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In the Fukushima Daiichi Nuclear Power Plants, the Primary Containment Vessel (PCV)
investigations have revealed that the lower plenum of reactor pressure vessel (RPV) was
severely destroyed with the intensive amount of partially molten steel penetration
structures, which has been not explained fully by the severe accident code analysis. This
is because the code analysis model does not consider that the molten core materials
relocation and their chemical interaction takes place together. In this study, the
methodology to calculate the metallic materials fluid and their chemical reactions had been
developed by newly introducing the compositional supercooling solidification into the
solidification model which has been used successfully in the steel-making industry, was
validated against the UOy~Zr reaction experiment at high temperatures and applied to the
U-Zr-0/steel reaction. As a result, the calculation results of UOy~Zr analysis showed good
agreements with the experimental observation and it was understood that the rate—-limiting
process of UO, dissolution under 2000 °C in the liquid-solid mixtures consists both of the
convection—controlled and diffusion—-limited ones depending on the equilibrium condition
at the reaction boundary. Also, the U-Zr—0/steel reaction analysis exhibited that the
exothermic reaction of Fe-U-Zr—0 could promote the steel destruction more than cool the
U-Zr-0 by Fe with the large heat capacity, and the reaction product including U metal on
the steel surface could follow the secondary liquefaction due to the decay heat during the
severe accident progression. On the basis of these results, the RPV failure scenario was
proposed by combining the liquefaction of low liquidus metallic materials and the
U-contaminated steel produced by U-Zr-0/Steel reaction. In conclusion, it is possible to
evaluate the complicated motion of liquid-solid mixture molten metals considering the
interaction and help to understand the steel structure destruction mechanism during the
accident progression of BWR.
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