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Abstract

This paper provides an interim report for characterization study of four candidate technologies for nuclear material quantification in fuel debris
at Fukushima Daiichi Nuclear Power Station (1F). The severe loss-of-coolant accidents of 1F produced fuel debris in the reactor cores of Units
1-3. Because the fuel debris would contain unknown amounts of minor actinides, fission products and neutron absorbers and the mixing rate of
them would vary significantly, accurate quantification of nuclear material in fuel debris would be difficult by applying a single measurement
technology. Therefore, we consider that an integrated measurement system that combines several measurement technologies would be required
to complement the weakness of each technology. For consideration of an integrated measurement system, we conducted a characterization
study for each technology. In order to compare the results of applicability evaluation of each technology, common set of simulation models for
fuel debris and canister were developed. These models were used for the applicability evaluation of each technology. Then, the comparative
evaluation of the result of applicability evaluation among four technologies was conducted.
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1. Introduction

The severe loss-of-coolant accidents of Fukushima Daiichi Nuclear Power Plants (1F) caused by the tsunami on March 11,
2011 produced fuel debris in the reactor cores of Units 1-3 [1]. For decommissioning of 1F, measurement technology for
quantification of the nuclear material in fuel debris will be required for appropriate nuclear material management. Fuel debris is
considered to be solidified, mixed with surrounding materials such as zircaloy and concrete. Therefore, it is considered to be
insoluble and inhomogeneous, which makes it unsuitable to apply destructive assay to fuel debris. Moreover, fuel debris contains
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minor actinides and fission products which are intense neutron and gamma ray sources generated by burnup of fuel in a reactor.
It also contains neutron absorbers such as B-10 from control rods or boron added after the accident to avoid re-criticality. These
materials make it difficult to apply conventional non-destructive assay to fuel debris. For these reasons, the development of a
new fuel debris measurement system is required.

Under the collaborative program with United States Department of Energy (DOE), Japan Atomic Energy Agency (JAEA) and
Central Research Institute of Electric Power Industry (CRIEPI) surveyed technologies for nuclear material quantification of fuel
debris at 1F from 2012 to 2014[2]. Four research groups in JAEA and CRIEPI have evaluated independently the applicability for
four technologies, passive neutron technique, passive gamma technique, active neutron technique and active gamma technique,
by simulation and/or small scale measurement tests. Table 1 shows an overview of the four candidate technologies.

Table 1 Overview of four candidate technologies
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Because the fuel debris would contain unknown amounts of minor actinides, fission products and neutron absorbers and the
mixing rate of them would vary significantly, accurate quantification of nuclear material in fuel debris would be difficult by
applying a single measurement technology. Therefore, we consider that an integrated measurement system that combines several
measurement technologies would be required to complement each other. Fig. 1 shows block diagram of an integrated
measurement system under consideration.
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Fig. 1 Block diagram of an integrated measurement system under consideration
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