
   

    

 

 

Coolability analysis of initial ex-vessel molten corium for pre-flooding strategy 

 
Jaehoon Jung a, Hwan Yeol Kim, and Sang Mo An a, 

aAccident Mitigation Research Team, KAERI, Daeduk-daero 989-111, Daejeon, Korea 
*Corresponding author: jhjung@kaeri.re.kr 

 

1. Introduction 

 
During the late phase of severe accidents in PWRs 

(Pressurized Water Reactors), the molten corium may be 

discharged into the reactor cavity if the lower head of the 

reactor vessel is failed. The cooling and stabilization of 

the discharged molten corium in the reactor cavity is 

important to prevent further accident progression such as 

molten core-concrete interaction.  

The strategy of pre-flooding of coolant into a reactor 

cavity for ex-vessel corium cooling and stabilization was 

adopted for the most operating Korean NPPs. It is 

expected that the molten corium jet is completely 

fragmented in the water pool, and accumulated on the 

cavity floor in the form of a particulate debris bed. Also, 

it can be cool down. However, if the molten corium 

reaches the cavity floor without completely breaking up 

or the debris bed is re-melted, a continuous molten pool, 

which is called “cake,” is produced on the floor, and it 

can lead to a MCCI [1]. 

KAERI is developing the module for the ex-vessel 

debris coolability [1, 2]. In this study, the module was 

validated on the initial cooling model by comparing the 

analysis results with FARO experiment [3]. 

 

 

2. Description of Model  

 

2.1 simplified ex-vessel debris bed coolability module [2] 

 

So far, the cooling process of the ex-vessel corium 

debris can be divided into four categories which are melt 

jet breakup, the particle dynamics, the debris bed 

formation, and the debris bed cooling (Fig.1). In the pre-

cavity strategy, when the discharged molten corium from 

the RPV goes into the water, the melt jet will fragment. 

The fragmented particles fall into the cavity floor and 

accumulate on the cavity floor in the form of a debris bed. 

The heat generated by the debris bed can be removed by 

natural circulation of coolant through the porous bed.  

The simplified ex-vessel debris bed coolability 

module which covers the melt jet break-up, debris bed 

sedimentation, debris bed formation and its cooling is 

under development. The detailed models of each 

phenomenon were described in the Refs 1, and 2. 

In this study, to analysis the initial ex-vessel molten 

corium coolability, we seek to solve the unsteady one-

dimensional heat conduction equation even during the 

formation of the debris bed.  
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where, 𝜌𝑒𝑓𝑓 = (1 − 𝜀)𝜌𝑏𝑒𝑑 , 𝑐𝑒𝑓𝑓 = (1 − 𝜀)𝑐𝑏𝑒𝑑 , 

𝑘𝑒𝑓𝑓 = (1 − 𝜀)𝑘𝑏𝑒𝑑  , S are density, specific heat, 

thermal conductivity of porous media, and source term 

[4]. 

 

 

Fig. 1. Scenario of melt outflow from RPV and formation of 

particulate debris in pre-flooding cavity [1] 

2.2 Benchmark problem : FARO experiment 

 

To verify the analysis model and to improve it, FARO 

tests were selected as a benchmark problem. The FARO 

tests were designed to study the integral corium melt 

jet/water mixing and quenching behavior using UO2 

based melt under prototypical conditions. 12 tests were 

performed that involved quenching of 18-177 kg corium 

melts in saturated and subcooled water [3]. The table 1 

summarized the main experimental conditions and debris 

bed data. 

 
Table I. FARO test conditions and results [3] 
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2.3 Preliminary analysis results and discussion 

 

Considering the melt mass, temperature, and the gases 

phase, we were first selected L-28 test as a benchmark 

problem. In the simulation, the Epstein’s correlation [5] 

was used for the jet break up analysis.  To simulate the 

debris bed shape as the test, the debris bed formation 

model was modified.  

The experimental results of the mass of the cake and 

the particles, the particulate debris bed temperature 

(Fig.2), and the water temperature (Fig.3) were 

compared with the analysis results. When analyzed by 

the heat transfer model of Ref. 4, it was found that the 

initial debris bed temperature was 200 K higher than 

FARO results. The reason is that the minimum heat flux 

model was used as the heat transfer model for particle 

cooling during the sedimentation. We are modifying the 

heat transfer model. The heat transfer model is currently 

being improved. After improvement, the analysis results 

will be attached when revising the paper   

 

 
Fig. 2. Bottom of debris bed temperature [3] 

 

 
Fig. 3. Temperatures in the water region [3] 

 

 

3. Conclusions 

 

We are focusing on the development of the debris bed 

coolability analysis model. In this study, we tried to 

validate the cooability model and to improve it by 

comparing the analysis results with FARO test results. It 

is still underway to develop the debris bed heat transfer 

model. After developing 1-D analysis model, it will be 

expanded to analyze the local temperature of various 

shaped debris bed. 
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