Concept of Corium Coolability Module for Debris Bed Formation during Severe Accidents
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Introduction

DAVINCI test for sedimentation model

DAVINCI experiment was constructed at POSTECH In Korea to investigate the characteristics of
debris beds with fixed size under a condition of two-phase flow with steam bubble due to the
decay heat of the debris bed.

v" In this study, DAVINCI validation scenario was under quiescent pool conditions without steam
generation, expected to result in the form of a narrow cylindrical column.

Background v

v" Recently, nuclear severe accidents, like Fukushima in 2011, have highlighted the complexity and
risks of nuclear incidents leading to core damage, meltdown, and containment failures.
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» It can be concluded that the difference in simulant material between cylindrical particle of
DAVINCI experiment and sphere particle of SIMBA results in the differences In characteristics
of debris bed formations.

Analysis) module, the part of SAFARI code for debris bed formation and coolability during
severe accidents aims analysis of the fuel coolant interaction with wet cavity (deep water pool)
safety strategy through validation of the particle sedimentation experiment, DAVINCI and
particle size distribution experiment, DEFOR-M.

« DEFOR-M test for particle size distribution model

v The fuel coolant interaction experiment, DEFOR-M was conducted with 20kg of tin at Royal
Institute of Technology (KTH) to investigate the formation characteristics of debris bed.

v To investigate properties of the melt jet, debris bed formation and particle size distribution, the
DEFOR-M12 test was employed to validate SIMBA.

Concept of Corium Coolability Module

1. Configuration of SIMBA

v" In the current alpha version of SIMBA, some models for
particle fragmentation, sedimentation, and heat transfer
have been developed to analyze FCI phenomena that occur
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» Both the experimental and SIMBA results showed a
generally consistent trend in cumulative mass fraction,
but differences were observed In particle size
distribution.

» The range with the maximum size of particle was
Investigated to have a diameter of 9mm and 0.5mm,

It can be concluded that the
melt jet completely fragmented,
resulting in a breakup length of
approximately 0.5m, without
re-melting under conditions of

= Jet Breakup Model

The melt jet breakup length directly affects the coolability  of ex-vessel corium, which
determines the likelihood of mitigation of severe accidents. The formation of vapor film
during relocation of the melt jet can be analyzed by  following correlation.
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= Particle Sedimentation Model

Melt jet breakup results in the particle sedimentation following debris bed formation.
Likewise, the coolability is closely related to debris bed formation. For our analysis, SIMBA
module is developed with the correlation of conical debris bed model

Conclusions

v SIMBA is a 1D lumped-parameter module developed with the aim of evaluating coolability of
molten corium In the wet cavity.

_ 1 v Various correlation models were developed to analyze the melt jet fragmentation, sedimentation,
0614 (o1 — pv)z( qq Hit )( av, Dy, ) > and heat transfer resulting from fuel coolant interaction.
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developed to enhancement of performance to analyze overall severe accident scenarios by
Integrating a melt spread model in future work.
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Variable form two experiments and numerical impact parameter
in SIMBA
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Variable from experiments

DAVINCI

DEFOR-M

Melt material

SS304

Tin

Melt mass (kg)

5

20

Jet diameter (m)

0.0145

0.02

Jet release height (m)

0.855

1.75

Water pool depth (m)

0.76

1.5

a0

Jet temperature (K)

298.15

652.15

Water pool temperature (K)

298.15

353.15

aaaaaaa
Particle diameter (m)

2350

Fixed value
(0.0023)

Distribution correlation

Debris catcher diameter (m)

0.58

0.45

1500

Numerical parameter

DAVINCI

DEFOR-M

Debris bed porosity
(Def.: 0.5)

0.6

0.2

008

Repose angle for late in-side avalanche
(deg)

10

30

Modification factor for particle diameter
(Def.: 1.0)

1.0

0.5
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