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Assessment of In-Vessel Retention Capability for APR1400
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Abstract

The effectiveness of the external cooling of RPV strategy has been examined.
For the key scenarios, MAAP code is used to derive the boundary condition for this
investigation. Using MELTTHERM code, we examined the thermal margin for these
scenarios. We found that there is enough thermal margin with the ULPU III CHF
data. The effect of in-vessel injection with the external cooling of RPV is also
examined. For the LBLOCA scenario, the heat flux ratio is 0.66 with the in-vessel
injection. This translates into the thermal margin of 34%. For APR1400, the external
cooling of RPV is a very effective severe accident management strategy in retaining
corium in-vessel.

1. }v]i

T

Sfelell A Tt APz E 228 B dedtE vNte R v]Ee] Az v

sto] kAol 714l 3 B

4, 9287 2 A= dHgel FAH77A

Aol 13y,
&

= P :
= © =~
o 88 9 o%F ALY i o W2 HE L8520 o3

O

o



1

=]
=

9
A7}

1752 8

1=

]

R

}
[e)

°
pal

i=]
T

LgE=

i=]
T

!
ZF=<1 APR1400

3

1t

<]

of ¢

p==
[}

]

i

1]

[e}
In-Vessel Retention 7§ @ o2 oJo] o

-

1

],

S

ol A

&} =}

Az i) A el

p=H

p

]

I

Hj A

[e)
R

=

= A7,
L4E

= 99
wol F3 = ATH1-4].

al

a

1l
H

(External Reactor Vessel Cooling, ERVC)

B (EH9)

7

o = AERT TR R SN M dw BT N
do N Mﬁn«MéNEE%QF@ %ﬂ%@ﬂ%%ﬁﬁ
E »ozmu%ﬁﬂmmﬂwA wopn Mgy W
) ﬂﬂo . .
imﬂ uﬁoﬁﬂuﬂiﬁwﬂe%M@M EEEOJZNE%%W
T O, 'O xR OH T Do o o= - oms
Ewﬂ W QW g W e o = g %ﬁoﬂiu%ﬂﬁwr_@r
Hoa RSy A _aw TR =T = 2o
wﬂo o L.E 1_K ﬂ/r‘._ — 0 %Ar ‘Iﬂ ll Wu_-o N 1 o ‘mM
- & P TT o X R 2w X
) T AN PR 2 EN R S EE R Ty
— = = - MR Q Y Jmam# 3 ol
< < o ) = o s gy R ol ooz Mo e
= S X wmr o E g 2 = o
o o X X 0 o & oo = =
. TR TIE sy %A wF T oon oy
REGS ol ' e L ow e ) R B N (R
% o o W R T o T« SR oy BRI
of il ol Nrﬂj_t;lo,n o Q ﬂaﬂ T o e )
i R IR Al ElmA T
3 SIS EI0S EE N F L P
—_ —_ = 0 ~

S =~ L YV R TE e DT T g g ST RER G N
= S SN geMLT 5Tt
A, o A T ~; 0 my K o
Efy % a3T.ixufezs  Cedgmirie
[nia ﬂAl‘_ ZT ml\ T ;@A E..* ]_7|,._ .&.E i It b ﬂ s 1 o o T - ﬂAiL

N T B0 E Y R E O L H ~
oo o I GE P T % SRV E LSV Y
! 7 0 —_— — —_ < 2
® oy P oMo ST TR 2w ooy ® W
ok - oM T T T BT by o o A
T T A g ®W =290 =8 Ig =2 -
N R R N AN N B B N B e
o K 0 o o ,._ >
w T SR R R TS A T o R
Jo _ o 1eEuE1rL ELAXHE - o~ o ENUEN
T R e SRRt B % o LB
%0 K © o s P S O O % = oo Ry TN
T q_wo b JXH_ g oo oy b o] = & n_AIA,t o N b ﬂ_@ﬁﬂlﬂﬂwﬂwﬁo )
e X Y8R A LT O w WT T o m g PR
Eowmﬂo W H I A% 0w H B oo 4%&.251_#% o =m
o_ejﬂ_ﬂﬁ MA”WuWﬂwﬁoEﬂmﬂEmaﬂ% MMWS]E ,Tﬂgo,ZT
FOE gy < 9T o< %ﬁaﬂﬁomﬁ%@ <EML F oML
f Sk B HI TR N SRS A o BT
o S H = LtCLlﬁoPr]IrLEﬁo/ JLHeA1AR A=
Eow W 2o FEXIIIIFogy oo FToITFEga,
NEd & oo ©HPT WM H § =TWh=2%5 =T

-

.

) 2} 2

-

4.3 MPa

o

ok
2

ol

2 o]
[¢)

)

RCS 5
AbaLzg $1oll o

o

o]
s

A 5 of

X

A
=

5}

MG 1,858 ft'e] EZFo= 47)7}

1
o

B
A 7)Ao}

o]
H



WA A e A9 PSAS A elol wrek 001, 0.1 283 05 f*S 23, 53 a8
e Aaar2 4z 248 Fe4AA e 49 Al 2719 RCS ¢ 2 W&
&2 POSRV /W A58 ARGAS A3l et 74ty b B (PSV)7E A
e = Al A7 SA] ek A2 ROt

0

T

Q

—

3 Reactor

— Dome

§ Press—

Hot Leg Tube
< 0

i; rizer
©) [©)
Hot Leg P‘fgfflfn Hot Leg

O

Unbroken Loop Core Broken Loop

TT

Downcomer

1

6o e1eIpaULBIUl Cold Leg Tub
ntermediate Leg [ Cold Leg Tube

Cold Leg @@

(cor100 0 ®

a9 2-1 APRI1400 RCSe] MAAP4 Z=#4 =2d
Containment Dome 12

|28 s DBAL Bt

Note

2 - In-Core Instru. Chase
3 — Corium Chamber Room
4 - Cavity Access Area
5 — Reactor Vessel Annulus
29 15 |19 8 - PZR Compt.

10 - Refueling Pool

Upper Compartment, 11

127
13 Bold : compartment no.
8 Jtalic : junction no.
|25 Tls/G#e | T siGgHE T 25| o 156.0 1t
26 Compt. £ Compt. |
Annular 2] 6 10 7 1GLZIE pnnylar
Compartment 7 Compartment
g 1011,12,36 . = R
35 Z 8 ”;Z’z?
| B4 5| £
e 7 M Lo i e 2l 22 ] 24,| 100 ft
IRWST S i HvT IRWST
2 13
4140 20
(No S?irgers) S+t S+t (Soirgers)

Reactor Cavity 1

69 ft

1% 2-2 APR1400 A9 & MAAP4 s=#4 &d



-

=]

A2E7] W

]

=

o

g LOCA AFarA] ¢

o

&

A

R

3

}

9
T

Fob A7 of
W7k A7 ok

H

PN
T

]

Z
T

8714

S

=]
T

\

pE A 7HE 3724 7ol A 10.74

ato] 250 psig ©]

1ALz Fjul el 9]

°o]-&

RS

o

o

122 &7

3 HHY. e, &7]9Ee 2707 dry

=<

A ¢

o

[e)
R

¥

il

0]
yal

al

7

A& (SDS)

A
).

Z ARl 57 A

=]

LN

718

3

JO
o

)

T

{r

IVRS 117

o
A A F=2 ICI Nozzle

J

S
ax

3
P &2 wA

=15
=

sIEEY AA

S

MAAP4
FER=
g

N
IHI
EH;
=
q || R
Sh o) o3
=
.S
tt\l/
g8l 9 | ¥ | 8|8
o= o~ | &3 o3 N
Q
(o]
&
e —~
SEE| N | 5| 9| 03
Ca( — — A —
@)
=
D)
A
58
n‘nla\w w P7O © ™
mth\ ISp) N ©p] a\
& O
et
A oy
O
S|~ |9
D T A
AR
O SN—
S~— ~ A
m < | < | O
~ Q @) @)
Q| Q| R~
&= — — —
W' | @ | WO
Gl | T

==y
-

b1 9

7] &}

A g

&

W7 Quenching) & &

o}.(Mission time:~ 30

A=
Sl

)

[e)

1
Sl
2]

O IVR=

2.2.1 In-Vessel Retention

o

142 g7 Ws F

o
32
1

1]

5|

AZAA DAL AL§

@)

3

S

st TH MAAP4 =9 9

S

}

A
pul

Al

=
=

o] 1=

TFA] 2

1t

|

e

=

=

A
st e,

)
K

2~

7] &
2

EERIN
=

=

7}

o

]

2} =2
g st
3

1l

|

e

°

4

w3k APR14002] IVR
A SpRarie] o Avele

1

7} Limitin

A =4

o}



T HrtE g Feds

L HG7kE sI9El AbgEE FeWas AA w488 (Full core melt)
N7, €89 A A= (Molten steel mass) (Mgea), AEFAF  AF3}E (Zirconium
oxidation fraction)(fy), 1813l %% WA (Metallic layer emissivity)(g)o]th. o] & W
FE g #Fe oo 2o

2221 AA =488 A7 (Time to Full Core Melt)
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ARl AUl F A EF A Timings 4 39t MAAP4 Z==2 FEH dojzl ¢
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Sequences®] W3 =4 ARSI WE S22 o] Fojx] 7] Hdol FujAla #E] HEFo =M
RCS7F 24k = 7] vt Alvtg] 2ol w9 o]&EHol#] &t} o]y w4 S
= A9t Sequencedl A #FEAFA(Transients)¥ A WzhA) AFA AL e
(F: w57 o] FoAAA s A= ¥y A

Sequences= LLOCA<S} o] AFSH 2H3l&S B Holth

2224 %% "WAE (Metallic Layer Emissivity)
7|5 o e AeE FE5F WANES 060tk A A= 0404 1.0 7HA 9
Heolt}, o] g Ay e FEsirt.

2.3 dAaz HYZH(IVR) 45E 7}
231 dA= ¥IZHIVR) 453 7F B

Az ¥ AAAES H71eE 7] el = Thermal margin® Structural margin
g slojof dltl, o 7|4 Thermal margine YA 2 £7] oA AAHHE 945 &
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o B ofn| gt

ol H

Jus

Heat Flux Ratio= wall heat flux (8) / CHF heat flux (8) Eq. (2-1)

Structural marging 9AE &7|7F FA 93 =, 18] 7] WA Z7)
Zuto] 93 3FS AY § JEtE BT o=, od s APR14009] 4
1 Margin®] &g Aoz Hr7Hd (111 webA, 2 =fodAs iz A5 3
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i ]Lﬂx] Balance equatione AF&3te] & sttt =2 Correlation 2 7FgAFSI O 2
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rate> EPRI SAMG TBR [9]& AH&3sto] #H7bstddt) o] F ¥Was A2 A ZFH
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AF5 Ao A9 Metallic layer wall heat flux”b 0.6425 (Mw/m?)o|w, 7
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of Total molten oxidation melt Full Core
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