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1. Introduction 

Boron carbide (B4C) and stainless steel (SS) are the main control-rod materials used in boiling water 

reactors. The melting temperature of the mixed eutectic material between B4C and SS is lower than the original 

melting point: approximately 1473 K, which is the lowest one among those of the reactor components. Therefore, 

they were expected to be the first materials to melt among the reactor components that affected the subsequent severe 

accident progression and the final state of fuel debris in the Fukushima accident. In this collaborative research, the 

relocation phenomena during severe accident had been numerically and experimentally investigated under 

collaboration between Imperial College London (ICL) and The University of Tokyo (UT). 

 

2. Results 

2-1. Visualization Experiment 

 For the validation data of eutectic phenomena, relocation visualization experiment had been carried out by 

UT. Stainless tube with around 4 to 6 mm had been heated up by tungsten heater from outside. Inside of the tube, 

B4C powder had been filled with 30% of void fraction. Temperature of the tube were monitored by Thermocouple 

and kept around 1470K. With heating up the test tube, the eutectic phenomena between SUS and B4C caused the 

liquefaction of the metal. In some cases, the relocation of the liquefied metal was observed. With analyzing the 

images, the Verification database had been constructed. The detail of the experimental results was reported in several 

papers [1][2].  

2-2. Numerical Simulation 

 MPS (Moving Particle Semi-Implicit) technique had been applied to simulate the large deformation during 

the relocation. To simulate the heating by radiation heat transfer, heat flux boundary condition model had been 

developed and verified by theoretical heat input condition[3]. Then, the code had been applied to visualize the 

eutectic phenomena and following relocation phenomena. MPS development were mainly carried out by UT. While, 

Adaptive refinement FEM technique had been developed by ICL. Using the ARFEM, UT’s relocation visualization 

experiment had been simulated. The qualitative relocation phenomena agreed with the experiment. However, more 

modeling and code development were needed for the quantitative validation. 

2-3. Human Resource Development 

Under the collaboration between ICL and UT, UT students got many awards including international 

conference awards. Students published several papers related to this collaboration project.  

 

3. Conclusion 

The collaboration project between ICL and UT was very successful. We had progress on the severe 

accident phenomena, especially Eutectic and Relocation. Also, the advanced Numerical simulation codes were 

developed. The collaboration between ICL and UT will continue to understand the severe accident phenomena, and to 

improve nuclear system’s safety. 
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