
7th Internationai Conference Nuclear Option in Countries with Small an
Dubrovnik HR0866046"

Ex-Vessel Steam Explosion Analysis of Central Melt Pour Scenario

Mitja Uršič, Matjaž Leskovar
Jožef Stefan Institute
Jamova cesta 39, SI-1000 Ljubljana, Slovenia
Mitja.Ursic@ijs.si,
Matjaz.l_eskovar@ijs.si

An ex-vessel steam explosion may develop during a severe reactor accident when the reactor vessel fails
and the molten core interacts with the coolant in the reactor cavity. At this process part of the corium
energy is intensively transferred to water in a very short time scale. The water vaporizes at high pressure
and expands, doing work on its surrounding. Although the steam explosion has probably a low probability
of occurrence, it is an important nuclear safety issue in case of a severe reactor accident. Namely, the
formed very high pressure region induces dynamic loadings on the surrounding structures that may
potentially lead to an early release of the radioactive material into the environment.

Although the steam explosion events have being studied for several years, the level of the process and
consequences understanding is still not adequate. To increase the level of confidence the OECD
programme SERENA (Steam Explosion REsolution for Nuclear Applications) was established in 2002. The
objectives of the program were to evaluate capabilities of the current generation of the FCI (Fuel-Coolant
Interaction) computer codes in predicting the steam explosion induced loads, identifying key FCI
phenomena and associated uncertainties impacting the predictability of the steam explosion energetics in
the reactor situations and proposing confirmatory research to reduce the uncertainties to acceptable levels
for the steam explosion risk assessment.

To get a better insight into the most challenging ex-vessel steam explosions, analyses for different
locations of the melt release, the cavity water sub-cooling, the primary system pressure overpressure and
the triggering time were preformed for a typical pressurized water reactor cavity. The results of some
scenarios revealed that significantly higher pressure loads are predicted than obtained in the OECD
programme SERENA Phase 1. Among the performed analyses for the central melt pour scenarios, the
maximum pressure loads were gained at 2 bar primary system overpressure and water sub-cooling of
50°C.

The purpose of the work presented in the paper is to perform a detailed analysis of the central melt pour
scenario at 2 bar primary system overpressure and water sub-cooling of 50°C, where the strongest steam
explosion occurred. The steam explosion analysis will be performed with the computer code MC3D, which
is build mainly for the simulation of the complex FCI phenomena. The MC3D is being developed by IRSN,
France. The reasons for the obtained so high pressure loads during the steam explosion in the selected
scenario will be highlighted and discussed in details.
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