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Tém tat: Bao cdo trinh bay cac két qua tinh toan dic trung notron cta 10 phan tmg nudc
ap luc (PWR) 900MWe Nhit Ban st dung bo chuong trinh tinh toan SRAC dung thu
vién sb liéu JENDL-3.3 v6i 107 nhom nang luong. Thanh nhién li¢u, b6 nhién liéu va
toan ving hoat ctia 16 phan mg dwgc mé hinh hoa bang cac chuong trinh con PIJ va
CITATION. Céc dic trung notron chinh duogc trinh bay trong bao céo bao gdm: hé sb
nhan notron vo han (k;,) theo do sau chay, phan bé mat do hat nhan trong thanh nhién
lidu; phan bd tdc do phan hach trong bo nhién liéu, hé sé nhan notron hiéu dung (4er)
toan 10 bang va dic biét 1a phan bd cong sut trong ving hoat cta 16 phan tng.

Tirkhéa: SRAC, PlJ, CITATION, hé s6 nhan hié¢u dung, phin b6 cong suat, d siu chdy.

L. GIOI THIEU

Nudc ta dang chuan bj nguén nhan lyc cho chuong trinh dién hat nhan dé khic phuc
tinh trang thiét hut nang luong dién. Cac hudng nghién ciru vé 10 phan ing cong suat trong
nude méi bat dau duge thic déy, dac biét 1a cac 10 phan ung cua Lién Bang Nga va Nhat Ban
vi ddy 14 hai ddi tac trong chuong trinh dién hat nhan ctia Viét Nam. Vi vy ma nhom nghién
ctru chung t6i lya chon hudéng nghién ctru tinh todn cac dac trung notron cua 10 PWR
900MWe theo thiét ké
moi nhat cia cong ty
Mitsubishi[1]. Lo phan
ung nude ap luc (PWR)
cua Mitsubishi c6 cong
suat thiét ké 900MWe —
1000MWe voi hé thong
ba vong tai nhiét.

Lo PWR 900MWe
c6 ba loai thanh nhién
liéu UO; véi do 1am giau
1.6%, 3.5%, 4.4%, hal
loai thanh nhién liéu UO,
do giau 3.5%, 4.4%
nhung c6 pha thém 8%
Gd. Trong vung hoat cé
tat ca 157 bé nhién liu
dugc sap xép nhu Error!
Reference source not
found.. Mdi b6 ¢ chira
264 thanh nhién liéu va
c6 thém céac thanh chét
chét doc chay duoc (BP)
hodc thanh diéu khién
voi sd luong dugc trinh

Hinh 1: Toan vung hoat 106 phan ung
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bay trong bang 1 duoi day:

Bang 1: Cac loai bo nhién liéu

Loai b sa [@BE]@) [ oc [ 12 [ 5 s ] 1 [
Do lam giau (%) 4.4 3.5 1.6
S6 thanh BP 24 | 20 | 16

S6 thanh chira Gd | 24 16 16 | 24

S6 thanh diéu khién 24 24 24 24

Vi tri ciia cac thanh nhién liéu chira Gd va céac thanh diéu khién duoc biéu dién trong
hinh 2. Céc thanh chat doc chay duoc ciing dugce dua vao cac dng din c6 vi tri gibng nhu cac
thanh diéu khién. Cac vi tri duge danh s 1,2 trong hinh 2b 1a c4c nut chdn trong truong hop
b6 nhién liéu c6 chta 16 thanh chét doc chay dugc va chi cac vi tri danh sd 1 1a cac nat chin
khi bé nhién liéu chira 20 thanh chit doc chay dugc.
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Hinh 2. a-Trai) B6 nhién liéu chira 16 thanh Gd, b-Phai) B6 nhién liéu chira 24 thanh Gd

Pé thyuc hién cac tinh toan nhom tac gia di s dung bd chuong trinh SRAC do Co quan
Ning luong Nguyén tor Nhat Ban (JAEA) phét trién. SRAC 1a b chuong trinh ¢6 thé tinh
toan cac ddc trung notron cho nhiéu loai 10 phan tmg. SRAC gdm cidc modun nhu : PIJ,
ANISN, TWOTRAN, TUD va CITATION[2]. Trong bao cao nhom tac gia st dung hai
modun PIJ va CITATION cung voi thu vién sb liéu JENDL 3.3[3]. Modun PIJ dua trén
phuong phéap xac suit va cham mét chiéu, hai chiéu nén duoc dung trong cac tinh toan cho 6
mang. St dung médun PIJ dé dong nhat héa cac 6 mang thanh nhién lidu va bo nhién liéu.
Modun CITATION dya trén 1y thuyét khuéch tan nhiéu chiéu nén thuong duoc dung dé mo
hinh héa toan ving hoat. Chia ving hoat thanh cic 6 mang ma mdi 6 mang 1a mot vung dong
nhit. Mdun CITATION sg giai phuong trinh khuéch tan cho cac 6 mang dong nhat ma cac 6
mang co thu vién s6 liéu thu dugce tir dong nhét hoa bé nhién lidu bang modun P1J.

Céc dic trung notron chinh dugce trinh bay trong bao cio bao gdm: hé sé nhan notron vo
han (kjsp) theo d6 sau chay, phan bo mat do hat nhan trong thanh nhién liéu; phan bo toc do



phan hach trong b nhién liéu, hé sb nhan notron hiéu dung (ker) va phan bd cong sut trong
vung hoat cta 16 phan tmg. Céc tinh toan dic trung notron 1a can thiét vi nd giup cho ching ta
biét cac dic trung thiét ké cta thanh nhién liéu, bé nhién lidu va vung hoat va cho cac thong
sd dau vao trong cac tinh toan thuy nhiét dong, cac hé s an toan thiét ké. Qua d6 timg budc
x@y dung nang lyc nghién ctru vat ly 1o phan ung tai Vién Khoa hoc va K¥ thuat hat nhan,
tiép can cac yéu cau vé chuyén mon khi danh gia tham dinh thiét ké dua nha may dién hat
nhan vao nudc ta.

II. KET QUA VA THAO LUAN
IL.1. Cac két qua tinh toan 6 mang thanh nhién liéu st dung médun PIJ.

Hinh 3 biéu dién hé s6 nhan notron vo han iy cta cac thanh nhién liéu UO, va céc
thanh nhién li€u chtta Gd theo d¢ sdu chay. Céac thanh nhién li¢u UO; c6 hé s6 nhan giam
manh tai nhimg budc chay déu tién do cac chéat doc 10 phan tmg nhu ***Xe va **°Sm sinh ra.
Pén d6 sau chay khoang 300 MW/t thi ndng do cac chat doc can bang nén hé sé nhan notron
v6 han bat dau giam déu nhu nhau theo d6 sau chdy. Cac thanh nhién liéu chtta Gd ban dau co
hé s6 nhan notron v han thép do Gd 1a chat hép thu manh notron nhi¢t. Theo thoi gian lugng
Gd chay dan 1am cho hé s6 nhan notron ting 18n t&i khi do sau chdy khoang 30GWd/t thi hé
s6 nhan notron vo han cua cac thanh nhién liéu chira Gd bat dau giam tuong tu nhu céc thanh
nhién liéu UO, do Gd di chay hét.

1.60 T T T T T T T
Uo2 4.4% +
Uo2 3.5%
U02 1.6% ---%---
1.40 -1 Gd 4.4% ] 7]
\ Gd 3.5%
1.20 e ; : - - .
x .
”‘K.!’ \‘-\H"--.__
u._! ——
1.00 i e e T ; -
e e = B ——
3 . X -3 Wtk o ﬂ:_“”———o-.__.______
o A SR B gy ety
£ 080 | R e e e e e e e R
x o - -
140 Uo2 4.4%
0.60 - ] : : 138} 1
136
I 134 l
0.40 e L
- L3z |
i} :
130 |
0.20 ; : 128 | N
126 | . | | . |
0.0E+0 1.0E+3  2.0E+3  3.0E+3  40E+3  5.0E+3
000 1 1 1 1 " L L M
0.0E+00 1.0E+04 2.0E+04 3.0E+04 4.0E+04 5.0E+04 6.0E+04 7.0E+04
Do sau chay (MWd't)

Hinh 3: Hé sb nhan notron v6 han ctia thanh nhién liéu theo d6 sau chay.
Thong luong notron trong cac thanh nhién li€u UO; trong ving nang luong 1.86eV—
10KeV thap hon cac vung bén canh do notron bi hap thy trong ving nang luong cong huong
cia 2*U. Kha nang hap thu manh notron nhiét cua Gd lam cho phd notron cua céc thanh



nhién li€u chtra Gd cing hon nén khong con dinh notron nhiét nhu céc thanh nhién liéu UO,
trong hinh 4.
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Hinh 4: Thong luong notron tuong dbi trong thanh nhién liéu.

Hinh 5 biéu dién mat d6 cua mot sd d@)ng vi tai do sau chay 50 GWd/t cua thanh nhién
lidu UO, d6 giau 4.4% theo chiéu ban kinh. Mat d6 **U giam déu tir tim thanh nhién liéu ra
td1 ngoai vo trong khi do 28y giam dot ngodt phia ngoai vo.Notron tap trung nhiéu trén 16p
bién giita nhién liéu va chit 1am cham nén téc do phan Ung tai ving bién 16n hon dan dén cac
san pham chay tap trung cht yéu & 16p vo cua vién nhién licu.
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Hinh 5: Mat d6 ctia mdt s6 dong vi theo chiéu ban kinh vién nhién liéu.
I1.2. Két qua tinh toan bé nhién liéu st dung modun P1J.
Bang 2: H¢ so6 nhan notron v6 han clia cac 6 mang bo nhién li€u.
_ Y 2C C 2C
Loaba| 3A |I[3B 2C 2C 2B | 2A 1 1
St 24BP | 20BP | 16BP
k-inf | 1.014 (0815|1246 |0.894|1.184(0.826|0.998|1.025(1.054|1.007|0.936|0.923| 0.59

Két qua tinh v6i gia thiét chat 1am cham c6 chira boron néng do 1700 ppm, nhiét do cua
thanh nhién liéu 1a 900°C va cac thanh phan con lai ¢6 nhiét d6 580°K. Cac két qua nay dé
chuan bi hing s6 6 mang clia cac bo nhién liéu cho tinh toan toan viing hoat. Cac b6 2C va 3C
khong c6 cac thanh chtra chit hdp thu manh notron nén c6 hé sé nhan cao hon. Cac b6 co
chtra thanh diéu khién c6 hé sé nhan notron vo han thap nhit. Con cac bé c6 cac thanh nhién
liéu chtra Gd va thanh chat doc chdy dugc co h¢ s6 nhan notron v han sép si béng 1. Hinh 6
mo ta phan b toc do phan hach ciia ¥ bo nhién lidu loai 3B d6 lam giau 4.4% c6 mot 6ng dan
thiét bi do ¢ giira, 16 thanh chtra Gd va 24 thanh diéu khién. Cac thanh nhién liéu xung quanh
cac thanh diéu khién co téc do phan tmg giam xudng do thanh diéu khién da hap thu bét
notron. Ong dan thiét bi do & giita c6 chira nudc nén da lam ting kha ning lam cham notron
gitip cho céc thanh bén canh c6 toc do phan hach tang 1én. Cac thanh chtra Gd c6 toc d6 phan
g twong d6i nho do Gd c6 tiét dién bat notron nhiét 16n. Tai cac goc cua bo nhién lidu nay
¢6 tdc dd phan hach cao nhat do 1an can khong c6 thanh diéu khién va thanh chira Gd.



1.142

1.074

1.146

1.141

1.161

1.207

1.259

1.299

1.321

1.041

1.074

1.074

1.025

1.049

1.133

1.211

1.27

1.299

0.00

0.958

0.968

0.00

0.384

0.977

1417

1.211

1.259

0.381

0.958

0.961

0.892

0.853

0.00

0.977

1.133

1.207

0.883

0.932

0.946

0.897

0.902

0.853

0.384

1.049

1.161

0.00

0.944

0.876

0.00

0.897

0.892

0.00

1.025

1141

0.978

0.964

0.876

0.946

0.961

0.968

1.074

1.146

1.12

1.066

0.964

0.944

0.932

0.958

0.958

1.074

1.074

1.12

0.978

0.00

0.883

0.381

0.00

1.041

1.142

I1.3. Két qua mo hinh hoa toan bd ving hoat bang mdédun CITATION.

Theo thiét ké nong d6 axit boric duge giit khoang tir 2300-3000 ppm trong sudt qua trinh
dirng 10 ngudi . Nong do axit boric s& duoc dua xudng 1600 - 1800 ppm & diéu kién ding 16
noéng trude khi 10 duoc khoi dong bang cach rat cac thanh diéu khiénError! Reference source
not found.. Vi vay tac gia da chon diéu kién tinh toan 1a toan bd cac thanh diéu khién rat ra
khoi 10 va ndng do boron 1a 1700 ppm. Két qua hé s nhan notron higu dung ke clia toan
ving hoat 13 1.0083 chimg to 10 PWR 900MWe t6i han khi rat toan bo cac thanh diéu khién
ra khoi 10 va nong d6 boron 1a 1700 ppm. Hinh 7 biéu dién théng lwong notron nhiét tuong
dbi ctia nhém notron nhiét c6 nang lugng dudi 0.025eV. Thong lugng notron nhiét trong viing
hoat kha déng déu. Thong lugng notron nhi€t tai vanh phan xa cao hon nhiéu so véi trong
ving hoat do hai nguyén nhan: do phan xa tir vanh phan xa va do hip thy cua 2%y trong vung

hoat.
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Thanh diéu khién

Thanh chtra Gd

Ong dAn thiét bi do

Hinh 6: Phan bb toc do phan hach twong ddi ctia 1/4 b6 nhién.
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trong toan vung hoat theo ban kinh

Trong hinh 8 ta thiy thong lugng notron tai 150
tam ving hoat cao nhat. Thong luwgng notron nhanh
(>1.86eV) gip khoang hon 3 lin thong lugng oo A
notron nhiét(<1.86eV) nhu tai tam vung hoat 1a 3.3 \

lan. Do cac gia thiét khong tinh dén trudng nhiét
dd va dong chat tai nhi¢t nén thong lugng notron
doi xtmg qua mat phang tam lo. Puong thong 200
lugng notron nhiét cO hai dinh nho tai bién gilra \

\

nhién li¢u va 16p phan xa do kha nang phan xa va
lam cham t6t cia 16p phan xa.

Z (cm)

dong déu theo chiéu ban kinh véi dinh cong suat

cuc dai la 1.48. Cong suét tai tim vung hoat thép 150

nhit va cao nhét ¢ bién ving hoat noi tap trung cac / s0

b6 nhién li€u do giau cao. Phia trong vung hoat con 100 / {//
y

Phan bd cong suit trong ving hoat khong 200 /

c6 cac dinh cong suét 1a vi tri caa bo nhién liéu 2C °

d6 giau 3.5%. Nguyén nhan lam cho cong suit & 50

tam ving hoat thap hon 1a do cach bd tri cac b6

nhién liéu do giau thap tap trung & giira va nguyén 0

nhan chi yéu 1a do néng d6 boron cao 1700 ppm. 0 0.3 1 L5

Khi hoat dong n6ng d6 boron bi chay va giam 2-3 ——Netronnhanh  ——Notron nhiét

ppm/ngay [1] nén s& 1am cho cong suit & tam 10

tang 1én so v&i ving bién din dén cong suit trong .

viing hoat s& déu hon. Hinh 8: Thong lugng notron theo chiéu doc
vung hoat
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Hinh 9: Phan b cong suit twong ddi trong toan ving hoat theo ban kinh

Il. KET LUAN

Bao céo di trinh bay duogc cac két qua tinh toan dic trung hat nhan cua 1o phan tGng
PWR-900MWe ctia Nhat Ban. Cac két qua da thu duoc bao gom: hé sb nhan notron vo han
(Kinr) theo d0 sdu chdy, phén b mat do hat nhan trong thanh nhién liéu; phan bd cong suét
trong bo nhién li¢u, h¢ s6 nhan notron hiéu dung (Ker) cua toan 10 1a 1.0083 va phan b cong
sut trong vung hoat cua 16 phan tmg v6i dinh cong suit cuc dai 1a 1.48. Trong huong nghién
ctru tiép theo nhom tac gia sé sir dung cac chuong trinh duya trén phuong phap ngau nhién nhu
chuong trinh MCNP dé tinh toan benchmark va kiém chimg cac két qua trong bao co nay.
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INVESTIGATION OF NEUTRONIC CHARACTERISTICS
OF A JAPANESE PWR 900 MWe

Abstract: Neutronic characteristics for a Japanese PWR 900 MWe were investigated by
using SRAC codes and neutron data library JENDL-3.3 with 107 energy groups. The
elementary codes, PIJ and CITATION, have been used for modeling of the fuel rods, fuel
assemblies and full core. The main neutronic characteristics analyzed in this work include
infinite multiplication factors (ki) versus burnup, the distribution of nuclide densities in
the pin cells; the pin-wise fission rate distribution in the assembly and the effective
multiplication factors (Ke), and the power distribution in the core.

Keywords: SRAC, PIJ, CITATION, effective multiplication factor, power profile,
burnup.



