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TOM TAT

Cdc chwong trinh tinh toan PLTEMP/ANL.V4.2 va PARET/ANL.V7.5 duwoc sir dung dé tinh
toan thuy nhiét va phan tich an toan Lo Phan #ng nghién cizu cong sudt danh dinh 10 MW s dung
nhién ligu VVR-KN dé giau thap. O trang thai vdn hanh én dinh, nhiét dg vé boc nhién li¢u cua bo
nhién liéu (BNL) nong nhdt khéng vieot qua 93,0 °C, nhiét dg cure dai chat 1am ngugi 72,0 °C va ti so
cuc tiéu khoi diém soi bot(ONBR) 1,46 khi nhiés dé nuwéc 16i vao 45,0 °C. Céc thdng so thiy nhiét
nay hoan toan déap 1ng yéu cau vé an toan do nha san xudt nhién liéu dé ra véi nhiét dé veé boc khong
virot qué 98,0 °C va ti so khai diém sdi lén hon 1,30. Vé khia canh phan tich an toan, céc tinh huong
chuyén tiép/si cé dueoc thyee hién phan tich bao gom: khi thém vao dg phan img (RIA), lwu lwong
bom vong mét bi giam do vé dwong ong hodc mdt hoan toan luu lwong bom vong mét khi mat hoan toan
dién ludi. Tai nguong cong suat 110% so véi cong suat danh dinh trong qué trinh tinh toan chuyén tiép
nhiét dg vé boc nhién liéu tai b nhién liéu ndng nhat khéng virot qua 110 °C va ti sé khai diém soi bot
I6n hon 1,30. Tir cac két qud tinh todn dat diroc cho thdy cac cau hinh viing hoat dé nghi sir dung nhién
lieu VVR-KN vdi 6 chu trinh nhién li¢u dén ving hoat can bang hodn todn déap 1ng yéu cau vé an toan
thay nhiét trong diéu kién vdan hanh én dinh, qué trinh chuyén tiép va sir co.

Tirkhéa: DNBR; mét dién ludi; nhiét do vo boc; ONB; PARET/ANL.V7.5; phan tich an toan;
PLTEMP/ANL.V4.2; RIA; thuy nhiét; trang thai chuyén tiép va su cb; trang thai diung; VVR-KN

1. Gi6i thi¢u ‘
Muc dich cua viéc phan tich an toan cho 16 phan ung nghién ctru (LPUNC) 1a nham
chang minh va khing dinh cho cac co quan quan Ii va phap quy 106 phan tng d¢am bao an
toan trong thiét ké va van hanh bang cach sir dung céc cong cu phan tich thich hop thudng
la cac phan mém chuong trinh tinh toan. Phan tich an toan ciing rat quan trong trong viéc
x4y dung cac thi tuc van hanh, cac chuong trinh kiém tra, dé xuat sira d6i cau hinh hoac b
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Hai Dang (2021). Thermal hydraulics calculation and safety analysis for 10MW multipurpose research reactor
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1134-1145.

1134


http://journal.hcmue.edu.vn/
mailto:vunt.re@dnri.vn

Tap chi Khoa hoc Trwong BPHSP TPHCM Nguyén Tién Vii va tgk

tri thi nghiém va xay dung ké hoach ang phé su ¢ (International Atomic Energy Agency,
2008). Lién quan dén du &n xay dung Trung tdm Nghién ciu khoa hoc c6ng nghé hat
nhan(RCNEST), véi LPUNC méi dé dugc thong qua chu truong dau tu va dang chuan bi dé
thuc hién giai doan tiép theo 12 Nghién ciru kha thi di &n, véi LPUNC da muyc tiéu cong suat
10 MW ma phia déi tac Nga dé xuat xay dung tai RCNEST (Nguyen et al., 2019) thi c6 thé
thiy rang viéc phan tich an toan cho LPUNC mdi la hét sirc can thiét nham d¢am bao LPU
hoat dong an toan va c6 hiéu qua khi duoc xay dung & nudc ta trong tuong lai gan.

Trong qua trinh tinh toan toan thiét ké, Lo phan tng (LPU) cong suit 10 MW sir dung
nhién liéu do giau thap VVR-KN thugc kiéu bé boi dugc xem xét tinh toan phén tich an toan
sau khi da duoc tinh toan chi tiét vé vat li. Chuong trinh PLTEMP/ANL.V4.2 dugc st dung
dé tinh toan cac théng s thay nhiét & trang théi van hanh on dinh dé so sénh vai cac yéu cau
vé an toan do nha san xuat nhién liéu dé ra, cy thé: nhiét d6 vo boc khong vuot qué 98,0 °C,
nhiét do chat tai nhiét khong vuot qua 108,0 °C va ti s6 khoi diém soi 16n hon 1,30 (Arinkin,
2014; Hanan, & Garner, 2015; Nakipov, 2015). Chuong trinh PARET/ANL.V7.5 dugc st
dung dé phan tich an toan trong trudng hop xay ra su ¢ can dam bao cac yéu cau vé an toan
duoc dua ra bao gdm: nhiét do vo boc nhién liéu tai b6 nhién liéu néng nhat khong vuot qué
110 °C, nhiét do chat tai nhiét khong vuot qua 108,0 °C va ti s6 khai diém sbi 16n hon 1,30
(Arinkin, 2014; Hanan, & Garner, 2015; Nakipov, 2015).

LPU c6 ving hoat dugc dit trong thing 16 véi duong kinh trong 2,30 m, chiéu cao
muc nudc khoang 5,30 m, str dung nudc nhe 1am cham va 1am ngudi, vanh phan xa bang
berily. Vung hoat LPU duoc nap tai cac bo nhién liéu (BNL) loai VVR-KN d6 giau 19,75%
Vvé6i 2 loai 12 loai tiéu chuan va loai c6 thanh diéu khién. Viéc lam méat ving hoat duoc thuc
hién bang d6i luu cudng buc voi dong chay xudng, tong luu lugng khoang 900 mé/h
(Arinkin, 2014).

Pé diéu khién LPU, 9 thanh diéu khién duoc sir dung trong ving hoat bao gom: 1
thanh diéu khién tu dong (AR) duoc 1am tir thép khong gi véi mat do 7,80 g/cm®. Hai thanh
an toan (AZ1 va AZ2) va 6 thanh bu trir (KC1-KC6) dugc 1am bang B4C véi mat 4o 1,69
g/cm?® 14 loai vat liéu hap thu manh Neutron.

Hinh 1. M4t cat thang ditng LPU VVR (Arinkin, 2014)
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LPU str 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 ddng tdm va 1 thanh nhién liéu hinh tru tron ¢ tam. Loai
FA-2 gom 5 thanh nhién liéu hinh luc giac va hinh try tron ¢ tim dong vai trd dan huéng
cho thanh diéu khién la thép khong gi hay B4C. Do day cua mdi thanh nhién ligu 12 1,60 mm,
phan chtra nhién liéu 12 hdn hop UO,+Al c6 do day 0,70 mm, vo nhién liéu 12 hop kim nhdm
SAV-1 c6 do day 0,45 mm. Khoang céch gitra cic thanh nhién li¢u 1a 2 mm tao thanh céac
kénh tai nhiét cho thanh nhién liéu. Chiéu cao phan nhién liéu 13 600 mm véi khéi luong
235U trong BNL FA-1 va FA2 tuong tng la 248,20 g va 197,60 g, mat do trung binh cua uran
trong nhién liéu khoang 2,80 g/cm?, ban v& chi tiét caa BNL duoc trinh bay & Hinh 2.
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Hinh 2. Mgt cat ngang bo nhién liéu FA-1 va FA-2(Arinkin, 2014)
2. Chuwong trinh va mo hinh tinh toan
2.1. Chuwong trinh tinh todn

Cac chuong trinh tinh toan dugc sir dung cho phén tich an toan da dugc thuong mai
va dugc hiéu luc hda 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 da dugc céng bd (Arinkin, 2014; Arne, &
M, 2015, 2016; CHATZIDAKIS et al., 2012; Hanan, & Garner, 2015; International Atomic
Energy Agency, 2019; Nakipov, 2015).

Chuong trinh PLTEMP/ANL-V4.2 duoc sir dung dé tinh toan phén tich, xac dinh céc
thong sé thay nhiét co ban ciing nhu mot s6 thong sé an toan khac & trang thai dung.
PLTEMP mé hinh hoa cac kénh lam mat gitta cac tim nhién liéu thanh cac kénh doc 13p voi
cac thdng sé lién quan dugc trinh by ¢ Bang 3. Cac phan nhién lidu va vo nhién liéu duoc
mo ta dudi dang cac tAm riéng biét (Arne, & M, 2015).

Chuong trinh PARET dugc sir dung tir nim 1969 tai Phong Thi nghiém Quéc gia
Idaho (INL) dé phan tich céc sy kién/su ¢ khi dwa d6 phan tng vao ving hoat LPU nghién
ctiru hoac 10 ther nghiém 1am ngudi bang nudc ning hoic nude nhe vai nhién lidu dang tim
hoac tru. Chuong trinh PARET ciing thich hgp trong ttng dung cho loai BNL dang cong khi
ban kinh cong 16n hon so voi chiéu day caa tim nhién liéu. Phién ban chwong trinh
PARET/ANL duoc phat trién tai Phong Thi nghiém Quéc gia Argonne (ANL) va da duoc
sir dung cho chuong trinh chuyén doi nhién liéu LPU dé xéac dinh dién bién cua qué trinh
chuyén tiép hoic su ¢ d6 phan tmg. Chuong trinh PARET/ANL 1ay mé hinh nhién liéu
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trong ving hoat nhu mot kénh dai dién. Kénh nay bao gom mét tim nhién liéu dang tam
hoic tru bao gom vé boc nhién liéu, khe hé voi nudc 1am mét & mdi bén. V& hinh hoc, cac
kénh 1am mat cho mét tim nhién ligu co kich thuéc gibng hét nhau (d6i xting gwong) nhung
chding cé thé c6 do day khéac nhau trong mdi kénh. C6 thé c6 nhiéu kénh trong mé hinh tinh
toan nhung mdi kénh 13 doc 1ap va két hop qua phan hoi do phan tng anh hudng dén toan
b6 vung hoat (Arne, & M, 2016).
2.2. M6 hinh tinh toan

Vuing hoat can bing dwoc xac 1ap qua 6 chu trinh nhién liéu, céng suat van hanh caa
LPU luc nay 1a 10 MW. S6 BNL diéu khién trong viing hoat caa mdi chu trinh 1a khong déi,
tac 1a luén c¢6 9 BNL FA-2 trong viing hoat ciia moi chu trinh. Phan tich an toan thuc hién
tai kénh néng nhat d6i véi viing hoat can bang véi cau hinh nap tai duoc trinh bay ¢ Hinh 3.

An Toan
‘ Bervilium Thanh Chén o
: Bl Trir
o Ty Dong

Hinh 3. Mdt cat ngang va thang dirng ving hoat LPU

Céc thdng sb neutron cua ving hoat nhu phan bé cdng suat, phan b cong suit theo
chiéu cao va béan kinh b6 nhién liéu duoc trinh bay & Hinh 4, 5. Gia tri hiéu dung céc thanh
diéu khién duoc trinh bay ¢ hinh 6, phan hoi nhiét d6 cua chat tai nhiét & Bang 1, Cac thong
tin lién quan téi ving hoat chu trinh 6 dugc trinh bay ¢ Bang 2 dugc tinh toan chi tiét bang
cac hé chuong trinh MCNP va MCNP-REBUS, sau d6 duoc dua vao input cia cac chuong
trinh tinh toan thay nhiét.

Bdng 1. Phan hoi nhiér dg chat tai nhiét

Théng s6 Gia tri
Nhiét do chat tai nhiét (K) 294<T<350 350<T<400 294<T<400
Do phan tmg ($) -1,14184E-02 -1,24056E-02 -1,18841E-02

Bdng 2. Céc thdng sé co ban ving hoat
Cong Luulwong S6BNL  So SO6BNK Thoigian Dochiy Do phian

suit gua vung tiéu thanh diéu van hanh cwce dai ung dw
(MW) hoat (m*h) chuin  berily Kkhién (Ngay) (%) trir ($)
10 900 27 22 9 86 56,064 13,753
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Hinh 5. Phan bé cong sudt nhiét BNL néng nhdt theo chiéu cao

H
[ ]

D Phin Ung$
&
»

o] 10 20 30 40 50
Chi¢u Dai Thanh Bu Trir,Cm

60 70
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3. Két qua tinh toan phan tich an toan
3.1. Cidc théng sé thiiy nhiét 6 trang thdi vian hanh én dinh

Chuong trinh PLTEMP mo6 hinh hoa BNL FA-1 thanh cac kénh doc lap va cac thanh
nhién liéu dugc danh s thir tu tir tdm bé nhién liéu ra ngoai. Nhu vay, ¢6 8 tim nhién liéu,
9 kénh nudc tai nhiét gitta cac thanh nhién liéu véi cac théng sb duoc trinh bay & Bang 3,
mdi thanh nhién liéu s& c6 2 16p v6 boc 2 bén twong ng Véi cac tam riéng biét nhung do
kich thudc cia mdi tim nhién liéu va vo nhién liéu 1a rit mong nén su chénh léch gitra 2 16p
v6 boc nhién liéu 1a khé nho (< 1 °C) nén c6 thé coi nhiét do giita 2 tim vo boc 1a twong

duong nhau.
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Bdng 3. Cac théng sé thuy luc cac kénh tai nhiét bén trong BNL

Kénh Tiét dién, m? Chu vi u6t, m Puong kinh thay lyc, m Do 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 nhiét
d6 néng nhat caa vo boc nhién ligu 1a 93,50 °C ¢ vi tri 37,50 cm tuong tng véi chiéu cao &
tam 1 duoc giai thich boi két qua tinh toan notron cho thdy phan bb cong suat cuc dai nam
& tam s6 1.
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Hinh 7. Nhiér do vo boc nhién liéu
Nhiét d6 cac kénh 1am mét duoc trinh by & hinh 8, véi nhiét do nong nhét 1a 70,0 °C
& 16i ra kénh tha 2. Do day 1a kénh 1am mat nam gitra tim nhién liéu c6 phan b cong suat
cao nhat 1a tdm s6 1 va sb 2.
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Hinh 8. Nhiér dg chat tai nhiét
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Tai mac cdng suit 10 MW va Lo van hanh 6n dinh, cac théng sé an toan dugc Xac
dinh va dam bao dung yéu cau tir nha san xuat ddi vai cac thdng sé co ban nay. Két qua tinh
toan c4c thong sb an toan duoc thé hién trong Bang 4.

Bdng 4. Két qud cac thong so thuy nhiét tir chwong trinh PLTEMP

A% Congsudt  Cuectiéu  Nhiét dd cwe dai véo  Nhiét dd cwe dai chit
Cac thong so

(MW) ONBR boc nhién li¢u (°C) tai nhiét (°C)
Gi4 tri tinh todn 10 1,48 93,5 70,0
Gia tri cho phép tir 10 > 1,30 < 98,0 <108,0

nha san xuat

3.2. Phdn tich an toan trang thdi chuyén tiép/sw c6

Theo tai liéu huéng dan cia Co quan Ning luong Nguyén tir Quéc té (International
Atomic Energy Agency, 2008) va tham khao céc su ¢ dién hinh dugc st dung trong phan
tich chyén tiép LPU da duoc cong bd trong cac tai liéu (Arinkin, 2014; Hanan, & Garner,
2015; Nakipov, 2015) chwong trinh PARET dugc str dung dé phan tich cac su ¢é duoc lya
chon sau: 1) Sy ¢ rat thanh diéu khién ra khoi ving hoat, 2) Su c6 dua vao do phan ung
duong do thi nghiém, 3) Mat luu lwong cia mot bom, 4) Su ¢6 mét nguén dién ludi.
3.2.1. Sur c6 rit khong kiém sodt mét thanh diéu khién

Hinh 9 trinh bay két qua tinh toan vai gia thiét 1a mot thanh bl trir bi rit ra khoi viing
hoat véi tbe d 0,40 cm/s, sau 1 s tir thoi diém thanh diéu khién duoc rat ra khoi ving hoat,
cong suat va nhiét do bat dau ting. Cong sudt LPU cham ngudng 110% tai thoi diém 6,90 s
va sau 0,30 s d6 tré cuia hé didu khién tai thoi diém sau 7,20 s LPU b dap boi tin hiéu cong
suit vai cong suét cuc dai 1a 11,10 MW. Nhiét d6 ndng nhét cta chét tai nhiét 1a 78,40 °C
cua vo boc nhién liéu la 101,60 °C dugc trinh bay ¢ Hinh 10 hoan toan dap g cac gidi han
nhiét duge quy dinh boi nha san xuat. Trong truong hop su ¢b dua ra do toc do rit thanh
diéu khién kha cham tic 1a d6 phan tmg dua vao kha nho theo thoi gian nén LPU khong bi
dap boi tin hiéu lién quan dén chu Ki.
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Hinh 9. Cong sudt va dg phan #ng khi Xy ra suw ¢é rit thanh diéu khién
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Hinh 10. Nhiét dg chat tai nhiét, vo boc nhién liéu khi xdy ra sw cé rit thanh diéu khién
3.2.2. Su c6 dwa vao d¢ phan iing dirong do thi nghiém

Hinh 11 trinh bay két qua tinh toan v&i gia thiét dua vao d¢ phan tmg dwong 1,50 %
trong vong 1 s tuong duong véi khoang 2,0 $ trong ving hoat véi viéc dua vao do phan tng
rat 16n LPU bj dap bi tin hiéu chu ki ngay tai thoi diém 1,30 s véi cong suat cuc dai & mic
20,10 MW.

Hinh 12 cho thiy nhiét d6 néng nhit cta chét tai nhiét 1a 95,60 °C, cua vé boc nhién
liéu 12 127,0 °C 16n hén gié tri cho phép 1a 110,0 °C song qua trinh nay 14 rat ngan, trong
thoi gian chua téi 1 s va ngay sau d6 hé théng bao vé sy ¢b da dua 10 vé trang thai dudi toi
han, déng tho1 nhiét @6 vo boc da duoc ha Xuéng thép nén khong c6 kha nang gay ton hai
dén vo boc nhién liu.
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Hinh 11. Céng sudt va dé phan iing khi xdy ra sw c¢é dwea vao dé phan iing do thi nghiém
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Hinh 12. Nhiéz dg chat tai nhiét, vé nhién lidu khi xay ra s cé dé phan ing do thi nghiém
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3.2.3. Mdt hoan toan luu lwong mot bom

Gia thiét 1a duong ng mot bom bi v 1am mét toan bo luu lwong caa mot bom, téng
lwu lwong 1am mat giam tuyén tinh xudng con % trong vong 1 s. Hinh 13 va Hinh 14 trinh
bay cbng suat, d6 phan wng va nhiét do cua vé boc nhién liéu khi xay ra su cb. Két qua cho
thiy luu lwong lam mat bat dau giam tir thoi diém 1 s 1am cho nhiét d6 vo boc va chét lam
mat tang 1én dan dén cdng suat LPU giam dan do hiéu tng phan ho nhiét 6. Sau 0,30 s luu
lwong 1am mat giam xudng mirc 80% luwu luong danh dinh LPU bi dap béi tin hiéu luu lugng
chat 1am mét tai thoi diém 1,60 s boi do tré cua hé diéu khién cdng suat va nhiét do giam
nhanh chéng vai nhiét ¢6 néng nhat cua chat tai nhiét 1a 84,50 °C cua vo boc nhién liéu la
108,0 °C cach xa khoi diém lam bién dang vo boc nhién liéu.
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Hinh 13. Céng sudt va do phan #ng khi xdy ra sw cé mat mét bom
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Hinh 14. Nhiéz dg chdt tai nhiét, vé nhién ligu khi xay ra sw cé mat bom

3.2.4. Sw c6 mat nguén dién luoi

Gia thiét 1a mat ngudn dién ludi din dén 2 bom 1am mat bi ding, nhung luu luong cia
nuée lam mat khong giam vé 0 ngay 1ap trc ma qua trinh nay kéo dai trong vong 44,0 s
(Nakipov, 2015). Luu nudc 1am mat giam khi mat dién ludi dugc trinh bay trong Hinh 15.
Két qua phan tich dugc trinh bay ¢ Hinh 16 va Hinh 17. Tuong ty nhu trudng hop mét hoan
toan luu lugng mot bom, khi luu lwong chét tai nhiét bat dau giam 1am cho nhiét do chat tai
nhiét ting nhe dan dén cong suit LPU giam dan do hiéu tmg phan hdi nhiét 4. Cho t6i thoi
diém 7,40 s luu lugng chat tai nhiét giam xubéng mic 80% va 0,30 s sau d6 LPU bi dap
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nhanh chéng véi nhiét do ndng nhat cia chat tai nhiét 1a 80,60 °C cua vo boc nhién ligu la
103,60 °C. Céc gia tri nay hoan toan dap tng cac yéu cau duoc dua ra boi nha san xuit.
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Hinh 15. Luu lwong chat tdi nhiét giam theo thoi gian khi mat dién ludi
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Hinh 16. Céng sudt va dé phan g khi xdy ra sw cé mat dién luéi
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Hinh 17. Nhiét dé chat tai nhiét, vé boc nhién lidu khi xay ra sy c6 mat dién ludi

Két luan

Céc két qua tinh toan phan tich thay nhiét tai trang thai dimg ciing nhu trong cac tinh
hubng chuyén tiép/su c¢b dap tng tot yéu cau tir nha san xuit déi vai nhién lieu VVR-KN.
Céc thdng s nhu nhiét d6 néng nhat chat tai nhiét thap hon 108,0 °C. Nhiét do nong nhat
ctia vo boc nhién liéu thap hon 98,0 °C, khi xay ra sy ¢b khong vuot qua 110,0 °C, ti s cuc
tiéu khai diém s6i bot (ONBR) 16n hon 1,30 hoan toan dugc dap ¢ng.
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Két qua phan tich con cho thay hé théng bao vé sy ¢ LPU s& nhanh chong dwa LPU
vé trang thai dudi toi han bai cac tin hiéu bao vé sy ¢b trude khi LPU ¢6 bat ki ton hai nao
lién quan dén an toan, nhét 12 ton hai lién quan dén hu hong vo boc nhién liéu 1am phat tan
céc san pham phan hach.

< Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

The PLTEMP/ANL.V4.2 and PARET/ANL.V7.5 codes were used for thermal hydraulics
calculation and safety analysis of a high-power multipurpose research reactor using low enriched
fuel VVR-KN. At a steady condition, the calculation results show that the maximum temperatures of
fuel cladding surface and coolant were about 93.0°C and 72.0°C, respectively and the minimum
Onset of Nucleate Boiling Ratio (ONBR) was approximately 1.46 when the inlet coolant temperature
was 45.0°C and the coolant flow rate was 5.60 kg/s. These thermal hydraulics parameters completely
met the safety requirements of the fuel supplier that the maximum temperature of the fuel cladding
surface is not allowed to exceed 98°C and ONBR is higher than 1.30. For safety analysis, some
accident scenarios were analyzed consisting of reactivity insert accident (RIA) and partial and total
loss of coolant (LOFA) when a small break of the primary loop or station blackout occurred. At the
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 1.30. The obtained results are useful for the
safety evaluation of the proposed core configurations using VVR-KN fuel with six cycles from initial
to equilibrium cores.

Keywords: Cladding temperature; LOCA; ONB; PARET/ANL.V7.5; PLTEMP/ANL.V4.2;
RIA; safety analysis; steady state; thermal hydraulics; transient/accident conditions; VVR-KN
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