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Toém tit: Trong qua trinh phat trién, cac 10 phan ung (LPU) hat nhan ludn dugc cha trong

cai tién hiéu suat str dung nhién liéu, tang mirc dg an toan cua cac bo phén trong trong
nha may, va dam bao hiéu qua kinh té¢. Do d6, nhiing nghién ciru gan day tap trung vao
viéc tim ra ciu triic nhién lidu tdi wru, vira dam bao hiéu qua kinh t& ma van an toan trong
cac diéu kién lam viéc ctia nha may. Bai bdo nay trinh bay nhiing két qua tinh toan
neutron dé danh gia mot sb thiét ké thanh nhién liéu LPU VVER1000 sir dung chuong
trinh tinh toan MVP.

Khac biét co ban trong ciu tric vién nhién liéu cia LPU VVER1000 so voi thiét ké vién
nhién liéu LPU PWR 14 c6 mot khe hinh tru rdng & tim dé giam sy gdy v& caa nhién liéu
do dan nd nhiét trong qua trinh hoat dong. Piéu nay lam phuc tap qua trinh gia cong ché
tao nhién liéu, do d6 c6 nhimg y tuong loai bo hodc giam kich thudce khe rong va bé day
v boc. Nhitng két qua tinh todn chi ra rang hé s6 nhan hiéu dung (k-eff) tang 1€n sau khi
thuc hién nhitng cai tién ndy, vi da dua thém vao trong co ciu mot lugng nhién li€u hat
nhan. Hé s6 nhan hiéu dung tang 1én khoang 2% trong 1 bo nhién lidu, dé diéu khién va
van hanh an toan thi can c6 thém nhiing thanh phan hap thu nham duy tri trang thai toi
han, cai tién ndy c6 thé giup ting do sau chdy cta nhién liéu va cong suét nhiét, ting do
du trit phan tmg; d6 day vo boc ciing duoc ting 1én nham dam bao tinh nguyén ven cua
thanh nhién li€u, ndng cao muc do an toan.
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Abstract: During development progressing of nuclear reactor, exports focus to: (1) Improving
productivity of nuclear fuel cycle; (2) Increasing of safety level in nuclear power plant (NPP)
system; (3) Ensuring economic advantage. Thus, research programs often find best structures of
fuel, best of material and conditions where system behaviors stably and safely. In this report,
effective neutron reactivity factor (k-eff) calculations were carried to estimate difference fuel
pellet structures in VVVER1000 fuel rod and assembly by MVP code.

Important diference in VVER1000 fuel pellet structure is central hold that help decreasing
bresking of fuel pellet when NPP operates. The central hold causes difficults in fuel rod
manufacture, thus experts want to removed this central hold and increasing thickness of
cladding. Results of calculations indicate that k-eff increases because amount of fuel material
was added in. Increasing level is small, about 2%, but have to add in absorbed material to keep
critical state. Increaseing of k-eff do to increasing reacitivity margin, can help to increase NPP
power but have to ensure safely for elements in core, such as increasing thickness of cladding.

1. MO PAU

Lo phan ung VVER hay viét tit bang tiéng Anh 12 WWER (Water-Water Energetic
Reactor), dugc thiét ké va xay dyng bai céc chuyén gia Nga, bt dau nghién ctu va phat trien
tir dau nhitg nam 50 cia thé ky XX. Trong sudt lich sir xay dung va phat trién, s6 luong 10
VVER d3 1én toi khoang 59 té may dang van hanh tai: Nga, Ukraina, An D9, Iran, Cong Hoa
Séc, Slovakia, Trung Quéc, Hungary, Pic, Phan Lan,. .. Trong thoi gian do, cAu trdc va cac
thanh phan cua VVER khong ngimg duoc nghién ciu cai tién, véi muc dich:



- T6i wu viéc chuyén hoa nang lwong hat nhan thanh ning luong dién.
- Giam gia thanh caa hé thong.
- Nang cao d¢ an toan cua nha may trong qua trinh hoat dong.

V6i nhiing tiéu chi do, c6 rat nhiéu nhiing cai tién da duoc nghién ctu, trién khai thyc
hién, trong bai bao nay chi tap trung danh gia su thay doi cua hé so nhan hiéu dung khi co hep
va loai bo khe rong & tdm vién nhién liéu, dong thoi tang d6 day caa vo boc nhién liéu [1]. Cu
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Hinh 1: Thay d6i hinh hoc ctia vién nhién liéu [1]

Muc dich cua cai tién trén 12 toi vu chu trinh nhién liéu, ting thoi gian hoat dong & mic
cong suat danh dinh do dua thém vao trong 10 phan tng mot lwong nhién liéu, ting 6 an toan
trong qua trinh van hanh 16 phan tng khi vo boc nhién liéu da duoc ting cuong, han ché sy hu
hai xuat hién trong vo boc [1].

Nhitng tinh todn neutron dugc thuc hién dua trén viéc sir dung chuong trinh tinh toan
vat 1y 10 phan tng MVP, thu vién s6 liéu hat nhan JENDL-3.3 (Ki hiéu J33), chay trong hé
diéu hanh WINDOW trén may tinh cé nhan, tinh toan cho thanh nhién liéu va bé nhién liéu
truGe va sau cai tién, tim hiéu va danh gia nhiing thay doi xuét hién do cai tién.

2. TINH TOAN HE SO NHAN HIEU DUNG VOI NHONG THIET KE THANH NHIEN
LIEU KHAC NHAU

Pé so sanh anh huéng khi thay dbi hinh hoc vién nhién liéu, cac thdng sb cua cac thanh
phan nhién vat liéu, nhu: d6 gidu Uran-235 trong nhién liéu 1a 3.3%, c4c thanh phan vat liéu
V6 boc, chat lam mat va khi Heli duoc gitr ¢6 dinh, bang 1 dudi ddy mo ta cac théng s6 nhién
vat liéu duoc sur dung trong tinh toan.

Béng 1. Cac thong s6 vat liéu (mat 4o, nhigt d6 va 4p sudt)
trong thi€t ké nhién liéu 10 phan tng VVER1000

b6 giau 3.3 wt.%
Nhién lieu TR Uran-235: U02350J33 (7 6818%(;55

: . ) 1 1A P ran- . . -
(Oxit Urani UO) a%%;lgtlghl;ﬂrggnd%’) Uran-238: U02380J33 (2.2293E-2)
: Oxi-16: 000160J33 (4.6297E-2)
Vat liéu vo boc Déng vi: ki hiéu (mat d6) Zirconi-91: ZR091ZJ33 (4.2141E-2)
(Hop kim (10% ot nha, trén em®) Nb-93: NB0930J33 (4.1808E-4)
Zirconium) : Hf-174: HF1740J33 (6.5285E-6)
Helium Nhiét do 600 K
Pdng vi: ki hiéu (mat do) Heli-2: HE0030J33 (2.6700E-2)
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(10** Hat nhan trén cm”®)

Nhiét do

578 K

Vat liéu lam cham Ap suat

15.6 MPa

(H20) Bén§ vi: ki hiéu (mat do) Hidro-2: HO001HJ33 (4.7508E-2)
(10%* Hat nhan trén cm®) Oxi-16: 000160J33 (2.3754E-2)

COVIEW TEST : M261
LEVEL: 0 YHAT: material

CBVIEW ¥3.0 betald

(1) Hién tai.

COVIEW TEST : M262
LEVEL: 0 YHAT: material

(2) Giam kich thudc khe
rong; Tang ban kinh ngoai
cda vién nhién liéu; Gitr
nguyén bé day vo boc.

COVIEW TEST : M263
LEVEL: 0 YHAT: material

CBYIEY ¥3.0 betals
S
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nhién liéu; Tang bé day vo
boc nhién li¢u.

Hinh 2. M6 phdng thanh nhién liéu trong churong trinh tinh todin MVP

Viéc tinh toan hé s6 nhan neutron hiéu dung danh gia anh huéng hinh hoc vién nhién
liéu t6i thanh nhién liéu va ca bo nhién liéu. Két hop cac thong sé vat liéu va hinh hoc trinh
bay ¢ trén, str dung chuong trinh tinh toan MVP, mé hinh thanh nhién liéu dugc mé phong
nhu hinh 2, va két qua tinh toan trinh bay trong bang 3.

Hé sd nhan higu dung trong 3 md hinh thanh nhién liéu Ian luot la 1.24515, 1.24902,
1.25888. Hé s6 nhan hiéu dung tang dan Ién la do mot lugng nhién Iiéy hat nhan da duoc dl{a
vao trong thanh nhién liéu, 1am tang kha nang phan hach va tao ra nhiéu neutron hon sau moi
thé hé.

Sau khi thuc hién tinh toan hé sé nhan hiéu dung k-eff cho thanh nhién liéu, nhitng tinh
toan tiép thuc thuc hién ddi véi bé nhién liéu nham danh gia diy da hon anh hudng ma su cai
tién cau trdc thanh nhién liéu gay ra. Cac thong sé md ta hinh hoc b6 nhién liéu dwogc trinh
bay trong bang 2, cac thanh vat liéu sir dung trong bé nhién liéu twong ty nhu trong thanh
nhién liéu, da dugc trinh bay trong bang 1.

Béng 2. CAc théng sb hinh hoc ciia thanh va b6 nhién liéu 16 phan tng VVER-1000 [2]

Thong sd Gia tri
Nhiét d6 trung binh chat 1am mat, °c 315,000
Core FA pitch, m 0,236
S6 lwong thanh nhién liéu trong mdi bo 312,000
Khoang cach gitra cac thanh nhién liéu trong bo, m 12,75 x 10
Chiéu cao thanh nhién li¢u, m 3,530
Ong din thanh diéu khién
S6 6ng dan thanh diéu khién trong 1 bo 18
Puong kinh ngoai, m 13,0 x 107
Duong kinh trong, m 11,0 x 107




Ong trung tim

S luong 1
Puong kinh ngoai, m 13,0x 107
Duong kinh trong, m 11,0 x 107

Két qua mo phong bé nhién liéu LPU VVERI1000 trong chwong trinh tinh toAn MVP
duoc thé hién trong hinh 3 dudi day.
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Hinh 3. Hinh dang bé nhién liéu 16 phan tmg VVER1000 md phong trong MVP.

Bang 3. Két qua tinh to4n sy thay d5i ké s6 nhan khi thay dbi hinh dang vién nhién liéu

16 phan ttng VVER1000
Tinh toan cho thanh nhién liéu Tinh toan cho bo nhién liéu
Loai hinh hoc k-eff Sai s0 Thay doi k-eff Sai s0 Thay do6i
1 1.24515 0.0084% 1.11767 | 0.0082%
2 1.24902 0.0083% 0.311% | 1.12414 | 0.0086% 0.579%
3 1.25888 0.0088% 1.103% | 1.14268 | 0.0084% 2.238%
Trung binh 0.0085% 0.0084%

Két qua tinh toan k-eff cho bo nhién lieu twong dong Vo két qua tinh toan cho thanh
nhién li¢u, khi Iugng nhién li¢u dua vao co cau cang nhiéu, xac suat xay ra phan ng phan
hach cang 16n, hé s6 nhan hiéu dung cang cao.

3. NHAN XET

Két qua tinh toan hé sé nhan hiéu dung k-eff trong cac hinh hoc khac nhau cua thanh
nhién liéu va bd nhién liéu sir dung chuong trinh tinh todan MVP c6 sai sé thap, sai s6 trung
binh trong tinh toan cho thanh nhién li¢u la 0,0085%, trong tinh toan cho bd nhién li¢u la
0,0084%, két qua tinh toan déng tin cay.

C4c cai tién trong cau trac vién nhién liéu déu lam ting hé sé nhan hiéu dung k-eff vi
trong ca 2 truong hop déu ting kich thudc vién nhién liéu, nghia 1a dua vao thém mot luong
nhién liéu hat nhan lam co cdu ting kha ning dat t6i han hon. Cu thé, cai tién tha nhat, giam
ban kinh khe réng ¢ tdm, ting ban kinh ngoai cta vién nhién liéu (hinh hoc nhién liéu s6 2)
thi lwong nhién liéu thém vao it hon, ti & ting hé s6 nhan hiéu dung k-eff thap hon, ting
0,311% cho tinh toan thanh, va 0,579% cho tinh toan b6 nhién liéu. Sy thay d6i nay rit nho so
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Vvéi cai tién thir 2 (hinh hoc nhién liéu s6 3), bo han khe khi & tim vién nhién liéu, hé sé nhan
hi¢u dung tang 1én 1,103% trong thanh, va 2,238% trong b6 nhién li¢u.

Viéc tang luong nhién lidu trong co cu gitp ting kha nang dat téi han, c6 thé tang do
chay cua nhién liéu gilp 1o phan tng c6 thé dat dugc cong Suit cao hon, vin dé ting cong
suit 1am ting nhiét d6 va ap suat 1am viéc, vi vay can phai tang kha nang chiu dung cua thanh
nhién lig¢u, do 1a 1y do cua viéc tang kich thudc vo boc. Bong thoi, viéc tang Iugng nhién li¢u
trong co cau lam ting d6 du trir phan ang cta cac bo nhién liéu, cac bo nhién liéu co thé dugc
sir dung lau hon, va tiét kiém hon vé mat kinh té néu dam bao duoc cac thong sb an toan. Tac
dung cua khe rdng nham giam thiéu hién tuong nat vd nhién liéu do dan né nhiét trong qué
trinh hoat dong cua 16 phan tmg 1a khong dang ké, viéc bo di khe rdng lam giam muc do phic
tap trong qua trinh gia céng vién nhién liéu, giup giam gia thanh nhién liéu.
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Hinh 4. Sy thay d6i hé s6 k-eff theo cAu trac cai tién clia vién nhién liéu trong thanh
va trong b6 nhién liéu

4. KET LUAN

Trong bai bao, nhém tac gia da thuc hién mé phong va tinh toan hé sé6 nhan hiéu dung
k-eff trong thanh nhién liéu va bé nhién liéu 16 phan tng VVER1000 ddi voi 1 sb thiét ké
khac nhau cua vién nhién liéu. Két qua thu duoc thé hién k-eff tang 1én khi lugng nhién liéu
hat nhén trong co cdu ting 1én, dong thoi ting bé day vé boc nhién li¢u dé chdng chiu duoc
trang thai 1am viéc cé nhiét do, 4p suat cao hon, ciing nhu trong mot thoi gian dai hon.

M6 hinh nhién ligu téi wu gitip giam gia thanh cia dién hat nhan ciing nhu ning cao
mitc do an toan. Cai tién vé& mat hinh hoc dugc dua ra bai Semchenkov Y.M., Pavlovichev
A.M., Pavlov V.I., Spirkin E.I., Styrin Y.A. va Kosourov E.K cua vién nghién ctu Kurchatov,
Moscow, Nga thé hién nhiing két qua tich cuc va dang duoc dua vao ung dung trong thyc té.
Nhiing tinh toan thyc hién trong bai b4o nay nham hoan thién kha nang sir dung chwong trinh
toan, hiéu hon vé cong nghé 16 phan tng VVER1000 va nhitng cai tién dang duoc thuc hién.
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