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MOLTEN CORIUM DISPERSION DURING HYPOTHETICAL HIGH-PRESSURE ACCIDENTS
IN A NUCLEAR POWER PLANT

Jongtae Kim," Sang-Baik Kim, Hee-Dong Kim’ and Jae-Sik Jeong’

During a hypothetical high-pressure accident in a nuclear power plant (NPP), molten corium can be ejected
through a breach of a reactor pressure vessel (RPV) and dispersed by a following jet of a high-pressure steam in
the RPV. The dispersed corium is fragmented into smaller droplets in a reactor cavity of the NPP by the steam jet
and released into other compartments of the NPP by a overpressure in the cavity. The fragments of the corium
transfer thermal energy to the ambient air in the containment or interact chemically with steam and generate
hydrogen which may be burnt in the containment. The thermal loads from the ejected molten corium on the
containment which is called direct containment heating (DCH) can threaten the integrity of the containment. DCH
in a NPP containment is related to many physical phenomena such as multi-phase hydrodynamics, thermodynamics
and chemical process. In the evaluation of the DCH load, the melt dispersion rates depending on the RPV pressure
are the most important parameter. Mostly, DCH was evaluated by using lumped-analysis codes with some
correlations obtained from experiments for the dispersion rates. In this study, MC3D code was used to evaluate the
dispersion rates in the APRI400 NPP during the high-pressure accidents. MC3D is a two-phase analysis code
based on Eulerian four-fields for melt jet, melt droplets, gas and water. The dispersion rates of the corium melt
depending on the RPV pressure were obtained from the MC3D analyses and the values specific to the APRI1400
cavity geometry were compared to a currently available correlation.

Key Words : -8-§% 319H2-Z(High-pressure Melt Ejection, HPME), YAIZ2 718 24 7} ¥ Direct Containment Heating, DCH),
o] +5(Two-phase Flow), ©] F&(Dispersion rate), 42| 4] (Eulerian Method)
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Water and gas holder

Fig. 1 Mesh of the simplified 1/30 scale YGN 3&4 cavity
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Fig. 2 Volume fractions of water and droplets and gas velocity
vectors at t = 0.08 s, (p0 = 20 bar)
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Fig. 3 Volume fractions of water and droplets and gas velocity
vectors at t = 0.22 s, (p0 = 20 bar)
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Fig. 4 Pressure-time histories in the case of initial vessel pressure
of 20 bar
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Fig. 5 Temporal dispersed fractions depending on an initial vessel
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Fig. 6 Comparison of dispersed fractions depending on an initial
vessel pressure for the simplified YGN 3&4 cavity model
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Fig. 7 Horizontal view of the modeled cavity and S/G
compartment of APR1400
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Fig. 9 Vertical cut views of the APR1400 cavity aty =12 m
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Fig. 10 Iso-surfaces of the corium jet and gas velocity vectors
induced by the corium ejection at t=0.5s, (p0 = 40 bar)
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Fig. 14 Volume fraction iso-surfaces of the dispersed corium
droplets and gas velocity vectors at t =2.0 s, (p0 = 40 bar)
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