SCHALAIA| =l Cavity LI —#8 XIACHF EZ0IM

S
2| EfE8E mHEIGIEL| 2E| 2hst A4

Development of Ex-Vessel Corium Debris Bed
under Two-Phase Natural Convection Flows
in Flooded Cavity Pool during Severe Accident
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Introduction

Motivation / Objective

Test facility / Approach method / Post-process

Experimental results 1 & 2



Introduction
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Severe Accident

Normal Condition

Core Melting | Reactor Pressure . Containment
By loss of cooling Vessel Failure Failure

| 1 !

Corium melts pool
in the RPV Lower
Head

Corium melts Radioactive Fission
Discharge to EV Product Release




Introduction
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TMI Accident Lesson
(1979) Core melting SA is possible

{

In-vessel corium melt is
coolable ?
|, no
[ RPV fails with thermal attack ]
Fukushima Accident (2011) J,

000 Lucky Memory
J A

yes

No Supporting
Evidence &
Large Uncertainty

[ Containment fails with MCCI |

Chernobyl Accident Lesson ‘
(1986) i1eie Results of SA is horrible J U0 Nightmare
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Core Catcher

L L

« Absolute isolation  « Coolable porous * Longer cooling time  + Smaller area * No SE risk
of fission product bed expected + Containment wall » Hard to fail + Hard to fail
* No design change =+ No design change protection + Containment wall
protection
+ Limited cooling * Uncertainty in bed * Require additional facility
capacity due to coolability * Cost a lot of “$” & space
indirect cooling * No exact model + Hard to make ‘back fit’ on the existing NPPs

et=o| IVR & S {REHe BWR 232
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Big drop on the shallow pool

Full fragmentation in a deep cavity pool



Motivation
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*S. Yakush, DECOSIM Simulation, ICONE20, 2012 *G.W. Mitchell, Experiment with UO, debris

in sodium, TMFRS, 1985
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el

ot Ao (Hd Alo| A L-24)

Magallon, FARO A&, NED, 2006

* UO, + ZrO, melts

» ~3,000K, ~170 kg
Cio|] YA (A AO|A L-28)

Karbojian et al, DEFOR 4@, NED, 2009

» WO;-CaO for E7
» CaO-B,0; for E4
» ~1,300K, 8~16 kg

oio| @At
(X}) DEFOR-E4, () DEFOR-E7




i}el
oo
alo

o

[ o

=

&
I

ol
rlo

JetBreak-up & Fragmentation by
Fuel-Coolant Interaction

Solidification, Sedimentation &
Debris bed formation

Natural Convection Development

Thermal hydraulics
in porous debris bed




Motivation 10
212 Two-phase HAE Ta{8 17 50| Debris bed | BEr B4 Mg

B. Zhang et al., NED, 2011

- AT B2 M| nHE
Self-leveling ¢4t

S. Yakush et al., ISAMM2009
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W E}S} Debris bed ¥




Objective
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Test facility

H{EHO|| 401 debris bed2| Eof o|st 0| & (=HH) X}HLHF E test pool HFEHO| air2 T 26t CL.

The cavity pool The test pool

Pre-settled corium debris bed The region-of interest
with decay heat boiling with air bubble generation



Test facility
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Pool height : 1 m .(FaIIing height: ~0.7 m)
Diameter : 0.6 m
Max. Bubble rate : 10~100 LPM




Test facility
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Stainless steel 304
dP2mm x H2mm
8,000 kg/m?

1.0 kg
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Approach method
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X 9l Debris Bed2| e EMH S H7| 2|5}0{, ‘Gap-Tooth’ approachE A& 0| X5} C}.
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Scanner

Particle Bed

@

@ Two-Phase Flow Driven
Upward Natural Convection

J \

e

? Funnel

(o] o o
ByY By
Particles Sedimentation under
Interaction with Convection Flow

o q

Scanner

Updated Convection Flow
with New Particle Bed Volume

\

IV

Separated Air Supply for Discrete Areas

Based on the Particle Bed Volume

J

{

Progression of Particle Bed Formation
with Newly Settled Particles

IRRigigiyp

Increased Air Supply according to
the Increased Bed Volume

Y
t" (‘'Teeth’)

|
teap (‘Gap’)

Y
tn+l = t" + tg,, (next ‘Teeth’)

Time

>



Post-process
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Reconstructed 3D image

e

#04-04 1 2 3 4 5 6 7 8 9 10
a 0.00 0.00 0.06 036 051 059 058 0.17 0.00 0.00
b 0.00 0.18 0.24 116 191 2.04 142 1.0% 0.21 0.00
(4 003 053 124 482 1199 1408 7.24 154 0.78 0.08
d 0.29 093 240 1511 32.70 3393 20.96 503 082 0.39
e 060 121 179 19.98 3922 41.74 26.12 6.70 061 032
T Q€5 139 3143 17.13 30.88 3262 20.79 491 2.62 0.37
a 039 128 236 736 1533 1413 786 100 047 018
h 013 102 173 291 328 2.27 094 041 031 011
i 0.00 040 091 132 123 0.95 052 0.25 022 0.00
i 0.00 0.00 012 024 042 040 g.36 0.17 001 .00

Scanning facility

Calculated volume information of each cell



Test cases

Time Sequence

Case
tl t? t3 t4 to
Quiescent Pool Condition 0 0 0 0 0
Two-Phase Condition 0 35.4 66.5 94.7 120.9

*Volumetric heat generation rate 7}’d: ~4AMW/m?3



Experimental results

Resultant particle bed2| top 7|& X = THH S A H|

Two-phase condition, x axis Quiescent pool condition, x axis

[mm] [mm]
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Experimental results

1. Cavity pool Lj 52| 0| AH(=#H) X}HLCHF = Debris Bed2| top height2| HE2 X|¢A|

[mm] A Two-phase 0 Quiescent pool
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40 T. -
h_¢op :I—A ----- o
20
0
t1 t2 t3 y -

|:> Delay of Dryout Occurrence



Experimental results
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2. Cavity pool i 522] 0] AH(=#f) KRR E B}

A Two-phase

ot Debris Bed 2|8 JL1XE

O Quiescent pool
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t! t2 t3 t4 t°

I:> Higher Overall Debris Bed Coolability
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