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Development of Simulation Codes for

Physicochemical Phenomena including Large Uncertainties

under Severe Accident of LWR

Akitoshi HOTTA, Miyuki AKIBA, Akinobu MORITA, and Wataru KIKUCHI

Division of Research for Severe Accident

Regulatory Standard and Research Department,

Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

In this research, from the viewpoint of severe accident analysis in the
actual LWR plant, the following four areas are focused as having large prediction
uncertainties in by the current analysis codes.

Fuel-coolant interaction
Molten corium—concrete interaction

Debris cooling under cavity water injection

® e 0

Generation, migration and removal of radioactive material in the plant system

Separate effect and integral effect tests focusing on the important
physicochemical phenomena included in these four areas have been underway both in
Japan and abroad. Taking account of findings obtained from these tests, also with
the cooperation of domestic and foreign experts 1in these research fields,
extraction of research subjects was carried out. Based on this, development of
analysis codes necessary to solve these subjects was launched for six years from
2017 to 2022. This report is an interim report that summarizes results obtained
in the two years from 2017 to 2020. As summarized below, up to the present we

have achieved the planned goals:

(1) In ”"Development of analysis codes for the fuel-coolant interaction”, The
three—dimensional molten jet breakup behavior analysis code JBREAK is being
developed and the R-7Z fuel-coolant interaction code JASMINE is being
implemented with the molten jet breakup model

(2) In  “Development of an analysis code for the molten corium—-concrete
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(3)

(4)

interaction” , the three—dimensional molten corium—concrete interaction
analysis code CORCAAB is being developed with implemented with the heat
transfer models between the molten corium—concrete and pool, and carrying
out trial analyses in order to check that the three—-dimensional concrete
ablation front tracking algorithm can deal with cavity geometries postulated
in actual plants.

In ”“Development of analysis codes for the debris cooling under cavity water
injection”, analysis codes are being developed based on two approaches:

deterministic and probabilistic ones.

(a) In the deterministic approach, a modular code system called THERMOS is
being developed. Specifically, as the modules included there, four codes,
JBREAK, DPCOOL, MSPREAD and REMELT, are being developed and the inter-—
code interfaces are prepared with postulating coupling analysis of
different codes.

(b) In the probabilistic approach, the R-Z fuel-coolant interaction analysis
code JASMINE 1is being implemented with those models, generation of
agglomerated debris by droplet bonding and melt spreading on a floor,
that are necessary for evaluating the probability of success of debris
cooling in the cavity.

(¢c) From open literatures, etc., the tests were selected according to the
judgment whether they include phenomena corresponding to important models
implemented in the these codes and are suitable for validation of these
models. Then a series of tests using simulant materials being conducted
at KTH as a part of “Tests concerning important physicochemical phenomena
of severe accident of LWR (from FY2015 to FY2019)” were combined with
above—-mentioned tests to develop the validation matrix.

In “Development of analysis code for radioactive material generation /

migration / removal 7, the work has been focused in two fields: "Development

of source term evaluation method considering chemical reactions” and

“Development of aerosol scrubbing removal model”. In the former, modeling

methodologies of the chemical kinetics and the chemical equilibrium

compositions were studied. The statistical surrogate model for the chemical
equilibrium compositions were implemented in the integral severe accident
code THALES2. A sample calculation was carried out based on accident

scenarios in the BWR plant. In the latter, the concept of improving the pool
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scrubbing model was summarized based on the findings obtained from the three—
stage scale tests: small, medium, and large scale which were conducted as
“Tests concerning important physicochemical phenomena of severe accident of

LWR”
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Fig. 2.3.6 Sample of sump sink model analysis by MSPREAD
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Fig. 2.3.8 Snapshots of ECOKATS-1 (left) and comparison of MSPREAD and
CORFLOW (right)
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