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Impact of Uranium-silicide fuels on enhancement of
fuel lifetime, nuclear safety and security in large scale LWRs
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The development of detection and reasoning methods for nuclear material theft
behaviors based on artificial intelligence and background analysis

*Zhan Li, Xingyu Song, Shi Chen, Kazuyuki Demachi
The University of Tokyo

Abstract: A novel detection and reasoning method for nuclear material theft behaviors is proposed in this research.
In detail, an extra tree-structured analysis process is proposed to determine the status of background objects.
Besides, this background analysis process is well integrated in our previously proposed explainable reasoning
methods. The results show that our proposed methods prove to be promising to detect nuclear material theft events.
Key words: nuclear security; human malicious behaviors identification; artificial intelligence; background

analysis

1. Introduction

In our previous research [1], three novel and explainable reasoning methods are proposed to solve the
problems of human malicious behaviors in external intrusion of nuclear security. However, for the more complex
and significant scenarios of nuclear material theft, the proposed methods are required to be advanced with the

process of background analysis.

2. Methodology

The framework is shown in Fig.1, which is mainly comprised by two calculation steps called computer vision
module (CVM) and reasoning module (RM). In CVM, multiple deep learning models (in blue font) are
implemented and applied to extract the three types of human actions, which are HPOIA, HBOIA and TA in Fig.1.
However, for the cases of nuclear material theft, we additionally add a process of background analysis (in green
font) in CVM, thus the corresponding output background analysis (BA) would also be obtained. Then, the three

extracted human actions as well as BA results are comprehensively considered for final reasoning in RM.

3. Conclusion
With the development of background analysis process shown in Fig.2, the special background object ‘nuclear
fuel’ would be assigned with a label which might be ‘exist’, ‘hidden’ or ‘disappear’. The proposed methods seem

to be useful for identification of nuclear material theft cases.
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Identification of Key Signature Nuclides to Estimate the Origin of Reprocessed Pu for Nuclear Forensics
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[1] OECD, Nuclear Energy Agency. SFCOMPO 2.0 (Spent Fuel Isotopic Composition).
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Numerical Analysis of Photonuclear Reaction Detection using High Energy Gamma-ray
from "Li(p,y)*Be reaction Triggered by Pelletron Accelerator
*Krittanai Kiatkongkaew', Hiroshi Sagara', Tatsuya Katabuchi', Chikako Ishizuka' and Risa Kunitomo'
Tokyo Institute of Technology'.

A potential of photonuclear reactions to be utilized in non-destructive assay methods for nuclear security and safeguards
has been realized. A numerical study on activated photonuclear reactions by y-rays emitted from the "Li(p,y)*Be reaction,

including influences from geometrical condition and detectability analysis was performed.

Keywords: Non-Destructive Assay, Nuclear Security, Photonuclear reaction, Detectability, Pelletron Accelerator
1. Introduction High energy y-rays from the "Li(p,y)*Be reaction can be considered an effective photon source for active

interrogation of nuclear materials. An experimental demonstration on photonuclear reaction induced by y-rays from the

"Li(p,y)®Be reaction utilizing a proton beam from the Pelletron accelerator y

of Tokyo Tech is planned. This study aims to perform a numerical study on ‘ . ‘ ‘ L;

the current active method utilizing the ’Li(p,y)®Be reaction. The study

X

includes impacts from geometrical condition, and detectability analysis. ! 1 il
Proton fla Sample
—ean> |4
2. Methodology Numerical analyses were carried out with the Monte Carlo HE Lipy)B Polyethylene
1p,Y)"be

simulation code MCNP. The previous experimental data of the energy

distribution and yields of y-rays from the "Li(p,y)*Be reaction [1] were used . ‘ ‘ ‘

to isotropically generate photons in the calculation. Photonuclear

He-3

. . . Figure 1 Simulated neutron measurement apparatus
reactions occurring in the samples were calculated from photonuclear *'© PP

cross section data of ENDF/B-VIL1. Investigation on
4000
detectability of photonuclear reactions changing sample ]
. . . S 3000
materials, distance, and sample thickness was performed forthe | 3
O
measurement setup shown in the Figure 1. s 2000
. g . 3 1000
3. Result Geometrical conditions such as distance, sample | > .
. . @ 0
thickness and surface area have an impact on photoneutron | = Lead Neptunium NatU 506EU
emission. The sample was placed at 1 cm from the photon source Em Target samples = = = L imit of Detectability

and neutrons were detected with *He proportional counters
surrounded with polyethylene moderators. The limit of detectability ~ Figure 2 Net neutron counts from samples placed at 1 cm

was evaluated based on background neutrons from photoneutrons Jrom source position

emitted from the lead collimator. As shown in Figure 2, at a sample distance of 1 cm from the photon source, given the
sample size of 1 cm? surface area and 1 mm thick, neutrons from lead are below the detectability limit, while photonuclear

events from nuclear material samples such as neptunium and uranium samples are found to be detectable.

4. Conclusion The characteristics of neutron emission by y-rays from ’Li(p,y)*Be reaction regarding sample materials
and geometrical conditions have been investigated in numerical analyses. With an optimal experimental setup, photon-

induced neutron events from nuclear materials can be made detectable.
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ANSET-CP 38 program and also by JSPS KAKENHI Grant numbers JP23H01894, and Nuclear Regulation Authority, Japan.
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Application of prompt fission gamma rays to nuclear security
Measurements using approved Cf-252 devices with certification labels
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