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Tom tit: Bao cao trinh bay phuong phép xay dung cau hinh nap tai vung hoat 10 phan ung
VVER-1200/V491. Dya trén théng s6 vat Iy cua cac loai bo nhién ligu, cau hinh nap tdi ving
hoat duoc thiét 1ap bang hai cach: (1) suy luan tir cau hinh viing hoat cua 16 phan tng VVER-
1000/V/392 va (2) xay dung tir chuong trinh tinh toan t6i wu ving hoat LPO-V. Cubi cling,
céc théng sb vat Iy va an toan cho viing hoat 10 phan tmg nhu: Hé sb nhan notron hiéu dung,
phan bd cong suat, hé s notron tré hiéu dung, hé sé phan hdi do phan tng theo nhiét do
nhién lidu va chat 1am cham duoc tinh toan va kiém nghiém bang chuong trinh SRAC.

Tur khéa: Cau hinh nap tdi ving hoat, Tinh toan téi wu viing hoat, VVER-1200/V491, VVER-
1000/V392, LPO-V, SRAC

. MO PAU

Lo phan tng VVER-1000/V392 va VVER-1200/V491 dugc coi la nhitng ung vién lua
chon cho Nha may dién Hat nhan (NMBPHN) Ninh Thuan I. Viéc nghién ctru cac dac trung vat ly
va an toan cua céc loai 10 phan mg nay da duoc quan tam thyc hién tai Trung tdm Nang luong
Hat Nhan (TTNLHN) va Trung tdm An toan Hat nhan thuéc Vién Khoa hoc va K¥ thuat Hat
nhan (VKHKTHN).

DI véi ddi twong 10 phan tng VVER-1000/V392, ‘nhém nghién ctu tai TTNLHN -
VKHKTHN da thuc hié’n cac tinh toan vat ly trong’khu()n kho mot Bé tai cap B [1] va da co cac
két qua dugc danh gia tot, phu hop véi cac théng so trong Bao céo phan tich an toan ISAR [2].

Hién nay, dbi tugng 10 phan ung VVER-1200/V491 di duoc lya chon cho NMPHN Ninh
Thuan 1. Cac thong sé thiét ké cua loai 10 phan tmg nay da duoc Lién Bang Nga chuyén giao cho
Viét Nam qua béo céo Phan tich an toan kha thi FS-SAR. Tuy nhién, nhitng thong sé thiét ké
trong FS-SAR chua duoc chi tiét, cu thé 1a cau hinh nap tai nhién liéu cho ving hoat 10 phan tng
tai cac chu trinh chua duoc cung cap. Pé tiép tuc thuc hién viéc danh gia cac tinh chat ving hoat
cua |0 phan tng VVER-1200, viéc tim ra cau hinh nap tai nhién liéu la can thiét.

Theo nhu FS-SAR VVER-1200/VV491, cc bd nhién liéu caa 10 phan tng VVER-1200 dugc
cai tién tir b6 nhién liéu cua 10 VVER-1000 véi sy khac biét chi nam & chiéu dai nhién liéu. B6
nhién liéu cua 1o phan ung VVER-1200 c6 chiéu dai 16n hon 15c¢m khi so véi bé nhién liéu caa 10
phan tng VVER-1000[5].

Véi hiéu biét trén, nhom thuc hién bao céo suy luan va phong doan rang: khi dic trung vat
ly cua cac bo nhién liéu 10 phan tng VVER-1200 dugc chitng minh gidng nhu cac dic trung bd
nhién liéu cua 16 phan @ng VVER-1000 thi c6 thé dp dung cau hinh nap tai caa céc loai 16 phan
ng VVER-1000 cho 16 phan @ng VVER-1200. Céc ciu hinh dwoc tham khao dé nap tai cho 10
phan tng VVER-1200 trong béo céo nay la ciu hinh ving hoat cua 10 phan ung VVER-
1000/Vv392 va VVER-1000/V446 tai NMBHN Bushehr — Iran.[6]
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Ngoai ra, nhém nghién ciu tai TTNLHN da phat trién chuong trinh LPO-V dé tim kiém
cau hinh toi wu cta ving hoat 10 phan tng VVER[3]. Chuong trinh LPO-V thuc hi¢n viéc hoan
d6i vi tri sip xép cua cac bo nhién lidu trong ving hoat, chon ra cau hinh téi wu cua ving hoat
theo ham muc tiéu 12 hé sé nhan notron hiéu dung (keff) cua ving hoat Ién nhat cé thé va dinh
phan b cong suat trong viing hoat khong vuot qua gia tri 1.5[3].

Nhu vay, cung vai viéc tham khao péu hinh nap tai nhién li¢u cua 10 phan tng VVER-
1000, viéc str dung chuong trinh LPO-V dé tim kiem ra mot cau hinh nhién liéu mai cho 10 phan
ung VVER-1200 ciing da duoc chu y.

1. NOI DUNG

B4o céo thuc hién viéc tim kiém cac cau hinh nap tai nhién liéu cho ving hoat 10 phan ung
VVER-1200 theo cac budc sau:

- Tinh toan k-eff caa cac b6 nhién liéu 10 phan tng VVER-1200 biang chwong trinh
SRACI4] va so sanh véi cac bé nhién liéu cua 10 phan ung VVER-1000. Tiép d6, ciu
hinh nap tai nhién liéu cho ving hoat caa 16 phan @ng VVER-1000 dugc &p dung dé
nap tai cho vung hoat 10 phan tng VVER-1200

- Str dung chuong trinh LPO-V dé tim kiém céc ciu hinh ving hoat caa 16 phan ung
VVER-1200

- Dung chuong trinh SRAC tinh toan va so sanh cac cau hinh nap tai ving hoat cua 10
phan tng VVER-1200, sau d6 danh gia hé sé phan hoi theo nhiét d6 nhién ligu (FTC)
va chit 1am cham (MTC) cua vung hoat 16 phan tng VVER-1200

11.1. Cac chwong trinh tinh toan SRAC va LPO-V

Chuong trinh SRAC duogc phét trién boi Co quan Ning lwong Nguyén tir Nhat Ban
(JAEA) la chuong trinh tinh toan tat dinh 10 phan ¢ng géom 107 nhém ning luong, st dung
phuong phap xac suit va cham (CPM) trong tinh ton thanh va b6 nhién liéu, dua ra dwoc céc bd
hang s6 nhém cua thanh va bé nhién liéu, cac két qua sau d6 dugc dua vao moé dun CITATION
sir dung phuong phap sai phan hitu han (FDM) dé tinh toan ving hoat 16 phan tng. [4]

Chuong trinh LPO-V dugc phat trién bai nhom nghién cau tai TTNLHN la chuong trinh
tinh toén toi wu cau hinh vung hoat 10 phan tng. LPO-V gom 2 mé dun chinh:[3]

- Mb dun tinh toan vat ly cau hinh ving hoat: Trong mé dun nay, LPO-V sir dung
phuong phap FDM, trong d6 c6 lugc bo mot s6 thdng sé dau ra, muc dich 1a dé rat gon
thoi gian tinh toan cau hinh viing hoat, dwa ra 2 thong s6 1a k-eff va dinh phan b cong
sut 1o phan ung.

- Mb dun tim kiém cau hinh viing hoat téi wu: Trong mé dun nay, chwong trinh LPO-V
sir dung phuong phap mé phong tdi kim cé chinh sira (ISA) két hop phuong phap tim
kiém Tabu dé tim ra cdu hinh ving hoat dap tng tiéu chi k-eff cao nhat cé thé va dinh
phan b cong suat dudi gié tri 1.5 nam trong gii han an toan cho phép.

11.2. Cac bo nhién li¢u caa lo phan wng VVER-1200/V491

Theo béo cdo FS-SAR, tai chu trinh nhién liéu déu tién, lo phan tng VVER-1200/V491 c6
3 loai bo nhién liéu vai d6 giau khac nhau. Cac thdng so chi tiét caa nhiing loai bo nhién liéu nay
duogc liét ké trong Bang 1.[5]



Bang 1: Cac b6 nhién liéu tai chu trinh dau tién cua 16 phan tng VVER-1200/V491

Chu trinh nhién liu dau tién
Céc thanh
Loai bo 36 Tuon nhién li¢u (d6 giau) Bé rong Chiéu dai
nhién li¢u (BJ giau trung binh) ong b6 nhién li€u (cm) | bé nhién li¢u (cm)
Loai I Loai II
1.6 54 311 (1.6) - 23.6 368
24 67 311 (2.4) - 23.6 368
3.62 42 247 (3.7) | 66 (3.3) 23.6 368

Dang hinh hoc cuaa cac bd nhién liéu trong 10 phan tng VVER-1200 dugc dua ra trong
Hinh 1.
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Hinh 1: Céac bd nhién liéu cua 10 phan ing VVER-1200/V491 (trai) va VVER-1000/V392 (phai)

Tur Hinh 1 ¢6 thé d& dang nhan thiy su khéc biét trong cach b tri cac thanh nhién liéu cua
b6 nhién liéu trong 2 loai 10 phan &ng . Trong bo nhién liéu cua 10 VVER-1000/V392, mét thanh
nhién liéu dugc dat tai trung tdm b6 nhién liéu, vi tri caa dng chua thiét bi do dugc dat phia ngoai
Déi voi bd nhién liéu caa 10 VVER-1200/V491, vi tri cua dng chira thiét bi do ciing gidng nhu
trong b6 nhién liéu VVER-1000/V392, tuy nhién tai trung tam bo nhién liéu 1a mot dng nuéc

Trong bao céo nay, cung véi viéc tim hiéu cau hinh nap tai tir 16 phan ung VVER-
1000/V392, nhdém nghién ctru ciing tim hiéu cau hinh nap tai trong cac phién ban khac cua



NMDBHN sur dung 10 phan ung VVER-1000. Trong do, 16 phan tng VVER-1000/V446 trong
NMPDPHN Bushehr tai Iran st dung cac loai b nhién liéu c6 cau hinh va do giau gidng nhu cac
théng sé cua 10 VVER-1200/V491 [6][7]. Nhu vay, viéc xem xét cau hinh nap tai nhién liéu cua
10 phan ing VVER-1000/V446 cua Iran ciing dugc nhom nghién ctiru thuc hién.

Céc két qua h¢ s6 nhan notron vo han (kinf) cua céc bo nhién ligu cua 16 phan ing VVER-
1200/V491 dugc trinh bay trong Bang 2 va c6 so sanh cac ket qua tinh toan doi véi cac bo nhién
liéu cua 10 phan tng VVER-1000/V392 da duoc thuc hién trong khubén kho Beé tai cap Bo 2014-
2015 [1]

Bang 2: Hé s nhan notron v han cua cac bo nhién liéu trong 1o phan tng VVER-1200/V491 va VVER-
1000/V392 tai chu trinh nhién liéu dau tién

k-inf k-inf
Loai bd Loai bd
VVER-1000/V392 VVER-1200/Vv491

13A 1.1302 1.6 1.16007

22A 1.30822 - -
30A9P 1.28843 2.4 1.27508
39A9P 1.3605 3.62 1.37141
39A6P 1.39289 - -

Trong Bang 2, gia tri kinf ddi véi 2 loai 10 phan ung VVER-1000/V392 va VVER-
1200/V491 dugc dua ra. Tir bang trén ¢ thé nhan thay bé nhién liéu do giau 1.6% w/o cé kinf
gan nhat vai hé s6 nhan cua bo nhién liéu 1.3% w/o (b6 13A), bé nhién lidu do giau 2.4% wio
gan voi hé sé nhan cia bé nhién liéu 3.0% w/o gdm 9 thanh Gd (b6 30A9P) va b6 nhién lidu do
giau 3.62% w/o c6 hé sb nhan vd han gan nhat véi hé s6 nhan cuaa b nhién lidu 3.9% w/o gém 9
thanh Gd (b6 39A9P) cua 10 VVER-1000/v392. Céc gia tri kinf cua cac bd nhién liéu 10 phan
tng VVER-1200/V491 con nhiéu sai khac véi kinf cua cac b6 nhién liéu trong 10 VVER-
1000/V392 (~2000 pcm). Tuy nhién, viéc tinh toan trén gitp dua ra nhan dinh dé phan loai cac vi
tri cua cac bo nhién liéu trong 10 VVER-1200/V491.

Hinh 2 dua ra cau hinh nap tai cua 10 phan tng VVVER-1000/V392 tai chu trinh dau tién.[2]
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Hinh 2: Cau hinh nap tai nhién liéu 10 phan tng VVER-1000/V392 tai chu trinh dau tién

Do cac b6 nhién liéu cua 16 phan ung VVER-1000/V392 va VVER-1200/V491 c6 cau
hinh va d6 giau khéac nhau, nén hé sb kinf dbi véi cac loai b6 nhién liéu nay ciing khac nhau. Tuy
vay, tir Hinh 2 van dé dang nhan thay duoc cau hinh nap tai nhién liéu dugc sip dit nhu sau: Cac
b6 nhién lidu c6 do giau cao dwoc bd tri & vanh ngoai caa ving hoat, tiép d6 1a cac bo nhién lidu
c6 @6 giau thip va trung binh, tai tim viing hoat bé tri cac b nhién liéu c6 d6 giau trung binh.
Viéc sap xép cau hinh nhién liéu nhu vay vé mat dinh tinh cé thé dy doan duoc tac dung lam déu
phan bé cong suat trong ving hoat, dam bao cac gidi han an toan di véi viing hoat.

Tur nhitng nhan dinh trén, d6i véi cac bo nhién liéu cua 1o phan tng VVER-1200, ¢6 thé
sap xép cac bo nhién liéu c6 do gidu 3.62% w/o & vanh ngodi cua ving hoat, cac b nhién liéu co
d6 giau 1.6% w/o va 2.4% w/o & gitra vung hoat va cac bé nhién liéu c¢6 d6 giau 1.6% w/o duoc
dat ¢ tdm vung hoat.

11.3. Céc cau hinh ving hoat cho 10 phan #ng VVER-1200/V491

o

Hinh 3: S tha tu cac bé nhién liéu trong 1/6 ving hoat 16 phan wng VVER-1200

Hinh 3 dua ra thir tw danh sé cua 28 b6 nhién liéu trong 1/6 viing hoat 16 phan wng VVER-
1000 va VVER-1200. Tir viéc tinh toan tim kiém cau hinh bang chwong trinh LPO-V va tham
khao cac cau hinh nap tai cua 1o phan tng VVER-1000/V392 va VVER-1000/V446 cua Iran, cac
cau hinh nap tai va hé sé nhan cua ving hoat 10 phan ung VVER-1200/V491 dugc dua ra theo
Bang 3.



Bang 3: Hé sé nhan va ciu hinh nap tai vaing hoat khi tinh ton bing LPO-V va khi tham khao cac ciu
hinh nap tai cua cac 10 phan rng VVER-1000

Céu hinh tham khao | VVER-1000/V392 | VVER-1000/V446 | LPO-V1 | LPO-V2 | LPO-V3 | LPO-V4

k-eff 1.213683 1.213262 1.25572 | 1.25603 | 1.25571 | 1.25652

S4 thir tu Loai bo Loai bo Loai bo Loai bo Loai bo Loai bo
1 2 2 2 2 2 2
2 1 1 1 1 1 1
3 2 2 1 1 1 2
4 1 1 2 2 2 2
5 1 2 2 2 2 2
6 2 1 3 3 3 1
7 3 3 1 1 1 1
8 2 2 1 3 1 2
9 1 1 2 2 2 2
10 2 2 2 2 2 2
11 1 1 2 2 2 3
12 2 2 3 3 3 1
13 3 3 1 1 1 1
14 1 1 3 2 3 2
15 2 2 2 2 2 2
16 1 1 2 2 2 2
17 2 2 3 3 3 3
18 3 3 1 1 1 1
19 2 2 2 2 2 2
20 1 1 2 2 2 2
21 2 2 3 3 3 3
22 3 3 1 1 2 3
23 1 1 2 2 2 3




24 2 2 3 3 3 3
25 3 3 2 1 1 3
26 2 2 3 3 3 1
27 3 3 1 1 1 1
28 3 3 1 1 1 1

Céc két qua tir Bang 3 cho thay su khac biét kha Ién gitra cac cau hinh nap tai nhién liéu
theo tham khao va cac cdu hinh tinh toan duoc bang chuong trinh LPO-V. Gi4 tri keff khi suy
luan tir cAu hinh nap tai caa VVER-1000/V392 va VVER-1000/V446 c6 d6 sai léch ~ 42 pcm va
¢6 thé coi nhu khéng c6 su chénh léch nhiéu.

Déi vai 4 cau hinh nap tai duoc dwa ra tir LPO-V, d6 chénh léch cua keff trong cac ciu
hinh ciing kha nho (~30 — 60 pcm). Tuy nhién, khi so sanh keff caa 4 cau hinh tinh toan dugc boi
LPO-V vdi 2 cu hinh suy luan tir cac 16 phan tng VVER-1000, c6 su sai khéac khéa 16n (~400
pcm). Mot ly do giai thich cho su sai khac trén cua keff trong cac truong hop la bai ham muyc tiéu
ciia LPO-V chi trong tim kiém c4u hinh nhién liéu dé keff cao nhit c6 thé va chi loai bo cac ciu
hinh ¢6 dinh phan bé cong suat 16n hon 1.5. Nhu vay, cac két qua tinh toan boi LPO-V hoan toan
c6 thé cho ciu hinh nap tai cd hé s6 keff 16n hon cac cau hinh duoc suy luan tir cac 16 phan ang
VVER-1000, tuy nhién phan bé cong suét s& c6 mot sé diém thang giang manh.

I1.4. Phan bé cong suit va ti suat notron tré trong cac viing hoat cia 1o phan ing VVER-
1200/Vv491

[' D.BAI'D.SD 1.007 0.8170.86
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Hinh 4: Phan bé cdng suét trong viing hoat 16 phan tng khi so sanh cau hinh suy lun tir VVER-
1000/V392 va cau hinh tinh toan tir LPO-V

Hinh 4 dua ra phan b6 cdng suét so sanh trong 2 cdu hinh viing hoat khi st dung ciu hinh
suy luan tir VVER-1000/V392 va cau hinh LPO-V4. Trong cac 6 luc giac ¢ Hinh 4, sb & trén la
phan b cong suit trong ving hoat dugc suy luan tir ciu hinh VVER-1000/V392, sé ¢ dudi la
phan b cong suat trong cau hinh tinh toan bai LPO-V4.

Cac két qua tir Hinh 4 cho thay su khac biét khé 16n gitra cac cAu hinh nap tai nhién liéu
theo tham khao va céc ciu hinh tinh toan dugc bang chuong trinh LPO-V. D& nhan thay phan b
cdng suat trong cac bd nhién liéu tai ving hoat kha gan gia tri 1, con ddi véi cau hinh LPO-V4



¢6 su chénh léch kha 16n. Trong cau hinh LPO-V4, cac b6 nhién lidu c6 sb thir tu 7, 12,13, 18,
26, 27, 28 (xem Hinh 3 va 4) & ria ngoai ¢6 phan bé cong suat thap, cdng suat cua 10 phan ung
cha yéu tap trung & 16p thar 2 giira thm va vanh ngoai caa ving hoat. Binh phan b cong suat
trong cdu hinh dugc suy ra tir VVER-1000/V392 14 1.23, gid tri thap nhat 13 0.8; di vai cdu hinh
LPO-V4, dinh phan b6 cong suit I 1.39, gia tri thap nhat 12 0.19.

Tir Bang 3 va Hinh 4, khé c6 thé khang dinh c4u hinh duoc suy luan tir céc 10 phan @ng
VVER-1000 hay cau hinh tinh toan bai LPO-V la tét hon. Pi vai cac ciu hinh suy luan tir
VVER-1000, phan b cong suit trong viing hoat dao dong nho ¢ ~0.2, con ddi véi cac cdu hinh
tr LPO-V, phan bb cong suit dao dong 16n ~1.2. Tuy vay, cac cau hinh nap tai nhién liéu tinh
toan bang LPO-V ludn cho keff 16n hon cac cu hinh suy luan tir cac 10 phan tng VVER-1000 ~
400 pcm. Bé danh gia duoc cau hinh tét va dam bao yéu cau van hanh cua 106 phan tng ciing nhu
an toan cho ving hoat 16 phan tng, céc tinh toan chay va két hop vat ly - thuy nhiét can duoc
thuc hién dé dua ra két luan chinh xac hon. D6 1a cong viéc sap téi ma nhom nghién cau tai
TTNLHN s& tap trung tim hiéu, tuy nhién trong béo cao nay cac két qua d6 chua dugc trinh bay.

Bang 4: Bang ti suat notron tré hiéu dung va thoi gian séng trung binh caa notron tré dugc tinh toan theo
LPO-V va suy luan tir cau hinh cua VVER-1000/V392

LPO-V4 Céu hinh suy luan tir VVER-1000/V/392

Nhém | Hé s notron tré hiéu dung Héng ) phanrd | Nhém | Hé s6 notron tré hiéu dung Héng $6 phén ra
¥Br 2.05E-04 1.25E-02 ¥Br 2.05E-04 1.25E-02
B 1.12E-03 3.17E-02 add 1.12E-03 3.17E-02
®Br 1.10E-03 1.10E-01 %Br 1.11E-03 1.10E-01
39 3.23E-03 3.20E-01 19 3.23E-03 3.20E-01
% As 1.03E-03 1.35E+00 ®As 1.04E-03 1.35E+00
OLi 3.46E-04 8.83E+00 oLi 3.47E-04 8.84E+00

Ti suét notron tré hiéu dung: 0.0070 Ti suét notron tré hiéu dung: 0.0071

Thoi gian séng trung binh cta notron tré: 13.11s Thoi gian sdng trung binh ctia notron tré: 13.12s

Bang 4 dua ra ti suat notron tré hiéu dung (Beff) va thoi gian sdng trung binh cua notron tré
trong cau hinh viing hoat LPO-V4 va cau hinh suy luan tir VVER-1000/V392. Tur bang nay c6
thé thay duoc su trong ddng giita gia tri Seff va thoi gian séng trong hai truong hop. Tir Bang 4,
ti suat notron tré d6i vai ting nhém va hang sé phan ré caa cac nhom khong co su khac biét dbi
vé6i cac cau hinh tinh toan tir LPO-V va suy luan tir VVER-1000/V392. Ti suét notron hiéu dung
trong 2 trudng hop dua ra déu c6 gia tri ~0.007, thoi gian séng trung binh cua notron tré duoc
tinh toan tir d6 ciing c6 gia tri ~13.11s, c4c gia tri ndy gan nhu khong c6 su khéc biét gitra 2 loai
cau hinh nap tai. Tir day c6 thé nhan thay rang anh huéng caa cau hinh nap tai nhién liéu trong
cac truong hop suy luan tir céc 10 VVER-1000 va tinh toan boi LPO-V téi ti suat notron tré hiéu
dung 1a khdng nhiéu.



I1.5. Hé s6 phan hai dd phan #ng theo nhiét d§ nhién liéu va chat [am cham

Dé tinh toan hé s6 phan hdi do phan tng theo nhiét do nhién liéu, nhom nghién cau cb
dinh nhiét d6 cua chat 1am cham 1a 579K, sau d6 thyc hién ting dan nhiét d6 cua nhién liéu tir
580K dén 1400K theo 41 budc, mdi budc cach nhau 20K. Gia tri hé s6 phan hdi do phan @ng
theo nhiét @6 nhién liéu dugc tinh theo céng thic:

a

T2 T1
TFuel = eff eff
(keffx eff)xAT
Dbi véi hé sb phan hoi ¢ phan ¢ng theo nhiét d6 chat lam cham, nhém nghién cau cb
dinh nhiét d6 cua nhién liéu 1a 580K, sau do ting dan 1K nhiét d6 cua chit 1am cham tir 564K
dén 600K. Gi4 tri hé s6 phan hdi d6 phan (ng theo nhiét do chat 1am cham dwoc tinh theo cong
thuec:

a

kT2 T1
TMod = Kefr—Kerr
(keffx eff)xAT

Trong d6 arpye; 12 hé s6 phan hoi do phan wng theo nhiét do nhién ligu
Armoq 12 hé 6 phan hoi do phan tng theo nhiét do chat 1am cham
kZ}, k2Z 1ahé s nhan notron higu dung tai nhiét do Ty va T,

AT = T, — T, 1a chénh léch nhiét d6 (K)
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Hinh 5: Hé s6 phan hdi d6 phan tng theo nhiét 6 nhién liu

Hinh 5 dua ra hé s phan héi do phan ung theo nhiét d6 nhién liéu trong 2 ciu hinh: (a)
V446 14 cau hinh nap tai dya trén cdu hinh caa 10 phan @ng VVVER-1000 cua Iran va (b) LPO-V4
la cau hinh nap tai duoc tinh toan bang chwong trinh LPO-V.



Cac duong dic trung phan hdi theo nhiét do nhién liéu cua d6 phan tng kha déu tr ~ -2.4
pem/AT dén — 1.8 pem/AT.Céc gia tri hé sé phan hdi déu mang gia tri &m do hiéu tng Doppler.
Tir Hinh 5 ¢6 thé thiy rang cac duong dic trung cua 2 cau hinh VVER-1000/V446 cua Iran va
cau hinh LPO-V4 sai khac nhau gi4 tri rat nho ¢ ~ 0.2 pcm/AT. Diéu ndy cho thay rang anh
huéng cua ciu hinh nap tai nhién liéu trong cac truong hop tinh todn boi LPO-V va cac ciu hinh
suy luan tir 16 phan tng VVER-1000/V446 13 khong dang ké.
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Hinh 6: Hé sé phan hdi d6 phan ¢ng theo nhiét do chat lam cham

Hinh 6 dua ra hé s6 phan hoi do phan Gng theo nhiét do chat 1am cham dugc tinh theo 2
truong hop: V446 1a cau hinh nap tai dya trén 10 phan tng VVER-1000/V446 cua Iran, cau hinh
LPO-V4 la cau hinh tinh toan bai LPO-V. Tir Hinh 6, nhan thay hé s phan hoi caa 2 cau hinh
déu thay doi tir ~ -29 pcm/AT dén ~ -45 pcm/AT. Nhu vay, hé sé phan hoi theo nhiét do chat lam
cham c6 dong godp 1on trong phan hoi &m caa 16 phan @ng st dung notron nhiét. Trén Hinh 6, hé
s6 phan hdi do phan tng theo chat 1am cham trong 2 trudng hop duoc dua ra c6 gia tri rat gan
nhau. Nhu vay, cac cau hinh nap tai tinh toan boi LPO-V va cau hinh suy luan tir VVVER-1000
khong sai khac nhiéu vé& hé sb phan hdi theo nhiét 6 chat 1am cham.

I1l. KET LUAN

B4o céo di thuc hién tinh toan dbi voi cac b6 nhién liéu cua 10 phan ung VVER-
1200/V491. Sau khi so sanh hé s6 nhan cua cac b6 nhién ligu 16 phan ang VVER-1200/V491 Vi
106 phan tng VVVER-1000/V392 va VVER-1000/V446 cua Iran, cling voi viéc két hop chuong
trinh tinh toan tim kiém t6i wu c4u hinh viing hoat LPO-V, nhém nghién ctru da dé xuat va tinh
toan 6 cau hinh nap tai nhién liéu cho 16 phan tng VVER-1200/V491.

Céc thong sé dic trung cho vung hoat 10 phan tng la hé s6 phan h01 d6 phan ung theo
nhiét @6 nhién liéu va chat lam cham, ti Suat notron tré hiéu dung cua mot s6 Cau hinh tiéu biéu
déu khong cd su khac biét 16n gitra cac cau hinh ving hoat. Gia tri keff cua cac cau hinh suy luan
tir 10 phan tng VVER-1000/V392 va VVER-1000/V446 thip hon khi so vdi cac ving hoat tinh
toan boi chwong trinh LPO-V, tuy vdy phan b cong suat trong cdu hinh duoc suy luan lai déu
hon cua cau hinh tinh toan bai LPO-V.



Vé tong quan, c6 thé ndi riang cac cdu hinh nap tai cho ving hoat 16 phan tng VVER-
1200/V491 duogc dé xuit trong bao co nay déu c6 kha ning duoc sir dung va dam bao an toan.
Tuy nhién, viéc danh gia thoi gian van hanh cta nhién liéu va cac dac trung an toan van hanh 10
phan wng can phai dugc nghién ctiu ki hon qua cac tinh toan chay va két hop vat ly — thay nhiét.
D6 ciing 1a hudng nghién ciru ma TTNLHN — VKHKTHN quan tdm trong thoi gian sap toi.
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DEVELOPING THE CORE LOADING PATTERN
FOR THE VVER-1200/Vv491

Abstract: In this report we present the results of an investigation in developing the core
loading pattern of the VVVER-1200/VV491. The loading pattern was developed in two ways:
(1) Based on the core configuration of the VVER-1000/V392 and (2) Selected by the
optimized method using in the LPO-V code. To estimate the developed core, several
parameters such as the k-eff, power distribution, delayed neutron fraction, fuel and moderator
temperature reactivity feedbacks are calculated by SRAC code.

Keywords: Core configuration, Optimized method, VVER-1200/V491, VVER-1000/V392,
LPO-V, SRAC



