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Tom tat: Bao cao trinh bay két qua tinh toan chéy viing hoat 16 phan @ng VVER-1000

khi nong d6 Boron trong chat lam cham duoc thay doi dé 10 phan ung ludn dat trang théi

tai han. Céc tinh toan dugc thuc hién bang chuong trinh SRAC va&i 2 modun la P1J va

COREBN. Mot chuong trinh con dugc xay dung dé thuc hién vong Iap hiéu chinh nong

d6 Boron sao cho 10 phé[l ung dat ’téi han & moi budce chay. KEt qua thu duoc gom hé so

nhan hiéu dung, phan b6 cong suat, phan bo do sau chay ¢ cuoi chu trinh, thoi gian van

hanh cua 10 phan tng va nong do boron téi han trong qua trinh chay. Cac ket qua nay

dugc so sanh vai cac truong hqp tinh chay khi khéng hi¢u chinh nong d¢ boron téi han dé

hiéu rd hon anh huong ctia nong d boron tdi cac dac trung vat ly ctaa 10 trong qua trinh

van hanh.
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I. MO PAU

Trén thé gi6i, da c6 rat nhiéu nghién ctu lién quan téi van dé tinh todn chay viing
hoat. Gan day, nhom tac gia Hungary di tinh toan chay cho céc loai 10 thudc thé hé thir 4 [1].
Déi voi loai 10 VVER-1000, nim 2009 di c6 ban dé xuit cho mot bai toan chuan tinh chay
viing hoat duogc dua ra tai hoi nghi chuyén dé cua té chicc AER (Atomic Energy Research)
[2]. Nam 2013, nhém téc gia Iran di tinh toan thanh phan nhién liéu va cac tham sb nhiét-
neutronic trong khi khoi dong va trong chu trinh dau tién cua 10 phan ing ¢ Bushehr [3]. Nam
2015, nhom tac gia khéc cling da c6 mot bai bao tinh toan vé hé s6 do phan tng theo cac budc
chay [4]. Va gan day nhat niam 2016, mot nhdm nghién ciu & Iran di tinh todn gia tri cac
thanh diéu khién trong qué trinh chéay nhién liéu cia ving hoat [5]. Cac tinh toan nay déu tinh
toan cho nhitng 10 that va da duoc thuc hién mot cach khé chi tiét khi két hop ca vat Iy va
thiry nhiét ciing nhu cac diéu kién van hanh 10 kha sét véi thuc té khi xét dén su thay doi caa
cdng suat 10, su thay doi nong dé Boron téi han, su thay doi vi tri thanh diéu khién cling nhu
su thay d6i caa nhiét do 16i vao chat lam mat. Vi vay, cac két qua ma cac nghién ctu nay thu
dugc phi hop tét véi cac gia tri trong béo cao phan tich an toan FSAR (final safety analysis
report).

O nuéc ta, van dé tinh chay vung hoat ciing rat duoc quan tAm nhung Van dé nay moi
chi duoc thuc hién trong mot vai dé tai nghién caru. Dau tién 1a cac tinh toan vé 10 nghién ctu
tai Vién Nghién ctu Hat nhan Da Lat. Gan day, tai Trung tim Nang luong hat nhan, nhém
nghién ctru ciing da co hai dé tai lién quan t6i viéc tinh chay cho 10 phan tmg 1a dé tai cap bo
nam 2014-2015, tinh toan cho 16 VVVER-1000 [6] va mot dé tai co s tinh chay cho ving hoat
10 phan tng VVER-1200 dugc thuc hién ndm 2016 [7]. Tuy nhién, ca hai dé tai nay, van dé
tinh chay déu duoc thuc hién khi chat 1am cham khong chtra boron. Nguyén nhan la cac
chuong trinh tinh toan chay hién nay khong cé kha ning tuy dong diéu chinh nong do boron toi
han trong qua trinh chay.

Trén thyc té, ¢ diéu kién van hanh binh thudng cia 10 phan tng nudc ap luc thi chat
lam cham ludn chira mot lwgng boron gan téi han. Viéc c6 boron trong chat 1am cham s& anh
hudng rat 16n t6i cac dic trung vat ly cua ving hoat. Vi vay, viéc nghién cau tinh toan chay
viing hoat 16 phan tng vai ndng do boron téi han 1a rat can thiét va nghién cau nay sé thuc
hién cac tinh toan d6 ddng thoi so sanh véi trudng hop tinh chay khi khéng cé boron.
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Trong nghién ctu nay, chuing téi sé sur dung cbng cu tinh toan la b chuong trinh
SRAC2006, két hop véi mot chuong trinh con dé tao vong lip thay déi nong do boron theo
ting budc chay. Doi twong tinh toan cua nghién ciu nay 1a mé hinh ving hoat 10 phan @ng
VVER-1000 trong bai todn chuan cia OECD/NEA dua ra nim 2006 [8].

Il. PHUONG PHAP TINH TOAN VA MO HINH VUNG HOAT LO PHAN UNG
VVER-1000

1. Phwong phap tinh toan

Cac tinh toan duogc thuc hién péng b6 chuong trinh SRAC2006 voi 2 modun [a P1J va
COREBN. Trong do, PIJ duge dung dé tinh toan chay cho moi b6 nhién liéu gip chuan bi cac
hang s6 nhém lam dir liéu dau vao cho viéc tinh chay toan vung hoat bang COREBN.

Viing hoat 10 phan tng dugc md hinh héa 2D trong SRAC bang cac 6 mang tam giéc,
mai bé nhién liéu duoc chia thanh 24 tam giac nhu hinh 1.

Thung 16
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Nhién liéu

Hinh 1: M6 hinh 2D cua 1/6 vung hoat trong SRAC

V6i 10 phan ang hat nhan, trong qua trinh hoat dong, vung hoat 10 phan tng lu6n dugc
duy tri & trang thai toi han nho cac thanh diéu khlen va viéc thay doi nong d6 boron trong chat
lam cham. Trong do6, cac thanh diéu khién chii yéu duoc ding dé diéu chinh dé phan tng &
muc tinh té va dé thay ddi cong suat caa 16. Con noéng do boron thuong xuyén duoc diéu
chinh sao cho viing hoat 10 phan tng ludn dat trang thai téi han. Cac nong do boron nay duoc
goi & nong ds boron téi han.

Boron trong chét 1am cham s& tao ra mot do phan tng am py, dwoc tinh theo cong thirc
sau [9]:

Pw = 1.92C x 107°3(1-fy) (1)
Trong d6 : pw : d6 phan thg &m do boron

C : ndng do boron

fo : hé s6 sir dung notrdén nhiét khi khdng ¢ boron
Suy ra d6 phan tng caa 10 s¢ dugc tinh theo céng thuc:

P = Po- Pw=Po - 1.92x10°x Cb x (1-fy) 2)



Trong d6 : p : d6 phan tng cua 10 khi c6 boron

Po: d6 phan ung cua 10 khi khéng c6 boron
Cong thire (2) cho thay, tai cing mét thoi d1em do phan g cua 10 phu thudc tuyén tlnh vao
nong do boron. Vi vay, xét tai thoi diém i néu ving hoat can c6 d6 phan ung p; thi ndng do

boron C; twong ung cd thé tinh duoc khi biét 2 d6 phan Gng p;; Va p;, cua 1o tuong tng vai 2
gia tri nong do6 boron Cj; va Cj; theo cong thuc (3).
C. ) +C. s —():
Ci — i1(Pi—Piz2)*+Ci2(Pi1—Pi) 3)
Pi1—Piz
Trong nghién ctu ndy, viéc tinh toan chay dugc thuc hién khi ndng do boron tai mdi
bude chdy duge dicu chinh sao cho 16 dat gan trang thai téi han, do vay do phan tng p, duoc
cho 1a xap xi 0 (hé s6 nhan hi¢u dung K_eff = 1,01), vi ngoai boron con ¢6 cac yéu to khac
anh huong téi do phan tng lam cho I(‘)vtc’yi han. Va dé don gian tinh toan, chon Cj; = 0, Cj,
chinh 1a nong do boron tai han ¢ thoi diém i-1 (Ciz = Ci1 ). Vay cdng thuc (3) s€ tro thanh:

C._ o —):
Ci —_— 1(Pi1—Pi) @)
Pi1—Pi2
So d6 thuat toan vong lap tinh chay khi thay doi nong d6 boron téi han duoc mé ta nhu
hinh 2.
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Hinh 2: So d thuét toan tinh chay viing hoat véi nong do boron téi han



Gia sur tai thoi diém i-1, ndng do boron téi han tinh dwoc la Ciy va xac dinh duoc d6 sau
chéy cua ting bé nhién liéu. Thuc hién tinh chay cac bo nhién lidu va toan 10 téi thoi diém i
v6i ndng do boron lan luot 12 0 va Ci.y. Khi d6 s& thu duogc cac do phan tng p,, va p,,, dong
thoi c6 duoc d6 sau chay cua tirng bo nhién liéu tai thoi diém i. Ap dung cong thire (3) dé tinh
ndng do boron téi han C; sau d6 quay tré lai vong lap.

2. M6 hinh vung hoat 16 phan wng VVER-1000

M0 hinh ving hoat 16 phan ting dugc sir dung trong nghién citu nay la mo hinh trong
bai toan chuan cia OECD/NEA. Trong d6, viing hoat gom c0 163 bé nhién li¢u vai 30% bd
nhién liéu MOX (mixed oxide) va 70% bo nhién ligu UOX (Uranium dioxide),(Hinh 3).

Trong ving hoat bao gdm ca bd nhién lidu twoi va bo nhién lidu da chay. Trong do:
nhién lieu MOX c6 3 loai twong tng vaéi 3 gia tri budc chay la 0, 17 va 33 MWd/kg, nhién
liéu UOX c6 4 loai twong (tng Véi 4 gia tri budc chay la 0, 15, 32 va 40 MWd/kg. Céc bo
nhién liéu gom 331 thanh nhién liéu dugc sap xép theo cac 6 mang hinh luc giac (Hinh 4)

UOX
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Assembly with MOX
absorber rod assembly
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Hinh 3: Vi tri cac loai b6 nhién liéu trong 1/6 vung hoat
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1: Ongtrungtdm 1:  Ong trung tim
2: Thanhnhiénliéu UO, d9 gidu 4.2% 2:  Thanh nhién liéu Pu_3.6
3: Ongdan 3: Ongdan o ,
4: Thanhnhiénliéu U-Gd, 5% Gd,0; 4. Thanh thf:n 1-}%11 U-Gd. 4% Gd;0:
5: Thanhnhiénliéu do gidu 3.7 % 5:  Thanh nhién licu Pu_2.7
7: Chétlamchim 6: Thanh nhién liéu Pu_2.4
: 7. Chatlam cham

Hinh 4: M6 hinh b6 nhién liéu UOX (a) va MOX (b)
I11. Két qua tinh toan
1. Tinh to&n bai toan chuan tai dau chu trinh

Céc tinh toan duoc thyuc hién tai hai trang thai dua ra trong bai toan chuan [8] nham muc
dich danh gia d¢ chinh x&c cua cong cu tinh toan va phuong phap mo hinh hoa. Viéc tinh toan
duogc thuc hién vai 2 trang thai:

- Trang thai S1, trang thai dang hoat dong v6i nhiét dd nhién liéu 1a 1027 K, nhiét do chat 1am
cham la 575 K va nong d¢ boron 1300 ppm.

- Trang thai S4, trang thai dang hoat dong va khong cé boron.

Bang 1. Hé sb nhan hiéu dung K-eff

Tran SRAC- SRAC- | SRAC-
th.éig SRAC | MCNP-4CQ MCU | RADAR| MCNP4C MCU RADAR
(%) (%) (%)
S1 | 1.037488 1.03770 | 1.03341f 1.03769 -0.02 0.39 -0.02
S4 | 1.138461 1.13871 | 1.13390[ 1.14081 -0.02 0.40 -0.20




SRAC 0.57 MCNP-4C 0.57

118 0.37 1.16 0.37
0.88 1.2 0.86 1.2
1.22 1 0.87 1.18 1.01 0.87
1.14 1 1.16 11 1 115
0.95 0.97 137 0.98 0.93 0.54 1.39 0.98
0.78 1.27 1.28 13 0.78 1.23 1.3 1.32
0.95 1.01 1.34 0.82 0.93 0.99 1.36 0.82
1.14 0.94 11 11 0.92 11
1.22 0.98 0.81 1.18 0.98 0.81
0.88 1.16 0.86 1.17
118 0.36 1.16 0.35
0.57 0.57
(a)
SRAC 0.64 MCNP-4C 0.63
1.17 0.43 115 0.42
0.84 1.33 0.83 132
0.99 1.07 1.01 0.96 1.07 0.93
0.85 0.99 1.24 0.82 0.99 1.23
0.73 0.81 1.43 1.13 0.71 0.78 151 1.12
0.63 0.92 1.28 1.46 0.61 0.89 1.3 147
0.73 0.87 1.44 0.33 0.71 0.85 1.46 0.93
0.85 0.89 1.18 0.82 0.87 1.16
0.99 1.03 0.93 0.96 1.02 0.91
0.34 1.28 0.82 1.27
1.17 0.42 1.15 0.41
0.04 0.63
(b)

Hinh 5: Phan b6 cong suit tai trang thai S1 (a) va S4 (b)

So sanh céc két qua tinh ton hé s6 nhan higu dung bang SRAC tai hai trang théi véi két
qua dua ra bdi cac chuong trinh tinh toan MCNP-4C, MCU, RADAR trong bai toan chuan [8]
cho thay két qua sai khac nho (Bang 1).

~ Tinh toan phan bé cong suét ciia viing hoat tai hai trang thai ciing cho thay sy phi hop

tot (Hinh 5). Ket qua sai khac 16n nhat gitra hai chuong trinh tinh todn la 3.64% tai trang thai
S1 va 3.85% tai trang thai S4. Vi vy, viéc mo hinh héa va tinh todn vung hoat bang chuong
trinh SRAC cé thé tin cay va cé thé ap dung cho bai toan tinh chay vung hoat.
2. Tinh toan chay vung hoat

Hé sé nhan hiéu dung va néng dé boron téi han

Tinh toén chay khi 16 phan tmg khong c6 boron thu duoc két qua hé sb nhan hiéu dung
giam dan theo thoi gian chay va xap xi bang 1 tai 330 ngay, twong ung vai thoi gian van hanh
cua o] (I:|‘|nh 6). Tai thoi diém ban dau, hé s6 nhan hiéu dung’giém manh do su tao thanh péc
chat nhiém doc trong 10 phan ung. Sau mot thoi gian, cac chat nay s dat trang thai can bang
vi vay hé so nhan sg€ giam dan theo su giam nong d6 cua U235.
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Hinh 6: Su thay ddi hé s nhan hiéu dung theo thai gian van hanh khi 16 khéng cé boron
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Hinh 7: Hé s nhan hiéu dung theo thoi gian van hanh khi 16 gan téi han
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Hinh 8: Nong do boron tai tan theo thoi gian van hanh

Ket qua hé s nhan theo thoi gian van hanh (Hinh 7) cho thay 10 luén duoc duy tri trang
thai gan toi han (K_eff ~ 1). D& duy tri hé s6 nhan nhu vay thi nong d6 boron da giam dan
theo thoi gian van hanh (Hinh 8). V&i budc chay dau tién, nong do boron ciing giam manh do
su tao thanh cé&c chét nhiém doc va téi cudi chu trinh néng d6 boron bang 0.

Phan bé céng suit va phan bd dé sau chay

Tinh toan phan bé cdng suat cia 10 tai thoi diém 0, 150 va 330 ngay trong hai truong
hop 10 khéng cé boron va boron téi han, két qua thu dugc nhu hinh 9.

Trong ca hai trudng hop, phan b cong suit déu phang hon khi vé cudi chu trinh, ddng
thoi hé s6 dinh cong Suit ciing thap hon. Va trong truong hop boron téi han thi hé sé dinh
cong suit ludn thap hon trong sudt qué trinh chay so véi truong hop khi 10 khdng ¢ boron.
Diéu nay hoan toan phi hop véi thyc té khi 10 van hanh. Sy khéc nhau caa phan bé cong suat
trong 2 trudng hop tinh toan s& dan dén sai khac vé d6 sau chay cua cac bo nhién liu tai cudi
chu trinh. Hinh 10 biéu dién phan bd do sau chdy trong hai truong hop va do sai khac gitra
chung. Trong do, sai khac lon nhat 12 9.65 %. Diéu nay cho thay tac dong cua boron Ién qua
trinh chay cua 106 phan @ng va su can thiét thuc hién tinh toan chay trong diéu kién boron toi
han.
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0.85 099 1.00 113
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0.89
111

1.03 0.98
1.05
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0.92

.

0.99 0.97
111 0.97 1.08
1.01 0.96 1.00
00  [126
1.01 0.99
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0.82
1.05
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Hinh 9: Phan b cdng suit tai thoi diém 0 ngay (a), 150 ngay (b) va 330 ngay (c)



MNong dé boron=0 9.99 Mang dd boron tdi han 9.53
17.05 6.80 6.40
13.01 18.49 17.78
15.76 15.05 14.05 16.04 13.37
14.77 13.95 16.69 15.05 16.40
13.40 13.20 18.64 15.03 13.22 13.27 1438
11.85 18.00 17.33 18.23 11.46 16.42 17.71
13.40 13.95 1827 12.53 13.22 13.87 12.04
14.77 13.40 15.97 15.05 15.70
15.76 14.66 13.16 16.04 12.52
13.01 18.06 17.37
17.05 b.62 6.23
9.99 9.53
Sai sd 4.85
0.88 6.25
0.47 4.03
-1.71 2.58 5.10
-1.83 0.51 1.80
135 -0.49 275 4.51
3.42 9.65 2.25 2.95
135 0.51 2.54 4.06
-1.83 0.64 1.72
-1.71 2.31 5.06
0.47 4.02
0.88 6.29
4,85

Hinh 10: Phan bd budc chay caa cac bo nhién lidu tai 330 ngay (MWd/kg)

IV. KET LUAN

Nghién ctru nay da thuc hién tinh toan céc gia tri hé sé nhan hiéu dung, phan b cong
suit, phan bb budc chay va thoi gian van hanh cua 10. Cac tinh toan thuc hién tai dau chu
trinh cho két qua kha pha hop véi két qua tir bai toan chuan. Piéu nay cho thay cac két qua
tinh todn ¢ thé tin cay va co thé ap dung mé hinh tinh toan cho bai toan chay.

Céc tinh toan chay da duoc thuc hién trong 2 truong hop nong d6 boron bang 0 va
boron téi han. Cac két qua gdbm c6 hé sé nhan hiéu dung, ndng d6 boron téi han theo budc
chéay, phan b cdng suat va phan bd d6 sau chay cua cac bo nhién lidu tai cudi chu trinh. Tinh
toan da cho thay sy khac nhau giita 2 truong hop. Qua do c6 thé thiy su anh huong cia nong
d6 boron 18n qua trinh chay cuaa ving hoat 1a dang ké. Vi vay viéc tinh toan cac dic trung vat
ly viing hoat trong diéu kién nay la rat can thiét dé co duoc hiéu biét rd rang va chinh xac hon.

Tuy nhién, nghién ctru nay ciing méi chi thyc hién véi mé hinh 2D trong diéu kién
cong Suat, nhiét do khong thay d6i va chua c6 thanh diéu khién. Vi vay, hudng nghién ctu
tiép theo can duoc di sau va tinh toan chi tiét hon khi thuc hién tinh véi mé hinh 3D, cap nhat
cac gia tri cong suat, vi tri thanh diéu khién va phan b nhiét do trong 16 dé c6 duoc céc két
qua danh gia chinh xac hon cac dic trung vat Iy khi 16 van hanh thyc té.
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Email: Dungvlk52@gmail.com

Abstract: The report presents the result of core burnup calculations for a VVVER-1000 reactor
core with consideration to critical boron concentration. The calculation is performed by the PIJ
and COREBN modules of the SRAC code system. A subroutine is developed to correct
critical boron concentration during burnup. The effective multiplication factor (K-eff),
power distribution, burnup distribution at the end of cycle, operation time of the reactor
and the critical boron concentration in the burnup process are calculated. The results
are compared to the core burnup calculations without boron concentration correction to
better comprehend the influence of boron concentration to the physical characteristics of
reactor core during the operation.

Keyworks: burnup calculation,critical boron concentration, SRAC, COREBN, VVER-1000.
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