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" Introduction

/

Fuel-Coolant Interaction (FCI)
» Corium-water interaction in a pre-flooded cavity
v' This research does not consider the steam explosion
» Intermediate stage during a ex-vessel severe accident progression
v’ Corium release (Vessel breach) -> FCI -> MCCI
» Large heat transfer and pressure-buildup during this phenomenon
v Approximately 40~50% of the initial corium energy releases to the
surroundings in a few seconds
v Main heat transfer mechanism : film boiling with corium particles

Objectives

» Evaluation of the coolability and the pressure behavior during FCI
+ Calculation for initial conditions for MCCI

" Method

Tool with lumped and Lagrangian systems
» Corium : Lagrangian approach, Water and Cavity : Lumped approach
» Explicit time discretization, no momentum conservation equation

COoCOoA
(COrium COolability Analysis tool)

MAJOR ASSUMPTIONS
i) Constant jet column temperature
i)  Linear fragmentation with the ratio of the jet moving distance to jet breakup
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JET DISCHARGE DIAMETER
Jet discharge diameter model
(NED, 2019)

PARTICLES
I

PARTICLE SIZE DISTRIBUTION
Particle size distribution model
(NED, 2019)
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JET BREAKUP LENGTH PARTICLE TERMINAL

Jet breakup length model VELOCITY
(NURETH, 2017) Particle drag coefficient model
(NED, 2020) (NED, 2019)

JET & PARTICLE BEHAVIOR
Particle Fragmentation Model
(NED, 2020)

HEAT TRANSFER
Unified film boiling model
(Cenvection, Radiation, Heat Partitioning)

PRESSURE
Steam generation

(NED, 2017) Hydrogen production
(IVHM, 2018) (NED,2020)
(NED, 2020)
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INITIAL CONDITION FOR MCCI
Particulate debris mass fraction
Sauter mean diameter of Particulate debris
Cake temperature

Models

» Jet breakup length : modified Epstein correlation (corium data-based)
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» Jet fragmentation : linear fragmentation
» Heat transfer : film boiling for the corium jet and particles
* Pressure : Van der Waals with steam and hydrogen production
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» Average corium temperature at bottom :
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Input parameters

Parameters 20ton_sat | 20ton_sub ] 100ton_sat | 100ton_sub I 200ton_sat | 200ton_sub
Corium mass (ton) 20 [ 20 [ 100 [ 100 [ 200 | 200
Corium temperature (K) 3000
Initial Pressure (MPa) 0.1
Water depth (m) 6.4
Initial AT, (K) o [ s0o [ o T s0 | o T so
Initial D ... (I0) 0.0762
Mean D, ;.. (11m1) 3.7
Cyz (1e-3) 2.5%% | 06*** | 25%* [ 06*** | 2.5** [ 06***

* We applied the average value of 6 available data from FARO tests, same as L-27 in Table 3-1.
** Average value of the FARO results with the initially saturated water.
*** Value of the FARO test with the initially subcooled water.

Corium release

» Jet breakup length increases as jet discharge diameter increases
v’ Jet discharge diameter increases as the high temperature corium
interacts with the vessel hole (initially 0.076 m, ICI nozzle)
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Pressure and energy
* Final pressure is 2.6 bar for 200 tons of corium with the saturated
water condition, when all corium is at bottom

» Also, release energy is 152 GJ and the average corium temperature
is 2126 K
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+ With 200 tons of corium release for the water level of 6.4 m and
the saturated water, the containment keeps its integrity

+ The average corium temperatures show lower values than 2126 K,
when all the corium settle down to the bottom
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