tém Tét

Tinh todn t&1 han 1a mot trong nhitng tinh toan quan trong trong dam bdo an toan ctia cac co sé hat
nhan. Ngoai cac cdu hinh viing hoat ctia 16 phan mg, van d¢ t6i han con 1a mét trong nhimng van dé quan
trong trong luu trii, van chuyén cac nhién li€u hat nhan va déc biét 1a trong cic co s& xtr Iy nhién li¢u hat
nhan. Tai nan JCO x4y ra tai co s& xu 1y nhién li¢u hat nhan tai TOKAI-MURA ngay 30/9/1999. Day la
su ¢b t6i han hat nhan khi dung dich Uranyl dugc d6 vao thung két tia vuot qua gidi han cho phép.

Trong bai bao ndy céc tac gia tp trung vao viéc tim hiéu so d6 ciia co ciu t6i han, va qua trinh
xdy ra tdi han. Béng vi€c su dung chuong trinh MCNP, da thuc hién tinh todn hé s6 nhan va hé sb phan
hoi. Cac két qua tinh toan phan tich thu dugc 1a phu hop véi cac tinh toan phan tich trude day. Qua viée
phan tich tai nan JCO nham muc dich ning cao nhan thirc vé phan tich an toan hat nhan n6i chung va phan
tich an toan tdi han noéi riéng khi Viét nam dang c6 nhiéu nd lyc trong viéc day manh cac ung dung cta
nang lugng nguyén tor vao muc dich hoa binh.

T khéa : JCO, k-eft, toi han, MCNP.

I. MO PAU

Pé hiéu rd hon vé co cdu t6i han va trang thai t6i han, nhom tac gia di tap trung vao phan
tich co cau tdi han va tinh todn gié tri h¢ sO nhan trong tai nan hat nhan JCO bang chuong trinh
tinh toan MCNP. Céc két qua hoan toan phu hop véi két qua tinh toan khac.

Két qua tinh toan cho thiy rd tim quan trong cta viéc tuan tht cic quy trinh xir 1y nhién
liéu hat nhan dé dam bao an toan, Tai tai nan hat nhan JCO, céc cong nhan da vi pham quy trinh
xtr 1y nhién liéu, va d6 dung dich nhién liéu vao thung két tiia vuot qua gia tri cho phép, tai thoi
diém tai nan trong thung két tiia cia nha may c6 khoang 16.6 kg uran duoc lam giau toi 18.8 %,
tat ca trong thing hinh tru c6 day dang nén. Co ciu nay khién cho hinh hoc va khdi lugng t6i han
déu dat duoc, vi vay tai nan to1 han da xay ra.

Il. DIEN BIEN SU CO [1]

Tai JCO trong mdi 1an pha ché nhién liéu can chuan bi khoang 16.6 kg U(18.8) duéi dang
chét long Uranyl nitrate dé xur 1y, phuc vu viéc ché tao nhién liu 10 phan ung sau do. Qua trinh
duoc tach ra lam nhiéu budc. Cac nhan vién van hanh bat dau cong viéc pha ché nhién liéu hat
nhan vao ngay 29 thang 009.

C0 hai sai khéc co ban gilta quy trinh da dé ra va thuc té thuc hién:
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Dau tién, qua trinh phai tién hanh 1a dwa bot Uran vao thung hoa tan thay vi d6 ho da dua vao
thung két tia. Vi hoa tan ton mot khoang thoi gian khé 1au. Su thay doi nay da tiét kiém cho ho
hon 1 gio dong ho.

Thir hai, quan trong hon nhiéu thi tyc tién hanh, d6 1 ho da d6 dung dich vao thung c¢é hinh hoc
khong thuan lgi thay vi d6 vao thung c¢6 hinh hoc ngan ngura trang thai to1 han theo quy dinh.

Khi xay ra t6i han uran dugc d truc tiép vao thung khong c6 hinh hoc thuin lgi nhim ngin ngira
trang thai t6i han. Trong thung két tua da dat trang thai “qua t&i han”.

Mot sd gi61 han an toan véi co cAu téi han c6 3 yéu t5 : hinh hoc, néng do hoa hoc va do
1am giau cta uranium. Quy dinh vé khéi lugng : khong dugce vuot qua 2.4 kg d6i voi uran co do
gidu 16-20%. Vé hinh hoc : khong dugc vuot qua duong kinh quy dinh cia khay. Néu hinh hoc
bi vi pham, trang thai t61 han c6 thé dat dugc véi bat ky lugng uranium nao.

Dién bién tai nan c6 thé dugc tom tit nhu sau:
V2o ngay 29 thang 09, chuan bi hoa tan 4 16, mdi 16 chira 2.4 kg bot UsOs.

Ngay hom sau, 3 nhan vién vén hanh nay bat dau hoa tan 3 16 cudi cung trong tong sb 7 16
phai hoan thanh. Sau khi van chuyén 16 s6 5 va 6, viéc do lf) thtr 7 vao duoc thuce hién luc 10:35.
Trang thai t&1 han dat dugc va phat sinh phong xa tir binh két tua dung dich.

Nhing hau qua vé phong xa khong dugc trinh bay trong bao c40 niy, nhom tinh toan tap
trung mo ta co cdu dat téi han va gia tri hé s6 nhan hiéu dung tai thoi diém hoan thanh viéc hoa
tan. Cac két qua tinh toan duoc trinh bay trong phan tiép theo.

III. TINH TOAN TOI HAN TRONG SU CO JCO BANG CHUONG TRINH MCNP.
3.1 M ta hinh hoc va vt liéu cia co cu

Binh két tia 1a mét hinh tru, c6 day dang hinh nén, c6 mot thung chira nude bao quanh
thung chira nhién liéu dé 1am mat do phan tng hoa hoc toa nhiét. M6 ta day du hinh anh va céac
thong sd ctia binh két tia dugc trinh bay trong Bang 1 va hinh 1. Cac thong s6 vat liéu va mat do
duoc trinh bay trong bang 2.

Hinh 1: Bén vé chi tiét binh két tiia xa iy ra hién tuong to1 han trong su c6 JCO.



Bing 1: Hinh hoc binh két tiia.

Thung chira nhién liéu
Thé tich tong cong, lit 100.0
Chiéu cao tong cong, cm 61.0
Phan hinh try Duong kinh trong, cm 45.0
Chiéu cao, cm 56.5
Bé day 16p vo, cm 0.3
Phan dang nén ¢ day Puong kinh trong, cm 45.0
Chiéu cao, cm 45
Bé day 16p vo, cm 0.3
Bang 2: Bang mé td vat li¢u trong co cau téi han.
Khong khi Dung dich Nudc Vo
Mat d6 (g/cm®) 0.00117 1.52 1 7.93

H 7.0459e-7 0.0604 0.06732 -

O 0.010877e-3 0.037816 0.03342 -

N 0.03784e-3 1.896e-3 - -
U-235 - 1.764271e-4 - -
U-238 - 7.62014924e-4 - -

Si - - - 0.0047

Fe - - - 0.057

Mn - - - 0.001736

Cr - - - 0.018

Ni - - - 0.00809

3.2. Phan tich két qua.

Nhu da trinh bay ¢ phﬁn trén, hoat dong pha ché nhién liéu U30g duoc tién hanh trong 2
ngdy, chia 1am 2 giai doan, giai doan dau hoa tan 4 16 va 3 16 dugc hoa tan tiép trong ngay hom
sau (tong 7 16 c6 khdi luong UsOg 13 16.6 Kg).

M6 phong binh két tiia bang chirong trinh tinh todn MCNP

Mo hinh binh két tia duge mé phong va sir dung trong céc tinh toan bang chwong trinh
MCNP duoc thé hién trong hinh 2.

(1)Dung
dich to1 han

(2)Lop nudc
bao quanh

Hinh 2. Thung két tia sir dung trong nha mdy JCO khi doé ddy dung dich hoa tan 4 16 bot U;Oj dat tdi han,
duroc mé phong trong MCNP code.
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Bing 3. Két qua tinh todn hé s6 nhin hiéu dung trong qud trinh hoa tan 7 16 U;Og

Thé tich dung s R . Heé s6 nhan Do phan Do léch
~ . n en Chiéu cao cot dung dich o , %

L6 | dich nhién liéu hidn 1ia hiéu dung k- ung chuan
(Ift) nhién licu (cm) eff ) (MCNP)
1 6.5 7.087 0.26698 -422.399 0.00056
2 13.0 11.173 0.52890 -137.033 0.00075
3 19.5 15.261 0.72272 -59.024 0.00082
4 26.0 19.347 0.85617 -25.844 0.00085
5 30.6 22.240 0.92385 -12.681 0.00085
6 35.2 25.132 0.97741 -3.556 0.00084
7 39.8 28.024 1.02171 3.269 0.00091

Két qua tinh toan chi ra rang dén khi hoan thanh viéc dwa 16 tha 7 vao thung két tua thi
mai xay ra hién tuong téi han. Piéu nay hoan toan phu hop véi thuc té.

Khi khong c6 16p nude xung quanh thung chira dung dich k-eff = 0.98088, hé s6 nhan da
giam xudng, do vy hién tuong téi han ciing giam bét.

Trong thyc t& van hanh thiét bi, vanh nudc bén ngoai ¢o vai trd lam giam nhiét do céac
phan tmg héa hoc xay ra trong thung trong qué trinh khudy. Khi su ¢b xay ra, 16p nudc nay lai tré
thanh mo6i truong lam cham neutron, gép phﬁn nang cao mat do cac neotron nhiét khi phan ung
phan hach hat nhan xay ra. Cho nén khi nguoi ta xtr 1y su ¢6 ho da cd ging thao hét 16p nudc
xung quanh thing két tua di, voi mong muén giam dugc hé s6 nhan téi han.

Su phu thudc cua hé s6 nhan hiéu dung vao céac 16 dung dich duogc dd vao thung khqu (hinh 4)
va theo chiéu cao dung dich trong thung (hinh 5). Cac két quéa cho thiy khi 16 thir 7 dugc db vao,
té1 han hat nhan da xay ra.

Sw phu thudc ctia D6 phan trng vao chiéu cao dung dich

50

-50
-100 A
-150 A
-200 A
-250 A
-300 A
-350 A
-400 A
-450

D6 phan wng ($)

0 5 10 15 20 25 30

Chiéu cao dung dich (cm)

Hinh 3. Sur thay doi dé phan g theo chiéu cao cia dung dich.

Dé thiy rd su thay dbi cua do phan tmg dua vao trong dung dich, ta tinh do phan tGng
tuong tmg khi cho tir tir 16 thir 7 vao trong thing két tiia, mo phong lai qua trinh 6 dan dan giéng
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nhu dua thém d6 phan (mg dwong VA0 co ciu t6i han. Bang cach cho thé tich dung dich tang tir tir
va tinh toan, & ddy ta cho cu thé 1a 1.5 lit trong mdi 1an chay chwong trinh.

Bing 4. Thay doi dg phan g khi pha thém 1.5] dung dich tir tir vao thing két tia.

~ Thé tich Chiéu cao cot dung dich | H¢ s nhan hiéu | Do phan ung
Lo . T
ddnl (lit) nhién liéu (cm) dung k-eff $)
1 35.2 25.132 0.98655 -2.097
2 36.7 26.075 0.99303 -1.079
3 38.2 27.018 1.00700 1.069
4 39.8 28.024 1.02171 3.27
| Uranyl nitrate solution Dung dich Urany1 370 £UA
5 {t 370 gU/7, 0.5N, 25°C 4 = s
1 X ' b
z : Hcight V V ~ 2 chidu-cac
E 1 -%ﬁ ! i +ﬁslﬂr T
2 . //\ 7 batch g
; - | 6 batcl //I—;*’-“ E% 3 /ﬁlﬁ
2 Ll /r {l“ feed of 7th batch ‘?]- 5 + L5 lit
= % | 6 batch + 2/ 3 /i/
4 , ; 616
-5 ’ -4
26 27 28 29 30 31 s % i i
74 23 26 27 28
Chiu cao cla dung dich chat Idng trong thiing két tia (cm) Chiéu cao ciia dung dich trong thiing két tia (cm)

Hinh 4. So sdnh két qua vdi tinh todn cia [2].
Céc két qua tinh toan va so sanh véi két qua [2] duoc thé hién trong hinh 6.

3.3 Tinh toan cho bai toan k-eff phu thudc hinh hoc binh két tia (Bai ton hinh hoc ngin ngira
trang thai t61 han).

Bing 5. Théng s6 hinh hoc dang tinh :

Thung chira nhién Ii¢u
Thé tich tong cong, lit 100.0
Chiéu cao tong cong, cm 61.0
Phan hinh try Puong kinh trong, cm 45.0
Chiéu cao, cm 56.5
Bé day 16p vo, cm 0.3
Phan dang nén ¢ day Duong kinh trong, cm 45.0
Chiéu cao, cm 4.5
Bé day 16p vo, cm 0.3
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Ta s& thay ddi cac thong s6 hinh hoc cta tru chira nhién liéu (thung két taa) , cu thé ta s&
thay d6i ban kinh cua try, tir 6 tinh dugc chidu cao cia dung dich nhién liéu véi thé tich dung
dich nhién liéu khong thay d6i V=39.8 lit.

Cu thé ta xét bang sau :

Bing 6. Cic thong s6 hinh hoc khac nhau cia tru chita nhién lidu:

Ban kinh Chiéu cao tru | Thé tich tru Thé tich Chiéu cao
Truong hop (cm) noén (cm) non (lit) nhién li¢u dung dich
(lit) nhién liéu
(cm)
1 30 6 5.6548 39.8 12.076
2 27.5 55 4.3556 39.8 14.919
3 25 5 3.2727 39.8 18.603
4 22.5 4.5 2.3856 39.8
5 20 4 1.6755 39.8
6 17.5 35 1.1224 39.8
7 15 3 0.706 39.8
8 125 25 0.409 39.8 80.246
9 10 2 0.209 39.8 126.02

Badng 7. Céc gid tri k-eff theo cdc hinh hoc khdc nhau cua tru chira nhién liéu :

Truong hop Chiéu cao dung Bén kinh tru
dich nhién liéu dung dich chua k-eff

nhién liéu
1 12.076 30 0.85388 + 0.00083
2 14.919 27.5 0.91618 + 0.00092
3 18.603 25 0.97340 + 0.00088
4 23.524 22.5 1.02171 = 0.00091
5 30.338 20 1.04661 = 0.00089
6 40.200 17.5 1.04747 = 0.00088
7 55.305 15 1.01066 = 0.00085
8 80.246 12.5 0.92930 + 0.00094
9 126.02 10 0.79875 + 0.00093




Sy phu thudc cua Keff vao hinh hoc cua thung chira dung dich
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Hinh 5. Sir phu thugc cia Keff vao hinh hoc cua dung dich nhién li¢u

Hinh 6. Céc loai hinh hoc cua thung chita nhién liéu.

Nhom tac gia da tinh todn téi han cia sy ¢ voi 1 s6 ciu hinh khac nhau cia hinh hoc véi thé tich
nhién li€u khong doi, két qua 1a voi 1 do giau va lugng nhién li¢u nhat dinh ta c6 thé tinh va thiét



ké dugc hinh hoc ciia thing hop 1y nhdam dam bao an toan ngay ca khi cac cong nhan khong chap
hanh thu tuc theo quy dinh.

Cung mot thé tich nhién liéu nhu nhau, dugc dd vao thung khac nhau, két qua la cac hé s6 nhan
thu dugc cling khac nhau. Dac biét, h¢ s6 nhén c6 chiéu huong tang dén khi dién tich tiép xuc voi
binh nho dan. Vay co thé két luan réng, hinh hoc ngan ngura trang thai t6i han 1a co cAu c6 kha
nang ngan ngua dugc sy dat kich thudc téi han, véi cung mot lugng dung dich & trong két cAu co
hinh hoc khong thuén loi (khéng ngdn ngira trang thai t6i han). Két qua nay hoan toan phu hop

\
A

v6i 1y thuyét vé “diéu kién t61 han cta 16 phan Gmg” duoc trinh bay trong tai lidu [3].

V.KET LUAN

Tai nan JCO la mdt trong nhiing tai nan ti han hat nhan xay ra tai co s& ché bién nhién
liéu hat nhan. Tai nan cho théy viéc vi pham quy trinh thao tac nhu da dugc phan tich ngay sau
khi tai nan x4y ra.

Viéc sir dung chuong trinh MCNP nham mé phong thung khuay ddo dung dich cho thiy
céc két qua thu duge phi hop véi cac két qua tinh toan khac, qua d6 cho thay viéc st dung cac
md phong Monte-Carlo 1a cong cu quan trong trong danh gia an toan t6i han cling nhu trong
nhiéu bai toan mo phong khéc trong tinh toan an toan birc xa hat nhan.
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Abstract

One of the calculation to ensure safety of nuclear facilities is critical calculation. Out of the
configuration of the reactor operation, the critical issure is the important in storage, transport of nuclear
fuel and especially in the establishment of nuclear fuel processing. The JCO accident occurred at nuclear
fuel processing facility in TOKAI-MURA 30/09/1999. This is critical nuclear accidents when the solution
is poured into barrels Uranyl precipitation exceeded the allowable limit.

In this paper the authors focus on understanding the structure diagram of the critical and critical
process occurs. By using the MCNP program, has made multipliers factor and the feedback coefficients.
The calculate results show that the results of the authors are consistent with the calculated assessment of
previous analyzes. Through the JCO accident analysis and pointed out the role, significance of the safety-
critical calculate to raise knowleague about nuclear safety analysis in general and safety-critical analysis
in particular when Vietnam being a lot of efforts in promoting the application of atomic energy to peaceful
purposes.
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