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Development of a Database and Evaluation Methodology for Criticality of Fuel Debris at the

Fukushima Daiichi Nuclear Power Station

IWAHASHI Daiki, SHIBA Shigeki, and OKAWA Tsuyoshi
Division of Research for Reactor System Safety,
Regulatory Standard and Research Department,

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

Abstract

The retrieval of fuel debris (a substance consisting of melted and subsequently
resolidified nuclear fuel, as well as in-core structures, concrete, etc.) from Fukushima Daiichi
Nuclear Power Station (1F) of Tokyo Electric Power Company Holdings, Inc. is planned to start
with Unit 2 and proceed in phases with the expansion of the scale of retrieval. The criticality
analysis associated with this work and the evaluation of worker and public exposure to radiation in
a criticality excursion need to be conducted considering the diversity of the property of the fuel
debris and the changes in the property of the fuel debris that may result from excavation and other
operations. Furthermore, measures must be taken to prevent worker and public exposure in case a
criticality excursion should occur.

This safety research project is conducted to evaluate criticality management during the
fuel debris retrieval work performed by the licensee and also worker and public exposure
management in case of a criticality excursion, focusing on the following. This safety research
project was conducted by the Japan Atomic Energy Agency (JAEA) under the auspices of the
Nuclear Regulation Authority (NRA), except for the development of the 3D core damage / melting
progress analysis code described later.

(1) Development of methods for evaluating criticality management

In the development of methods for evaluating criticality management based on the
property of fuel debris, the data for criticality characteristics are acquired to construct a criticality
map database for timely use in criticality safety evaluation. Criticality experiments are then
conducted to validate the criticality map database.

(2) Development of methods for dose evaluation in a criticality excursion
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The development of methods for dose evaluation in a criticality excursion includes the
study of scenarios in which criticality may result from the excavation of fuel debris and other
operations during fuel debris retrieval work, as well as the evaluation of worker and public
exposure to radiations and radioactive materials generated in a criticality excursion.

The technical knowledge obtained in these development activities will contribute to the
regulatory inspection and review related to criticality management of fuel debris retrieval in 1F by
the NRA.

The progress of this project so far is as follows.

In the development of methods for evaluating criticality management, the evaluation of
criticality characteristics has been conducted based on parameters such as fuel debris burnup and
the mixture composition of materials from in-core structures, using analysis codes that are used
widely in neutron kinetics analyses. A new Monte Carlo calculation solver (Solomon) that can
handle the diverse property of fuel debris has also been developed. In addition, concrete details
have been determined for criticality experiments simulating fuel debris at the modified Static
Experiment Critical Facility (STACY) at Nuclear Fuel Cycle Safety Engineering Research Facility
(NUCEF) owned by the Japan Atomic Energy Agency (JAEA). The project of NRA has also begun
on the development of codes for the three-dimensional analysis of core damage/melt progression to
evaluate the nature of the fuel debris formed through core damage/melt progression in a boiling
water reactor (BWR). In the development of the code, a detailed geometry analysis model has been
developed to evaluate fuel debris composition in the range from the core region to the lower head
of the reactor pressure vessel. In particular, the model has been demonstrated to be capable of
analyzing the relocation behavior of molten material in the core support plate region and crust
formation.

In the development of the methods for dose evaluation in a criticality excursion,
scenarios leading to a criticality excursion have been investigated because the excavation of fuel
debris and other operations during fuel retrieval may cause changes in factors such as
fuel/moderator ratio, potentially resulting in a criticality excursion. This investigation included the
development of analysis codes that can evaluate the amount of radioactive materials generated
during a criticality excursion and released to the surrounding environment, as well as the

development of basic evaluation tools for assessing worker and public exposure.
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Fig. 2.1.1.12 Comparison between SWAT4.0 calculation and measurement results (1/3).
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7 2.1.1.1 Godiva JF.DMTEBIT D EEERIIHT 2 PUKET — X D= R LF —FE 0K

DL

Table 2.1.1.1 Comparison of sensitivity coefficients of 2*>U nuclear data

FE£R

BT — 4 R RS (Solomon) EMRS (OpenMC)
1SS O EFREEH 0.98196 = 0.00059+ 0.98236 + 0.00008
il . A -0.03898 = 0.00005 -0.03970 = 0.00005
B R 0.65663 = 0.00085 0.65405 + 0.00024
AT I EL T 0.10523 = 0.00088 0.10480 = 0.00086

*EHEEZE L AREELET.

H#)  JAEA24
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cross-sectional views (the right-hand side) of six elevations from the top of core region to the bottom of RPV.
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Fig. 2.1.2.3 Outline of the three-dimensional simulation code comprising a thermal-hydraulic

module, fuel pin behavior module, and neutronic calculation module.
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high-temperature B4C-Stainless steel eutectic in the core support plate region.
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Fig. 2.1.3.1  STACY-core tank still being constructed ( separated top and bottom cores).
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Fig. 2.1.3.3 Manufacture of packing material used in the RAJ-IIIS type shipping cask.
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measuring device and the pellet density measuring instrument.
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