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This thesis proposes and evaluates a passive neutron non-destructive assay (NDA) technique for
quantifying plutonium in fuel debris, which is a challenging task for the decommissioning of the
Fukushima Daiichi Nuclear Power Plant (1F). The technique utilizes the neutron information emitted
from the fuel itself, without using any external neutron source, to extract the direct information of
plutonium from the fuel debris with various neutron sources. The thesis consists of seven chapters.

The first chapter introduces the social needs and technical difficulties of developing NDA
techniques for plutonium in nuclear material management, and states the purpose of this paper.

The second chapter proposes two methods, Differential Die-Away Self-Interrogation (DDSI) and
Differential Half-life of Spontaneous Fission Nuclides (DHS), to measure the neutron leakage
multiplication factor and quantify plutonium by using the difference in half-life between short-lived
and long-lived nuclides.

The third chapter evaluates the applicability and uncertainty of the DDSI method by parametrically
changing the composition and position of fuel debris.

The fourth chapter conducts a demonstration test of the DDSI method by simulating fuel debris
with MOX samples and neutron absorber.

The fifth chapter evaluates the applicability and uncertainty of DHS method to quantify Pu-240
effective mass and plutonium in fuel debris, and proposes a new method to correct the systematic
error due to Cm-246.

The sixth chapter evaluates the effectiveness of the proposed technique for Unit 1 of 1F, and shows
that this technique can be used as a sorting technique, a nuclear material management technique, and
a safeguards verification tool.

The seventh chapter summarizes the results and concludes that this thesis proposes and evaluates
DDSI and DHS methods to solve the challenges of plutonium quantification in fuel debris, and
demonstrates that these methods are important techniques that can contribute to proper nuclear
material management and decommissioning work.
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