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Tém tit: Cong nghé 16 VVER-1000 la cong nghé da duoc lya chon dé xay dung nha may
dién hat nhan Ninh Thuan 1 ¢ nudc ta, viéc tim hiéu, nghién ciru cdng nghé va phan tich an
toan cho 10 VVER-1000 dang 1a cac yéu cau doi hoi cap thiét hién nay. Bao céo nay trinh
bay két qua nghién cau sy cé SGTR (Steam Generator Tube Rupture). Su ¢b nay 1 su ¢6
gia dinh cd thé xay ra trong cudc doi caa mot NMPHN. Béi twong nghién ciu 1a 10 phan
ing VVER-1000 t6 may sé 6, nha may Kozloduy, Bulgaria. Phuong phap nghién ctu 1a st
dung chuong trinh nhiét thiy dong RELAP5/Mod 3.2 dé md hinh hoa cac hé thong, chuc
nang va thuc hién céc tinh toan, phan tich trang thai ciia nha may khi xay ra su ¢6 su ¢b
SGTR.

Tir khoé: Thiét bi sinh hoi, Ong, Vong tuan hoan, but/gay, Bom tuan hoan vong |, Binh
diéu 4ap, Binh tich nuéc, Hé thong bom ap suat cao, Hé théng bom ap. sut thap, Van an
toan, Van xa BRU-K, Van xa BRU-A, Pudng cap nude chinh, Puong cp nudc su ¢d, Luu
lwong, Mirc nudc, Cong suat 1.

1. MO PAU

Trong bao cao, sy ¢b gia dinh 1a sy ¢ SGTR (dat/gdy éng trao ddi nhiét trong thiét bi
sinh hoi). Muc dich cta nghién ctru 1a danh gia mic do tram trong, kha nang tai nhiét cho
viing hoat theo co ché di luu tu nhién qua cac vong tuan hoan trao ddi nhiét (Loop) khéng bi
su ¢b va giai phap diéu khién nham khic phuc, giam nhe thiét hai. Cac van dé duoc luya chon
phén tich la:

- Panh gia sy c6 SGTR phu thudc vi tri dut/gy cia ong;
- Danh gia sy c6 SGTR phu thudc so lugng ong dut/gay;
- Su co dut/gdy 10 ong va giai phap giam nhe hau qua su co.

Déi trgng nghién ciru duoc lva chon 1a 16 phan tng VVER-1000, t6 may sb 6, nha may
Kozloduy, Bulgaria. Phuong phap nghién ctu la su dung chuong trinh nhiét thuy dong
RELAP5/Mod 3.2 & md hinh hoé cac hé théng, chirc ning va thyuc hién cac tinh toan phan
tich trang thai cua nha may khi xay ra su ¢ su ¢6 SGTR. C4c s liéu 16 VVER-1000 to6 may
s6 6, nha may Kozloduy dung trong nghién ctru dwoc ldy tir tai lieu [1], ddy 1a 1 bai toan
IAEA benchmark.



Bang 1. Mot s6 thdng sb co ban

Sé tt | Céc thong sb chinh Gia tri
1 Cong suat nhiét (MW) 3120
2 Ap suat 1i ra ving hoat (MPa) 15.957
3 Mirc nude binh diéu 4p (m) 8.920
4 Nhiét d6 1i vao vina hoat (°K) 564

5 Nhiét d6 16i ra vina hoat (°K) 594

6 Anp suit vona 11 (MPa) 6.27

7 Nhiét d6 nudc Cap vong 11 (°K) 493

8 Nhiét d6 nuéc cho s cd vona 1l (°K) | 313

Trén co s& cac sb lieu cung cap trong tai liéu [1] vé hinh hoc, vat liéu, so dd cac hé
thdng, chirc ning, diéu kién ban dau, diéu kién bién va dic biét 1a RELAP5 base input, mot
input RELAP5/Mod 3.2 cho muc dich phan tich 10 t6 may s6 6, nha may Kozloduy da dugc
phét trién. Input bao gom Time step control cards, Trip and control data, Hydro-dynamic
component data, Heat structure data, Reactor kinetics data va céc hé thong nhu Main coolant
pump, Pressurizer, Primary circuit blowdown make-up system, Hydro accumulator, High
pressure injection system, Low pressure injection system, Safety valve, BRU-A, BRU-K,
Main feedwater line va Emergency feed waterline.
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Hinh 1.1. Md hinh Relap5/Mod 3.2 vong | nha may Kozloduy

Hinh 1.2. M6 hinh Relap5/Mod 3.2 vong Il nha may Kozloduy
2. KET QUA PHAN TicH
2.1. Trang nhiét thay dong nha may phy thudc vi tri dng dut/gay.

Gia thiét dua ra trong phan tich 1a 10 phan ung dang van hanh 6n dinh & 100% mirc
cong suat va xay ra mot vet rach ¢ thoi diém 500 s c6 tict dién rach twong duong voi tict
dién dut/gdy 10 ong truyen nhiét trong SG. Vet rach dugc khao sat lan luot ¢ cac vi tri la chan
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dng chit U bén phia dau day cua bom (k&nh ndng), vi tri trén cung caa éng chit U bén phia
dau day cia bom, chan éng chir U bén phia d¢au hat cua bom (kénh lanh). Khi xay ra rach, luu
lwong chat tai nhiét thoat qua vét rach cuc dai khoang 930 kg/s, &p suit trong binh diéu ap
giam nhanh — dan dén viéc dap 10 theo tin hiéu muc &p suit thip & thoi diém khoang 750 s
— dung 4 bom vong I va dong van cép hoi cho turbine véi thoi gian tré twong wng 12 10 s va
0.5 s. Hé thdng cac van xa BRU-K dugc gia thiét 1a hong (gia thiét 1am cho sy ¢ thém tram
trong), con cac hé théng dam bao an toan khac 1am viéc binh thuong. Két qua tinh toan luu
lwong nude thoat qua vét rach, mic nudc trong thang 10 phan ¢ng, &p suat phia vong | va 1l
duoc trinh bay trén cac Hinh 2.1.1 — 2.1.4 dudi day:
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Két qua tinh toan cho thay khdng cé sy khéc biét nhiéu vé trang thai thay nhiét cua
nha may khi xay ra dat/gdy ong truyén nhiét & cac vi tri khac nhau trong SG. Pay 1a diém
khac biét gitra cong nghé VVER do Nga san xuat va cong nghé cua céc loai 10 phan wng do
Westinghouse san xuat. Lo VVER ¢6 SG nam ngang con cua Westinghouse ¢6 SG thang
dtng.

2.2. Trang nhiét thay dong nha may phu thudc vao sé heong dng dit/gay

Trong phan tich nay, cac diéu kién ban dau caa nha may tuong tu nhu cac diéu kién néu
trong Muc 2.1 va vét rach xay ra & chan éng chit U bén phia dau dy cia bom Loop 1 ¢ tiét
dién rach tuong dwong véi s6 lwong dng dat/gdy gia thiét 1a 1, 10, 20 va 60 6ng. Tinh toan
nham muc dich so sanh mot s6 dic trung nhiét thity cho 4 kich ban dut/gdy néu trén. Cac két
qua chinh duoc trinh bay lan luot trong cac Hinh 2.2.1 — 2.2.8 dudi day:
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Hinh 2.2.1. Luu legng chét tai nhiét qua vét rach Hinh 2.2.2. Ap suat vong |
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Két qua tinh toan cho thdy rang sé luong ong dut/gdy cang nhiéu — luu lugng chat tai
nhiét qua vét rach cang 16n (Hinh 2.2.1) — 4p suat vong | giam nhanh (Hinh 2.2.2) — tin hiéu
dap 16 cang duoc khoi phat sém (Hinh 2.2.7). Riéng trudng hop dut/gdy 1 éng hé théng kiém
soat va bu trir thé tich vong | (Primary circuit blowdown make-up system) hoan toan bu dugc
lwong nudc rd thoat qua vong 1l — ap suit vong I duoc duy tri — khong co tin hiéu dap 10.
Truong hop dut/gdy 10 dng thoi gian dap 10 cham hon so vé6i 2 truong hop dut/gdy 20, 60 6ng
khoang 300 s, diéu nay lam cho nhiét do cuc dai bé mit thanh nhién ligu xuat hién 1 pick ¢
thoi diém ngay sau khi xay ra dut/gay. Tuy nhién, nhié¢t d¢ ciing chi vao khoang 620 °K (Hinh
2.2.7, Hinh 2.2.8), rit thap so vé&i ngudng an toan la 1070 0C) Trong loai su co nay, viéc tai
nhiét tir vong I sang vong II duoc thuc hién nho 2 co ché 1a co ché dbi luu ty nhién trén 3
Loop khong bi su ¢6 va co ché tai nhiét tryc tiép qua dng dut gy véi luu lugng trung binh
khoang 800 -1000 kg/s. Sy ¢6 SGTR nguy hiém la & chd nuéc nhiém xa vong | thoat sang
phia vong 11 qua céc éng dat/gay va dugc xa thiang ra ngoai moi truong nha may qua cac van
xa ap BRU-A, luu lugng c6 thé dat dén 1200 kg/s (xa theo ché d6 xung) trén mdi Loop &
truong hop dat/gdy 60 ong (Hinh 2.25). Nhu vay sy ¢b cang tram trong khi sé luong 6ng
dut/gdy cang nhiéu.

2.3. Trang nhiét thuy dong nha may trong trudng hop dut/gdy 10 ong va giai phap giam nhe
hau qua cta sy ¢b

2.3.1. Trang nhiét thay dong nha may trong truong hop dit/gdy 10 6ng



~ Trong phén tich nay, céc gia thiét twong tw nhu phén tich trong Muc 2.2 véi s6 lugng
ong dut/gay la 10 tai Loop 1. Muc tiéu chinh cua nghién ctu la 1am r6 trang thai nhi¢t thuy
dong cta nha may trong truong hop khéng cd su can thiép cta ngudi dicu khién.
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Sy cb xay ra ¢ thoi diém 500 s, trong vong 300 s tiép theo, do &p suat chénh léch ap suat
rat Ion giira vong | va vong Il (Hinh 2.3.1.3) — luu luong chét tai nhiét thoat tir vong | sang
vong 11 kha lén khodng 900 kg/s (Hinh 3.3.1) — mirc nuéc trong SG ¢ Loop 1 tang nhay vot
(Hinh 2.3.1.6), myuc nudc trong binh diéu &p giam xudng muc 0, &p suat vong | giam xudng
muc khoang 7.0 MPa, mic nude trong thung 10 giam xudng duéi 10m (Hinh 2.3.1.8), nhiét do
bé mat thanh nhién liéu tang (Hinh 2.3.1.9) — Xuat hién tin hiéu dap 10, ding bom vong I, dong
van cap hoi cho turbine, khoi phat hé bom ap suat trung binh MPIS (Medium Pressure
Injection System) va cao HPIS (High Pressure Injection System) (Hinh 2.3.1.5). Khi dirng cac
bom vong I, nhd co ché ddi luu tu nhién, trén cac Loop 2, 3, 4 nudc tai nhiét van duoc tuan
hoan véi luu lugng khoang 200 kg/s (Hinh 3.3.1.10). Riéng ¢ Loop 1 (Loop su cb) xuat hién
dong chdy ngugc qua bom, dong chdy nguoc nay chay qua cac ong dut/gay sang phia vong I
do &p suat vong | 16n hon phia vong II. Do van cép hoi cho turbine déng va mirc nuéc phia
vong Il trong SG tang — 4p suat vong II ting — khai phéat tin hiéu mé céc van xa BRU-A —
chat tai nhiét xa ra ngoal moi truong nha may qua BRU-A (Hlnh 23.1. 7)
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Hinh 2.3.1.9. Nhiét @0 vo boc thanh nhién liéu Hinh 3.3.1.10. Luu hrgng nude qua cac bom vong |
2.3.2. Giai phap giam nhe hau qua cua sy b

Qua phan tich & cc Muc 2.2 va Muyc 2.3.1 cho thay s ¢6 SGTR c6 the dé lai hau qua
nghiém trong vé phong xa cho méi truong khi sé luong éng dut/gdy la I16n, nguyén nhan
chinh la do sy chénh ap kha cao giira vong I va vong Il. Viéc khic phuc sy ¢d trong trudng
hop nay chu yéu dwa vao cac thao tac caa ngudi van hanh, thiét hai cang thap khi thoi gian
khac phuc sy ¢ cang ngan. Chién luoc didu khién 1a giam &p cho phia vong | nhiam can bang
&p suat cua 2 vong. Khi &p suat 2 vong can bang — luu lwong chat tai nhiét tir vong | sang
vong Il sé triét tiéu.

Giai phap ky thuat dua ra ¢ day la chu dong tit cac bom cua hé cip nudc su ¢b ap Suat
trung binh MPIS va ap Suat cao HPIS. Bé minh hoa giai phap, trong phan tich nay, su ch gia
thiét 1a su c¢b dat/gdy 10 dng va viéc tat cudng buc lan lugt cac bom MPIS va HPIS bit dau
thuc hién & thoi diém 200 s sau khi cé tin hiéu dap 10. Cac két qua tinh toan duoc trinh bay
trong C&c Hinh 2.3.2.1-2.3.2.5 dudi day:
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— MPIS (loop 1)
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Hinh 2.3.2.5. Luu lugng nuéc caa hé MPIS va HPIS

Khi so sanh két qua tinh toan ap suat vong | va vong Il (Hinh 2.3.1.3 va Hinh 2.3.2.2) cho 2
truong hop khdng cé can thiép (Muc 2.3.1) va c6 can thiép tit cac bom MPIS va HPIS (Muc
2.3.2) cho thiy trong trudng hop cd can thiép trang thai can bang &p suét gitra 2 vong co thé
dat duoc ¢ thoi diém 2000 s. Sau thoi diém nay luu luong qua vét rach chi con khoang 100
kg/s (Hinh 2.3.2.1), ¢ thoi diém nay nhan vién van hanh chi can tang thém luu luong duong cap
nudc giam ap trong binh diéu ap 1a cd thé triét tiéu hoan toan luu lugng rach.

3. KET LUAN

B4o céo da thuc hién mot sb nghién cau tinh toan trang thai nhiét thiy dong cua nha
may di¢n hat nhan Kozloduy, Bulgaria cong ngh¢ VVER-1000 khi xay ra su cb SGTR dung
chuong trinh RELAP5/Mod 3.2. Céc két qua tinh toan cho thay trang thai nhi¢t thuy dong cua
nha may khéng phu thudc nhiéu vao vi tri dut/gdy dng nhung rat phu thudc vao sb luong dng
bi dut gdy trong SG. Giai phap nguoi van hanh chu dong tit cac bom cua hé théng ECCS bao
gom hé MPIS va hé HPIS cho thiy muc tiéu can bang ap suét gitra vong | va 1l nhanh chéng
dat duoc.

TAI LIEU THAM KHAO

[1] VVER-1000 Coolant Transient Benchmark. Vol. I: Main Coolant Pump (MCP) switching O -
Final Specifications, Nuclear Engineering Program, USA, INRNE, Academy of Sciences,
Bulgaria, Nuclear Power Plant Kozloduy, Bulgaria. 2002.

[2] RELAP5/MOD3.2 CODE MANUAL

[3] A simulation of a steam generator tube rupture in a VVER — 1000 plant. M.R. Nematollahi, A.
Zare, School of engineering Shiraz University, Zand Aveme Shiraz. Iran. 13 February 2008.



STUDY OF STEAM GENETAROR TUBE RUPTURE ACCIDENT IN
KOZLODUY NUCLEAR POWER PLAN USING RELAPS

Le Tran Chung®, Nguyen Minh Tuan®
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Abstract: VVER-1000 technology is the technology selected to build Ninh thuan 1
Nuclear Power Plan (NPP) in our country, the study of technology and safety analysis for
VVER-1000 reactor are pressing requirements today. This report presents study results of
steam generator tube rupture accident (SGTR). This postulated accident may be occurred
in the life time of a nuclear power plan. The candidate selected in this study is VVER-
1000 unit 6 of Kozloduy in Bulgaria. The study method is to use RELAP5/Mod 3.2
thermal hydraulics computer code to model the systems, functions of NPP and to
perform calculation and analysis of unit behaviors during SGTR accident.

Key words: Steam generator, Tube, Loop, Rupture, BRU-K, BRU-A, Main coolant
pump, Pressurizer, Hydro accumulator, High pressure injection system, Low pressure
injection system, Safety valve, BRU-A, BRU-K, Main feedwater line, Emergency feed
waterline, Mass flow rate, Water level, Reactor power.



