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Abstract

In evaluating the efficacy of countermeasures against severe accidents to
mitigate accident progression, it 1s necessary to apply analysis codes
implemented with models for physicochemical phenomena that may lead to a severe
accident and to simulate accident progression based on the initial and boundary
conditions of a wide spectrum of scenarios. The following three processes are
recognized as including major uncertainties in developing modeling relevant

to physicochemical phenomena:

(1) In-vessel core degradation and relocation
(2) Ex-vessel release of molten debris and formation and coolability of
debris bed

(3) Migration and release of radioactive materials

In order to reduce the uncertainty in scaling up to actual plant conditions
when applying analysis codes that were validated based on separate effect
tests and integral effect tests focusing on important phenomena belonging to
the abovementioned processes, it 1is necessary to promote improvement of
analysis codes and enhancement of the validation test matrix in a complementary
manner.

In this research, findings from past tests as well as those expected to be
obtained from ongoing tests for specific physicochemical phenomena which cause
a major part of the uncertainties in the above three processes were taken into
account, and analysis codes that incorporate models with enhanced spatial and
temporal resolutions at levels realizable with today’ s available
computational resources were developed. By using these codes along with

integrated severe accident analysis code like MELCOR, it is aimed to reduce

iii



uncertainties 1in predictions of actual plant behaviors concerning the
formation and cooling of debris beds and migration and release of radioactive
materials.

With regard to the above three processes, based on ranking tables and state—
of—-the—art knowledge on important phenomena that were developed based on
discussions by domestic and foreign experts as well as the characteristics of
newly implemented countermeasures against severe accidents in Japan,
development of useful analysis codes from the viewpoint of safety evaluation
was carried out.

In terms of “In-vessel core degradation and relocation,” integrated
analysis code comprising neutron kinetics, multi—-phase and multi-component
fluid dynamics and fuel rod thermal-mechanical behaviors was developed, its
validity was confirmed through simulations of test results and then its
applicability to actual plant simulations was also confirmed.

In terms of “Ex-vessel release of molten debris and formation and cooling
of debris bed,” relevant phenomena were classified into five groups with the
aim of evaluating cooling behaviors considering detailed debris bed formation
processes. Analysis codes based on a high-resolution deterministic approach
and a stochastic approach were developed in parallel, keeping in mind their
complementary application in safety evaluation. Code validations were carried
out based on existent test data for melt jet break-up, debris cooling in pool
water and melt spreading.

In terms of “Migration and release of radioactive materials,”
improvement of the coupling method for the integrated severe accident code
and the chemical reaction model was carried out with the aim of realizing
better incorporation of those mechanisms that contribute to migration
behaviors of radioactive materials such as the chemical form of iodine and
cesium coexisting with boron, pH change of the pressure suppression chamber

pool water, production of molecular iodine and organic iodine, etc
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Fig.2.1 Detailed modeling of core degradation and relocation phenomena
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Table 2.3 Test database for validating analytical codes of ex—vessel

debris bed formation and cooling behaviors
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Fig.2.5 High resolution deterministic analytical code system of ex—vessel

debris formation and cooling
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