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1 Loss Of Coolant Accident (LOCA)
2 Reflux condensation
3 Reactor outlet
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Fig. 1. Schematic of reflux condensation phenomena in the reactors with vertical steam generator [4]
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9  Emergency core cooling systems (ECCS)

10 High Pressure and Low Pressure Injection System (HPIS,
LPIS)

11 Accumulator

12 Pressurizer

13 Main and auxiliary feed water system

14  BRU-A and BRU-k valves

15 Emergency feed water system

16  Nuclear regulatory commission
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Small Break Loss Of Coolant Accident (SB-LOCA)
VVER-1000

Kraftwerk union

Pressurized water reactor
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Main Coolant Pipeline (MCP)

Reactor Coolant Pump (RCP)

Steam generator
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Emergency core cooling mixing
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Primary and secondary safety valves
Sump
Containment
Set-point

Trip

Annulus

Cross flow

9  Junction

Lower plenum
Average core
Hot channel
Core bypass

0NN AW

11
12
13

PHIZETN Q&o 9 OLo)' @U‘ 9 Lo Jwb Gygo & J‘.]?;u" Q|9S O‘ DS
L batals 5 959 )l Ol dolee 23)5 o dusle g 15,8

Sloads oald lis (V) 9 (VY) Laslgy 50 olo;

a(ggt) _(p() —A Bo) +ZZT ACHes  OY)
oC,(1) _ B.1,p(t)
o A -4,C(0) ()
i=123,...,N,
Y(t) =2 ,0(1) -
P.()=0Q,¥() o)

0855 sl anals Sl € 555 )L @ (V) 5 (V) kil 5 oS

P sl 095P W Gloj A ipe 6 p3b (g9 S B d 09,5 (533L
S d0g)S (Bhly Cali A d 09,5 (536 (959 puS £ 5], Hldke
CdS g5 W (10) 5 (VF) Lailsy 1 Gsizmen il oo (19595 AT e
Oyl Pl SygSang Slo glaie pdaw T, gl sl dnly j
oy u.ﬂ 8l 5l b 6551 Q, 9 Mev/s usly jo U.ﬂ calss

Ll o 8  Mev

S5 533 05 =Y Y -
3 ey (slatan oSy ai0)S g Siludde lp B nl 5
it b sss g5 087 cpl ] ol oids oolazol YV 290 0 sy oS
3 g ol @Bl dxwgs 1S el gali] o olSiolos] )3 a5 b o Cpuesss
IS opl 5l adl e (slawn Gljyie padal omseS (g3lpiuin slaaS
sl aoly ) 53 @aly> 9 )3 Glacdl (gl 4l i olgie
Cuomd g S elapiumn dbcwy gl 5 adgl (slajlie 3505 edlal
D903 Jao 8 (pl b plgi e 1) 955 b K9 5
sl Sl olisyliS slaodly 5148 lawgs o8 g, (gile e 5o
o gy jl Il dnwgs 9 Jol Jao ad 8 0500 [A] oedgs 059505
) ol bt 551, 5 g )L o i (sl b ey
B sladlge lid J s daiee adsl jlae (Lol slacy (Jgl e

WY

1 Reactor vessel



el & Jol Jlae )Lid Gl ©jg0 ) (el g 45 glajud (pizen
ol ElgslS WS+ 5 VYo Ve Ve oy b SopSIl o5p 8
0l o Sl e S las a4 (S gyl plST e
3 eS 4 ol e slad (ials Gjge 53 oSy Jloy ) Ll 55 5
Sl g by 09,5 ol SoSe S @9, 10 (sl 01 (s polie
ey Hlid ioliel jlas S daase (6ol i 2,Sles | A
Jos jltb S alaives cllis g il 4zl 4ol ol s g
(50055 ) s lisebsl b 09,8 do ) ISuiie dsgoze (] IS o
s JLid S dladons Ik cudlyyy bkt (g5, slge g 4 g
Ve LAY sl A lye 4 o i )55 daione S 393

Dgu 0

oS S5 bglas 5 ol eay Y-Y-Y-Y

Mgy ol adlo kol o sl > b o g ol e
it TS g 3l 525 5 laloyo ST 93905 £

OBl b sl 00 ppunsll o ¥ &y g yo Dy b (cine S )0
4 Cansld Cuowo Dy ks 295 L el dal i Jlas]
Dyde Jog W e 4 )00 g dw dpw b3 Ve o)l oo
Jog 0 w4y el (olod g 03 3pe bad alie £ kS saie)S
b ad)S )13 (ol oy g )50 oo oy oS 3 8L I (towd il
ol Jate ooy 4 ol (39,5 g Gl 0dd Jae V0 6les g

B (glailge —Y-Y-Y-¥
sl L8] ey g sy (gl (glmolSq 5 ST dasetio S

TgloniS goxr 4 (Bl © g0 a4 S U sladg) )l e g5 0l 2
3l p5 ol oaiiS gex b 5l Jgl e O sl Jato 3y 5 £ )5
Gl 3l gl lae Il JEh 5l e 9 3580 JS5 U slady)
D v @l Jsl b gl e Ol g oo )1 3 0058 ze>
St xSy 5| 39500 Y 5 Ugo (cladly) atwd o 5l 5 04
gl Jl (oSl 9 )b dgo (VL Cuond 3 )bu plusy @iy
oIS S5 3,y loeius ] 51 (630 B 2295 oo o3l oS (S

6  Centrifuge
7  Collector
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Table 1. The variations of mass flow rate with line pressure in the HPIS, LPIS, accumulators and EFWS
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Fig. 2. Schematic of primary circuit Nodalization of BNPP by RELAPScode
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Fig. 4. The reactor outlet and steam header pressure during SB-LOCA
with 100 mm break
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Fig. 3. Maximum clad temperature for different nodalization in the
100mm SB-LOCA
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Fig. 6. Reactor vessel water level during SB-LOCA with 100 mm break
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Fig. 5. Void fraction of reactor inlets (Vol. No.10 and 11) and upper
plenum outlet (Vol. No. 65) during 100 mm break
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Fig. 7. Liquid velocity in the hot legs of first and second loops during
SB-LOCA with 100 mm break

& 4w 9 95 Slodilo ) A8 o5 525 O (6l ad] s o olmails
go Conw 4y €1 (93L 3l 25500 155 59351y 53 &5 5yl (yg2 3
Wl 258 oo ploml gl Cunw bawgi )l Cuils 5 03,8 <8 >yl
B e Jleis] cplple 5 2)1 (e o po o Sy @il ¥ ISS 5
oM n g bl Sloptume g O 525 b o)l 292y (1S
P)olege (Bl cuto g oad Ll Jgl dils )3 Ol ey 58T, dlaime
3935 3 Jlhow ey D95 03 32,5 Ol &5 cladls (> Lol (YFe e a4l
Slo o (B o

We o agllie gyhlas] Ol 4385 g 48 Jlb 4 a2y |
bug "Wlowy 8bly 5l (86 @l 5l g )lde V] ol I ey 40
Zor> 8b bl b ogd o cuilyy B sadge Gl 5l g8 ony
3 Cansd Joro ) Silawy (28Llg 51 (8L Sl Sl oro 5l e
g 50

5 4ol jlae 5Ty (293 5Lid Sl @l W JIA s S 5
Olyss 58Ty (29559 bgdgy9 0 Gl ju Olpnsd gl jlae L8
Wl by gl bahas )3 Jluw sy Slyss g 5651, I3 Of pdaws
ilodds ooy s e (luo YO Canslls

Ll o yials JSWbEe VIA 4 V8 51 jLis o> ol adb Ave

J9‘ dals 4 d)l)h.él <YL )Lc&é w'WOMi 14-5(59) el &S

2 Coast-down

1 Decay heat

WA



Water level (m)

—TETCH-M-97

—RELAPS

. . L . . L . . I
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (s)

o e YO S b 3 59581, alaises 31 O o @lyis 19 0 JS

Fig. 10. Reactor vessel water level during SB-LOCA with 25 mm break
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Fig. 9. Void fraction of reactor inlets (Vol. No.10 and 11) and upper
plenum outlet (Vol. No. 65) during 25 mm break
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Fig. 11. Liquid velocity in the hot legs of first and second loops during
SB-LOCA with 25 mm break

oy dlds cpl o amd o cdles pl DSy Gyge o 1) gy Copie
2581y Gl oaiiS SS9 g0 il S )3 a5 23S b WG
& YL Jlisl snmd s gl .c8)S )8 )y 390 8l o 5ls]
IS b oS sl 009y gio Lo Veov s didls jd oy cpl p0ld
S b (5,5 0581y By Ol (oogrge il g 58], o e
I ey Olpss 4l YA loj 50 g 00 caBgie Jlow jlagd 4 51
S5 55581y B ) e & Sloj b g 398 g0 (pugSms 1 boghas 5
oo YO CanSlss 390 50 Lol b o dobdl ooy cpl (a8l VIVA) ouis
gaw CSIL G Bl oo Bl oy cpl &5 S Glgie s 4 o
Jhw oy g b3 a9 )3 5l 5ol 4 jlid cou dbase B ol
.M)LSAML)J)»A—’/\ L_Jl—~/~(b .)5A>4J9J9~)Lsnu.0.m Y 4§il>).)
o5 b (480 e V) o e Vee Sl L anglie 3 e (]
Slowy jl (86 Syl 5l (g luda 1o 5)90 020 (215 ) 2929 L oAbl o0
adgl sl )3 Jlw 4 Jl has Geiomen D9d o0 Jite 45l e 4
Fape oM g el (SosS Cuss il )l gladge )b
slale gyt Geul &S Cunl Lo ()l ) g o yeiST) aladss

D

ay-



safety, (1994).

[5] Y.M. Moon, H.C. No, H.S. Park, Y.S. Bang, Assessment
of RELAP5/MOD3.2 for Reflux Condensation
Experiment, International Agreement Report, Office of
Nuclear Regulatory Research U.S., Nuclear Regulatory
Commission, (2000).

[6] S.K. Mousavian, F. D’Auria, M.A. Salehi, Analysis of
natural circulation phenomena in VVER-1000, Nuclear

Engineering and design, 229 (2004) 25-46.

[7] S.M. Altaha, M. Mansouri, G. Jahanfarnia, Analysis of
the small break loss of coolant accident in the VVER-
1000/V446 reactor, Kerntechnik, 80 (2015) 545-556.

[8] A.E.O.0.1. (AEOI), Final safety analysis report (FSAR)
for BUSHEHR VVER-1000 reactor, (2007).

[9] RELAP5/MOD3.2 code manual, Idaho national

engineering and environmental laboratory, (1995) 1-6.

ar)

&be

[1]Y.-J. Chung, H.-C. Kim, M.-H. Chang, Study on System
Characteristics under Two-Phase Natural Circulation
and Reflux Condensation Conditions, Proceeding of the

Korean Nuclear Society Autumn Meeting, (2000).

[2] Y.-S. Kim, H.-S. Park, S. Cho, K.-Y. Choi, K.-H. Kang,
Reflux condensation behavior in SBLOCA tests of

ATLAS facility, Annals of Nuclear Energy, 99 (2017)
227-239.

[3] R-.M. Mandl, P.A. Weiss, PKL Tests on Energy Transfer
Mechanisms During Small-Break LOCAs, Nuclear
safety, 23 (1982) 146-154.

[4] G.H. Chou, J.C. Chen, L.Y. Liao, Studies on the heat
transfer characteristics inside a vertical tube during
reflux condensation precess, The 4th international topical

meeting on nuclear thermal hydraulics, operations and






	Blank Page - FA.pdf
	_GoBack




