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Analysis model for evaluating the Corium Retention Effect
by the Ex-vessel Cooling Strategy
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MELCOR 184

Abstract

Analysis model for evaluating the corium retention effect by the ex-vessel cooling strategy is
developed for the Korean standard nuclear power plant using MELCOR 184 code. The
ex-vessel cooling effect per the relocated corium mass fraction is analyzed. To reduce the
CPU time, the core melting and relocation are facilitated, and the decay heat of the early
relocated corium is modified to have same level of decay heat per the relevant core melt
sequence. Thus the calculation time for the sensitivity study can be reduced. This modelling
can be used to the sensitivity study for estimating the metallic & oxide mass of the core
damage sequence. Preliminary analyses are performed to estimate the ex-vessel cooling effect
to prevent the vessel failure for the high pressure core melt sequence. Later, the evaluation
for the ex-vessel cooling effects and the metallic & oxide mass will be performed for the low
pressure sequences.



: CE

Loviisa AP-600
NRC MELCOR 184
(1]
MELCOR 1
2.
(3.81m) 10 , 4 40 cell
, lower plenum ( 2.317m) 3,
4 12 cell . MELCOR
52 cell .
(150k g/ s=2400gpm) ( 1).
(Ring 1  Ring2) ( LH )
MELCOR 184
2

Ring 1| Ring 2 | Ring 3| Ring4 | Ring 1| Ring 2 | Ring 3| Ring 4
25 72 40 40 48 49 40 40
R( ), m | 05874| 1.157 1375 | 21049 | 08136 | 1.157 1375 2.1049




S—
LEE v
- |
L] UPPER PLERUN | DV [Fral 0Dm
UPPER COFE FLATE
N1 1N 1 xay e
298 i
uz M m iy e § b
2Edl e o
2 — 1
1047 k=aE
M Wris T |
un e
Activa ] 1o 1FNT
ey . R _— Fiiana
Ciore i Tir: ik i
4188 e i kit
Vi e Sl cvarn
o ;0] L TS
A8 o | Rk e
K 1 T
AT T P
i ] 170 g
4300 e il
an 1P AT
51 e i
en s 1 ) £l ] 13008 o
08 Tc 11
OI=0uETa i) 5+ NI n 1708 oL ANa
A08 LOWER
PLEMUM
[l
Lp oo e © g
TR . T
Cef7aT
ol m € =
2407
LOWER HEAD
G200 (External vessel coaler)
1

MELCOR 184
pooling boiling mode!)
bailing) , (2)

(COR package)

a,

Rohsenow
100°C
Ring 2 o
Ring 2
Rina ¥ - R 4 = radius of Ring 4 = -
[
o [Fradius of LH A
. \.B\ P R, AN
N\ C -

. — Watar pool surface

A3

9‘" _qin ﬂl = i

N
/’f:'.

R

ll—:—E. _.‘_.-5; __1

R

q‘lNﬂ- __"uhlg [g

(downward facing saturated

1)

]

A |

C

ol

0.013h,Pr

(subcooled

©)
2).

]3 (T T}



MELCOR (heat structure) (HSDG)
(stainless steel) (core shroud 7 fuel alignment plate 5.1 )
TMI-2 U0: 94 |, zr 23 138 ) 45% (62 )
19 [2]. DCH
[3, 4] ( 3.12m, UO: 86ton) CE
( 3.13m, UO: 84ton)
Uo: 16M Pa 8M Pa 36 ( Uo: 43%)
66 ( UO: 79%) ( 3).
X Phasts 0. b Cova D) €T Puaw (113 Corw Dl
1 . r—r n ! rp—— p—r— 1
2 o {.«’ 109
! " / ™.
! gy 3 " 81
up — = i —_— [ —
i 1 J.* .jlu} i“[ .," u;
I TR i / Jus'y
i l‘r B 3 E I 101 3
ap o s dem 0 — B
/ : i
! . 481
rd
N T TR T A M T N
L T EEEEEEREREE R
W Mol U0z Blaet ()
3 CE (16MPa  8MPa)
(UO: 86
24 Uo: Zr
. TMI-2 , CE DCH
Uo. 40%, 60% 80%
Uo:
UO: ()] Zr () ( %)
100% 86 24
Uo. 40% 344 9.6 40% 44%
UO. 60% 51.6 143 60% 66%
UO. 80% 68.8 19.1 80% 84%

12

Zr



MELCOR 184

PR B PR

(1273°K)

2000°K

ol

e HEAD
3.
Figure 41 .1 Lowssr Femad noslizatinn
10
17MPa 17MPa 17M Pa < IMPa < IMPa
RCS (SDS) "> 27hr "> 27hr
SIT
Uuo. 40%
Uo. 60%
UoG. 80%
* uo: ( ): 5,151  (60% ), 3659  (80%
TMI-2 , DCH CE
( Uo: 86 ) UO: 40%, 60% 80%
Uo:
c 4 5 )
( / ) uo:

UG 40% 82 41 /41 ) 344

UO: 60% 104 60 /44 ) 516

UoG:. 80% 127 80 /47 ) 68.8




10cm

MASS OF LEVEL =3 W LH (g}

WASS OF LEVEL 1-5 0 LW [Wg)

L1

150 . = -
-.,l*hll
120 F f i
B !
i J. !
oo '. E*""'“
. F
P |
9o ki i _
ﬂn.i:‘ : 'd-"--d-----u-'---a--:
4 1
il T
13
i

T N :
S0t
2o b

13

i3

)

TOTAL CORE DEGRS MASS N LP- FMG 1 THAW 4

Eiok
I._. g

. T

v
Il
i
L't
I §
b
b
|
I

}af’
. L L L .

o 40 [T
THE (1075EC)

TOTAL ONDE DESRS MASS B LP: BMD | THAL 4
T T

s 1
. ]
&

-E ‘ e o -

1
i
L]
-
1

e e

= @ = WL
T
i WE0E

'l.___-.n..-..._‘
.

i i i i £ I 1

] 40 B0 120
THE [1%s)

17MPa

. MELCOR

UO:
, UO:

Hy

WASS OF LEVEL 1=3 N LH {Mg)

UO:

MASE OF LEVEL 1-3 M LH {Mg)

41 - 47

ot i WASS M
0 L IE WASS M LP

: ARG 1 THAY 4

3 e g ¥
i i

65 ¢ §
H i

L1 & -
4 H

28 P Il : -
B e o B B i

5“ -* :- ? h

sty i : 1
1 ; i 3

40 F i + : o

LN S ?-E———-u————o————iw————r

LN PR ] 1

LY L _
i L

T R E
: i

15 bif I‘ ]

i ==l

i A M
5k i - i M
f ol e d i i i - I
o 1] 1] 120 160

(  Uo

TOTAL WETALIC CIERE
T T

THE {10's]

. 40%, 60%, 80%)

WASS W LF- ARG 1 THRY 4
T T T

50 T T

45 -"r ----- 4
L e R s S

TH B Fa .————l}————d}———-—a#—:
i o I :

35 b 4 i ! E E
i i L]
T -4

spi ioif :
i f ]

LY
il .
| F :

TN i
b .

15 F if | v i
A |1
TE b

Wl e ey
i 4§

WG 3 -
‘TJ o WEE

o v i N N ' p—

( UO:

(cell

0.18

an 110 162

ThE (10%)

40%, 60%, 80%)

101)



(k)

—-TELr

Pl

FDOTEWF M LP BHG 1 Laval 5 CELL W1
T T T

FLASTIC STRAM of LH ARG | ol 0 T imids,
T T T T T

j.on : T T 1.0 T
75 k
2.75 i i ool 5 ;
2.50 f i i - ¥ P
t 1.6 | i
.28 H I B ;
i i E
# H 4 i N E
i.00 b : 2 ; @
.75 | o g 1 R # ;
SETE S g ! :
: e ¥ 1.0r i 1
A YO H g
o L S sttt & : i
P % B i ;
1 z v ;
iR £ o0& ; E
0.75 ':T:"‘f _g; H A
alr [ i 3
0.50 [ £ Ep——— - i ¥’ E——
i oo MGDE i ; cepeee WO
i ; 1 0.2t ; o :
9.35 ::.' NPT T ; SIS
ooog LE— 1 L j ! ! 0.0 slgeriy ol i -+
] 40 a0 120 160 o 40 a0 120 168

(cell 101)

ML (10%5)

Uo:

40%

N/A < 160,000

27,900

> 36.7

60%

116,300

11,500

29

80%

33,200

9,900

6.5

7
eutectic

)

1400 - 1500°K

15.65cm

U0

12cm

Inconel
80%

1650°K

800°C

1000°K (727°C)

COR-TPaL (107K)

15.65cm)

Lk PERETRATHOW | TEMPIRATIRE : ARG 1 LH STEEL TEWP, WBOT : T(RMG 1)
i P - T it 1.5 : T ) T - -
£
4
FEE et el
L L L - Mttty R e S TR CPT RPU e
R : B 2
ioEh i
FE S B i
L R . Rttt S S T
1% | ',h q £ o}
[ f=t
T H = B.%F
R B =
ol 5 AR
bt 5
S = 07}
i : L4
f‘"ﬁ ' = g = Wi r ﬁ X
E e wbeE T,
. - - MRDT
B .4
1 1 i . - ! 0.3 ! 1 1 1
[\ 40 B 124 160 a 40 Bz 114
ME (12's] HE [10's)

(80%

7]

)



(

LM

MELCOR 1
( ; 7424 )
; 13,490 ) 6,000
80%
80% ) (  8).
af e | |
b
s,
,
"'\_\_“‘
-
= \_\_\-"——\_
7d245 13,4308 13409055 BEHEE TAa2de 0 M=
Uuo: = 80%
o UO: 60
reep
( )
33,120 (=9 ) 6
55,735 (= 15 ) 13
5 g PLASTIC STRAN of 01 W from i, MADE ANS 1.0 _H =IIJ-STIC STFI!.H o EIII u I'-1=-n I-n HBI-:GE. . 5
g 1 R —
e ———— ENG 5 : .I" === NG 3 I‘__i|
:; 1.6 b -—5— am ¢ 0 3 1o e WG 4 :. r
= L s 4t ]
E 0 u E 1.0 F :::
g l} B :.. F n F I.:'
3 H] =
E 0.6 d = 0.6 :
= T § e
é 8.4 ) e 2 0 ey
B2 _p" .‘I n.2 _'1 J:'f
g ot e
3.0 e el P o T, WL Y 0.0 PP R | W T e
o] 5 14 15 0 25 30 35 0 1 0 in LL] 50 g0
THE (18] (L R RTTS
8
LH Larson-Miller (LM)




10,000 (=

(17M Pa)
UO:.  80% (7,000 )
27 )

84%

TOTAL CORE DEBRIES WASS MW LF: RKG 1 THRU 4 FO TEMF M LP PG f Lawel & CELL 101
1 T ¥ T ¥ —T

130 .50 — R
T T e T U | RN 1. ] i
120 F n ) 1
i | 1.a8 b !
e [ 1 sod |
= 100 b i | E -
= i | o i
= sop  § | s 2 - s
i | 3 | .‘.‘ .:. & o
5 e il' 2130k ;:""i:'f.-""r
Tomofk  q 4 - g X
s ; B85 n :
gl d i = :
E ¥ i = ,‘& L] ¢
4 gpfp | Toneop
5 | | o = Rt P L
w AET :: | 1 ey #
A ;
i o ¢ =
nr + 0.50 ¢ 3
e i — = 1 i
wlo@ DRl | .28 f 2 = 8= D
i e D Qo0 w/SDG SF & WD F coeEboes MR Eon w5 5T & ENE
p LA L, e———— ppp Lty e— pr——
o 10 H 50 40 50 i T L 50 40 50
P e
TWE {E*SEC] THE [(D%s)

NRC

1)

2)

3) PSA

MELCOR 184

MELCOR

MELCOR

4) MELCOR



5) 6

6)

1. NUREG/CR-6119 rev. 1, "MELCOR Computer Code Manuals Version 184", SNL, Jul., 1997

2. NUREG/CR-6197, "TMI-2 Vessel Investigation Project Integration Report”, INEL, Mar. 1994

3. NUREG/ CR-6338, "Resolution of the Direct Containment Heating Issue for All Westinghouse
Plants with Large Dry Containments or Subatmospheric Containments”, SNL Feb., 1996

4., NUREG/CR-6338, "Resolution of the Direct Containment Heating Issue for Combustion
Engineering Plants and Bobcock & Wilcox Plants”, SNL, Nov., 1998



	분과별 논제 및 발표자

