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Tém tat: Mot nghién ctru toi wu nap tai nhién liéu cta 10 VVER-1000 da dugc tién hanh
bang phuong phap md phong t6i kim (SA) va tim kiém Tabu (TS). Trong nghién ctru nay,
mot chuong trinh md phong vat 1y ving hoat da dwoc phat trién dua trén 1y thuyét khuéch
tan nhiéu nhom va s& dugc dung cho cac bai toan tdi wu nap tai cua 10 VVER. Chuong
trinh mé phong nay chia viing hoat thanh ludi tam giac va c6 téc do tinh toan nhanh. Viée
kiém ching chuong trinh ciing da dugc thyc hién thong qua tinh toan lai mdt bai toan
chuan cua 10 VVER-1000. M6t vai phuwong phap tim kiém t6i wu nhu SA, TS va su két hop
ctia chiing da dugc nghién ctru va ap dung bang cach ghép ndi voi chuwong trinh mé phong
ving hoat. Cac tinh toan nham tim kiém cau hinh nap tai toi wu bang cac phuong phép trén
da dugc thuc hién dya trén m6 hinh ving hoat ciia mot bai toan chuan. Viéc so sanh giita
cac phuong phap tim kiém nay cho thdy su két hop SA+TS chinh 13 phuong phap hiéu qua
nhit dé giai quyét bai toan t6i wu nap tai nhién liéu.

T Khéa: 16 wu nap tdi nhién liéu, mé phong t6i kim, tim kiém Tabu, VVER-1000

I. M& dau

T6i wu nap tai nhién liéu 13 mot bai toan quan trong trong thiét ké ving hoat 16 phan
ung, va dugc thuc hién sau mdi chu trinh nhién liéu ddi vai hau hét cac 1o phan ng hat nhan.
Hinh 1 m6 ta so d6 cac budc chinh ctia cong viéc thiét ké ving hoat 10 phan tmg, trong d6 t6i
uu thay dao nhién liéu dong vai trd quan trong trong viéc két hop cac bo nhién liéu trong ving
hoat.

Mot 16 phan tmg gdm khoang 200 bé nhién lidu thi khong gian tim kiém c6 thé 1én toi
10%° - 10* kha ning nap tai. Pi véi mdi kha ning nap tai, cic tinh toan mo phong vat 1y cua
mo hinh ving hoat dugc thyuc hién théng qua cac chuong trinh mé phong. Do khong gian tim
kiém la rat 16n nén khong thé xem xét dugc hét tat ca cac kha nang. Vi vy, dé giai quyét bai
toan t6i uu can c6 mot chuwong trinh mo phong ving hoat ¢ téc do tinh toan nhanh va mot
phuong phap tim kiém téi wu phi hop.

Téi vu thay dao nhién lidu 1a nhiém vu duoc dat ra ngay tur thoi diém khoi dau coa cong
ngh¢ 16 phan ng hat nhan. Nhung nhirng dot pha vé nghién ciru tdi wu sir dung cac thuat toan
tim kiém chi duoc trién khai nhleu tur nhiig nam 1980 voi nhleu cong trinh nghién ctru str
dung cac phuong phap tim kiém c6 dién. Cuing v6i sy phat trién ctia cong nghé tinh toan va
may tinh, bai toan tdi wu thay ddo nhién li¢u dugc quan tdm nhiéu va duge thuc hién boi rat
nhiéu cdc nhom nghién ctru 16n trén thé gidi. Cac thuat toan tim kiém ngau nhién cb dién
thuong dugc st dung nhu: thudt todn tim kiém truc tiép (Direct search - DS) [1, 2], phuong
phap toi kim (Simulated annealing - SA) [2-5], thuat toan di truyén (Generic algorithms - GA)
[2, 6-8].... va su két hop cua cac phuong phap do véi cac quy luat phong doan [2][8]. Cac
thuat toan tim kiém ngiu nhién nay duogc sir dung vi ching c6 kha nang thu dugc loi giai tbi
uu toan cuc, hodc chi it ciing 1a tiém can tdi gia tri ti uu toan cuc.
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Thiét ké thanh nhién liéu
Kich thwdc, d6 giau, khéi lugng, ...

Thiét ké bé nhién liéu
S6 thanh, chat hap thy, thanh dan, ...

Thiét ké vung hoat
S8 bé, t6i wu thay dao

Vung hoat 16 phan rng

Hinh 1: So d6 mé ta cac budc chinh ciia bai toan thiét ké ving hoat 10 phan tGmg

Nhimng nim gan dy, mot s6 nghién ctru tdi wu thay dao nhién liéu dugc trién khai véi
tmg dung cac thuat toan tim kiém ngau nhién manh hon nhu thuit toan tién héa (Evolution
method - EM) [9], thuét toan by dan (Particle swarm optimization - PSO) [10, 11], thuét toan
tim kiém Tabu (TS) [12, 13],...

Tai Viét Nam, Trong nhiing nam 1990, vi¢c van hanh va nap tai 160 phan ting Da Lat da
dugc thyc hién bdi nhom cac chuyén gia tai vién Nghién ciru Hat nhan Pa Lat [14]14-17].
Gan day c6 mot s6 nghién ctru theo hudng nay dugc thuc hién boi nhém cua PGS. TS. Do
Quang Binh. Nhom nay da thuc hién nghién ciru cac phuong phap thuét toan di truyen (GA)
[16], phuwong phap mé phong tdi kim (SA) [17] dé tim kiém cac kha nang nap tai t6i wu va md
dun CITATION cua chuong trinh SRAC duoc su dung trong cac tinh toan vat ly dé xac dinh
cac thong sd dic trung hat nhén cua 10 phan ng. Trong mdt tinh toan thir nghiém bang
phuong phap SA mau tai nap nhién liéu t6i uu tim dugc cho chu trinh van hanh thir hai cua 10
phan tmg hat nhan Da Lat ¢6 cac dic trung tét hon dang ké so v6i mau tai nap nhién lidu thuc
té. Tuy nhién cac dbi twong nghién ctru ctia nhom hién tai méi chi thuc hién tinh toan véi dbi
tuong 1a 10 phan Gng hat nhan nghién ctu ma cu thé 1a 10 nghién cuu hat nhan Pa Lat chu
chua hudng tdi cac 10 phan tmg hat nhan cong suat s& dugc st dung trong du 4n dién hat nhan
¢ Viét Nam. Ngoai ra, md dun CITATION la mét chuong trinh tinh toan tat dinh c6 toc do
tinh toan nhanh néu so sanh voi cac chuong trinh st dung phuong phap Monte Carlo. Tuy
nhién, di v6i bai toan 10 ning lugng, véi s6 lwong ciu hinh can tinh 16n thi téc d6 tinh toan
cua mo6 dun CITATION la kha cham.

C6 thé thy bai toan t6i wu nap tai ving hoat 16 phan tng hat nhan hién nay van 1a mot
bai toan dang dugc quan tim nghién ctru trén thé gidi. Cac phuong phap tim kiém khong ciing
nhu chuong trinh mé phong dang khong ngimg dugc nghién ctru dé nang cao hiéu sut va do
chinh xé&c. Ngoai ra, day 1a mot bai toan mdi va rat can thiét ddi voi nghién ctru cong nghé
dién hat nhan ¢ Viét Nam.

Pé thyc hién nghién ctru tdi wu thay dao nhién liéu cho 10 VVER céan phéi c6 mot
chuong trinh mé phong ving hoat c6 toc do tinh toan nhanh. Vi vdy, mdt chuong trinh mé
phong vung hoat 1o VVER da dugc Chung t6i phat trién. Chuong trinh nay da duogc ap dung
dé tinh toan bai toan chuan va cho thay né c6 do chinh xac dam bao va c6 toc do tinh toan
nhanh (nhanh hon mé dun CITATION khoang 6 dén 10 lan).

Bén canh d6, nhan thay phuong phap SA la mét phuong phap pho b1en va dé ap dung
trong nghién ctru t6i wu thay dao, tuy nhién hiéu suét lai thap din dén sb ciu hinh can tinh
16n. Mot sy cai tién phuong phép SA da dugc thuc hi¢n bang cach thém vao mot sb thuat toan
cua phuong phap TS. Tu d6 giap cho hi¢u suat va sy 6n dinh cta phuong phap méi (SA+TS)
nang cao Ién. Két hop chuong trinh mo phong vang hoat va cac phuong phap tim kiém, ching
t61 dd tao dugc mot bo chuong trinh c¢6 thé tim kiém cu hinh nap tai cho cac loai 10 VVER.



Pé kiém tra hiéu qua hoat dong cua chuong trinh, m{t bai toan mau cua 10 VVER-
1000/V320 [18] di dugc dwa ra va tinh toan. Pau tién, viéc tinh toan cac dic trung vat ly
duoc thuc hién va so sanh véi bai toan chuin dé danh gia do chinh xac cua chuong trinh mo
phong ving hoat. Sau d6, 4p dung chuong trinh tim kiém cau hinh nap tai t6i vu dé tim cau
hinh méi cho 16 VVER-1000/V320. Két qua cho thiy hiéu suét cao ctia phuong phap tim
kiém SA+TS cling nhu tim dugc cac cAu hinh méi ¢ gia tri ham muc tiéu 16n hon so véi cua
gia tri tham khao.

II. Cac phwong phap tim kiém t6i wu va chwong trinh mé phéng ving hoat

Trong phan ndy, chung toi s& trinh bay 1y thuyét vé cac phuong phap tim kiém tbi wu
cling nhu gi6i thiéu vé chuwong trinh mé phong ving hoat méi. Cac phuong phap tim kiém t6i
wu ¢6 myc tidu 1a tim nghiém tot nhat trong khong gian nghiém kha di. Viéc danh gia mot
nghiém 13 tot hay x4u duoc dua trén gia trj ciia cac ham muc tiéu twong Gmg véi nghiém d6 va
trong nghién ctru nay, gia tri ham muc tiéu cang 16n thi nghiém d6 cang tét. Cac phuong phap
nay thuong duoc st dung khi khong gian nghiém 1a qua lon va khong c¢6 kha nang xem xét
hét tit ca cac nghiém. Trong bai toan tim kiém cau hinh nap tai tdi wu cho 10 phan tmg hat
nhan, thuong s€ ¢6 2 muc tiéu chinh nhu sau:

- Mot trong s6 cac muc tiéu quan trong d6 1a phan bd cong sudt can phai dat do
dong déu cao nhat, tranh cac dinh cong suat cao bat thuong dnh hudng tdi cac
thong so an toan van hanh 16 phan ung.

- Mot thong sd quan trong nita 1a thoi gian chay nhién liéu, 16 phan Gng can dat
trang thai tdi han 1au nhat (ke 16m) d€ dam bao dat hi¢u qua st dung nhién li¢u
cao nhat.

Thong thudng, viéc gidi bai toan toi wu nap tai cd cac budc nhu sau:

1. Pua ra mot sb cau hinh kha di ban du va dung 1am cu hinh goc (base LPs) thé
hé thi nhat.

2. Tao cac cdu hinh nap tai nhién liéu méi tir cac cau hinh gdc.
3. Tinh toan cac dac trung vung hoat va so sanh cac gia tri ham muc tiéu.
4. Luya chon cau hinh gdc thé hé tiép theo va quay lai budc 2.

\Vong lap trén s& két thac dua trén mét s diéu kién do nguoi thuc hién dat ra. Céc diéu
kién nay duoc dit ra dé két thiic qua trinh viéc tinh toan va lya chon ciu hinh t6i vu. Théng
thuong, c6 mot s6 diéu kién két thuc dugc chon nhu: gidi han téng s6 c4u hinh duoc tinh
toan, ham muc tiéu dat gia tri can thiét, cau hinh t6i vu khong thay dbi sau mot s6 vong lip
nhét dinh... C4u hinh ti vu la cAu hinh c6 gia tri ham muyc tiéu tt nhat.

Céac phuong phép tim kiém khac nhau chii yéu duoc phan biét bai cach thuc hién budce
2 va budc 4. Mot phuong phap tim kiém dugc danh gia tot néu né c6 thé thoat khoi cac cuc tri
dia phuong va c6 kha niang tim duoc cdu hinh dat gia tri ham muc tiéu t6t v6i s6 cdu hinh can
tinh it (s6 vong ldp it -> thoi gian tinh todn nhanh).

Ngoai ra, budc 3 duge thyc hién boi chuwong trinh mo phéng ving hoat. Trong mdi
vong lap, thoi gian tinh toan & budc nay 1a 16n nhat. Vi vay, dé ting toc do tinh toan, can phai
c6 mot chuong trinh mé phong vung hoat ¢ téc do tinh toan nhanh. Sau ddy ching t6i s& gidi
thiéu mot s6 phuwong phép tim kiém duogc st dung trong nghién ciru nay.

2.1. Phwong phap tim kiém truc tiép (Direct Search — DS)

Trong nghién ctru ndy, cac cdu hinh moi dugce tao ra tur 1 céu hinh gbc béng cach ddi
cho 1, 2 hodc 3 cap bo nhién licu. Tat ca cac cAu hinh méi nhu vay dugc goi 1a mién 1an can
chu hmh gbc.



Phuong phap tim kiém trye tiép (DS) [1, 2] dua trén ¥ tudng leo dbc. Tir mot cAu hinh
gbc, cac cau hinh mai thuge mién lan can dugc xem Xét, tinh toan va so sanh gia tri ham muyc
tiéu. Chi cAu hinh t6t hon ciu hinh goc cli méi duge lya chon lam cdu hinh goc m&i. Cau hinh
t61 wu dat duoc khi khong thé tim duoc ciu hinh nao t6t hon & mién lan can nira.

Phuong phap DS c6 vu diém 1a thoi gian tinh todn nhanh v6i sé cdu hinh tim kiém it.
Ngoai ra n6 con c¢6 wu diém 1a s& dat duoc tdi vu dja phuong tot nhat. Tuy nhién, phuong
phap nay khong c6 kha ning thoat khoi cac tdi wu dia phuong. Vi vy, phuong phép nay hién
nay khong con duoc st dung truc tiép cho bai toan tbi vu nita. Thay vao dé, né duoc két hop
v6i mot s phuong phap khac dé dat duoc t6i wu tot hon.

2.2. Phwong phap mé phoéng téi kim. (Simulated Annealing — SA)

Phuong phap mé phong t61 kim (SA) dua trén ¥ tudng vé mo phong dao dong cua tinh
thé kim loai duoc 1am ngudi sau khi nong chay, néu qua trinh 1am nguoi duoc thuc hién cham,
trang thai nang lugng cua tinh thé s& thap hon so vé6i khi lam ngudi nhanh [2]. Trong bai toan
tim klem t6i uu, phuong phap nay c6 mot khac biét so voi DS va nho do n6 co thé thoat khoi
cac t01 uu dia phuong dé tlen dén téi vu toan cuc. Do 14, ‘ngoai vige chap nhan cac ciu hinh
moi tot hon 1am c4u hinh goc dong thoi dwa vao 1 xac suit chap nhan céu hinh xdu. Xac suat
nay sé& giam dan theo thoi gian va khi n6 giam cang cham thi c4u hinh tim dugc s& cang tot
hon, nhung ddng thoi sé cdu hinh can tim kiém ciing nhiéu hon.

Vi du, khi ta tim dugc cdu hinh Xj+; 6 1an can cau hinh X;. Néu gié tri ciia ham muc tiéu
tai Xj+1 cao hon tai X, khi d6 X+ duoc chap nhan va qua trinh tim kiém sé& tiép tuc thuc hién
quanh Xi+1. Tuy nhién, néu gia tr1 cua ham muc tiéu tai X1 thap hon tai Xj, nghiém Xj4+1 van
c6 thé duoc chap nhan véi xac suét:

p = EXp(-0C/T)
V6i: 8C: su sai khac cua gia tri ham muc tiéu tai X; va X1
T: “nhiét d6” cua hé thong.

Khi qué trinh m6 phdng t61 kim dugc khéi dong, T dugce ddt kha 16n nhu nhiét d6 kim
loai néng chay. Thong thuong, tuy vao tung bai toan ma T ban dau dugc chon sao cho xac
sudt trén xap xi bang 1. Ttc 1a khi d6 moi nghiém x4u déu duoc chap nhan. Piéu nay giup
nang cao tinh toan cuc cta viéc tim kiém. Theo qué trinh tim kiém t6i wu, T s& dugc giam
dan, va khi T du nho, x4c suat chip nhan cu hinh x4u sé tién dan dan vé 0. Luc nay, cdu hinh
x4u khong con duoc chip nhan va qua trinh tim kiém s& tré vé twong ty nhu phwong phap DS.

Viéc tim kiém t6i wu bang mo phong toi kim ¢6 thé dugce thyuc hién theo so do sau:
1. Pua vao cau hinh nap tai ban dau.
2. Tinh ton cac dic trung vét 1y ciia cau hinh nap tai.
3. Tinh toan gia tri ham muc tiéu
4 Ll_Ia chon cAu hihh géc méi dua vao SO §énh gia trg ham muyc tiéu voi gia tri tbt
nhat trudc d6 (cau hinh nay dugc dung dé tao cac cau hinh mai trong budc 5)
e Lén hon -> chap nhan
e Nho hon -> x4c suét chap nhan: exp(-3C/T)
5. Tao cAu hinh méi bang cach ddi chd 2 hodc 3 bo nhién lidu
6. Lap lai tir (2)->(5), dém s vong 1ap N_loop.

7. Khi sb vong lip 2->5 (N_loop) dat dén mot gia tri cho tl‘lIO’C (Malkov length);
dit 1ai N_loop = 0 va giam “nhiét d6” hé théng: T = oT™, <1

8. Quay lai (2) dén khi T di nho va ham muc tiéu hoi tu.



Phuong phap mé phong t61 kim c6 uu diém tbt 1a co kha nang thoat khoi cac t6i uu dia
phuong nho viée chap nhan cdu hinh xau tir d6 co thé dat dugc t01 uu toan cyc. Tuy nhién,
nhuogc diém cua phwong phéap nay 1a tc do hoi tu chdm, dan dén s cdu hinh tim kiém 1én va
thoi gian tinh toan dai.

2.3. Phuong phap tim kiém Tabu (TS) don gian

Phuong phap TS cing la mot phuong phap c¢6 kha nang tim kiém c4u hinh tbi vu toan
cuc. TS s€ thue hién tim kiém CaC cAu hinh t6i vu cua timg khong gian con va so sanh cac ciu
hinh nay dé chon ra cdu hinh tot nhat. TS sir dung mét s thudt toan sau:

+ Khéng gian con 1an can: c4u hinh gbc mdi duoc chon 1a cau hinh t6t nhat trong mién
lan can cua cau hinh goc trude do.

+ Danh sach Tabu: mot danh sach cac cau hinh dwoc tao ra va cap nhat thuong xuyén
nham tranh viéc 1dp lai qua trinh tim kiém.

+ Su tang cudng: qua trinh tim kiém s¢ quay lai dung cau hinh t6t nhat trudc do lam ciu
hinh goc ddng thoi hiéu chinh cac tham sé tim kiém. Diéu nay duoc thuc hién néu ciu hinh
t6t nhat khong thay d6i sau N vong lap.

Su da dang hoa: sau mot s6 vong lap nhét dinh, néu ciu hinh t&t nhat khong thay doi,
cau hinh goc mai s€ dugc chon 1a mét cau hinh bat ky.

2.4. Phwong phap SA két hop véi TS

’ Dé khic phuc diém yéu vé thoi gian tinh toan cia phuong phap SA, ching to1 da cai
tién phuong phap SA bang cach sir dung thém mot so thudt toan cua phuong phap tim kiém
Tabu (Tabu Search — TS) [12, 13]. Nho d6, hiéu suat va sy on dinh cua phuong phap SA duoc
tang 1én.

C6 3 thuat toan dugc sir dung:

1. Mién lan can: tir 1 cau hinh goc, cac cau hinh méi dugc tao ra nhung cho gia tri
ham muc ti€éu nho hon chinh 12 mgt phan mién lan can; khi xac suat chap nhan
xdy ra, cau hinh goc méi duge chon 1a cau hinh tot nhat ctia phan mién lan cén
trén.

2. Tang cuong (Intensification): Khi cAu hinh tot nhat khong thay doi sau mot sd
vong 1ap nhat dinh véi s6 1an chap nhén cau hinh xau nhat dinh, qué trinh tim
kiém s€ quay lai st dung cau hinh tot nhat hién c6 dé lam cau hinh goc.

3. Danh sach Tabu: danh sach lich st cac cdu hinh gbc di duoc tinh dugc sir dung
dé tranh viéc 1dp lai tinh todn va st dung cac cau hinh nay.

Nho vao su két hop nay, uu diém cua phuong phép SA van duoc gitt nguyén trong khi
hi¢u suat va su 6n dinh cua phuong phap SA+TS dé tang Ién khi so v6i phuong phap SA ban
dau. Cac ket qua so sanh s€ duoc trinh bay trong phan sau cta bao céo.

2.5. Chuwong trinh mé phéng vung hoat

Khong gian tim kiém cua bai toan t6i uu thay dao 1a rat 16n, vi vy can c6 mot chuong
trinh tinh toan vat 1y ving hoat véi tbc d6 nhanh va d6 chinh xac dam bao. Nhan thiy cac
chuong trinh tinh toan vat Iy ma ching t61 hién c6 nhu SRAC, MCNP, MVP... ¢6 tbc do tinh
toan cham, khong dap tmg dugc nhu cau. Vi vay ching t61 da phat trién mot chuong trinh tinh
toan moi ¢ toc d6 cao hon nhung van dam bao d6 chinh xac.

Chuong trinh nay thyc hién giai hé phuong trinh khuéch tan dé tinh toan hé sé nhan
hiéu dung (K_eff), phan bd cong suit ciing nhu dinh coéng suét (peaking factor) cua ving hoat
10 phan tmg. Chuong trinh ¢6 kha ning mo phong ving hoat 1 chiéu, 2 chiéu véi bo nhién
liéu hinh chit nhat va 2 chiéu v&i bo nhién liéu luc giac (ludi chia tam giac). Céc diéu kién



bién dugc st dung gdm co bién chan khong, bién phan xa va bién ddi ximg xoay. Ty vao su
doi xung cua 10 phan tng va viéc nguoi dung mudon mé hinh hoa toan 10 hay mét phan, cac
loai hinh hoc va di€u kién bién tuwong tng s€ dugc sir dung.

Hé phuong trinh khuéch tan (1) 1a hé vi phan véi rat nhidu tham sé va khong thé giai
truc ti€p duogc:

d]jix) + grg(x)%(x)d: Qy(%) "
Jg(x) = =Dy(x) 2
Trong do:
: 2g() %
Qy(x) = h;@ Zgen (O kgeff ;”th(xm ) (2)

St dung phuong phap sai phén hiru han, hé¢ phwong trinh nay duoc chuyén thanh hé
phuong trinh tuyén tinh bac nhét. Vi du, trong trudng hop 1 chidu né sé c6 dang sau:

Agi1iPgi-1tAgi41iPgir1+ag:iPg: = Qg,:4X; 3)

Hay c6 thé viét du6i dang ma tran:

A2 =Q 4)

~ Khi dd, viée giai h¢ phuong trinh nay hoan toan co6 thé lam duoc bang cach giai tryc
tiép hay cac phuong phap lap.

Trong chwong trinh m6 phong mai nay, viéc giai hé phuong trinh tuyén tinh trén duoc
thuc hién bang phuong phap 1ap SOR (Successive Overrelaxation Method). Day la phuong
phap c6 kha nang giam s6 vong lap can tinh. Ngoai ra, viéc toi gian hoa cac phép tinh khi chi
tinh toan cic phan tor ma tran khac 0, dic trung cho cach chia ludi tam giac ciing duoc ap
dung. Diéu nay lam cho tdc do tinh toan ctia chwong trinh tang 1én dang ké.

Viéc kiém tra danh gia do chinh xac va hiéu suét ctia chuong trinh mé phong mai nay sé
dugc ching t6i trinh bay trong muc 3.2.

I11. Ap dung chwong trinh tim kiém tbi wu thay d4do dé tim cAu hinh nap tii toi uu
cho 10 VVER-1000.

3.1. Lo phan ing VVER-1000

Trong nghién ctru nay, chiung t6i sé thuc hién tinh todn cho 10 VVER-1000/V320 vi
cac s liéu duogc 13y trong tai liéu tham khao [18]. Lo phan Gng nay c¢6 163 bo nhién liéu,
dugc nap tai theo ddi xung 1/6. B6 trung tdm 1a bo nhién li¢u loai UOX voéi do sau chay 40
MWd/kg. Ngoai ra, s6 lwgng cu thé cac loai bo durge trinh bay nhu trong Bang 1.

Béng 1: Thanh phan nhién liéu trong 1/6 ving hoat

Loai UOX MOX Téng
D¢ sau chay 0 15 32 40 0 17 33
S6 luongbd | 5 5 5 3 3 3 3 27




Céu hinh nap tai tham khao ma bai toan chuan dua ra dugc cho trong Hinh 2:

N:/type
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Assembly with
absorber rod
inserted

[8(0).¢
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Type 1

MOX
assembly
Type 2

Hinh 2: C4u hinh 10 VVER v6i 30% nhién liéu loai MOX [18].

Vi s6 lugng bod nhién li€u nhu trén, néu tinh dén ca tinh d6i xung va cac loai nhién
li¢u, sO cau hinh nap tai kha di dugc tinh theo cong thurc:

27!

W = 4.86 x 108 (5)

Ta c6 thé thiy khong gian tim kiém & dy 1a rat 16n va voi kha ning ctia may tinh ciing
nhu cac chuong trinh hién tai s€ khéqg thé tinh toan duoc het tat ca cac kha nang nay. Vi vy,
viéc su dung cac phuong phap tim kiém toi wu la rat can thiét.

3.2. Panh gia chwong trinh mé phéng ving hoat

Chuong trinh m6 phong ving hoat s€ dugc sir dung dé tinh K_eff va phan b cong suat
cta 16 VVER-1000 trong bai toan chuan [18]. Vung hoat dwoc md phéng nhu trong Hinh 3
vl moi bo nhién liéu duge chia thanh 24 tam gidc. B thu vién sO liéu dugc dung la
ENDF 68 v6i cach chia 4 nhém nang luong.
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Hinh 3: M6 hinh 1/6 viing hoat 16 VVER-1000
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Cac két qua dugc so sanh voi cac tinh toan bang MCNP-4C trong bai toan chuén véi
cung b thu vién sé liéu [18]. Bang 2 trinh bay két qua so sanh hé s6 nhéan hiu dung gitra 2
chuong trinh tinh toan. Co thé nhan thay sai sb 16n nhét ciing chi khoang 101pcm. Pay 1a sai
s0 khong 16n va nguyén nhén chu yéu do sai khac gilta phuong phap tinh toan cua 2 chuong
trinh. Trong Bang 2 ta cling thdy sai s6 ¢ trang thai S3 14 nho nhat. Trang thai S3 1a trang thai
lanh c6 ndéng d6 Boron cao. Do d6, phd neutron trong ving hoat s& phiang hon so vé6i cac
trang thai khac. Diéu nay giup cho d6 chinh xac cia viéc giai phuong trinh khuéch tan bang
phuong phap sai phan hiru han it phu thugc vao kich thude ludi chia va s6 nhom nang luong
hon. Vi vay, sai sb cua trang thai nay 1a nho nhit. Két qua nay cting tuong tu voi két qua so
sanh cac chuong trinh tinh toan khac nhau trong bai toan chuén [18].

Bang 2: So sanh h¢ s6 nhan hiéu dung

Trang thai tﬁgﬁ"rﬁi MCNP4-C | Sai sé (pem)
s1 1.0366 | 1.0377 -101.77
S2 1.0503 | 1.0513 -97.86
S3 09341 | 0.9342 -1.07
sS4 11376 | 1.1387 -95.41
S5 11530 | 1.1540 -84.56

Phéan b cong suit cta cac trang thai ciing dugc so sanh va cho sai s nho hon 5%.
Nguyén nhan sai so 1a do phuong phap tinh cling nhu viéc moé hinh hoéa cia MCNP ¢6 thé lam
chi tiét hon so v4i chuong trinh tinh toan tat dinh.

Ngoai ra, tbc do tinh toan cta chuong trinh méi cling dugc kiém tra danh gia (Bang 3).
Khi so sanh vdi chuong trinh tinh toan tat dinh hién c6 1a mé dun CITATION cua SRAC
(chuong trinh ¢ tdc d6 tinh toan nhanh nhat ma ching t4i ¢6), chuong trinh méi cho toc do
vuot tréi hon han. Trong Bang 3, chding t6i thyc hién so sanh thoi gian tinh toan ctia 2 chuong
trinh khi thuc hién tinh toan cho 2000 cdu hinh viing hoat. Cac tinh toan duoc thuc hién trén 2
hé diéu hanh Cygwin (mdy tinh c4 nhan) va Ubuntu (may chir). Két qua cho thiy tdc do cua
chuong trinh mé&i nhanh hon so véi CITATION tir 6 dén 10 lan.

Béng 3: so sanh tdc do tinh toan cia CITATION va chuong trinh méi

Thoi gian (gidy)

Cygwin Ubuntu
CITATION 3190 3177
Chuong trinh méi 501 320
Tang 1én (lan) 6.37 9.93

Qua d6, ta c6 thé thay chwong trinh mé phong dugc chung toi phat trién co do chinh xac
dam bao va téc do tinh toan nhanh hon kha nhleu s0 V6i cac chuong trinh hién c6. Két hop
chuong trinh nay voi cac thuit toan tim kiém t6i wu, chung t6i xdy dung duoc chuong trinh
tim tim kiém t6i wu thay dao. Cac két qua cua chuong trinh s& duoc trinh bay & phan sau.

3.3. Tim kiém céu hinh nap tii t6i wu cho 10 VVER-1000/V320

Céu hinh nap tai dwoc danh gia 13 t6t khi n6 cho thoi gian van hanh tmg véi vung hoat
dat trang thai to1 han lau nhat hay K eff dau chu trinh 16n nhat, dong thoi can dam bao tinh an



toan do6 1a ¢ dinh cong suat thip hon gidi han dit ra. Trong nghién ctru ndy, ham muc tiéu
ching t61 st dung nham muc dich tim cau hinh ¢6 K eff dau chu trinh 16n nhat va dinh céng
suat nhé hon gidi han. Ham muc ti€u c¢6 dang:

F = K_eff — Wp*max(0, Ppeaking — Pconst) (6)

Voi: Peonst = 1.45 (gia tri trong bai toan chuén 13 1.508)
Ppeaking 12 dinh cong suat; W, = 10
Mot cau hinh dugc danh gia la t6t khi c6 gia tri ham muyc tiéu 16n. Tir cong thirc (6) c6
thé thay néu dinh cong suit cao hon ngudng Peonst, gia tri ham muc tiéu s€ giam rat nhiéu do
trong sO W 16n. Diéu nay giup dam bao loai bo cac ciu hinh c6 dinh cong suét 16n hay khong

dam bao tinh an toan. Ngoai ra, tu (6) cing c6 thé thay ham muc ti€u s¢€ tang khi K _eff tang.
Tir d6 gitp cho viée lya chon cac cau hinh ¢6 K_eff dau chu trinh 16n nhat.

Bang 4: So sanh cac phuong phap tim kiém t6i uu

Két qua Po léch chuan
n K_eff *PCS F n K_eff *PCS F
DS 2038 | 1.1567 | 1.4526 | 1.0851 1128 | 0.0076 | 0.0201 | 0.1791
SA 6203 | 1.1638 | 1.4444 | 1.1638 1002 | 0.0046 | 0.0047 | 0.0046
a=0.85 TS 6001 | 1.1622 | 1.4366 | 1.1622 0 0.0037 | 0.0132 | 0.0037
SA+TS 5919 1.1654 | 1.4436 | 1.1654 646 0.0034 | 0.0053 | 0.0034

SA 20587 | 1.1674 | 1.4429 | 1.1674 1200 | 0.0032 | 0.0073 | 0.0032
a=0.95 TS 20501 | 1.1649 | 1.4393 | 1.1649 0 0.0030 | 0.0128 | 0.0030

SA+TS 20722 | 1.1681 | 1.4426 | 1.1681 1331 | 0.0030 | 0.0073 | 0.0030
*PCS: dinh cong suat (peaking factor)

Str dung céc s6 liéu va thanh phan nhién liéu trong bai toan chuan ¢ trang thai S4 (trang
thai hoat dong khong Bo), chiing t6i s& thuc hién tim kiém ciu hinh nap tai méi. Céc két qua
tinh toan s& dugc so sanh giita 2 phuong phap chinh SA va SA+TS véi 2 trudng hop c6 sd
cAu hinh tim kiém khéac nhau. Mdi tinh toan duoc thuc hién cho 40 cdu hinh ban diu bat ky.
Sau d6, cac két qua dugc 1ay trung binh va trinh bay trong Bang 4.

C6 thé thdy rd rang néu cung tinh 1 sd cdu hinh twong dwong nhau, phuong phap
SA+TS cho két qua gia tri ham muc tiéu tot hon so véi SA thong thuong va cac phuong phap
khac. Cu thé, K_eff cta cdu hinh mé&i do SA+TS tim duoc 16n hon so véi cac phuong phap
khéc trong khi dinh cong suit van dam bao <1.45. Ngoai ra, khi so sanh d¢ Iéch chuén, ta théy
d6 1éch chuan cua SA+TS nho hon. Tir d6 cho thdy phuong phap SA+TS c6 d6 on dinh tét
hon.

Lua chon cdu hinh tot nhit tim dugc bang chwong trinh tim kiém va so sanh véi cau
hinh tham khao. Ta thay cau hinh méi ¢6 ham muc tiéu (hay K_eff) ting lén 3,0% (Béng 5).
Ngoai ra, viéc tinh toan thoi gian van hanh cua cAu hinh m&i va so sanh vé&i cAu hinh tham
khao cling dugc thyc hién bang chuong trinh SRAC (Hinh 4). Qua d6 c6 thé théy thoi gian
van hanh theo cdu hinh méi duoc kéo dai thém khoang 50 ngay (15, 2%) Diéu dé cho thay
chuong trinh tim kiém d3 hoat dong t6t va c6 thé tim duoc cau hinh tdi wu hon so véi cau
hinh tham khao.



Béng 5: So sanh cu hinh t6i wu véi cau hinh tham khao

Tham khao | Téiuvu | Ting1én(%)
Dinh cong suét 1,508 1,492
K_eff 1,139 1,173 3,0
Thoi gian 330 380 152
(ngay)
12
o \
5115\ .
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Hinh 4: Sy thay ddi ciia K_eff theo thoi gian van hanh

IV. Két luan.

Trong nghién clru nay, mot chuong trinh mé phong vung hoat 10 phan img da dugc phat
trién thanh cong. Thong qua tinh toan bai toan chuan, d6 chinh xac ciia chuong trinh da duoc
kiém chimg. Dong thoi, chuong trinh nay ciing cho thay toc do tinh toan cao (gip 6 dén 10
lan tdc do tinh toan ctia chuong trinh CITATION - SRAC).

Nhiéu phuong phap tim kiém t6i wu ciing da duwoc nhém téc gia nghién ciru. Tir d6, lya
chon 1 phuong phap tim kiém tbi vu 1a phuong phap SA dé ap dung cho tinh toan tbi uu thay
dao. Va dé khic phuc yéu diém cta phuong phap SA 1a hiéu suét thap, mot su két hop giita
SA va TS da dugc thyc hién. Phuong phap moi SA+TS déd nghién ctru va so sanh v6i phuong
phép SA va mét sb phuong phap khac. Két qua cho thay hiéu suit ciia SA+TS da tang 1én
dang ké dong thoi do on dinh cua két qua ciing dugc ting 1én.

St dung cac phuong phap tim kiém tdi wu trén va két hop véi chuong trinh mé phong
ving hoat, chiing t6i d3 xay dung duoc mot bo chuong trinh tim kiém c4u hinh téi wu nap tai
nhién liéu cho 10 VVER. Mot bai toan mau di duoc dua ra dé danh gia kha nang hoat dong
ctia chuong trinh nay. Céac két qua dugc so sanh véi bai toan chuan va cho thiy cdu hinh méi
tim dwoc toi wu hon so véi cau hinh tham khao. Qua d6 c6 thé thiy duogc tinh hiéu qua cua
chuong trinh tim kiém t6i wu nap tai méi nay.

Trong thoi gian t61, nhom nghién ctu s& tiép tuc tim hiéu va ap dung cac phuong phap
tim kiém t6i wu tién tién khac dé nang cao hiéu suat va kha ning tim kiém. Pong thoi cac
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phuong phap ting tdc d6 tinh toan ciing s& duoc nghién ciru dé ning cao hon nira hiéu suit
ctia chuong trinh mé phong. Tiép theo d6, nhom nghién ctru du dinh s& tim hiéu va xay dung
mdt chuong trinh tinh toan chdy cho ving hoat v6i hiéu suit cao. Tir d6 s& tién dan t6i viéc
giai quyét bai toan tinh toan t6i wu da chu trinh cho céc loai 16 phan tng nuéc nhe.
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FUEL LOADING PATTERN OPTIMIZATION OF A VVER-1000
REACTOR USING SIMULATED ANNEALING AND TABU SEARCH

Abstract: A study on fuel loading pattern optimization of a VVER-1000 reactor has been
conducted using Simulated Annealing (SA) and Tabu Search (TS). In this study, a core
physics simulator has been developed based on a multi-group diffusion theory for the use
in the problem of fuel loading optimization of VVER reactors. The core simulator could
handle the triangular meshes of the core and the computational speed is fast. Verification
of the core simulator has been confirmed against a benchmark problem of a VVER-1000
reactor. Several optimization methods such as SA, TS and a combination of them have
been investigated and implemented in coupling with the core simulator. Calculations have
been performed for optimizing the fuel loading pattern of the core using these methods
based on a benchmark core model in comparison with the reference core. Comparison
among these methods shows that a combination of SA+TS is the most effective for the
problem of fuel loading pattern optimization.

Keywords: fuel loading optimization, simulated annealing, tabu search, VVER-1000
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