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Tom tit

Céc chuong trinh tinh toan PLTEMP/ANL.V4.2 va PARET/ANL.V7.5 dugc sir dung dé tinh toan
thay nhiét va phan tich an toan Lo Phan ttng nghién ctiu cdng suat danh dinh 10 MW st dung nhién liéu
VVR-KN d6 giau thap. O trang thai van hanh 6n dinh, nhiét d6 vo boc nhién liéu caa bé nhién liéu
(BNL) néng nhat khong vuot qua 93 °C, nhiét d6 cuc dai chat 1am nguoi 72 °C va ti sb cuc tiéu khoi
diém sbi bot(ONBR) 1,46 khi nhiét d6 nudce 16i vao 45 °C. Céc thdng s thay nhiét nay hoan toan dap
rng yéu cau vé an toan do nha san xut nhién liéu dé ra véi nhiét d6 vo boc khong vuot qué 98 °C va ti
s6 khai diém s6i 16n hon 1,3. Vé khia canh phan tich an toan, cac tinh huéng chuyén tiép/su cb duoc
thuc hién phan tich bao gom: khi thém vao d6 phan tng (RIA), luu luong bom vong mét bi giam do v&
duong 6ng hoic mat hoan toan luu lugng bom vong mot khi mét hoan toan dién ludi. Tai ngudng cong
suit 110% so véi cong suat danh dinh trong qua trinh tinh toan chuyén tiép, nhiét &6 vo boc nhién liéu
tai b6 nhién liéu ndng nhat khong vuot quéa 110 °C va ti s6 khai diém sdi 16n hon 1,3. Tir cac két qua
tinh toan dat dugc cho thiy céc cau hinh viing hoat dé nghi sir dung nhién ligu VVR-KN véi 6 chu trinh
nhién li¢u dén viing hoat can bang hoan toan dap ung yéu cau vé an toan thay nhiét trong diéu kién van
hanh 6n dinh, qua trinh chuyén tiép va su cb.
Tw khoéa: Thuy nhiét, phan tich an toan, PLTEMP/ANL.V4.2, PARET/ANL.V7.5, VVR-KN, trang thai
dirng, trang thai chuyén tiép va sw cé, RIA, mat dién hedi, nhiét do vo boc, ONB, DNBR.

1. Gigithiéu
Muc dich cuiia viéc phan tich an toan cho 16 phan tng nghién ctru (LPUNC) 1a nham chiing
minh va khing dinh cho cac co quan quan ly va phap quy 10 phan tng dam bao an toan trong
thiét ké va van hanh bang cach str dung céc cong cu phan tich thich hop thuong la cac phan
mém chuong trinh tinh toan. Phan tich an toan ciing rat quan trong trong viéc xay dung céc thu
tuc van hanh, cac chuong trinh kiém tra, d& xuét stra ddi cau hinh hoac bé tri thi nghiém va xay
dung ké hoach g pho sy ¢6 [1].

Trong qué trinh tinh toan toan thiét ké, Lo phan tng (LPU) cong suat 10 MW sir dung
nhién liéu do giau thip VVR-KN thudc kiéu bé boi dugc xem xét tinh toan phan tich an toan
sau khi da duoc tinh toan chi tiét vé Vat ly. Chuong trinh PLTEMP/ANL.V4.2 dugc sir dung dé
tinh toan cac thong s thay nhiét & trang thai van hanh 6n dinh dé so sanh véi cac yéu cau vé an toan do
nha san xuét nhién liéu dé ra véi nhiét do vo boc khong vuot qué 98 °C va ti sb khoi diém sdi 16n hon
1,3[2-4]. Chuong trinh PARET/ANL.V7.5 duoc st dung dé phan tich an toan trong truong hop xay ra
su ¢b can dam bao cac yéu cau vé an toan dugc dua ra bao gom nhiét do vo boc nhién liéu tai b6 ‘nhién
liu néng nhit khong vuot quéa 110 °C, nhiét do chat tai nhiét khong vuot qua 108,0 °C va ti s6 khoi
diém sbi 1on hon 1,3[2-4].

LPU c6 vung hoat dugc dat trong thung 10 vai duong kinh trong 2,3 m, chiéu cao muc
nudc khoang 5,3 m, st dung nudc nhe lam cham va lam ngudi, vanh phan xa bang berily. Ving
hoat LPU dugc nap tai cac b6 nhién liéu (BNL) loai VVR-KN do giau 19,75% vai 2 loai la loai
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tiéu chuan va loai co thanh diéu khién. Viéc lam mét viing hoat dugc thyc hign bang déi luu
cudng bic véi dong chay xuong, tong luu lwgng khoang 900 m3/h [2].

Dé diéu khién LPU, 9 thanh diéu khién duogc st dung trong viing hoat bao gém: 1 thanh
diéu khién tu dong (AR) duoc lam tir thép khong gi véi mat d6 7,8 g/cm?®. Hai thanh an toan
(AZ1 va AZ2) va 6 thanh bu trir (KC1-KC6) duoc 1am bang B4C vaéi mat d6 1,69 g/cm?® 14 loai
vat liéu hap thu manh neutron.
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Hinh 1. Mat cat thang ding LPU VVR[2].

LPU sir dung 2 loai BNL VVR-KN: FA-1 va FA-2. FA-1 la loai nhién liéu tiéu chuan c6
7 thanh nhién liéu hinh luc gidc dong tdm va 1 thanh nhién liéu hinh try tron & tdm. Loai FA-2
gom 5 thanh nhién liéu hinh luc giac va hinh tru tron ¢ tim déng vai trd dan huéng cho thanh
diéu khién 1a thép khdng gi hay B4C. P9 day cua mdi thanh nhién liéu 1a 1,6 mm, phan chira
nhién liéu 1a hdn hop UO2+Al c¢6 @6 day 0,7 mm, vo nhién ligu 1a hgp kim nhém SAV-1 c6 do
day 0,45 mm. Khoang céch gitra cac thanh nhién li¢u 1a 2 mm tao thanh cac kénh tai nhiét cho
thanh nhién li¢u. Chiéu cao phan nhién liéu 12 600 mm vai khéi lugng 2%°U trong BNL FA-1
va FA2 tuwong tng la 248,2 g va 197,6 g, mat do trung binh caa uran trong nhién li¢u khoang
2,8 g/cm?®, ban vé chi tiét cia BNL dugc trinh bay ¢ Hinh 2.
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Hinh 2. Mit cit ngang bé nhién liéu FA-1 va FA-2[2].



2. Chwong trinh va mo hinh tinh toan

2.1. Chwong trinh tinh todn

Cac chuong trinh tinh toan dugc st dung cho phan tich an toan da dugc thuwong mai va
duoc hiéu lyc héa thdng qua viéc so sanh véi cac két qua thi nghiém ciing nhu cac két qua tinh
toan tir cac chuong trinh tinh toan khac [2-6].

Chuong trinh PLTEMP/ANL-V4.2 duoc sir dung dé tinh toan phan tich, xac dinh céc
thong s6 thity nhiét co ban ciing nhu mot s6 thdng sé an toan khéc & trang thai ding. PLTEMP
mé hinh hoa cac kénh lam mat giira cac tim nhién liéu thanh cac kénh doc 14p véi cac thong sé
lién quan duoc trinh by & Bang 3. Cac phan nhién liéu va vé nhién liéu duoc mo ta dudi dang
cac tam riéng biét.[5]

Chuong trinh PARET duoc st dung tir ndm 1969 tai phong thi nghiém quéc gia ldaho
(INL) dé phan tich céc su kién/su ¢6 khi dwa do phan wng vao ving hoat LPU nghién ciru hoic
thir nghiém 1am nguoi bang nudce nang hoidc nuéc nhe véi nhién lidu dang tim hoac tru. Chuong
trinh PARET ciing thich hop trong ttng dung cho loai BNL dang cong khi ban kinh cong Ion
hon so véi chiéu day ciia tim nhién liéu. Phién ban chuong trinh PARET/ANL duoc phat trién
tai phong thi nghiém quéc gia Argonne (ANL) va da duoc st dung cho chuong trinh chuyén
do6i nhién ligu LPU dé xéc dinh dién bién cia qua trinh chuyén tiép hoic sy ¢6 do phan ung.
Chuong trinh PARET/ANL lay md hinh nhién liéu trong viing hoat nhu mét kénh dai dién.
Kénh nay bao gom mot tim nhién liéu dang tdm hoic tru bao gom vo boc nhién liéu, khe ho
véi nude 1am mat & mdi bén. V& hinh hoc, cac kénh 1am méat cho mot tim nhién liéu co kich
thudc gidng hét nhau (ddi ximg guong) nhung ching ¢ thé co d6 day khac nhau trong mdi
kénh. C6 thé c6 nhiéu kénh trong md hinh tinh toan nhung mdi kénh 1 doc 1ap va két hop qua
phan hdi d6 phan tng anh huong dén toan bo ving hoat [6].

2.2. M6 hinh tinh toan

Vung hoat can bang dugc xac 1ap qua 6 chu trinh nhién liéu, cong suat van hanh cia LPU
lic nay 1a 10MW. S BNL diéu khién trong ving hoat caa mdi chu trinh 1a khéng d6i. Phan
tich an toan tai kénh néng nhat dbi vai viing hoat can bang véi cau hinh nap tai duoc trinh bay
& Hinh 3. Ving hoat ¢4 27 BNL tiéu chuan va 9 BNL 1a thanh diéu khién.

An Toan
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Hinh 3. M3t cit ngang va thang dang ving hoat LPU.



Cac thdng s neutron cua ving hoat nhu phan bb cdng suét, phan b cong suét theo chiéu
cao va ban kinh bo nhién liéu dugc trinh bay ¢ Hinh 4-5. Gia tri hiéu dung cac thanh diéu khién
duoc trinh bay ¢ Hinh 6, phan hdi nhiét do cua chat tai nhiét & Bang 1, ... duogc tinh toén chi
tiét bang céc hé chuong trinh MCNP va MCNP-REBUS, sau d6 dugc dua vao input cua cac
chuong trinh tinh toan thuy nhiét.

Bang 1. Phan héi nhiét do chat tai nhiét.

Thong sb Gia tri

Nhiét d6 chat tai nhiét (K) | 294<T<350 350<T<400 294<T<400

Do phan ung ($) -1,14184E-02 | -1,24056E-02 | -1,18841E-02

Bang 2. Céc théng s6 co ban ving hoat.
Ccong | Luulwong | S6BNL | Séthanh S6 BNK Thoi gian | D¢ chay cuc | Do phan tmg
Suét quavang | tiéuchuan | berily diéu khién van hanh dai (%) du trit ($)
(MW) | hoat (m3/h) (Ngay)
10 900 27 22 9 86 56,064 13,753
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Hinh 4. Phan b cong suat nhiét bén trong BNL néng nhat theo chiéu ban kinh.
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Hinh 5. Phan b6 cong suat nhiét BNL néng nhat theo chiéu cao.
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Hinh 6. Gia tri hiéu dung cua thanh bu trur.

Qua trinh tinh toan cac thdng sé thay nhiét & thai ding va trang thai chuyén tiép/su cd
thuc hién véi kénh nong nhat khi LPU hoat dong & cong suat 10 MW, nhiét d6 nuéc 16i vao
viing hoat téi da 1a 45 °C, 4p suat 0,135 MPa, hai bom cung cip luu lwong 900 m¥/h qua ving
hoat. Hé diéu khién LPU dap 10 khi c6 su ¢ IGc cng suit vuot qué 110% cong suat danh dinh,
chu ky LPU dudi 10 s, luu lugng chat tai nhiét dudi 80% luu lwong danh dinh. D tré tir I0c hé
diéu khién dua ra tin hiéu dap 16 cho dén luc cac thanh diéu khién roi hoan toan vao ving hoat
la 0,3s.

3. Két qua tinh toan phan tich an toan
3.1. Céc thdng sé thity nhiét & trang thai van hanh én dinh

Chuong trinh PLTEMP mé hinh héa BNL FA-1 thanh cac kénh doc lap va cac thanh
nhién liéu duoc danh sé thir ty tir tim b6 nhién liéu ra ngoai. Nhu vay ¢ 8 tam nhién liéu, 9
kénh nudc tai nhiét gitra cac thanh nhién liéu véi cac thdng sé dugc trinh bay & Bang 3, mdi
thanh nhién liéu s& c6 2 16p vo boc 2 bén twong tng Vai cac tAm riéng biét nhung do kich thudc
ctia moi tam nhién lidu va vé nhién ligu Ia rat méng nén sy chénh léch giira 2 16p vo boc nhién
liéu 12 kh& nho (< 1 °C) nén c6 thé coi nhiét do gitra 2 tim vo boc 1a twong duwong nhau.

Bang 3. Cac thdng sb thaty luc cac kénh tai nhiét bén trong BNL.

Kénh Tiét dién, m? Chu vi uét, m Puong kinh thuy lyc, m | D9 rong, m

1 4,74E-04 0,469697 4,03E-03 0,220193
2 4,17E-04 0,432542 3,86E-03 0,195509
3 3,67E-04 0,383175 3,83E-03 0,170826
4 3,17E-04 0,333808 3,80E-03 0,146162
5 2,67E-04 0,284441 3,75E-03 0,121459
6 2,16E-04 0,235074 3,68E-03 0,096775
7 1,66E-04 0,185707 3,58E-03 0,072092
8 1,36E-04 0,125436 4,35E-03 0,044925
9 6,59E-05 0,067544 3,90E-03 -

Két qua tinh toan boi chuong trinh PLTEMP duoc trinh bay ¢ Hinh 7‘cho thay nhi¢t do
Cyc dai cua vo boc nhién liéu |,a 93,5 OC’(y Vi tri 37,5 em tuwong ung VOi ,chiéu cao ¢ tam 1 do
ket qua tinh toan notron cho thay phan bo cong suat cuc dai nam & tam so 1.
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Hinh 7. Nhiét @6 vo boc nhién liéu.
Nhiét 6 cac kénh 1am mat duoc trinh bay & Hinh 8, véi nhiét do cuc dai 12 70,0 °C & 16i

ra kénh tha 2. Do day 1a kénh lam mat nam giira tim nhién liéu c6 phan b cong suat cao nhat
la tam s6 1 va so 2.
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Hinh 8. Nhiét do chét tai nhiét.
Tai muc ¢6ng suat 10 MW va Lo van hanh 6n dinh, cac thong sb an toan duoc xac dinh
va dam bao dang yéu cau tir nha san xuat doi véi cac thong sé co ban nay. Keét qua tinh toan
cac thdng so an toan dugc thé hién trong Bang 4.

Bang 4. Két qua cac thdng sé thuy nhiét tir chuong trinh PLTEMP

Cong Suat | Cuctiéu | Cuctiéu | Nhiét do cuc dai Nhief:,t d0 cuc dai | Nhiét do cuc
(MW) ONBR DNBR | vo boc nhién liéu chat tai nhiét dai nhién liéu
°C) °C) (°C)
10 1,477 3,568 93,5 70,0 97,6




3.2. Phan tich an toan trang thai chuyén tiép/sw c6

Theo tai liéu huéng dan cia Co quan Ning luong Nguyeén tu Quéc té (IAEA)[1], chuong
trinh PARET duoc sir dung dé phan tich cac su ¢b dugc lya chon sau: 1) Sy ¢6 rit thanh diéu

khién ra khoi ving hoat, 2) Su ¢6 dua vao do phan tng dwong do thi nghiém, 3) M4t mot bom,
4) Sy ¢o mat nguon dién ludi.

3.2.1. Sw ¢d rat khong kiém soat mét thanh diéu khién

Hinh 9 trinh bay két qua tinh toan véi gia thiét 1a mot thanh ba trir bi rat ra khoi ving
hoat v&i toc d6 0,4 cm/s, sau 1s tir thoi diém thanh diéu khién dwoc rit ra khoi viing hoat cong
suit va nhiét do bét dau tang. Cong suat LPU cham ngudng 110% tai thoi diém 6,9s va sau 0,3s
d6 tré cua hé didu khién tai thoi diém sau 7,2 s LPU bi dap bai tin hiéu céng suit véi cong suat
cuc dai 1a 11,1 MW. Nhiét d6 cuc dai ctia chat tai nhiét 1a 78,4 °C cua vo boc nhién liéu 1a 101,6
°C duogc trinh bay ¢ Hinh 10 hoan toan dap ung cac gidi han nhiét duwgc quy dinh bdi nha san
XUAL. Trong truong hop su ¢ dua ra do tdc do rut thanh diéu khién kha cham tirc 13 do phan
g dua vao kha nho theo thoi gian nén LPU khong bi dap bai tin hiéu chu ky.
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Hinh 9. Cong suat va do phan &ng khi xay ra su ¢ rat thanh diéu khién.
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Hinh 10. Nhiét d6 chat tai nhiét, vo boc nhién liéu khi xay ra sy ¢ rat thanh diéu khién.

3.2.2. Swr ¢6 dwa vao dd phan ing dwong do thi nghiém

Hinh 11 trinh bay két qua tinh toan v&i gia thiét dwa vao do phan ing duong 1,5% trong
vong 1s twong duong véi khoang 2 $ trong ving hoat véi viéc dua vao do phan tng rat 16n
LPU bi dap bai tin hidu chu ky ngay tai thoi diém 1,3s v6i cong suat cyc dai & mtc 20,1 MW.

Hinh 12 cho thay nhiét d6 cuc dai cua chit tai nhiét 1a 95,6 °C, cua vo boc nhién liéu la
127,0 °C 16n hén gia tri cho phép 1a 110,0 °C song qua trinh nay 1a rat ngan, trong thoi gian

7



chua téi 1s va ngay sau do hé théng béo vé su ¢b da dua 10 vé trang thai dudi téi han, dé)ng thoi
nhié¢t do vo boc da dugc ha xuong thap nén khong cé kha nang gy ton hai dén vé boc nhién
liéu.
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Hinh 11. Cong suit va d6 phan tng khi xay ra su ¢ dua vao d6 phan tmg do thi nghiém.
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Hinh 12. Nhiét d6 chat tai nhiét, vo nhién liéu khi xay ra sy ¢ d6 phan ung do thi nghiém.

3.2.3. Mt hoan toan luu lwrgng mot bom

Gia thiét 1a duong dng mot bom bi v& 1am mat toan bo luu lwong caa mot bom, tong luu
lwong 1am mét giam tuyén tinh xudng con Y2 trong vong 1 s. Hinh 13 va Hinh 14 trinh bay céng
suat, 6 phan ang va nhiét do cta vo boc nhién liéu khi xay ra su ¢. Két qua cho thay luu luong
lam mét bat ddu giam tir thoi diém 1s 1am cho nhiét d6 vo boc va chit lam mét tang 1én dan dén
cong suat LPU  giam dan do hiéu tng phan ho nhiét d6[7]. Sau 0,3s luu luong lam méat giam
xudng mic 80% luu luong danh dinh LPU bi dap bai tin hiéu luu lwong chat lam mat tai thoi
diém 1,6s boi do tré cua hé diéu khién cong suat va nhiét do giam nhanh chdng véi nhiét do
cuc dai ctia chat tai nhiét 1a 84,5 °C cua vo boc nhién lidu 1a 108,0°C cach xa khoi diém lam
bién dang vé boc nhién ligu.
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Hinh 13. Cong suat va d6 phan tng khi xay ra su ¢6 mat mot bom.

120

=
[
=]

—— T_Chét tai nhiét

8

. <-~=—"T-V6 nhién liéu

o)
=]

Nhigt Do,C
8

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Theoi Gian,s

Hinh 14. Nhiét d6 chat tai nhiét, vo nhién liéu khi xay ra sy ¢6 mat bom.

3.2.4. Su c6 mat ngudn dién luéi

Gia thiét 12 mat ngudn dién ludi din dén 2 bom lam mat bi dimg, nhung luu luong cia
nudce 1am mat khong giam vé 0 ngay 1ap tirc ma qua trinh nay kéo dai trong vong 44 s [4]. Luu
nuée lam mat giam khi mét dién ludi duge trinh bay trong Hinh 15. Két qua phén tich dugc
trinh bay ¢ Hinh 16 va Hinh 17. Tuong tu nhu trudng hop mat hoan toan luu luong mot bom,
khi luu lwong chét tai nhiét bit dau giam lam cho nhiét d6 chét tai nhiét ting nhe dan dén cong
sudt LPU giam déan do hiéu tmg phan hdi nhiét do. Cho t6i thoi diém 7,4s luu lugng chat tai
nhiét giam xudng mirc 80% va 0,3s sau d6 LPU' bi dap nhanh chong véi nhiét do cuc dai cua
chat tai nhiét 1a 80,6 °C cuia vo boc nhién liéu 1 103,6 °C. Céc gia tri nay hoan toan dap tng
cac yéu cau dugc dua ra bai nha san xuét.
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Hinh 15. Luu lugng chat tai nhiét giam theo thdi gian khi mat dién ludi.
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Hinh 16. Cong suit va do phan tmg khi xay ra sy c6 mat dién ludi.
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Hinh 17. Nhiét d6 chat tai nhiét, vo boc nhién liéu khi xay ra sy ¢6 mat dién ludi.

4. Két luan

Céc két qua tinh toan phan tich thity nhiét tai trang thai dimg cling nhu trong céc tinh
hubng chuyén tiép/sy cb dap ung tot yéu cau tir nha san xuat doi vai nhién liéu VVR-KN. Céc
thong s6 nhu nhiét do cuc dai chat tai nhiét thap hon 108,0 °C, nhiét do cuc dai cua vo boc
nhién liéu thap hon 98,0 °C, khi xay ra su ¢6 khong vuot quéa 110 °C, ti s cuc tiéu khoi diém
s0i (ONBR) 16n hon 1,3 hoan toan dugc dap tng.

Két qua phan tich cho thay hé théng bao vé su ¢ LPU s& nhanh chéng dua LPU vé trang
thai dudi t6i han bai cac tin hiéu bao vé sy ¢6 trudce khi LPU ¢6 bat ky ton hai nao lién quan
dén an toan, nhat 1a ton hai lién quan dén hu hong vo boc nhién ligu lam phat tan cac san pham
phan hach.
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THERMAL HYDRAULICS CALCULATION AND SAFETY ANALYSYS
FOR MULTI-PURPOSE AND 10MW RESEARCH REACTOR

USING VVR-KN LOW ENRICHED FUEL
Nguyen Tien Vu, Nguyen Nhi Dien, Huynh Ton Nghiem, Nguyen Kien Cuong,
Vo Doan Hai Dang
Reactor Center — Nuclear Research Institute - Vietham Atomic Energy Institute (VINATOM)
01 Nguyen Tu Luc Street, Dalat, Lamdong, Vietnam
E-mail: vunt.re@dnri.vn

Abstract

The PLTEMP/ANL.V4.2 and PARET/ANL.V7.5 codes were used for thermal hydraulics
calculation and safety analysis of multi-purpose and high power research reactor using low
enriched fuel VVR-KN. At steady state condition, calculation results show that the maximum
temperature of surface fuel cladding and coolant temperature was about 93 °C and 72 °C
respectively; minimum Onset of Nucleate Boiling Ratio (ONBR) was approximately equal
to1.46 when inlet coolant temperature was 45 °C and coolant flow rate was 5.6 kg/s. These
thermal hydraulics parameters were completely met safety requirements of the fuel supplier
including the maximum temperature of the fuel cladding surface must not exceeded 98 °C and
ONBR is higher than 1.3. In the safety analysis aspect, some accident scenarios were analyzed
consisting reactivity insert accident (RIA), partial and total loss of coolant (LOCA) flow rate
when the small break of primary loop or station blackout occurred. At 110% of nominal power
and during accident conditions, the maximum temperature of fuel cladding was not higher than
110 °C and ONBR was higher than 1.3. The obtained results are useful for safety evaluation of
proposal core configurations using VVR-KN fuel with 6 cycles from initial to equilibrium
cores.

Keyword: Thermal hydraulics, safety analysis, PLTEMP/ANL.V4.2, PARET/ANL.V7.5, VVR-KN, steady
state, transient/accident conditions, RIA, LOCA, cladding temperature, ONB.
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