Fri. Mar 18, 2022

Room A

Planning Lecture | Special Lecture | Special Lecture
[3A_PL] The Transition of Maritime Education and
Training: Upbringing Maritime Officers

and Engineers in Kobe
Chair: Yuichi Furuyama (Kobe Univ.)
1:00 PM - 2:20 PM Room A

[3A_PLO1] The Transition of Maritime Education and
Training: Upbringing Maritime Officers and
Engineers in Kobe

*Yoshiji Yano' (1. Kobe Univ.)

[3A_AC] The 54th AESJ Awards Ceremony
4:30 PM - 5:30 PM Room A

[3A_AC] Awards Ceremony
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Kyoto Univ.)
10:00 AM - 10:15 AM

[3B04] Comparison of measurement systems for high-
energy gamma-ray imaging
*Riho Fujiwara1, Akira Taniike', Yuuiti Furuyama1,
Masaki Nishiura®, Masashi Kisaki?> (1. Kobe Univ., 2.
NIFS)
10:15 AM - 10:30 AM

[3B0O5] Development of Real-Time Measurement System
for Emission and Absorption of Visible Light
during Heavy Gamma-Ray Irradiation
*Huy Le Viet', Hiroyuki Miyamaru', Kei Tanigami’,
Takao Kojima' (1. Osaka Prefecture University)

10:30 AM - 10:45 AM

Oral presentation | Il. Radiation, Accelerator, Beam and Medical
Technologies | 202-2 Radiation Physics, Radiation Detection and
Measurement

[3B06-09] Novel Detection Technique
Chair: Mitsuhiro Nogami (Tohoku Univ.)
10:55 AM - 12:00 PM Room B

Oral presentation | Il. Radiation, Accelerator, Beam and Medical
Technologies | 202-2 Radiation Physics, Radiation Detection and
Measurement

[3B01-05] Photon Detection Technique 2
Chair: Makoto Maeda (JAEA)
9:30 AM - 10:55 AM Room B

[3BO1] A novel dosimeter technique using quadruple-
phoswich scintillator for beta/gamma
simultaneous counting and discriminating.
*Tatsuyuki Maekawa’, shunichiro Makino', Takuro
Fujimaki?, naoto kume?, Akio Sumita®, Munenori
Akiyama?, Kentaro Kikuchi', Yuji Oshima’, Eiichi
Fujiwara1 (1. Toshiba Power Systems Radiation
Techno-servicve Co.,LTD., 2. Toshiba Energy Systems
&Solutions Corporation)

9:30 AM - 9:45 AM

[3B02] Upgrade of the spectral determination mthod by
sensor fusion concept
*Masumi Oshima®, Jun Goto?, Takehito Hayakawa3,
Katsuyuki Suzuki', Haifeng Shen’, Yuichi Sano’,
Hirofumi Shinohara® (1. Japan Chemical Analysis
Center, 2. Niigata Univ, 3. QST)

9:45 AM - 10:00 AM

[3B03] Response characteristics of a °Li-glass
scintillator for high energy gamma-rays
*Jaehong Lee', Fumiaki Ito’, Kota Hironaka', Jun-ichi

Hori?, Kazushi Terada?, Mitsuo Koizumi' (1. JAEA, 2.
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[3B06] Development of Directional 14 MeV-Fusion
Neutron Detector using Liquid Scintillator Filled
in Capillaries
*Masataka Teshigawara’, Eiji Takada', Shuhei Sumida?,
Kohji Shinohara®?, Takeo Nishitani*, Kunihiro
Ogawa’®, Mitsutaka Isobe®® (1. NIT Toyama College,
2. QST, 3. UTokyo, 4. Nagoya Univ., 5. NIFS, 6.
SOKENDAI)

10:55 AM - 11:10 AM

[3B07] Development for InGaP Semiconductor Devices
to Neutron Detection Under High-Temperature
Condition
*Yasuki Okuno', Mitsuru Imaizumi?, Tamotsu
Okamoto®, Takahiro Makino®, Tomohiro Kobayashi5

(1. Tohoku Univ., 2. JAXA, 3. NITKC, 4. QST, 5.
RIKEN)
11:10 AM - 11:25 AM

[3B08] Development of correction method for effect of
sample density on PGA
*Makoto Maeda’, Mariko Segawa1, Yosuke Toh',
Shunsuke Endo’, Shoji Nakamura', Atsushi Kimura' (1.
JAEA)

11:25 AM - 11:40 AM

[3B09] Research on the perturbed angular correlation in
double-photon emission nuclides using magnetic
field



*Taisei Ueki', Fumiki Sensui', Mizuki Uenomachi?,
Zhong Zhihong", Kenji Shimazoe”, Hideki Tomita®*, Kei
Kamada®, Hiroyuki Takahashi' (1. UTokyo , 2. RIKEN,
3. Nagoya Univ., 4. JST , 5. Tohoku Univ.)

11:40 AM - 11:55 AM

Planning Lecture | Board and Committee | Fellows Planning Committee
[3B_PL] 14th Fellows Gathering

Chair: Kazuaki Matsui (FPC)
1:00 PM - 2:30 PM Room B

[3B_PLO1] Japan's Nuclear Policy and Updated Issues
*Mitsuru Uesaka® (1. AEC)

Oral presentation | Il. Radiation, Accelerator, Beam and Medical
Technologies | 202-2 Radiation Physics, Radiation Detection and
Measurement

[3B10-14] Photon Detection Technique 3
Chair: Mariko Segawa (JAEA)
2:45PM - 4:10 PM Room B

[3B10] Development of gamma source identification by
41 Compton gamma imaging
*Hidetake Ebi’, Atsushi Mukai’, Kenji Shimazoe?,
Yusuke Tamura®, Hanwool Woo?, Fumihiko Ishida®, Jun
Kawarabayashi®, Kosuke Tanabe®, Kei Kamata®, Hideki
Tomita' (1. Nagoya Univ., 2. Univ. of Tokyo, 3.
Tohoku Univ., 4. Natl. Inst. of Tech., Toyama College,
5. Tokyo City Univ., 6. Natl. Research Inst. of Police
Science)
2:45PM - 3:00 PM

[3B11] Compton imaging system with SOl and
Scintillator
*Zhihong Zhong", Kenji Shimazoe', Hiroyuki
Takahashi’, Lan Zhang', Mizuki Uenomachi® (1.
UTokyo, 2. RIKEN)
3:00 PM - 3:15PM

[3B12] Characterization of Time of Flight Compton
Camera for Radiation monitoring
*Agus Nur Rachman’, Kenji Shimazoe', Hiroyuki
Takahashi', Hideki Tomita?, Eiji Takada®, Yusuke
Tamura®, Jun Kawarabayashis, Kosuke Tanabe® (1.
The University of Tokyo, 2. Nagoya University , 3.
Tohoku University , 4. National Institute of
Technology, Toyama College, 5. Tokyo City University
, 6. National Research Institute of Police Science)
3:15PM - 3:30 PM

[3B13] Random and scatter noise reduction in PET

imaging using entangled annihilation gamma
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photons with Compton PET pixel detectors
*Donghwan Kim", Agus Nur Rachman’, Taisei Ueki’,
Kenji Shimazoe', Hiroyuki Takahashi' (1. The
University of Tokyo)
3:30PM - 3:45PM

[3B14] Simultaneous diagnostic and therapeutic
radionuclides imaging with Compton-PET hybrid
camera
*Mizuki Uenomachi’, Kenichiro Ogane?, Zhihong
Zhongz, Kenji Shimazoe?, Kei Kamada®, Hiroyuki
Takahashi?, Yang Wang', Hiromitsu Haba' (1. RIKEN,
2. UTokyo, 3. Tohoku Univ.)
3:45PM - 4:00 PM

Oral presentation | Il. Radiation, Accelerator, Beam and Medical
Technologies | 203-1 Accelerator (including Medical Use), Synchrotron
Radiation, Laser

[3C01-04] Laser Application
Chair: Kazumasa Okamoto (Osaka Univ.)
9:30 AM - 10:45 AM Room C

[3C01] Development of ultrasensitive infrared laser
absorption spectroscopy for tritium analysis
*Kazuki lwamoto', Yuki Okuyamaq, Keisuke Saito",
Yuta Suzuki®, Volker Sonnenschein’, Norihiko
Nishizawa', Hideki Tomita"? (1. Nagoya Univ., 2. JST
PRESTO)
9:30 AM - 9:45 AM

[3C02] Remote Laser Heating Experiments using a
10kW Fiber Laser and its Robot System (Part2)
*Akihiko Nishimura'?, Yoshihiro Kitagawa' (1. JAEA,
2. Fukui Univ.)
9:45 AM - 10:00 AM

[3C03] Development of a CW fiber laser
decontamination using high-speed scanning of a
high-power density laser beam.
*Atsushi Kosuge', Eisuke J Minehara?, Koichi Saruta’
(1. JAEA, 2. LDD Corporation)
10:00 AM - 10:15 AM

[3C04] Development of a CW fiber laser
decontamination using high-speed scanning of a
high-power density laser beam
*Eisuke John Minehara’, Atsushi Kosuge?, Koichi
Saruta’ (1.LDD, 2. JAEA)
10:15 AM - 10:30 AM




Oral presentation | Il. Radiation, Accelerator, Beam and Medical
Technologies | 203-1 Accelerator (including Medical Use), Synchrotron
Radiation, Laser

[3C05-08] Accelerator 1
Chair: Kai Masuda (QST)
10:45 AM - 12:00 PM Room C

[3C05] Measurement of electron beam after laser
modulation
*Koichi Kan', Masao Gohdo', Jinfeng Yang', Yoichi
Yoshida® (1. ISIR (SANKEN), Osaka Univ.)
10:45 AM - 11:00 AM

[3C06] Improvement of radioactivity estimation
method using PHITS and DCHAIN for mass
production of high quality medical Rl in
accelerators
*Shintaro Hashimoto', Yasuki Nagai®® (1. JAEA, 2.
CTC, 3.QST)
11:00 AM - 11:15 AM

[3C07] Emittance Measurement of PIG Negative-lon
Source in Electrostatic Tandem Accelerator
*Hong-Fu Liu', Naoto Hagura', Jun Kawarabayashi’,
Yoshiyuki Oguri2 (1. Tokyo City University, 2. Tokyo
Institute of Technology)
11:15 AM - 11:30 AM

[3C08] New acceleration method: Proof-of-principle
study on vertical FFA accelerator for
Harmonytron (2)
*Kyosuke Adachi’, Hidehiko Arima’, Yujiro Yonemura”,
Yuhi Waga', Akihiro Ito", Koki Takamatsu', Nobuo
lkeda', Yoshiharu Mori? (1. Kyushu Univ., 2. Kyoto
Univ.)
11:30 AM - 11:45 AM

[3C_GM] The 66th General Meeting of
International Nuclear Information

Network
12:10 PM - 12:50 PM Room C

[3C_GM] General Meeting

Planning Lecture | Technical division and Network | International
Nuclear Information Network

[3C_PL] Overseas trends and JAEA's international

strategy regarding nuclear innovation
Chair: Yurugi Kanzaki (MHI)
1:00 PM - 2:30 PM Room C

[3C_PLO1] Overseas R&D trends regarding nuclear

innovation

©Atomic Energy Society of Japan

Atomic Energy Society of Japan 2022 Annual Meeting

*Taiju Shibata' (1. JAEA)
[3C_PLO2] JAEA's international strategy regarding
nuclear innovation

*Kentaro Funaki' (1. JAEA)

Oral presentation | Il. Radiation, Accelerator, Beam and Medical
Technologies | 203-1 Accelerator (including Medical Use), Synchrotron
Radiation, Laser

[3C09-13] Accelerator 2
Chair: Fumito Sakamoto (NIT Akita College)
2:45PM - 4:15 PM Room C

[3C09] Present Status of Linear IFMIF Prototype
Accelerator (LIPAC)
*Tomoya Akagi' (1. QST)
2:45PM - 3:00 PM

[3C10] Present Status of Linear IFMIF Prototype
Accelerator (LIPAC)
Takahiro Shinya', Kohei Sakurai?, *Kai Masuda’,
Noriyosu Hayashizaki2, Tetsuo Abe®, Hitoshi
KobayashiB, Ken Takayama3, Francesco Scantamburlo?,
Andrea De Franco' (1.QST, 2. Tokyo Tech, 3. KEK, 4.
FAE)
3:00 PM - 3:15PM

[3C11] Present status of Linear IFMIF Prototype
Accelerator (LIPAC)
*Jibong Hyun1, Hiroki Usami’, Kai Masuda’, Keitaro
Kondo', Akihiko Mizuno'-2, Manuel Peres Alonso®,
Francesco Scantamburlo® (1. QST, 2. JASRI, 3. IPFN,
4, F4E)
3:15PM - 3:30 PM

[3C12] Present Status of Linear IFMIF Prototype
Accelerator (LIPAC)
*Andrea De Franco', Tomoya Akagi’, Manuel Peres
Alonso?, Koki Hirosawa', David Jimenez®, Keitaro
Kondo", Saerom Kwon', Jacques Marroncle?, Kai
Masuda’, Masayuki Ohta' (1. QST, 2. IST-IPFN, 3.
CEA, 4. CIEMAT)
3:30PM - 3:45PM

[3C13] Present Status of Linear IFMIF Prototype
Accelerator (LIPAC)
*Kohki Kumagai1, Keitaro Kondo', Satoshi Sato’,
Saerom Kwon', Kai Masuda' (1. QST)
3:45PM - 4:00 PM

Oral presentation | IlI. Fission Energy Engineering | 301-1 Reactor
Physics, Utilization of Nuclear Data, Criticality Safety




[3D01-04] Experimental Education of Reactor

Physics
Chair: Kenichi Yoshioka (Toshiba ESS)
9:30 AM - 10:45 AM Room D

[3D01] Development of Digital Triplet for Reactor
Physics Education using Experiments
*Kaito Ito’, Tomohiro Endo’, Akio Yamamoto' (1.
Nagoya Univ.)
9:30 AM - 9:45 AM

[3D02] Development of Advanced Educational Program
for Reactor Physics Experiments in Reiwa Era
*Tomohiro Endo", Go Chiba®, Kenichi Watanabe®, Cheol
Ho Pyeon?, Genichiro Wakabayashi® (1. Nagoya Univ.,
2. Hokkaido Univ., 3. Kyushu Univ., 4. Kyoto Univ., 5.
Kindai Univ.)
9:45 AM - 10:00 AM

[3D03] Development of Advanced Educational Program
for Reactor Physics Experiments in Reiwa Era
*Go Chiba", Tomohiro Endo® (1. Hokkaido Univ., 2.
Nagoya Univ.)
10:00 AM - 10:15 AM

[3D04] Development of Advanced Educational Program
for Reactor Physics Experiments in Reiwa Era
*Hiroki Harada', Tomohiro Endo’, Go Chiba' (1.
Hokkaido Univ., 2. Nagoya Univ.)
10:15 AM - 10:30 AM

Oral presentation | IlI. Fission Energy Engineering | 301-1 Reactor
Physics, Utilization of Nuclear Data, Criticality Safety
[3D05-08] Experimental Analysis

Chair: Tatsuya Fujita (NRA)

10:45 AM - 12:00 PM Room D

[3D05] Thermal power measurement using a Feynman-o
method with finite difference filtering for
UTR-KINKI
*Shoichi Ikeda', Tadafumi Sano’, Atsushi Sakon',
Kunihiro Nakajima', Masaki Goto’, Takashi Kanda',
Koji Matsui’, Hiroyuki Fukuda’, Yasunori Matsuo",
Kengo Hashimoto' (1. Kindai Univ.)

10:45 AM - 11:00 AM

[3D06] A Study for Reactor Noise Measurement in
Power Operation at Kyoto Univ. Reactor Part.5
*Sin-ya Hohara', Atsushi Sakon', Takao Watanabe,
Takashi Kanda', Masaki Goto', Tadafumi Sano’,
Jyunichi Hori?, Kengo Hashimoto' (1. Kindai Univ., 2.
Institute for Integrated Radiation and Nuclear

Science, Kyoto Univ.)
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11:00 AM - 11:15 AM

[3D07] An impact of neutron-gamma discrimination on
Feynman-alpha analysis using a proton-recail
proportional counter
*Hiroyuki Fukuda', Tadafumi Sano', Atsushi Sakon',
Kunihiro Nakajima', Masaki Goto', Takashi Kanda',
Shoichi Ikeda’, Koji Matsui', Yasunori Matsuo', Kengo
Hashimoto' (1. Kindai Univ.)
11:15 AM - 11:30 AM

[3D08] Development of reactor noise measurement by
using BGO detector in UTR-KINKI
*Masaki Goto', Tadafumi Tadafumi Sano', Atsushi
Sakon', Kunihiro Kunihiro Nakajima', Takashi Kanda',
Shoichi Ikeda’, Koji Matsui', Hiroyuki Fukuda',
Yasunori Matsuo', Kengo Hashimoto' (1. KINDAI
Univ.)
11:30 AM - 11:45 AM

Planning Lecture | Over view Report | Investigation Committee on Agora
on Nuclear Energy: Global Environmental Issues Subcommittee in
Nuclear Agora Research Task Force

[3D_PL] Proposal on Nuclear Use and Role to

Global Environmental Issues
Chair: Kiyoshi Yamauchi (MRI)
1:00 PM - 2:30 PM Room D

[3D_PLO1] Summary of the role and recommendations
of nuclear power for climate change
*Ryoichi Komiyama®' (1. UTokyo)

[3D_PLO2] Current Issues in Energy Policies: Europe and
the U.S.
*Kei Shimogori' (1. IEEJ)

[3D_PLO3] Economics of the power sector with
renewables
*Yuji Matsuo' (1. APU)

[3D_PLO4] Japan’ s Renewable Energy Scenarios
towards Carbon Neutrality
*Yu Nagai' (1. CRIEPI)

[3D_PLO5] Nuclear Technogies contributing to
Sustainable Development Society
*Yasuo Komano' (1. MHI NSE (retirement))

[3D_PLO6] General Discussion : Nuclear Role and Issues
towards 2050 Carbon Neutral
Kei Shimogori', Yuji Matsuo?, Yu Nagai®, Yasuo
Komano®, Chair: Ryoichi Komiyama5 (1. 1EEJ, 2.
APU, 3. CRIEPI, 4. MHI NSE (retirement), 5.
UTokyo)




Oral presentation | IIl. Fission Energy Engineering | 301-1 Reactor
Physics, Utilization of Nuclear Data, Criticality Safety

[3D09-13] Experimental Analysis Method

Development
Chair: Shunsuke Sato (CRIEPI)
2:45PM - 4:15 PM Room D

[3D09] Application of Dynamic Mode Decomposition to
Area Ratio Method
*Fuga Nishioka', Tomohiro Endo", Akio Yamamoto',
Masao YamanakaZ, Cheol Ho Pyeon2 (1. Nagoya
University, 2. Institute for Integrated Radiation and
Nuclear Science, Kyoto University)
2:45 PM - 3:00 PM

[3D10] Reactivity estimation of UTR-KINKI subcritical
cores
*Yuichi Yamane', Shohei Araki’, Atsushi Sakon? (1.
Japan Atomic Energy Agency, 2. Kindai Univ.)
3:00 PM - 3:15PM

[3D11] Core power distribution re-construction method
based on the ex-core detector with power
correlation between fuel regions
*Rei Kimura®, Tadafumi Sano?, Yuki Nakai’, Atsushi
Sakon?, Satoshi Wada', Kunihiro Nakajima?, Takashi
Kanda?, Masaki Goto?, Yoshiyuki Takahashi®, Cheol Ho
Pyeon3 (1. Toshiba ESS, 2. Kindai Univ., 3. Kyoto
Univ.)
3:15PM - 3:30 PM

[3D12] Analysis of critical experiments of TCA cores
composed of low enriched UO, fuel rods and
water holes
*Toru Yamamoto
3:30PM - 3:45PM

[3D13] Optimization of MOX fuel assembly based on
genetic algorithm for discussion on plutonium
consumption
*Yuma Yamamoto', Takanori Kitada', Satoshi Takeda’,
Taichi Takeishi' (1. Osaka Univ.)
3:45PM - 4:00 PM

Oral presentation | I. General Issues | General Issues

[3F01-05] Future of Nuclear Power
Chair: Satoshi Takeda (Osaka Univ.)
9:30 AM - 11:00 AM Room F

[3F01] Study on nuclear utilization scenario towards

the second half of the 21st century
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*Kenji Takeshita', Masahiko Nakase', Kenji Nishihara?,
Hitoshi Makino?, Tatsuro Matsumura® (1. Tokyo
Institute of Technology, 2. Japan Atomic Energy
Agency)
9:30 AM - 9:45 AM
[3F02] Study on nuclear utilization scenario towards
the second half of the 21st century
*Tomohiro Okamura’, Kenji Nishihara?®, Ryota Katano?,
Akito Ohizumi?, Masahiko Nakase', Kenji Takeshita'
(1. Tokyo Institute of Technology, 2. JAEA)
9:45 AM - 10:00 AM
[3F03] Study on nuclear utilization scenario towards
the second half of the 21st century
*Eriko Minari', Morihiro Mihara®, Hitoshi Makino?,
Tomohiro Okamura', Akito Oizumi?, Kenji Nishihara?,
Masahiko Nakase', Kenji Takeshita' (1. Tokyo Tech,
2. JAEA)
10:00 AM - 10:15 AM
[3F04] Study on nuclear utilization scenario towards
the second half of the 21st century
*Kenji Nishihara', Akito Oizumi', Tomohiro Okamura?,
Masahiko Nakase?, Kenji Takeshita® (1. Japan Atomic
Energy Agency, 2. Tokyo Institute of Technology)
10:15 AM - 10:30 AM
[3FO5] Nuclear Energy Policy and “ Ruah and Maiym”
(said by Shichihei Yamamoto) (I)
*Takashi Watanabe'?, Kiyoshi Tsutsui®*, Kazuaki
Sasaki® (1. Doshisha Univ., 2. Keio Univ., 3. Clean
Energy Initiative)
10:30 AM - 10:45 AM

Oral presentation | I. General Issues | General Issues

[3F06-08] Social Survey
Chair: Tomoaki Inamura (CRIEPI)
11:00 AM - 12:00 PM Room F

[3F06] Survey of Recognition Degree of Clearance
System and Consideration of Promotion Methods
*Takehide Nishimura', Shohei Nishino', Nobuyuki
Sonobe', Daisuke Kawasaki' (1. Univ. of Fukui)
11:00 AM - 11:15 AM

[3FO7] Can Web Surveys Substitute Continuous Opinion
Polls?

*Tomohiro Fujita’ (1. INSS)
11:15 AM - 11:30 AM
[3F08] Information provision and social acceptance

*Ryuta Takashima', Mari Ito!, Masaaki Suzuki?,



Takeshi limoto® (1. TUS, 2. Chukyo Univ., 3. UTokyo)
11:30 AM - 11:45 AM

[3F_GM] The 46th General Meeting of Social and

Environmental Division
12:10 PM - 12:50 PM Room F

[3F_GM] General Meeting

Planning Lecture | Technical division and Network | Social and
Environmental Division

[3F_PL] Rethinking "FUHYO(rumor)" and "FUHYO-

Higai"
Chair: Kota Juraku (TDU)
1:00 PM - 2:30 PM Room F

[3F_PLO1] Overview about Treated Water Ocean
Dicharge at the Fukushima Dai-ichi Site
*Tsutomu Sata' (1. JAEA)

[3F_PLO2] View of "FUHYO(rumor)" from the
perspective of social psychology
*Shoji Tsuchida® (1. Kansai Univ.)

[3F_PLO3] Views on "FUHYO (rumor)" from the
Viewpoint of Risk Communication
*Norito Takeda' (1. Hokkaido Univ.)

[3F_PL0O4] Panel discussion
Tsutomu Sata’, Shoji Tsuchida?, Norito Takeda®,
Chair: Kota Juraku® (1. JAEA, 2. Kansai Univ., 3.
Hokkaido Univ., 4. TDU)

[3F_PLO5] Q&A session

Oral presentation | IV. Nuclear Plant Technologies | 403-1 Risk
Assessment Technology, Application of Risk Information
[3G01-05] Risk Evaluation Method

Chair: Yoshihiro Ide (AdvanceSoft)

9:30 AM - 11:00 AM Room G

[3G01] Development of Risk Assessment Methodology
to Support the Optimization of Nuclear
Disaster Prevention Planning
*Hitoshi Muta’, Yasuki Ohtori', Sakura Fukue', Shohei
Yamagishi?, Tsuyoshi Takada®, Akemi Nishida®,
Takenori Hida*, Soichi Mabuchi?, Tsuyoshi Tamukai?

(1. Tokyo City University, 2. ITOCHU Techno-
Solutions Corporation, 3. Japan Atomic Energy
Agency, 4. lbaraki University)
9:30 AM - 9:45 AM
[3G02] Development of Risk Assessment Methodology
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to Support the Optimization of Nuclear
Disaster Prevention Planning
*Shohei Yamagishi', Tsuyoshi Tamukai', Soichi
Mabuchi’, Hitoshi Muta?, Yasuki Ohtori?, Sakura
Fukue?, Tsuyoshi Takada®, Akemi Nishida®, Takenori
Hida* (1. 1TOCHU Techno-Solutions Corporation, 2.
Tokyo City University, 3. Japan Atomic Energy
Agency, 4. Ibaraki University)
9:45 AM - 10:00 AM

[3G03] Risk assessment for various cohorts considering
EAL transmission timing
*Fumie Sebe’, Hideki Horie', Nobuhisa Takezawa',
Mika Tahara', Kaoru Matsushita’ (1. Toshiba Energy
Systems &Solutions Corporation)
10:00 AM - 10:15 AM

[3G04] Development of risk assessment method to cope
with an aging degradation for the facilities
using nuclear material.
*Satoshi Sawahata’, Yuichi Tamaoki’, Ryosuke
Isozaki’, Ryuta Suzuki', Masataka Akada’, Hisashi
Suzuki', Ryoma Yonezawa', Tadatsune Fujishima',
Yasutaka Mizukoshi', Naoki Sakamoto’ (1. JAEA)
10:15 AM - 10:30 AM

[3G05] Effect of Correlation between Performance
Shaping Factors on Human Error Probability
*Yusuke Takao', Satoshi Takeda', Takanori Kitada'
(1. OSAKA UNIVERSITY)
10:30 AM - 10:45 AM

Oral presentation | IV. Nuclear Plant Technologies | 403-1 Risk
Assessment Technology, Application of Risk Information

[3G06-08] Dynamic PRA
Chair: Hitoshi Muta (TCU)
11:00 AM - 12:00 PM Room G

[3G06] Sensitivity Analysis for CMMC Coupling Method
using the Correlated Sampling Method
*Yuki Morishita®, Tomohiro Endo’, Akio Yamamoto'

(1. Nagoya Univ.)

11:00 AM - 11:15 AM

[3G07] Development of Dynamic PRA Methodology
*Yoichi Tanaka', Xiaoyu Zheng1, Hitoshi Tamaki’,
Tomoyuki Sugiyama' (1. JAEA)
11:15 AM - 11:30 AM

[3G08] Study on the Applicability of Dynamic Level 2
PRA to Estimating Large Early Release
Frequency

*Xiaoyu Zhengﬂ, Shogo Takahara', Hitoshi Tamaki’,



Tomoyuki Sugiyama®, Yu Maruyama' (1. Japan Atomic
Energy Agency)
11:30 AM - 11:45 AM

[3G_GM] The 10th General Meeting of Risk
Division
12:10 PM - 12:50 PM Room G

[3G_GM] General Meeting

Planning Lecture | Technical division and Network | Risk Science and
Technology Division

[3G_PL] Latest trends of Dynamic PRA
Chair: Toshinobu Kita (CRIEPI)
1:00 PM - 2:30 PM Room G

[3G_PLO1] Efforts for Development of Dynamic PRA
methodorogy in Nuclear Safety Research
Center of JAEA
*Hitoshi Tamaki' (1. JAEA)

[3G_PL02] Display of Dynamical Behaviour of Nuclear
Power Plant States in Risk Monitor System
*Takeshi Matsuoka' (1. Utsunomiya Univ.)

[3G_PL03] Study on Quantitative Evaluation Method of
Interaction Multi-Layer Model for Nuclear
Fuel Facilities Considering External Natural
Hazard

*Hitoshi Muta' (1. TCU)

Oral presentation | IV. Nuclear Plant Technologies | 403-1 Risk
Assessment Technology, Application of Risk Information

[3G09-12] Seismic Evaluation
Chair: Sunhyon Jan (Hokkaido Univ.)
2:45 PM - 4:00 PM Room G

[3G09] A Framework of RI-PB Design Application for
Seismic Events
*Toshiaki Sakai’, Yasuki Ohtori?, Noa Matsumaru?,
Hitoshi Muta?, Yoshifumi Katayama® (1. CRIEPI, 2.
TCU, 3. Chuden Engineering Consultants CO.,LTD)
2:45PM - 3:00 PM

[3G10] A Fremework of RI-PB Design Application for
Seismic Events
*Noa Matsumaru’, Yasuki Ohtori', Hitoshi Muta’,
Toshiaki Sakai?, Yoshifumi Katayama® (1. TCU, 2.
CRIEPI, 3. CEC)
3:00 PM - 3:15PM

[3G11] Evaluation of Seismic Diversity of SSC system
in PRA

*Katayama Yoshifumi', Yasuki Ohtori?, Toshiaki
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Sakai®, Muta Hitoshi® (1. Chuden Engineering
Consultants, 2. TCU, 3. CRIEPI)
3:15PM - 3:30 PM

[3G12] Importance Measure Considering Common Cause
Failure
*Yasuki Ohtori’, Hitoshi Muta' (1. TCU)
3:30 PM - 3:45PM

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 505-3
Decommissioning Technology of Nuclear Facilities

[3H01-04] Decommissioning Technology for

Fukushima
Chair: Yukihiro Iguchi (Univ. of Fukui)
9:30 AM - 10:35 AM Room H

[3HO1] Fukushima Daiichi Nuclear Power Station
Reactor Carry-out Proposal
*Haruo Morishige1, Yasufumi Kitamura? (1.
Fukushima Nuclear Accident Countermeasures Review
Group, 2. Kitamura Co., Ltd.)
9:30 AM - 9:45 AM

[3HO2] Development of Remote Inspection Method
using Advanced Super Dragon Articulated Robot
Arm
*Hideharu Takahashi', Gen Endo’, Ikuo Wakaida®,
Hiroshige Kikura' (1. Tokyo Tech, 2. JAEA)
9:45 AM - 10:00 AM

[3HO3] Development of Remote Inspection Method
using Advanced Super Dragon Articulated Robot
Arm
*Gen Endo", Toshiya Nagai', Atsushi Takata’,
Hiroshige Kikura', Hideharu Takahashi' (1. Tokyo
Institute of Technology)
10:00 AM - 10:15 AM

[3HO4] Research on hydrogen recombination catalyst
arrangement in fuel debris storage canister for
decommissioning of 1FD
*Tadasuke Yamamoto', Sougo lwata', Sayaka Masaki’,
Tatuya Aida", Takurou Aotani', Tomoaki Kita', Daiju
Matumura?, Ernst Arndt Reinecke®, Hirohisa Tanaka'
(1. Kwansei Gakuin Univ, 2. Japan Atomic Energy
Agency, 3. Forschungszentrum Juelich GmbH)
10:15 AM - 10:30 AM

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 505-3
Decommissioning Technology of Nuclear Facilities
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[3HO05-10] Technologies for Dismantling, Tomoo Horie* (1. Chubu Electric Power, 2. Chuden
9 g

Decontamination and Evaluation CTI, 3. Techno Chubu)
Chair: Hideharu Takahashi (Tokyo Tech)
10:35 AM - 12:15 PM Room H

11:50 AM - 12:05 PM

Planning Lecture | Board and Committee | Review Committee on

[3HO5] Laser spectrosopy for atoms and fine particles Decommissioning of the Fukushima Daiichi NPS

generated during laser cutting [3H_PL] "Review Committee on Decommissioning
*Masabumi Miyabe', Tomonori Yamada'-, Takuya of the Fukushima Daiichi NPS" Activity
Shibata', Chikara Ito", Hiroyuki Daido®, Shuichi reports of subcommittees

Hasegawa4 (1. Japan Atomic Energy Agency, 2. The Chair: Hiroshi Miyano (Review Committee on Decommissioning

of the Fukushima Daiichi NPS)
1:00 PM - 2:30 PM Room H

Wakasawan Energy Research Center, 3. Institute for

Laser Technology, 4. The University of Tokyo)

10:35 AM - 10:50 AM [3H_PLO1] Radioactive Waste Management
[3HO06] Development of Removal Technique for Solid *Satoshi Yanagihara' (1. Univ. of Fukui)
Contaminants with Ultra-Fine Bubbles for [3H_PLO2] Robotics
Decommissioning *Takashi Yoshimi' (1. Shibaura Inst. of Tech.)
*Masaumi Nakahara', Sou Watanabe', Shuya Kimura', [3H_PLO3] Risk analysis and evaluation
Misaki Sasaki?, Hiromitsu Inagaki3, Tetsuji Moriguchi2 *Takashi Takata' (1. UTokyo)
(1. JAEA, 2. Kyutech, 3. Chubu Electric Power) [3H_PLO4] Structural Integrity of components
10:50 AM - 11:05 AM *Shunichi Suzuki® (1. UTokyo)

[3HO7] Fundamental Study on Mechanism of Blasting

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 505-3

Decontamination Device for Small Diameter Pipe e o
Decommissioning Technology of Nuclear Facilities

(Part5h)

[3H11-14] Decommissioning Sites and Project
*Seigo Kai', Hideharu Takahashi’, Hayato Taniguchi?,

Management
Akihiko Kawashima®, Hiroshi Takahashi®, Keisuke Chair: Haruo Morishige (Fukushima Nuclear Accident
Jinza*, Hiroshige Kikura' (1. Tokyo Institute of Countermeasures Review Group)

. . . 2:45 PM - 4:00 PM Room H
Technology, 2. Shintokogio, Ltd., 3. Fuji Furukawa

Engineering &Construction Co.Ltd., 4. Fuji Electric [3H11] A Study for the optimization of the

Co., Ltd.) decommissioning project of nuclear facilities

11:05 AM - 11:20 AM *Yukihiro Iguchi’, Daisuke Kawasaki', Satoshi
[3HO8] Development of a cavity ringdown spectroscopic Yanagihara' (1. UNIVERSITY OF FUKUI)

apparatus for DC glow discharge plasma 2:45 PM - 3:00 PM

*Yusuke Maruyama', Ryohei Terabayashi', Kaoru [3H12] Organization and solution measures for

Inoue”, Masabumi Miyabe®, Hiroyuki Daido?, Tomonori technical issues of decommissioning

Yamada®*, Chikara Ito®, Takuya Shibata®, Shuichi *Kazuhiro Tanabe', Satoshi Yanagihara?, Yukihiro

Hasegawa' (1.UTokyo, 2. ILT, 3. JAEA, 4. WERC) Iguchi®, Daiichiro Oguri®, Yuto Awatani®, Kouji

11:20 AM - 11:35 AM Saruta®, Isao Narikawa®, Akihiro Yanagida®, Shingo
[3HO9] Development of Sr-90 analytical system based Ozawa’ (1. Kanden Plant, 2. Univ. of Fukui, 3. JAEA,

on highly sensitive laser absorption 4. Takenaka, 5. Tokyo Energy &Systems, 6. Nissin

spectroscopy utilizing molecular isotope shifts Kiko, 7. CTC, 8. JAPC)

*Ryohei Terabayashi', Masahiro Sakurai', Kaoru 3:00 PM - 3:15 PM

Inoue’, Yusuke Maruyama’, Masabumi Miyabe?, Shuichi [3H13] Technology Demonstration for Sampling of

1

Hasegawa' (1.UTokyo, 2. JAEA) Fugen Reactor Core Components

11:35 AM - 11:50 AM *Yuta Miyamoto', Hiroki Iwai', Norimasa Mori' (1.
[3H10] Development of general-purpose clearance JAEA)

radioactivity concentration measurement 3:15 PM - 3:30 PM

1 " 2 oo 2 . .
*Masato Watanabe ', Kouji Hayashi®, Ryouji Mizuno®, [3H14] Construction of waste transportation route by

©Atomic Energy Society of Japan



building penetration for decommissioning

*Yuto Awatani', Kenta Aratani', Haruhiko Kadowaki’,
Yasuyuki Nakamura', Masahiro Ishiyama’, Masashi
Tezuka' (1. JAEA)

3:30 PM - 3:45PM

Room |

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 504-2
Nuclear Chemistry, Radiochemistry, Analytical Chemistry, Chemistry of
Actinide Elements

[3101-03] Separation Behavior
Chair: Koichiro Takao (Tokyo Tech)
9:50 AM - 10:45 AM Room |

[3101] Complexation of actinides and lanthanides with
water-soluble amides and carboxylic acids and
their tetrad effect
*Yuji Sasaki', Masashi Kaneko', Yasutoshi Ban', Daiki
Nomizu?, Yusuke Tsuchida®, Masahiko Nakase
Matsumiya?, Masahiko Nakase Nakase®, Kenji
Takeshita®, Takahiro Shimosaka®, Tatsuya Suzuki* (1.
Japan Atomic Energy Agency, 2. Yokohama National
University, 3. Tokyo Institute of Technology, 4.
Nagaoka University of Technology)

9:50 AM - 10:05 AM

[3102] Design and performance evaluation of
microchannel for packing with aion-exchange
resins
*Kazuki Ouchi', Takehiko Tsukahara®, Aileen Brandt?,
Yoshiki Muto?, Nozomi Nabatame®, Yoshikazu Koma',
Yoshihiro kitatsuji1 (1. JAEA, 2. Tokyo Tech, 3. Ibaraki
Univ.)

10:05 AM - 10:20 AM

[3103] Examination of solvent extraction with ionic
liguid TOMAC/OMITT,N and fluorous extractant
TBP-C,F,

*Masaru Yokouchi’, Yuya Kuroki', Ryoma Sunakawa”,
Toshiyuki Inazu®, Noriko Asanuma® (1. Tokai
University)

10:20 AM - 10:35 AM

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 504-2
Nuclear Chemistry, Radiochemistry, Analytical Chemistry, Chemistry of
Actinide Elements

[3104-07] Development of Extractant
Chair: Masahiko Nakase (Tokyo Tech)
10:45 AM - 12:00 PM Room |

[3104] Development of Advanced Adsorbent for

©Atomic Energy Society of Japan
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Uranium Recovery from Seawater Based on
Uranyl Coordination Chemistry
Takumi Mizumachi’, Minami Sato’, Masashi Kaneko?,
Tomoyuki Takeyama', Satoru Tsushima®", *Koichiro
Takao' (1. Tokyo Tech, 2. JAEA, 3. HZDR)
10:45 AM - 11:00 AM

[3105] Cis/trans Isomerization of Uranyl Nitrate
Complex Induced by Bis(2-pyrrolidone) Derivative
Bearing Two Asymmetric Centers
*Ryoma Ono', Koichiro Takao' (1. Tokyo Tech)
11:00 AM - 11:15 AM

[3106] Photochemical Synthesis of Uranyl(VI)-Peroxo
Complexes with Bis(phosphine oxide) Linker
Ligands
*Yuta Okumura', Tomoyuki Takeyama', Koichiro Takao'

(1. Tokyo Tech)

11:15 AM - 11:30 AM

[3107] Evaluation of HSAB principle in complexation
behavior of uranyl(Vl) ion with N;O,-, N,O;-,
N,O,S,-type planar pentadentate Schiff-base
ligands
*Tomoyuki Takeyama', Satoru Tsushima'?, Koichiro
Takao' (1. Tokyo Institute of Technology, 2. Institute
of Resource Ecology, Helmholtz-Zentrum Dresden-
Rossendorf (HZDR))
11:30 AM - 11:45 AM

[31_GM] The 42nd General Meeting of
Reprocessing and Recycle Technology
Division

12:10 PM - 12:50 PM Room |

[31_GM] General Meeting

Planning Lecture | Technical division and Network | Reprocessing and
Recycle Technology Division [Co-organized by Division of Nuclear Fuel
Cycle and Environment]

[3I_PL] International Year of Glass 2022; Future
prospects of glass science in the

reprocessing process
Chair: Atsunobu Masuno (Hirosaki Univ.)
1:00 PM - 2:30 PM Room |

[31_PLO1] Current status and future prospects of
vitrification technology development at
Japan Nuclear Fuel Limited
*Yuuki Oota' (1. JNFL)

[3I_PLO2] Current status and future prospects of

vitrification technology development at IHI



*Haruka Tada' (1. IHI)
[31_PLO3] The reaction behavior of Molybdenum in a
glass melter

*Toru Sugawara' (1. Akita Univ.)

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 504-1
Isotope Separation, Application of Isotopes, Uranium Enrichment

[3108-12] Isotope Enrichment and Mass

Spectrometry
Chair: Shuichi Hasegawa (UTokyo)
2:45PM - 4:15 PM Room |

[3108] Calcium isotope separation by DC18C6 crown-
ether for neutrinoless double beta decay
*Anawat Rittirong Rittirong1, Pantiwa Kumsut',
Takaaki Yoshimoto', Ryuta Hazama', Tadafumi
Kishimoto?, Toshiyuki Fujii?, Yoichi Sakuma®, Satoshi
Fukutani®, Yuji Shibahara®, Ayaki Sunaga4 (1. Osaka
Sangyo Univ., 2. Osaka Univ., 3. Tokyo Tech, 4. Kyoto
Univ.)

2:45 PM - 3:00 PM

[3109] Li-7 Enrichment Technology Development by
MCCCE Method
*Mai Fukumori®, Yuki Takemura', Makoto Hasegawa1,
Takashi Tsunada®, Kenya Tanaka?, Tadafumi Kishimoto®

(1. ATOX, 2. Pesco, 3. Osaka Univ.)
3:00 PM - 3:15PM

[3110] Li-7 Enrichment Technology Development by
MCCCE Method
*Tadafumi Kishimoto', 1zumi Ogawa2, Kenji Matsuoka',
Takao Fukumoto', Hironobu Shiraishi®, Tomohiko
Kawakami®, Mai Fukumori®, Yuki Takemura®, Makoto
Hasegawa4, Takehiko Tsukahara® (1. Osaka
University, 2. Fukui University, 3. Kaken, 4. ATOX, 5.
Tokyo Institute of Techonology)
3:15PM - 3:30 PM

[3111] Li-7 Enrichment Technology Development by
MCCCE Method
*Naoki Horiguchi’, Hiroyuki Yoshida', Yoshihiro
Kitatsuji', Mai Fukumori?, Yuki Takemura?, Makoto
Hasegawaz, Tadafumi Kishimoto® (1. JAEA, 2. ATOX,
3. Osaka Univ.)

3:30 PM - 3:45PM

[3112] Measurement of iodine-129 in low radioactive
liquid waste by inductively coupled plasma mass
spectrometry with collision reaction cell
technique

*Yu Saegusa1, Masahiko Yamamoto', Satoshi Inada’,

©Atomic Energy Society of Japan
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Takehiko Kuno' (1. JAEA)
3:45 PM - 4:00 PM

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 502-1
Nuclear Materials, Degradation, Radiation Effects, and Related
Technology

[3J01-06] SiC 1
Chair: Kenta Murakami (UTokyo)
9:30 AM - 11:15 AM Room J

[3J01] R&D of anti-corrosion technology for full-
ceramics reactor core
*Sosuke Kondo', Hirokazu Katsui?, Kazuya Shimoda®,
Ryutaro Usukawa?, Kotaro Seki', Shaofan Lyu’, Sola
lwamoto® (1. Tohoku Univ., 2. AIST, 3. NIMS)
9:30 AM - 9:45 AM

[3J02] R&D of anti-corrosion technology for full-
ceramics reactor core
Ryutaro Usukawa', *Hirokazu Katsui', Mikinori Hotta’,
Kazuya Shimoda?, Sosuke Kondo® (1. National
Institute of Advanced Industrial Science and
Technology (AIST), 2. National Institute for Materials
Science, 3. Tohoku University)
9:45 AM - 10:00 AM

[3J03] R&D of anti-corrosion technology for full-
ceramics reactor core
*Kazuya Shimoda', Masako Kato", Ryutaro Usukawa?,
Hirokazu Katsui?, Sosuke Kondo® (1. NIMS, 2. AIST, 3.
Tohoku Univ.)
10:00 AM - 10:15 AM

[3J04] R&D of anti-corrosion technology for full-
ceramics reactor core
*Sola lwamoto”, Ryutaro Usukawa?, Hirokazu Katsui?,
Shaofan Lyu', Ryuta Kasada', Sosuke Kondo' (1.
Tohoku Univ., 2. AIST)
10:15 AM - 10:30 AM

[3J05] R&D of anti-corrosion technology for full-
ceramics reactor core
*Shaofan Lyu1, Hirokazu Katsui?, Hao Yu', Yasuki
Okuno', Ryuta Kasada', Sosuke Kondo' (1. Tohoku
University, 2. National Institute of Advanced
Industrial Science and Technology)
10:30 AM - 10:45 AM

[3J06] R &D of anti-corrosion technology for full-
ceramics reactor core

*Kotaro Seki', Sosuke Kondo', Koichi Sato?, Ryuta



Kasada' (1. Tohoku Univ., 2. Kagoshima Univ.)
10:45 AM - 11:00 AM

Atomic Energy Society of Japan 2022 Annual Meeting

ultrasonic flaw detection images
Kanta Takahashi*' (1. TOSHIBA ESS)

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 502-1
Nuclear Materials, Degradation, Radiation Effects, and Related
Technology

[3J07-08] SiC 2
Chair: Masato Yamamoto (NFD)
11:15 AM - 12:00 PM Room J

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 502-1
Nuclear Materials, Degradation, Radiation Effects, and Related
Technology

[3J09-13] Debris 1
Chair: Sosuke Kondo (Tohoku Univ.)
2:45PM - 4:15 PM Room J

[3J07] Effect of lon Irradiation on Mechanical
Properties of Silicon Carbide
*Baopu Wang', Yansong Zhong", Yina Du", Bo Huang,
Kanjiro Kawasaki', Fujio Shinoda®, Yasunori Hayashi’,
Tatsuya Hinoki' (1. Kyoto Univ.)
11:15 AM - 11:30 AM

[3J08] lon-irradiation Effect on Swelling and
Microstructure of C/BN Particle Dispersed SiC
*Yansong Zhong', Baopu Wang", Yina Du", Bo Huang, K
Kawasaki', Fujio Shinoda’, Tatsuya Hinoki' (1. Kyoto
Univ.)
11:30 AM - 11:45 AM

[3J_GM] The 44th General Meeting of Materials

Science and Technology Division
12:10 PM - 12:50 PM Room J

[3J_GM] General Meeting

Planning Lecture | Technical division and Network | Materials Science
and Technology Division

[3J_PL] DX application to the field of nuclear

materials and its issues
Chair: Kenichi Fukumoto (Univ. of Fukui)
1:00 PM - 2:30 PM Room J

[3J_PLO1] Materials development and “ Materials
Informatics”

*Ken Kurosaki' (1. Kyoto Univ.)

[3J_PL0O2] Application of machine learning and
statistical analysis to materials degradation
research
*Akiyoshi Nomoto' (1. CRIEPI)

[3J_PL0O3] DX promotion of material development and
manufacturing in nuclear power plants
*Yusuke Yasuda' (1. Hitachi)

[3J_PL0O4] ARKADIA— Innovation in Next Generation
Nuclear Power Plant Design
*Masaaki Tanaka', Takero Mori' (1. JAEA)

[3J_PLO5] Al-based diagnostic technology for

©Atomic Energy Society of Japan

[3J09] Development of accident tolerant control rod
*Hirokazu Ohta’, Kinya Nakamura® (1. CRIEPI)
2:45PM - 3:00 PM

[3J10] Development of accident tolerant control rod
*Kinya Nakamura', Hirokazu Ohta' (1. CRIEPI)

3:00 PM - 3:15PM

[3J11] Investigation of re-distribution of B in SUS304-
B,C alloy under high temperature steam
simulating BWR severe accident
*Shinnosuke Sakuma', Ayumi Itoh’, Shintaro Yasui',
Yoshinao Kobayashiﬂ, Kenichi [to?, Mutsumi Hirai?,
Masato Mizokami® (1. Tokyo Tech, 2. TEPCO HD)
3:15PM - 3:30 PM

[3J12] Microstructural stability of Zr-SUS-B,C model
debris upon annealing
*Huilong Yang', Kenta Murakami®, Syo Kano', Hiroaki
Abe' (1. UTokyo)

3:30 PM - 3:45PM

[3J13] Study on physical mechanism in phenomenon of
fuel debris
*Seiya Suzuki', Yoichi Arai', Nobuo Okamura’,
Masayuki Watanabe' (1. Japan Atomic Energy
Agency)

3:45 PM - 4:00 PM

Poster Session

Awards Ceremony | Poster Session | Student Network

[3Z_AC] Poster Session Awards Ceremony of

Student Network
12:00 PM - 12:30 PM Poster Session

[3Z_AC] Poster Session Awards Ceremony
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Planning Lecture | Special Lecture | Special Lecture

[3A_PL] The Transition of Maritime Education and Training:

Upbringing Maritime Officers and Engineers in Kobe
Chair: Yuichi Furuyama (Kobe Univ.)
Fri. Mar 18, 2022 1:00 PM - 2:20 PM Room A

[3A_PLO1] The Transition of Maritime Education and Training: Upbringing
Maritime Officers and Engineers in Kobe
*Yoshiji Yano' (1. Kobe Univ.)

©Atomic Energy Society of Japan
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The Transition of Maritime Education and Training: Upbringing Maritime Officers and Engineers in Kobe
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X2 AARNMEEE THEIZE L, AAROREMEITEKGEEOREMIC LY LRSI TWE Lz, @kikE
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HEERIC L 2R R EORENAMICEm > T E £ Lz, BB 40 (1907) 49 HICH A ok
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JIE PR AR S 2 6 U £ 37, JIIEERFTOBINLE Td 2 ) IR ER I [0 RO IEXEEORRIZ X -
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B, P TBT) OBMTRLZOMEMEEZEN L CEORRBICEHIRL C& £ Lz, FRIfh., 8P - 8k
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52 Ea A E UTHRFENFRIDIER 47 (1972) 44 HITHR SN TE | HIAE40 ABAFLE LT, £
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*Yoshiji Yano
Kobe Univ.

2022 FRBKREFNER —-3A_PLO1-



Atomic Energy Society of Japan 2022 Annual Meeting

Awards Ceremony

[3A_AC] The 54th AESJ Awards Ceremony
Fri. Mar 18, 2022 4:30 PM - 5:30 PM Room A

[3A_AC] Awards Ceremony
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(Fri. Mar 18, 2022 4:30 PM - 5:30 PM Room A)
[3A_AC] Awards Ceremony
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Oral presentation | Il. Radiation, Accelerator, Beam and Medical Technologies | 202-2 Radiation Physics, Radiation
Detection and Measurement

[3BO1-05] Photon Detection Technique 2
Chair: Makoto Maeda (JAEA)
Fri. Mar 18, 2022 9:30 AM - 10:55 AM Room B

[3BO1] A novel dosimeter technique using quadruple-phoswich scintillator for
beta/gamma simultaneous counting and discriminating.
*Tatsuyuki Maekawa', shunichiro Makino', Takuro Fujimaki?, naoto kume?, Akio Sumita?,
Munenori Akiyama?, Kentaro Kikuchi', Yuji Oshima’, Eiichi Fujiwara® (1. Toshiba Power
Systems Radiation Techno-servicve Co.,LTD., 2. Toshiba Energy Systems &Solutions
Corporation)
9:30 AM - 9:45 AM

[3B02] Upgrade of the spectral determination mthod by sensor fusion concept
*Masumi Oshima’, Jun Goto?, Takehito Hayakawa®, Katsuyuki Suzuki®, Haifeng Shen', Yuichi
Sano', Hirofumi Shinohara' (1. Japan Chemical Analysis Center, 2. Niigata Univ, 3. QST)
9:45 AM - 10:00 AM

[3B03] Response characteristics of a °Li-glass scintillator for high energy
gamma-rays
* Jaehong Lee’, Fumiaki Ito”, Kota Hironaka', Jun-ichi Hori?, Kazushi Terada?, Mitsuo Koizumi’
(1. JAEA, 2. Kyoto Univ.)
10:00 AM - 10:15 AM

[3B04 ] Comparison of measurement systems for high-energy gamma-ray imaging
*Riho Fujiwara', Akira Taniike', Yuuiti Furuyama', Masaki Nishiura?, Masashi Kisaki? (1. Kobe
Univ., 2. NIFS)
10:15 AM - 10:30 AM

[3BO5] Development of Real-Time Measurement System for Emission and
Absorption of Visible Light during Heavy Gamma-Ray Irradiation
*Huy Le Viet', Hiroyuki Miyamaru’, Kei Tanigami’, Takao Kojima' (1. Osaka Prefecture
University)
10:30 AM - 10:45 AM
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TAAHIEIEZ BB R L, 1 u Sv/h 725 200mSv/h F CEARED O DT HUE K 7% DRI %2 FHL L 7=,

3. B/ v SHHEEN DIREE Cs-137
IXW¥—®£@6@@®vﬁﬁmmmhm4wpwmkBﬁﬁak)jﬁ B (b BIAL¥-)

204, Sr-90/Y-90)\Z %4~ 2 kBRI 2 HeFR L 72, ACHEE TIIMs BB & %zofgwwth

BB ORI LTHY . MAXSG (JRAMERR0 . MAX (e, 21 | TN

TPlus (EOMURERGIFI) % Hio 73 ¥ — VMBI RO —@ER 05 | va

Lo, WIRER BTN . TAUCBNT by B OWARARES 0 W, w ”

AR, AR REBGHRMAE EET 5 Ly 10D § ~DRADEBEIKE S1-50/Y-90
SORIE, v BB TS NORA TR LESRTHY . & o0 | 0 e

BT LIIIT bR SOLE CHIBS LTS b T, 2ot 520 | Exis

SRSV T BN S LT y BRIBED DR IISRIL T B BB OBIE Ry 210 | 0 T

BAIE L RO BT 5. BUMBBRC X BT L ZOMEIC LDy op L

D B AR~ EEHRABIA L 1100 AT ISR B = LT B, e U

FI1.Cs-137, Sr-00/ Y- Q01SIRMA 4TS DAL E
THIZED | HERERER CTIX 2 BIAIERBLETH > TeRALEEIC I

(X 1 EICRIFFIZ B« oy BREY ERAENTZ DRI D, W, A b TOREFIZEIZOWNTIEY BFENT 5,
[AARFE T /354 2021 Bk, HEE AN, B, "4 87 4 A4 > FRIEGRICE D B« v AR FRBIRLR BT O PR (3)”

*Tatsuyuki Maekawa', Shunichiro Makino', Takuro Fujimaki?, Naoto Kume?, Akio Sumita?, Munenori Akiyama?, Kentaro Kikuchi',
Yuji Oshima! and Eiichi Fujiwara'.

IToshiba Power Systems Radiation Techno-Service Corporation, 2Toshiba Energy Systems & Solutions Corporation.
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oY —0a2—D3VITKBARY FMILEEBZEDEEL
Upgrade of the spectral determination method by sensor fusion concept
CREERE, B S R EANC, R BT, TR v, R K-, IR
YA TR 2 —, SRR, BRI E R B F A (QST)

T2 TN ETIT, BEBRIE AT DDBEROEFEARY MLVOBEIMTRED LWV 955 1 R EH
Wie A7 MUEETE (Spectral Determination Method, LA F SDM {EEFES) [1] &, IEAY T L — 3
VAR MBIV y AT b, MSLIEA L, ZOEEEEIE LT, AR 202 SEHEL
T AT MVT — B BN 2 87272 SDMIEZBHH L7=D T, ZOfREERET D,
XF—D—F : BRESUFL—Va VAR ML, Y BARY bV, ARY PILEES

1. #&

PEGIHH TERERIL B, v OB E T 5 B, vy RS . W2 B v IFE, X #iZ it
% EC EREIZ KA E N D, ik v FL—ra v (LSC) IC X W IIE L7z B, XFRART vk
Ge YRR CHIE L7z y AT FVIE, TERBERNTHNT L CE R, 2 2FBEDO AT b LT
— X% TR L7 SDMIECT—FEfffr 2 Z L2k v, EEORE L & @RELR G TE 5,

i)

2. RER &R

FBRIL, BRAEIF[2]~DAMEIZ LV | Perkin Elmer 184 Tri-Carb 3110TR %! LSC %5 % L. CI-36, Sr-90,
Cs-137 FEDWFEEAT o T2, FFHNTART MV AR, BRI 2 L— 3 VEFRZ1TV Mn-54 O LSC
ARG NVT— B BRI, £72. AMETEK #:8 GMX40P4 %! Ge kg a AT, Loy B
Dy AT "V TF—Z 2 FZR LT, 26D LSC,y BAT M, Cs-137, Sr-90 23 10* Bq f#ET 5
H1C.100, 10, 1%IREED C1-36 3 L N Mn-54 5 de y R A7 hLZ B L. £ 5 O SDM iRl 247 - 7=,

3. faR & fawm
SDM f#HTIZ L 5 Cl-36 B3 LU Mn-54 DFEEFRMFER 1 IZE L DIz, T T, LSC, v AT MIVIEEHT
TRz % %2B, G T, MAMITHIREZ BG TRD L7, BEEAE CI-36 |3 BE, vy B Mn-54 (3 G fEDREE 73
BALTWD, BB LV BREORKENRVOIL, WEDTRLF—FEOENIL Db O LMREND,
LU BGEIZZENS X0 bREERBEY . By MR A~DEHIMENS | Z OERIEDFGMEN RS LT,
# 1 SDM IEMEHTHE (Output/Input XA A7 M ORIEMIZKIT 5 SDM MRHHEO e % | I IL#EE £,

Nuclide C1-36 (B ZfH) Mn-54 (v {Zf#)
Concentration | Output/Input(BG) Output/Input(B) Output/Input(G) Output/Input(BG) Output/Input(B) Output/Input(G)
1 0.999 (1) 1.004 (7) 0.2 (24) 1.000 (1) 1.001 (8) 0.999 (1)
0.1 0.995 (6) 1.01 (12) 0.2 (95) 0.999 (1) 1.00 (10) 1.000 (1)
0.01 1.04 (5) 1.01 (15) 27 (20) 0.999 (3) 0.82 (14) 0.996 (5)
RPN

[1] M. Oshima et al., J. Nucl. Sci. Tech. (2021) (Online) DOI: 10.1080/00223131.2021.1976296
[2] HTTP://www.kakenlabo.co.jp/index.html

AL, JAEA Jedn% f58E U 72 1R DRV « AR B B JPJA20P20333366 OBk %E %17 DT,

*Masumi Oshima', Jun Goto?, Takehito Hayakawa’, Katsuyuki Suzuki!, Haifeng Shen', Yuichi Sano' and Hirofumi Shinohara!

1Japan Chemical Analysis Center, 2Niigata University, *National Institutes for Quantum Science and Technology (QST)
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Li HSRADUFL—EDBEIRLF—HUTRICHT HHERFME
Response characteristics of a °Li-glass scintillator for high energy gamma-rays
A LRy, GHEE SLE, ghHr YRR, ¥R NE— 2 SFE OFnE] /N OB
1Tt 1, RS

BRI - X2 ) 7 o e 3EE 2 — Tl EHERE R & O Rk B WE % 51 &% P 5 FRkiE
BIESA & LT, A+ dngFEimsas#riE (Neutron Resonance Transmission Analysis (NRTA)) OF&ffrBHZE
ZHEDTND, ABZETIZ, WESAT LD H, FETRINGICER L, M=t =0 < 5
Li BT AV F L— 2 DISERE N, ARERTIE, ZORMEEHET D,
F—T—F:LiHFRVUFL—4E, BIRLF—HUTR, BERHE

1. #5 °‘He BIFEOHLEHIE L PHFRHIOEBEEOIC LY, He ¥ ARSI b P EFHRESEE L
TOLL A TFL—20 e HABRHIBBOBENLRELEZEZ LN TS, TOFOREN L2 EDTH
% GS20 1%, FUWRERERE] (~70 ns) &, FRARVITREARFENENER (~6000 photon/n) ZFio7=b, Hiik
FHEFE B HRIA < R STV D, IR 747 2 W 7o PP JIE ik, k2 BaEs s v b
DKFIHIN S S D 2.2 MeV AU ~vBR TR NNv 7 T o700 Ry bied, L TAN, AU~o
TRLF—IZx LT, GS20 O n/yiIEFRBIEENITIZ & A L2V, ZHICHED ST, 6S20 DA~ HRicx3
HISEREORE T, mNBDOTEH “Co DHLDOLNRVONREIETHDH, D, ABFZETIL, “Na 23
BRI S5 1.37 MeV & 2.75 MeV O <4, JES 1 em @ 6S20 [IZHRS L, @=L ¥—H
~ BRI xE T DI BRI A R~ T

2. KER “'Na 1349 15 R O 0 T4 AREE L “Mg ICEHA S 41, Mg 225 1.37 MeV & 2.75 MeV D 2 KD
VI RFE S SN D, AREBRTIT, JEE 1em D G6S20 & H o~ BB THLIES 1.6 enDF L H T
7~ A R (LaBrs:Ce) ¥ > F L —& Z W RIFFHIE 24TV, o O s ORICITEE S 72K 10°~10° Bq
D *NaCOs R (FEWNEE5X8X2 cm’, 1.15 g/em®) A FXE L7z, WigHEO 7 Fa 7G5 3EET V2 A
 (V1720D, CAEN t:#) [ A &, TUXNMERE L TEBRIND, BEZ 82 5 W& OE 572 72 ns
UPNICAHIETAUE, =3 X — L gfifE# T —2 8= hr—F (V1718, CAEN#EHY) # /L Ca v Ba—X
IZEDHIL, WE SN D, RERHHIE T, “Na O &N DA o~ % LaBr3:Ce T L7z Wb,
GS20 THEEMMEENIE, ZNEL O —HOH U~ THIMERNIEFIZEL 2D, O LI, [FEE
BEEITH ZEITED ., GS20 I AS L= =IOV TOFRAHERC L, BT f X —H v O E %
FVFELSHARDZ LN TE S,

3. R -ER HM(THETRAX U RAETIOR L) P G520 (Thick 1em)
dL/dE 1%, BRI Y7 Oft 5o ¥ —& dE/dx IZX > TELT S »or
i, RWTHR L EHTRLF Lo TEKL D 5, AEBRTEOA E2 11 _+__
72 GS20 OYEH N 2K 1ITRT, K1 26005 Ko lcm=rL¥—E ) { ]r ]
WX 5 6GS20 DHHINFT—ETHH Z & 2 TE 72, ¥ HREER TIE, 2801
GS20 DEAIZKT D= RV XF— 3 fRAE KL N 2. 2 MeV T U v MOISERE o

. L 1 L
0.5 1 15 2 2.5 3

Light output (Ch / MeV)

- Deposited electron ener; MeV
DT LT B, ’ e

BHEE - ARWEZERAZE L, OB S e F = U 7 ¢ s bt e 1. BT OB G rLF—
Migha) FEO—EE LTEmS NI, (RSB IEH )

*Jachong Lee!, Fumiaki Ito!, Kota Hironaka', Jun-ichi Hori?, Kazushi Terada?, Mitsuo Koizumi!. 'JAEA, ?Kyoto Univ.
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TRV —=H o~ A A= T DD DRE S AT LD
Comparison of measurement systems for high-energy gamma-ray imaging
*REOBRMAL L, et S, il mE— L VEU OIERT 2, ORI HER 2
o GRSy N TR S RE DI S Y e S R 5

Ba 79 A~ THAREND BT RNV F—T VT 7T L RREONRY U 7 AD ST J > THE
U5 444MeV T DA A=V ZFHIZEAT ) 72D, AL —hal A—%, v rhk—/a
VA=4, a—F v T NX—=F ¥ D 3FEEZHKT HMEET> TS, PHITS VI 2 b—a v
a— RFEHWTEFFNT A—Z OB 2IToT-. 51T, KEHEL T LNEs%E AT hH
~MERAESE, AL —Fal XA —Z ORI
F—U—F: BRI X—H o~ X7 oNEes, To~fad A=V 7
1. 5
BERMAR D=L —JiE LT, A IEREDFEBI T 725 ED 5T
W5, BREIFCBRIE T 7 A~ EZROWE 2D 5 BT, 77 A~ bk LFRE~S|E
THTNT 7 RAEETHIENEELERD. Z2T, FEMEIOY Y 7 AEHRT
VT 7 RiA & OBRIGIZ L 0 AT 5 444 MeV BT RV X —H L~ #ROFAENE & B
AP ORET S Z E THET VT 7R 23T 5, M=V X—7T V7 7R
< EHIFENRE SN TN D, RFHIFEICHW D SRV X =T~ AT O
FRELT, axrA—=4, Brh—/, a—F v hT/X=F 5D 3FEREZHND. A
ZETIEZ T DEER 2 FAWTRAE Lo v~ 2 W2 325k L OV PHITS[1]EH A 24T
W, T~ A A= 2 7 OB AT o 7=,
2EBREVNVI2b—v gy
ARFFETIX LD 3D FEON, 2l A—X &AW FEICET 2 EREIT- 7. KPHE
Z T Mg & VT 2.7 MeV 7' b % PTFE(T 7 1 )% —%7 v MZAS L, 6 MeV
DOH <R LTz, B~y —20n58 3 m OMEICAY v Mo Y 2 —4 Ll
Er NV~ =7 ARtHgs(HPGe) % E L, 2V A =X OFREBEAEEZEZ D LIZL DT ~fik
HEOE(\LEZRE L CT 787 Z o 2AZNETH. S0, AT X—Fr—0fpha ) A—X
& HPGe # iV, MIENBEEEZ DL T, Ho~BA A=V 7 ofitg L-ERE2iT-o7-. £
72 PHITS #HEIC LV, Zh b O R 2R L7,

3. R - BR

T 7T H o AHRPEFEBROMERE Fig. LITRT. $HA oot

U hOBREAEICKTDH HPGe THIE SNz~ 0.012 . oamm
DOEWIE — 7 ODINEELE AV » MK L TRIE L 2 oot m " 03mm(2)

T AUy MENETVZRKES K& RBBT 27 €7 | 50008 - ot

B ABBINL 725 2 ERNbnD . b LA RIOFERKRT 'TED.DDG = - L] R
HPGe #Z D K& E® 8 cm HETIE~2 O THIUL, A | g0.004 .-P a® o
Uy MEZK Smm T UE L WEEZONRD. L 0.002 . ;_ .
FVESTLIHAIA) v MEZH THMENRDS.Z 0 5—-—'“*‘0 et : ”
DIEND, T/R—F v —a I A—F—DONREBEF L. Angle [degree]

TAR=F v —FRB LW, Vo~ A F Ol ROLBE  Fig. 1. Angular distribution of gamma-ray yield.

WZDW T OFEILFERH Tk 5.
[1] Tatsuhiko Sato, et al., Nucl. Sci. Technol. 55(5-6), 684-690 (2018)

*Riho Fujiwara!, Akira Taniike', Yuichi Furuyama!, Masaki Nishiura?, Masashi Kisaki?

!Graduate School of Maritime Sciences, Kobe University, 2NIFS

2022% BRRFHE¥S -3B04 -




3B05

2022 Annual Meeting

Development of Real-Time Measurement System for Emission and Absorption of Visible
Light during Heavy Gamma-Ray Irradiation
*Huy Le Viet, Hiroyuki Miyamaru, Kei Tanigami and Takao Kojima
Graduate School of Engineering, Osaka Prefecture University (OPU).
Abstract
A system for the real-time measurement of the visible light emission from and absorption by a material in an intense
gamma-ray field was developed. The combination of direct visual observation and optical spectrophotometric analysis is
expected to provide powerful clues for elucidating various phenomena caused by irradiation effects.

Keywords: Real-time measurement, Gamma-ray irradiation, Silver nanoparticles, Real-time observation.

1. Introduction
The study of gamma ray-induced changes in material using offline methods may be time-consuming, expensive, and may
involve a post-irradiation time delay effect. In this study, a system for continuously monitoring the optical absorption,

and the color change of the material under exposure to gamma rays has been developed in our irradiation facility of OPU.

2. Experimental

A white light-emitting diode produced a visible light beam (400—-700 nm) that passed through an irradiated specimen and
was measured by an UV-Vis spectrophotometer through a long glass optical fiber. A video camera with 2 megapixel
provided visual observation of the gradual color change of the irradiated specimens. Gamma-ray exposure experiment
was performed using a 557 TBq Cobalt-60 source. The dose rate was measured with a small-sized ion chamber (PTW,
type 31013). From calculation results, the light source and the detection fiber were successfully protected from irradiation
using close shielding of lead blocks. In order to study the formation of silver nanoparticles (AgNPs) in detail, blue color
dye (Brilliant Blue FCF) was added to the radiolytic medium to observe the interaction among radiation-introduced

radicals in water, generated AgNPs (using silver powder precursor, 44 um grain size), and dye molecules.

corresponds to the surface plasmon resonance absorption of AgNPs.

3. Results and discussion 12| TAgwe o% 5 0Gr) =
i . . “|/PVP 0.4 mm| | ——046 eformation
Figure 1 shows the change of the absorption spectrum as a function 0 | Dye0.3mm | | ——054 0 kGy
~1Opf———|—o.s
of irradiation dose. During irradiation, the sample exhibited a yellow ; - " AgNPs 8;2
. —0.8 - formati — 0
color and an absorption band located at around 430 nm that § | 10:120" .
Fosf Y
o
(%2}
Qo
<

o ¢
»
—

The intensity of this band increased progressively with the increase

o
[N}
—

of dose and shifted toward longer wavelengths. The peak absorption iy
. . : [0 kGy R
intensity at 630 nm, which represents the deep blue color, was 0.0 , : : T T . :
400 450 500 550 600 650 700
considerably decreased. The dye deformation was inhibited during Wavelength (nm)
. . Figure. 1. Variation of absorption spectrum as
the formation of AgNPs. Meanwhile, the morphology/growth of 4 fikcliohar sbasrbed dosea.

AgNPs was affected by the fragmentation of the dye molecules during exposed to gamma rays. It was also found that the

amount of generated AgNPs was reduced in the real-time mechanical stirring condition.

4. Conclusion
The feasibility of the real-time measurement system operating in a high dose field was validated. The irradiation effect
was analyzed at a dose fidelity, with minimal need for specimens. The system has various advantages that are competitive

with the conventional method: cost-effectiveness, minimal time consumption, and provision of timely/precise information.

Publication: Huy, L., Miyamaru, H., Tanigami, K., Kojima, T. Development of real-time measurement system for
emission and absorption of visible light during heavy gamma-ray irradiation. Radiat. Phys. Chem., Vol. 191, article

109870, 2022. https://doi.org/10.1016/j.radphyschem.2021.109870
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[3B06-09] Novel Detection Technique
Chair: Mitsuhiro Nogami (Tohoku Univ.)
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[3BO6] Development of Directional 14 MeV-Fusion Neutron Detector using
Liquid Scintillator Filled in Capillaries
*Masataka Teshigawara’, Eiji Takada', Shuhei Sumida?, Kohji Shinohara®?, Takeo Nishitani*,
Kunihiro Ogawa™®, Mitsutaka Isobe®® (1. NIT Toyama College, 2. QST, 3. UTokyo, 4. Nagoya
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[3B0O7] Development for InGaP Semiconductor Devices to Neutron Detection
Under High-Temperature Condition
*Yasuki Okuno’, Mitsuru Imaizumi?, Tamotsu Okamoto®, Takahiro Makino®, Tomohiro Kobayashi®

(1. Tohoku Univ., 2. JAXA, 3. NITKC, 4. QST, 5. RIKEN)

11:10 AM - 11:25 AM

[3BO8] Development of correction method for effect of sample density on PGA
*Makoto Maeda', Mariko Segawa’, Yosuke Toh', Shunsuke Endo’, Shoji Nakamura®, Atsushi
Kimura' (1. JAEA)
11:25 AM - 11:40 AM

[3B0O9] Research on the perturbed angular correlation in double-photon emission
nuclides using magnetic field
*Taisei Ueki', Fumiki Sensui’, Mizuki Uenomachi?, Zhong Zhihong', Kenji Shimazoe', Hideki
Tomita>*, Kei Kamada®, Hiroyuki Takahashi' (1. UTokyo, 2. RIKEN, 3. Nagoya Univ., 4. JST , 5.
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MATEBBERS OF L—2 ZRAVEZREAS 14 MeV R FEHIZORMSE
Development of Directional 14 MeV-Fusion Neutron Detector using Liquid Scintillator Filled in Capillaries
R JEAS Y, mE SR, B Y2, IR FE] 2 A R /NI EDR S, BRER R

VE I S M SR, 2 B R BN AT TR B SRR A, B RO R,
T B, S A R AR, (A TR R FEBER

D-T SR 14 MeV FIVEFORFHIAY « ZERIFHIE DT D i LWES O mE k- e 2 Bs L, &
By BRESC 22Cf IR A W2 FEBRIC K 0 | $RmrEds L O R —y BRI BN BT 2 Reth 2 R L 7=,
F—I—F : BME, SEPEFRESR. SEPETF. BEDOFL—F. SciFii&hHaE. /SRR
L##E LHD R IT-60U 72 E O G 7T A~ RPHELE T, FPROBMAIFIZB T % D-T US4 o -0
BT ST D20, Y FL—T 4 U777 A Fithds (SciFibitigs) &MV T 14 MeV ik DR§fH]
[« ZERIE 72 BB N PE S ATV D, Sci FLEREHER I, 14 MeV HHPETF OSBRI N 2D FRIME 2 H 5 2 28,
HPEF —y SRR RURFE DS B, ARIFETlE, RRZMILICERIRIR Y »FL— 2 2 RIETH 2 LIk V| &0
PE & SNV APIGNT &2 e —y #RFR R ATRENE 2 34l 2 o @l e SR 2 B L7, A% TEL TV
% 14 MeV HVEF RS FEBRICIAIT ., B y #RIESC P2CF FPEFIRA W TR EBRIC L 0 | Retk 2 5Fm L 7=,
2. TR ARIRIE, 703 =y AROWRICHT T 144 BORRAMAL 0T -
(2 50mm, 0.9 mm) (ZAMIEES LT L— ¥ REBEAT S, & | e

- I N
BRIZEBWTIE X 1R T X 9127 OV R 02 58Ik O B0 8 (i FE) : Qshorts ‘EE 10° 1
Quong [arb. unit] 2 i3 L7z, FEFHEEFEMT 572010, =Y A— |k Lfz WCs ~ § jgali Ceer
—y BERIEHTA LT 0008 0°D H I 5 AM ST, Que OAEIE e
L7z. F 7Rt itE 2 — K Geantd 2 AV THEBR EFEDO T I 2 L — Time [ns]

1 Qlong & Qshon O)E%
Va rEITV, BHSASOT R F AT B & FRIZE D Qo DA LE LT, RIS, FEF—y 2

FRINERE 2 RFM 3 2 72 8, 0Co % BRI 22CT B IR 2 - THIE T &y 82 2 1 AR IS ST S 872, Qshonts
Qiong PETFE% . (Qiong-Qshort)/Qiong & FRIEIZ /)L AW TEFRBI 21T - 7=,

3. MR- ER M2, y RANAEEZZALSEZIEO, 7OV AP EE 0.049V LU EOFRIZBIT D Qiong 201
%7590 Qiong 2 1000~7000 DHIFA T A AFED /NS WIE EFHE ML TEY | Quong (CHEZFRETHZ L
TASFAEN NS NFELEBIRATHE TE 5, FEBRKOFHR TH LA Quong 0. TR/ F —fF 5 &34
235, Qiong : 1000~7000, = FR/LX—fF58 1 0.1~0.7 MeV DHFELRDFHEZ2 R LKA EERFEMEZ RO 72
LA (M3), EREFRECTHREROBMN A SN, v MOSGE, EFDOT7 X L0 +—27 1280 Rk
AT D7D, 14 MeV FHETFICH T HFRMPEIIARKBR LD bET DL EZ2 N5, P L& y BREBRTR
WCAH S, Quong : 3000 L EDOFRIZOW TSV AR EITo72L 25 (K4), FiET& y BRITxHnT
HE—7 DNHIRRIZ B CE T2, A%, 14 MeV HFHEFITxET D IE N RO M DR 2 7 i T2 TETH 5,

104 —— 0Odeg 1.0 [ . . ® simulation 16 ‘rl-,
15 deg " experiment 14 N Y {f}ﬁ
5 30 deg o8 g, | l
10 — 454 2 ° 3 R
n eg 2 8. I )
§ , 75 deg § 0.6 E | ‘t PR
3 10 —— 90 deg = . 3z 8 [
204 . . E 6 I
1 H S ‘* \
10 Z ., 4 | | ol
2 )
10° TR 0.0 ol
0 5000 10000 15000 20000 0 20 40 60 80 100 oo oL 02 03 o4
Qung Angle [degree] (Qmg-Qsm,.‘)/C)‘ong

2 37Cs —y BUTKET D Quong 53411 DA FEIK A 3 3Cs —y BT KE T2 G D A4 EE AR 4 7V R PTG Fr IR F
Qiong : 1000~7000, T F/LF—{F 5.5 : 0.1~0.7 MeV

*Masataka Teshigawara', Eiji Takada'!, Shuhei Sumida?, Koji Shinohara®?, Takeo Nishitani, Kunihiro Ogawa> ¢, Mitsutaka Isobe™

'NIT, Toyama College, 2QST, *Univ. of Tokyo, “Nagoya Univ., NIFS, °*SOKENDAI
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=@ FTO InGaP $ 8 EDEFRET /N1 XDFF
Development of InGaP semiconductor neutron detection devices under high-temperature conditions
TR Ay, A TR, MR RO, B &Rk, R EnvES
VHAE R, A, O ORE SR, O, O BRAF

WAL D /NI Y 2 — VR (SMR) 23U TH TR A IR ’TETE?VS/J\’*'%O%‘FW&%HEUVX%A75‘>‘
RKOBNTWD, Fxld, SHERBRITED KBGEMSE T2 Az U%@b’*‘“ﬁ&%ﬁ*ﬁﬂﬁ‘??@%%%
HTEY, ATl \m&P®$%@m$%:‘76@&@@@%@%@%@:0w1%m
F—D—F : PEETAMR 1, NEEMBREIRR RS2, A YU ATY LAY 3
1. B8 : BRI L > THELLITHT R RNV F — 2 AL N TR TFICBW T, EERRE O E M2 [
LEELTOFMET R E EMICHET 2 2 E0NEETH D, ZOFHINCIEEETIEZE L, 8~10 HLL LR
ERHZ AT OMERPLETH D, Fxld, KGEME T 2R LSRN IENS AT Iy 7Ly
TOFHEFHRBHDRETH D Z & 2 SATHIEIC TR L72[1]. InGaP 1 3{bEWHEERO—DTHY | N
RE¥ v v 7235 1.9 eV E @<, FNTHEE ZN DK 300°C O EiREREE T CREFM OZEBEN IR SvTwn
Do L2rL, @i T TO InGaP HE TR R T O RHEIIB 522 Tlde v, 20728, A T, InGaP
F T OEERE F COPMEFREBEEIC OV TERMICES LR 2w 5,
2. BERAE MR EMORTHEELZ AT 5 InGaP KIGEMFBE T 2H Lz, HFmfEis X OWIEE ST
ZNEI, Ixlem* BEO] um (ITHREE S v 7c, FHEF 2R~ 2720 L LT, RRR ?%@i}%n‘%
Kz 1x1 em®* DR E Z(ZEIHT L, InGaP FEFRIENIHE L1z, FHETRRE O 720/ Mg - JR(RANS)
ZRM L7z, AU EREZRE LT InGaP F 1% @R T v /8 —IC3E L, 20-275COHiPH ClRE % 5
LT WoEM E L T4em R Y =F U UM AR Uiz, A+, B REREEE TS 2 & THE L=,
FIMNODEFE, V—AA V¥ —2=v b(Keysight, B2001A) % AT, Hk1-BREF OB 2 FHE L7,
BRI, 1sITEE LTz,
3. R LBLE Figl (TR URLHMREZRE LT InGaP # E
FOFELER L RANS B T-REROBUE &7, BT#H oxron | 27“%
B, ~U YT AE—Fy h~DAHERTH Y | +am
RANS HIZH AT 5 HHE TR & BIRRICH B TH 5,

8x10°

Induced current(A)

20CIZH1T 5 InGaP £ O HFEL, B -HRENR & B o I
WEBIBARRIC B D, —J7, 275 CORER RIZE N TS, p

20°C & [FIBED SRR S 1L7-, % D725 InGaP 3 T3 2 }

JR TP E AR 2 O BIRREEICB VL T L EERATRETH ﬁ'

HTEPHBMNE ST, FT2, 20°C & i LT 300°C T ® 0 twom a0 30000

Beam current (nA)

Fig. 1. InGaP 28T 2 HMETHHEEIED
TR

DOFBEBFROMAIT, D LRKE WV, i, FEED

Ry v 7 WEICLV/NSL D2 Ik [2], 3

BT DX VTREINLIZEEZ DN,

BB AROTZEIL. OB TR AT 2F RS oL LTE LT
BE XM

[1] Okuno, Y., et al., /. Nucl. Sci. Technol. 56, (2019).

[2] Vaillon, R., et al., Cell Reports Phys. Sci. 1, 1-20 (2020).

*Yasuki Okuno', Mitsuru Imaizumi?, Tamotsu Okamoto?, Takahiro Makino®*, Tomohiro Kobayashi’

ITohoku Univ., 2JAXA, *NITKC, 4 QST, SRIKEN
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PGAICHEITAHMEBEDOERICHT SMEEDRARE
Development of correction method for effect of sample density on PGA
R sut, W RRELT- Y, A MW Y, AR BRILY, A BEW] D ORAS St
eVl i

A E DA O T 2RI T 2805 ¢ B8 Tk, sRUBHIBELMTmAE O K & RN E SN TV DH5A,
Z OMBHEEI X - TRERE S ZILT 5720 wmwKﬁ#é#%W#éOK%%T . AEHEE ORI
ﬂ#éﬁE%:owfﬁiﬁé

F—TJ—F : H3E y BT, fliELE TOF-PGA, ANNRI

1. #E HI% vy ST (PGA) TIXH M1 2 5UBHT B U HIIE xS fE & bt <&, R OBRICRAET 5 y
MERET D Z L CREF OB L ERT 5, J-PARCBL04A ANNRI TIZ AT & L CTmhtE 15 284t
HYETETOZR AT —%H 2 PGA NAHET, & DICHITRIMIIA(TOR) ZFH L C A 7= x v —
ZUE LN S PGA 2179 TOF-PGA Z#HEfid 52 LN TE L, TDFREE LT, BRETLANOHET
FHT 22 LT, @V RECHNEL RIS 2B FRRIMERE 2 B L T D, PGA IXIEMEE D&
FERIEAIT FIETE DS, BRI LIAA O P12 R L CEELITm R O R & elifiz bkl 2 MEd % L 1E
EEMET 5, ZAUTBELIC X Y FETF ORI A —NED Y, Mﬁﬁﬁwﬁ%ﬁW%%ﬁﬁaﬁwm¢é
7O ThHDH, B COBELEEIIIS U THETOZ RV —NE T 5720, BEWE Z& o THlE
BERELOE, A UENEEE TH > THEOND y BEHENER D Z L1220 NN S BHINT 5, Fix
DI N—TTIX, THETONFRTHERED, HEWEOEHEL T TRIBEIZHIKEL, 30%LL EZ1 L
TOEEZRNE LT, ZOBEE, —MRANTE%DO NN S THIE RTEEZR PGA IZ & » TIERITRE W,
7o, ZORREECEEYNCHIET D Z & T, BILEEZ 3WREICmA O Z by alb—va i LDk
& L7z [1]e AWFZE TITBEL T fE O K & e (k) &2 B ToilEl D TOF-PGA R4 Fefii L, ZhICMiEE%
Lﬁbfﬁ%é%ﬂﬁbto
2. TOF-PGA RERAEWIEEDOAMME TOF-PGA EBRTIE, BEDORRLIEHKROKRY 2F L3k (558
8, P W@EOK 15, # 1/10, EE : 10,13,15,20mm) Z#IE L, $ P73 X OB hYET O %5 A=
RNF—=THT = T Ty AT MEER LTz, BN AR bV BIZBIRIS LT KFED 2.2 MeV
Ty MR — 7 AT L, y MREHER A BUS L7z, MEEOFM T, fIERTHR O v 85 & B FE B o FH B dhifi
D (IERRE L R CRTEFED)E 7 4 v T 4 V71RO RD, TREAFBEEICBIBEL LT, T0OH
DMEE MR Uiz, R L ICHERTROMFIET, B PET A
FHZBIT 2 15 & 110 OFELOEE DO Z 7R3, Z D%k
EA 1 DB, WEHETEEN LTV IHIELZEKRT S, M
IERTE, #E 15 & 1/10 TRENAREIZERZR DI LT
MIERIFZMHE & b RN S OFANT R L TEY, KEZE
EASEENAHETE TS Z & 2 FERIICHR LTz,
3. BE WEEOAEIMAZERNICHR L, REEEORBIIXT O2MELEZMLT LI R TE I, A%
FTIE, EBRSMHEBROEMICONTHET S,
SEXE [1] mimEfh, F775e 2020 £k 2M02

# 1 HRHIERTR DKL O Lk
T B\ -
WIERT  1.03520.014  0.963%0.022
WiE#%  0.988x0.014  1.000£0.024

*Makoto Maeda?!, Mariko Segawa?, Yosuke Toh?, Shunsuke Endo?, Shoji Nakamura® and Atsushi Kimurat

JAEA
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BBEZRAV A FREREOAEMREIZEAT SR
Research on the perturbed angular correlation in double-photon emission nuclides using magnetic field
*EOR R, SRUK S BT JK#L 2. Zhong Zhihong', SN IR ', EH SR
Bem £, &@iE e
1SR, 20 BRWF, 3. AR, 4 JST S &85, 5. LR

JRFRETSN IR\ & 0 maE s (75— 7 AEE) BNELDL Z LML TV D, AR TIE T
HEMICESE 2N L, R F 07 =T RoEEE 25| SR 232 & THEMBZ A LS EL Z R TE
LT L aiit Lz,

F—0—F : BIEZ, AR, LT

1. #E8

I bD T N—T"TIX RO o~ e+ 288 (27— ) 2 lWTEEESA A=V 0 7,
DPECT (Double Photon Emission Computed Tomography) D =#kaE % KELT 2 DI &2 IT/2 > T D,
DPECT TIHH SND >~ MOAEMB AT ~25 Z & C, BRALORFTRE BT 5 Z LN TE D,
AMFFETIL, 1n KEHEIZERES ZENL, B ORE SIS U 75— T mal#fh 2| S 232 L TH
FEARBICRFR BN AT D 2 & 2 8l5T 5,

2. R

KEAERZ X 1ITRT, 1 KIER 2 sURIR & L CRIA
U7oe BRI 2 BRAOATe X 5 I RESS 56 A8 24 T8 O RS 3 i roncore Y ©
LTh D, rEAZIY T X 91T 8x8 Ce:GAGG > F L 5 U aun
— & —_SiPM.dToT A" — R 672 SRR % 8 R E L7,
MR ST E R DA 2R LA A2 A L
7= 1, KB IAR

S e—

TR DH T REHAE DNME (L

3. ERER
2 (WG HVINHZ $61F 2 A4 FEFR B O BF M 28 2”4,
R(t)=(N(180°,£)~N(90°,t))/(N(180°,t)+N(90°,t) ) DB UZHES TV D,

4. HEER s

AW TIE, BSOS UTAE LD T E— T rasEs o RN+ 5, fMEgm 0 0 0 @

BA#EE LT, 1 2, BESHEINERLC 3515 % 4 B4R BE o B R 251 L
SE T

[1] EHE, v -v EEAFHBIC L 2 9PERFSE, RADIOISOTOPES, 42 4 6 5-,1993 4 347-364

*Taisei Ueki', Fumiki Sensui', Mizuki Uenomachi?, Zhong Zhihong', Hideki Tomita>*, Kei Kamada’, Kenji Shimazoe', Hiroyuki
Takahashi!
- UTokyo , > RIKEN, *Nagoya Univ., * JST , * Tohoku Univ.
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F14E JzO0—0D&KLW
14th Fellows Gathering

BADRFHBEK & &FHK:

Japan's Nuclear Policy and Updated Issues
*E¥OF
NENIR T+ hZEERZER

1. IZC®IC

2021 210 A, 55 6 IR /L —HARFHE, HERIEBE(LXRFHEE N MR E SN E Lz, 22 Tl IR
FHHEIZONT, RO Z RATTRIC, BHRR = %L —FaE 0L EMEIC TS 3 5 HEE N —
Znr— RERF], 12030 FE D) EFHER TIIINE TOZRAX—I v 7 A TR LU 20~22%FEE & JiA
o] EINTWET, FFAORLELT ATEOERZ BRI RTNIETRY EE A, KFRTIL, &2 4
FERRFHBEZE (http://www. aec. go. jp/jicst/NC/about/hakusho/index2021. htm) DOPNE ZX— 2|, FHT
THEMAENK L 2N 5, JRFHBORZ IR R THIzn E BN ET,
2. JRTAIBOR & Bk

R TAEBZBWTCL, BREFET —~E2ED, 20 =—X L MRS X DT D DR T OTE D 7%
ML TWET, B2 FEMTIE. THREGRESSE —FEFLND 10FE2M2 T &) B TREZ M
F L7z, RFAEBRIT, WEEK 3 6 TAOREERRPBEEATE 2R SN TWDLZ L aEIZITIED
TUNVET, s R X e 2 [ < HUs COmpOBRYT 2018 42 3 HE TIC% T LE Lz, — 5T, #5 12 T
FECOE FEFFRAERIT 2019 LR AT 32%., 5 IRIC R UT B IR IR SE L O 2 £ O KB &% 2020 4F £
RERC 2010 FEED 17. T%IZE EF o TWET, o, MEEA / X—Ya - a—X Mgl 2130, T
TSNz, $TABTIESND T2 D0, Hia @il « FAOTREE BTS2 ol R
SN TWET, 2K D72 10 FMOBGHLIRI MR OB B - FFACRN A B E 2. ZRiER-CE B EESIC
M 7 BGH 2 e L T 2 & AR RFICET 250 & 202 B b S IRt RICHEEIC S &
WS oLy, RTORFHBZRENENTIIRLRWI &, -, £ TORTFABMRENHEH L Tl
FRFNER DRV EZEIL, AvE—U2RELTHET (K12]R),

10FEOEHHAS R SOER - BEIEREA. [RFHEERLT
ETCOFEFHREGENENTIRERNCL. B THROAFRIINIBRERNCEZEEE,

2TORFHEAGEN 2TORFHEGREN
shTReskunce BEIL CEDMFRITNIER5RVTE
1. EEEEE—FRESHILN. WER || 1. BEOHLNENEBERFTINEEERDRT N TES
BEHAER BT TOBANNT, B LEF T, BEOEE- EECEDITLKCE
ERAEREN ORI BB 2. ZRMRSIAEBEICH B A MEL TLKZE
2. BRI LHOTEURRSENBEEILEN., 3. RFHBRLBICARTE T 2 A BN A REOFRCE T

BEOALRBEZEZLHTNBIE ER&E AR ES L TS E

3. ZESHRERISBUVESIC. RFN 4. SBEoBEFHKECEIZREEHNE2RALERTIC.
KECRAT 2 BEEEE Iz =NRVCE RERICHERERCS S CE

4. ZEEFRDEBBEORBCEDIE | 5 coE2EROERNEFHORIHRCOVTRIZMIC
BVZE IEUWEEEE BT 20 (CH I BIREF DOMEHRD

MIEMFICOVTESER, FHETE5L5C. 2NEND
5 TR ERSIREITOTLKILE

1. BTPHZEEENPORTORTFIBEBRE~DA vy —

*Mitsuru Uesaka

Japan Atomic Energy Commission, Cabinet Office
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R HZEES TR, 2021 4210 H 19 HIZ, YEHI AT a 2 hTH o 72 o 3L F—HAGHE (R) 123415,
R NEERORMBEFHN-LE L, £9, BEEBICBON T, BHNREFHREOTFERIZNIT -
BARIY 72 6 RIZ W T, A B0 = 3L X —FARGHE O E & TIOHFT, (SHEFEE & [F REAES 2 K
WINZHE 25 Z & Ok, EMEIRZED T ETOFEGREDOFE R 2. 7V h=0 AMEA EHI, N>
7 v RRECOREAMBHFE S AM B A TR LE Lz,

TRNVF—DRRA NI w7 A%E 2 LB, BHROFHEZ  kWh E WO EBEHEOA TR, HEMET RV
F—ORHEEB~OXIR, KWL EN (K, EEF) F2EOTRADIENATARTHY 3, K+
NFEOHFTR—2a— FOBEBHIFEZH 7 U, FERRET RV X — 2 R KRG LT, 2 O H B % CCUS
(Carbon dioxide, Capture, Utilization and Storage) ZEZ I L7 KA THNR—=LTW LENH Y £
T, B =R =a— NI VEFEMICERT 5 &0 ) MBEICK L CE, BEOAL TR, ReEE#HE.
WaEE Z A2 TOT ' XA TO CO HIHE A TV BERH Y 7,

BRI A 7 WAZBEF 2 BHRIZ DWW T, AARFIAICIBW T, Ny d 2 BB ERE <> MOX BRENIN T Hia%
DB TATANT T, R - LHFIHT 2 BHIZE B SO TGRS RICER L TWET, JFJ 0 FERFH
RTN b =T ADOFTHENT o AR OB G G REEFFALBREAE AR E R LI B3 U 72 3l & REL A
RBATHICY - TE, R NEESOBERZES Z L aNTEY £4, FKFAEESIE, 20 14, F
EEENAE Uiz 2021 AFEO TV b= KNFFHFHE & 68 35 R B AE 23 3R E U 72 I P R s
L. Mzt Lo ia3gt LTl £,

e LV R PEBEE) O B Lo 1T D & | 2020 4R 11 A BALEEOFHIT (To25H & 5) K UOHENA
(b xR0t D) TXEBFAENBEB SN TOET, ZANLRETHLEETHY 1,

JRFHZEES T, 2021 4F 12 A 28 HIT, MR L~V PEBEREM S OB - 53 IZBT 58 2 HFIzon
T (WfR) ) ZFRHWEUE L, 2Tl BEPEBEEY O B - W5 38RO BT LG L, KL
DUENFEZH ~OLRFEEL, HFFEBIF %D & OIK L~V YR Oy 58 . B X Tk TV E
T WNEZ 70 —7 v 73T 77y N7+ —L2OIEREZBRF L THET,

WERSE - RBORILEBEZECMT 2R RIn— R~y 7S E | 30~40 BHOBEILESE T4 B
L. VBYK « ALBRAKRESR . ER B IREE 7 — L0 & OBREHEL Y HE L BB 77 U B D Y U D BRI VEEN A5 R
ICHEE S CWET, BIfE, NDF (JR 0 EIEE - BEF S ) Fi2 k0, 2oEwRNAE2 v
YT LENRETITONTEY £, TCWASAREBETRRE T O L FHHTT A, 2 S50 5 OREL
T 7 VBRI HLEEE (v y 7 —24) F AT HER R LT E T, UNSCEAR (X 2021 4F 3 H |
FURUE I8 B 3 — R ST L D BRI < & 2 0B BICB LT, #IZ < BREOHERT L /Y 2 7 O
ATV, USRI IC K DER~ORFEZENBIE SN LRI L amE LE L, Zh T, &
B TOWIE L OFBENFROICHERNTH A D 2 EBNROERD HEBENREES RSN LT,
BERT7 77 beEZET,

EIRRHERE & O FRICBI LT, WEFE 9 H 20 H2 b B S 75 65 [0l TAEA FAXITHI L, TAEA 71y o—
FHERED ENLDZREITOVE LI RIS 1y U —FB /R L1, B TAEA BfRosi iz m i 72 BRI 7R
B 5 R D FESFRC ALPS LB K DB MIFR D W N DWW TR AR ATV, Bl Sk X i %2179 2
L T—E\W - UE L7z, TAEA FAAIZ 2 A 14-18 HIZ3KE A L., ALPS AUH K OWFLERH O 22 A EE 2 FE0E L
F9, 2O X DI TAEA BB LTS ARV, AR oD UNSCEAR D5 EE &, SR OFE I OREIZD
. RO LEBEREOW 12155 2 L OREEN - AMEERT O L SO TRV Z LET,

B, X2 )7 4 ICBTAHAREFEERSY £ L, R NREULO T2 HEERICINZ T, ¥
U7 4 AL OBER A ICHRIL LT i 7e v 8 A, 200X & HEOMILN AR THY £, £
X2 UT 4 BRI A Z v, TV =T L - NT U RIZBT B ENOERE] - ERRHIE, EERR) e
A AR - SERRORH O SR OBIEA H 0 3, X CHES . SLBICHEN H 5 S E OB L &
RDIAICB WIS LR ~O BAROARSI, —F . BARPHERH Lo RERFEER R R O EEEIR D H Y
FI, A4, EHEMNERBEE X2 7 s OEATHY, BRL L TRETREEBRNLHRETHDLE,
BE - HHEDOE T, AL TV TELL BT,
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DT, BAKIFEOFR L EMRICE U, Rl L 72RE A T 1R 280, AKFLBREAR, U 2 7 3t
T DBAFEE DTN AR AR T, WEOMEHE, FEF, FSBEGENSLH L= 224 aife s LT, FHFo
WD D EEZXET, MR, EdF, @RV AF, BeFz, M2IcEeoEL, 20Xk, 20FE
BIMED H A DA — UG U CHEFR 2 85 5 2 L 0d, FRICE - HVHEFICEEZ2 b-TH 59 1=
WIZ, ETCHEERIEEEZEZTEBY 7, SMR T, NuScale #0777 o MLHEIZ B, THI 232 # L,

INBYEEIKIF(SMR) =iRE =R AIF
CNERIFLC LD, SHRLRAS - SR AARUL, AR EERA U L - 5
DAL TN GHRL  TLUDNAE L SRR TSR
CET = =4 =EROEFA. KRS (#9950°C)

e s L - AR, SHAF - AR, BURDH
® NuScale (NuScaleft) & SRR R OAEA) ESSYTRERE

BRI - CTLRSIENEE
& HERIF : HTTR (JAEA) é;gi;mgb
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EEEmE |

T
EERRARER m_mm
gy [nasnn]
i
g

hanea W STDNS, MR, WS g,

4 BWRX-300 (GEHII)

L
J E

X2 ZERZEFF SO

GE Hitachi AT F DUV AT LaZELTOET, @EFICB L, JARA, ZZE&ET L, TAVL - TI1T
—th e DR IIDEE D £F, FRR T EHT TOKRERIEDOEB XX, L THLRWVWHAGDELEEZT
BY, HATY JAEA 23 HTTR THfEZ 5t L TWE T, BE#a b, AARTO JT-60SA, A TIX ITER DFEE
iz B L7oiPEBIE. S DICREDI RO F v —FEIC K D BEREINRAD 72 D OIEE S EME(L S
TWET, HERZ EEERRG ) OMAEDE T, SN L AMBERPEDLZ L2 MR LET, Zoic,
B D3 VMTE DT 22 HEWHED 70— S LD 72T JeFET A U B D Professional Engineer,
S HIZAARDOEAM L2 BE L TE L < BvET, BOMNES (BU) OBNZEERIE, 2 A 2 B, £t iR v
IEENVE ST D EU 2 7 Y ) I—I, T IIERERTAEZSFUMAETEMT D& LERKELTARLE L,
HEFRFIH O~ A Z A4 b & U CTiE Indgs 2 V72 BNCT 23 —REAR 6 A I PRIRICER S 4L, 4 5 WL g 8k BNCT
et o #—12C, RIREARENGE Y £ Lz, £72, BRELASA 7 70 X Rt EYWHE - E7
YE L OBUR, B EIEEEME SETIHESET ) AT 4 7 AOERNHY 3, EHTRNXIL, BAD
P iEm A OY T 2 27 4 7 ZORM B TS TEHE LAY THOTTWS EHIfF S TWNWDH 2 & T,
YT AT 4 7 AT, BHEH R FHEFOCOF T b EEEEZTBYV £, AAAY T ¢
Ty 7 AR SHITIN T, 2023 ENDOEFEL BIE L. EFHIEINER v BIRIC X - T Mo/Te 4T
L2707 REDLNTHNET, [EOEENBEDY £, BURBAL TWHIRHNZ—F > &, Bk
SPEBEFD DD AR T D12 OB ED L TWET (3 M), 2021 F 6 A IZHEIE S - ERK
W7 ru—7 v 7 EZOTERFC, RIBEDRHICOWTEZAENE Lz, ZHEHEBEICE > T, B4
DREThoT-, ERMARI OEEOFEHPHTR ENTEFAET, £/, 202149 H 20 HIZ, IAEA #
2% A KA~ F’Development of Alpha-emitting radiopharmaceuticals and the Supply of the Isotopes:
225Ac and the possible role of the international organization” % Bif L, D — — Y ZFREW =72
&, HROBURZHTR L E Lz, TO%, TAEA Y L 232 T\ TAEA b &3 2 [EF ) 0 v
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PHERLE LT,

<< DT VEEVERDA-225ERRBIERD2E SR>

EipAR -
NFEREONS VEREBEIORMD B
Ra-226% Ra-2269—5yMbE l - E;I}_#ﬂliﬁnﬁﬂ
(Bit-155E0 (LR iEsS AEEFIMHE
2R RIAFNE) =) i
""" ZZSAC
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j ATENEOR i
s7cu iﬁg}“gfﬁ? ===
FRORE 5 o
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2B, Ti1,00008M/
£e@a%k)

o | Cu(pRPETEE BN AR
2pc (affAR)

t I/ T4 IR (R )

(Theranotics=Theraputic+D

iagnosis, TTiH#IK M /)

3 EO T I RSB - IARA

R HEESTIIBE, [ERALET AT A Y b—78E - FIHSEMES) 23EL, Ky sz
RIZ b A AR ML M Bl G, RS T V4T 4 Y b—7 OENRECH A2 #5729
DT varyrT UREICMIT I EmEITo CWET, T T, M - s (A7 bhey - ET
FATvT) ORARNI v I RAZELBZH T T4 Fo—v bEmLTEY 9, ZoaEgrht. mTrHEE
BR—LR—UTARLTOET, RT3y 7oy R EREESFR O E I BT, M
(b2 Jelhc, RNy 7oy REBEFRIRAOR ;O AR « BROHEEN TSR0 n ) mb,
FED1OEEZET,

3. IR fEEEEEZERLT

R HEESIT, R AARCED2HE0ERET &, SoiZhbhr TV T ala=r—ra By EE
EXTBYET, O 2 FEBIRFAZEOERBZIL, DN T I EATEICH T IEAZIEHL, LA
TUNETR -BHLELE, BARRFAIFRBELZES - ZEWMHSOW 2B T, Z2FET, K¥ - K
FPET 6 BIRFAIGERZ STV E E Lic, PEAERTIcE, BIFERO KR - K= ¥ —0
POV TVEIBEM RS T, METTEHLTOWEETAZ L2 LET, B EICSX, 20
AR L CHEFUCHE T T3, TABA RERHTIIANA Rk - A A XU MNET, 7B RKERFZIZ, 200
EBLL & BdAn U E LT,

FHMERA~D I 2= —v 3 VIEE), HO5WVIEAHHUE - BV 2T T4 XOHE T, BARFEFIEERS
W R NFER— R — L) &2, BREERFOILARER AT, AR SEIRZZ M & FI 72 B 58 ik 6
T ERE  ERINTWET, —FH, BE T, FRRFEREEEADN (EEFEF I 2 —va )
EWIH F— AR —REEKRL, ZRHIEHLEaIa=r—TarvieIr—2fEcsnTnET, R
A ERDOEFHOT o r— OB RMIZ, BESCHEET A MCBT 5, FERAEMTY—2 2 a v 7T
Oala=h—var, JRENHERLFER, FICBRICADThottOBALZIEINLTWET, B
WHRAEIR, B3 — - AFESEc I m L T “th” & BN oo, BFEEED T “PEER” OF
RbEELBoo Le o TNET, FLAXRFHFERBEELZESTIE, BF. BNOFF - GROBE -
HEDHBED, FhEREROGERO, BPEHERIZMEL, #EEL2 L0, IREICREBLTWY
F9, Uk, EMRRFEMNCESS, DT WA, I E T 2 2 &, FEEEICAR R
ERWET, B, BT NEEESTIE, 2RO [FEhaE] oFflE, TRT-IFRHOERNE 27 Otk
EICE T REOD0, ERSHICBT2A#EO LTV o V2 ERT T, FOSFEERHNT., FhE
BEFR—LX—=VICTARLTEY £9, &I, Fvrr—RFLTIZRIIZE N,
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Atomic Energy Society of Japan 2022 Annual Meeting

Oral presentation | Il. Radiation, Accelerator, Beam and Medical Technologies | 202-2 Radiation Physics, Radiation
Detection and Measurement

[3B10-14] Photon Detection Technique 3
Chair: Mariko Segawa (JAEA)
Fri. Mar 18, 2022 2:45PM - 4:10 PM Room B

[3B10] Development of gamma source identification by 4m Compton gamma
imaging
*Hidetake Ebi', Atsushi Mukai', Kenji Shimazoe?, Yusuke Tamura®, Hanwool Woo?, Fumihiko
Ishida®, Jun Kawarabayashi’, Kosuke Tanabe®, Kei Kamata®, Hideki Tomita’ (1. Nagoya Univ., 2.
Univ. of Tokyo, 3. Tohoku Univ., 4. Natl. Inst. of Tech., Toyama College, 5. Tokyo City Univ., 6.
Natl. Research Inst. of Police Science)
2:45PM - 3:00 PM

[3B11] Compton imaging system with SOI and Scintillator
*Zhihong Zhong', Kenji Shimazoe', Hiroyuki Takahashi', Lan Zhang', Mizuki Uenomachi® (1.
UTokyo, 2. RIKEN)
3:00PM - 3:15PM

[3B12] Characterization of Time of Flight Compton Camera for Radiation
monitoring
*Agus Nur Rachman’, Kenji Shimazoe', Hiroyuki Takahashi', Hideki Tomita?, Eiji Takada®, Yusuke
Tamura®, Jun Kawarabayashi®, Kosuke Tanabe® (1. The University of Tokyo, 2. Nagoya
University , 3. Tohoku University , 4. National Institute of Technology, Toyama College, 5.
Tokyo City University , 6. National Research Institute of Police Science)
3:15PM - 3:30 PM

[3B13] Random and scatter noise reduction in PET imaging using entangled
annihilation gamma photons with Compton PET pixel detectors
*Donghwan Kim', Agus Nur Rachman, Taisei Ueki', Kenji Shimazoe’, Hiroyuki Takahashi' (1.
The University of Tokyo)
3:30 PM - 3:45PM

[3B14] Simultaneous diagnostic and therapeutic radionuclides imaging with
Compton-PET hybrid camera
*Mizuki Uenomachi’, Kenichiro Ogane?, Zhihong Zhong?, Kenji Shimazoe?, Kei Kamada®, Hiroyuki
Takahashi?, Yang Wang', Hiromitsu Haba' (1. RIKEN, 2. UTokyo, 3. Tohoku Univ.)
3:45PM - 4:00 PM
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EARAAVT b oA A—DOTIZE T RHARRABRIE - EEEORRE
(5) ADEEYM=ER LI-REEE LFHILE
Development of gamma source identification by 4n Compton gamma imaging
(5) Identification and Visualization of radiation source(s) considering static obstacles
e HiE, m oA, W EKR, R BRI, BRI R, BRI S, B o
Zhong Zhihong?, Agus Nurrachman?, &t .22, &M — 2, AH =4 &H =i
AR NES, M pEER S, S 223, W oS4
VLB, THRAURT, SHRAEREE, CEILEE, SRR, SRR IET

AL T N A A=V T ANT, H e BHRONE - BIRTREE 2 #EE T 5 FIEOREE1T72-> T
W%, 3 ¥KJC LIDAR % HIV TERANGEI O BR ML 2 HL V) A7 BRIRJELA OREEY) « 72 £ 2 5 8 L TR
[FIE 21T 9 FEICHOWTHEMBRE 217, YCs ﬁ%%‘i)ﬁ%%ﬁi’ék&:ﬂ?ﬁﬂ:f‘% LT EEIRLIZ,

X—D—F: ar T b A=V, BREA, B OALEHEE & BEREHEER
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LiDAR % H\ 7z Simultaneous Localization and Mapping (SLAM)’E*U);H #HEEAPC — -\
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AR AT 5 PV TR ET 7, e
2 WEMEEE L RERE L BEHEETOTRE RAE=IN
Fig. 1 \IZRTHURBEEAM T 0 2 A TV AT DEAWT, Hik Fig. | HUR#BREEA T AT 2
Yy OfE B B LT Cs BB ORIE 21T 5 EMEER 21T - 7o, & , 5| — Detector moving path
AE— I e H T Y~ AT (_7/1/9: vy U CdTe *ﬁﬂj Static obstacles (point cloud)

%) & 3 %It LiDAR ZH5# L. 2 DOMEZ D7 SHBEICRE L Eﬁ@gﬁ“ ‘g
72 WCs BHR (2 MBq) DJFABAD 4 S ORENLE (m~®7&d7ﬁ&mﬁwlg fvz@w 3@
=7 b oA A=V G L1z, 3 %ot LiDAR Z MV 72 SLAM = :ﬂ wach:iré-i.‘ jg

TR L7~ BREIHIIX & FLORE M O F — 2 &b LT, SURMEE 20 MY @Meg) Q;MWE Ug
ZAT9 3WILA 7 B/VEM ECTHEEMIZ LV ERS O A7 L ;:‘E*; RSN . :' § .
DELE T, BEREET-7, ZORKE, TRCOMESE sozwo
HAONTHFEORVEFEHEE N ARECTH D Z L 2R LTz (Fig2 & x (m)

M), Afh. HEREMIC X 5RO &0 HEMARMEIT > TETHS, D82 ?ﬁﬁfﬁf BRIROHETE R

BBE ARTZEO IR BRATZE A (19H00881) DB EZ -6 D Th 5,
SEXHER [1]H. Tomita ef al., Proc. of 2020 IEEE/SICE SII, 18-21, (2020).

*Hidetake Ebi!, Atsushi Mukai', Keita Yamagishi', Shintaro Hara', Kenji Shimazoe?, Yusuke Tamura®, Hanwool Woo?, Zhong
Zhihong?, Agus Nurrachman?, Hiroyuki Takahashi?, Hajime Asama?, Fumihiko Ishida*, Eiji Takada®, Jun Kawarabayashi®, Kosuke
Tanabe®, Kei Kamada?, Hideki Tomita'

"Nagoya Univ, 2Univ. of Tokyo, *Tohoku Univ, *Natl. Inst. of Tech., STokyo City Univ, ®Natl. Research Inst. of Police Science
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Compton imaging system with SOI and Scintillator
*Zhihong Zhong', Kenji Shimazoe', Hiroyuki Takahashi', Lan Zhang', Mizuki Uenomachi?, Ayaki Takeda®
Tokyo Univ., 2RIKEN, *Miyazaki Univ.

Abstract: In this research, an integrated system consisting of silicon-on-insulator (SOI) with scintillator array has been
studied. The system shows an excellent energy measurement capability, which leads to high quality of reconstructed
image. What’s more, the pixelized SOI sensor enables the possibility of electron-tracking technique that would further
increase the quality of Compton imaging.

Keywords: Compton imaging, SOI, Scintillator

1. Introduction

Compton scattering is the interaction that has the greatest cross-section between atoms and sub-MeV (102
keV~1MeV) photons. Compton imaging is a promising imaging technique. Without the necessity of mechanical
collimation, Compton camera is lighter in weight, and it has larger angle of detection. It has been successfully applied in
areas such as astronomy and nuclear powerplant site investigation. In our system, the SOI detector (XRPIX7) works as
scatter, providing high energy resolution. GFAG array couple with MPPC works as absorber to ensure detection efficiency.
2. Experiment and results
2-1. Energy performance

The energy performance of SOI detector and GFAG array is illustrated in figure 1 and figure 2, respectively.
On average, the SOI system has reached an energy resolution better than 9% for peaks lower than 20 keV. This result is
ideal for scatterer in the Compton camera. In the image reconstruction, only the energy deposition in scatterer is used to

compute the scattering angle.

u
14.4 keV :

14.0 keV 17.8 keV 8! s .
_222keV 1 |
i [ AN e
uE i O Y 2 .
f \ 1 \‘.{'}ﬁf‘”‘«]‘,‘,_..,w:-»fm‘-u\l»-.«uw'w‘ o\ B
30 i v Y " \
il , 1Y ‘ sl Wk mr.n.».x f Y

e = o e e " ) e " - " » P &

Fig. 1 Energy spectrum of SOI Fig. 2 Energy spectrum of MPPC Fig.3 Reconstructed Image of 3’Co

2-2. Image reconstruction

A %'Co sources is used to test the imaging capability of the system. The 122-keV gamma-ray is the target.
MLEM (Maximum Likelihood Expectation Maximization) method is used for image reconstruction. Figure 3 shows the
reconstructed image after 10 iterations. An ARM (angular resolution measure) of less than 10 degrees has been achieved.
3. Conclusion

The integrated SOI-GFAG system shows a great capability in terms of Compton imaging, thanks to the high
energy resolution of SOI detector. The next steps include improving the performance for gamma-rays with higher energy
(such as 662 keV), as well as applying the system into the Compton-PET architecture.
References
[1] Kamehama, Hiroki, et al. "A low-noise X-ray astronomical silicon-on-insulator pixel detector using a pinned depleted diode

structure." Sensors 18.1 (2018): 27.
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Characterization of Time of Flight Compton Camera for
Radiation Monitoring

* Agus Nurrachman?, Zhong Zhihong?, Donghwan Kim?, Mizuki Uenomachi?, Kenji Shimazoe?,
Hiroyuki Takahashi', Takuya Kishimoto?, Hiroki Kogami?, Atsushi Mukai?, Shintaro Hara?, Keita
Yamagishi?, Hideki Tomita?, Yusuke Tamura®, Hanwool Woo?3, Kei Kamada?, Hidetake Ebi4,
Fumihiko Ishida*, Eiji Takada?, Hajime Asama“,H]unﬁKawarabayashif’, Kosuke Tanabe®, Kenichi
Tsuchiya

1The University of Tokyo., 2Nagoya University., 3Tohoku University., “National Institute of
Technology, Toyama College., 5Tokyo City University., ® National Research Institute of Police
Science

Abstract

Time-Of-Flight (TOF) is widely used in areas such as Positron Emission Tomography (PET).
This technique can also be applied to other imaging systems such as Compton imaging TOF
information helps to determine the interaction order on the detector. This information can improve
the image quality from Compton imaging. In this study, we build the TOF Compton detector using
GFAG Crystal and high time resolution front-end electronic circuit. In the TOF-PET system, we
have achieved 400 ps time resolution. We expect the TOF technique can be applied in the
Compton camera.
Keywords: Radiation measurement, Compton imaging, Time-of-flight, Time resolution

Introduction

Time-of-flight (TOF) technique has been used since 1980’s in Positron Emission
Tomography (PET) for medical application [1-2]. To build a TOF system combination of fast decay
crystal with high density, fast photomultiplier, high time resolution front-end electronic is needed.
We applied the TOF into the Compton camera to improve the imaging quality. The TOF
information can helps to determine the interaction order on the detector. The aim of the present
experimental studies is to examine the feasibility of using TOF measurement for Compton imaging
and this result can be used for three-dimensional images in future experiments.

Compton detector experiment

An Application-Specific Integrated Circuit (ASIC) with 64 input/output is used to process
the analog signal from the Multi-Pixel Photon Counter to the digital signal using the time over
threshold method. A 2.5 x 2.5 x 5 mm 64 array Gadolinium Fine Aluminium Garnet (GFAG: Ce)
crystal is used for the scintillator. GFAG is chosen because it has a fast decay time and high-
density properties. It reported the GFAG crystal couple with 64 Ch MPPC array S13361-3050
from Hamamatsu can provide energy
resolution of 622 keV energy from 137Cs
source and 511 keV energy ?Na are
consecutive 5.5% and 6.5%.

The Compton imaging experiment
results are shown in Fig 1. The image
reconstruction using the MLEM method. The

spatial resolution from the reconstruction
image is 8.6 mm. Fig. 1 Image reconstruction using MLEM method

Reference
[1] Y Nakamura et al. 2016 Phys. Med. Biol. 61 5837
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Random and scatter noise reduction in PET imaging using entangled annihilation gamma
photons with Compton PET pixel detectors
*Donghwan Kim!, Agus Nur Rachman', Ueki Taisei!, Kenji Shimazoe' and Hiroyuki Takahashi'
!The University of Tokyo.

Abstract

Random and scatter correction is important to quantitative PET imaging. There are many techniques including dual
window method, scatter simulation method, delayed coincidence, estimation from singles, etc. for random and scatter
reduction. In this study, entanglement characteristics of annihilation photons is used to reduce random and scatter.

Keywords: PET, Random Correction, Scatter Correction.

1. Introduction

Reduction of random and scatter events contributing to the background on the reconstructed image is important
in PET imaging. Two gamma rays from annihilation of para-positronium containing anti-parallel spins are entangled and
have orthogonal linear polarization. The orthogonal linear polarization in two correlated photons results in the difference
between azimuthal scattering angles of two photons tend to be 90°. Its correlation shows larger amplitude at polar
scattering angle near 81°. When two photons are not originated from the same annihilation event, which means the photons
have no correlation, photons will show no preferred azimuthal angle difference. If one photon is scattered before reaching
detectors, the correlation becomes much less or none. [1] In the experiment we take coincidence events from double
Compton scattering whose azimuthal angle difference is near 90° to get larger proportion of true signals with reduced
random and scatter events.
2. Methods

Experiment was conducted to characterize the distribution of azimuthal angle differences in double Compton
scattering events with pixelated Ce:GAGG-SiPM detectors forming Compton PET scanner. Octagon shaped 8 arrays were
used for the experiment. Figure 1 shows the experimental setup and schematic diagram of experiment. Measured
azimuthal angle indicates strong difference intensity at around 90° and low intensity at 0° and 180° as expected from the
theory. These correlations can be applied to the reduction of scatter and random coincidence events and the improvement

in PET imaging will be reported.

,

79.3 mm

Figure 1 Photo of experiment setup and its schematic diagrams.
References
[1] D. P. Watts et al., “Photon quantum entanglement in the MeV regime and its application in PET imaging,” Nat. Commun.,

vol. 12, no. 1, pp. 1-39, 2021, doi: 10.1038/s41467-021-22907-5.
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Compton-PET /\{ T v FH A5 ZRA:=-EZEaRI%ERFRGRL
Simultaneous diagnostic and therapeutic radionuclides imaging with Compton-PET hybrid camera
R BT KA, KEE fd&—BH 2, Zhihong Zhong?, B fEVK 2,
Bt =223, @G 2 % Yang Wang !, P15 206!
VEMESARRSERT 2 HRORURSE R
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7 EMWTERENOEBO I, B3IV F O PET A A—Y 7T LTz,
4. FEO
AWFFE TIL Compton 33 K OVPET A A — > 7 % [AIREIZFE/T9 5 Compton-PET /A 7 U v KA A Z %W
TIRFERED 2VAL, WO BF, MIn ORIRGE 2170 Th 20 aIBIZRE Lz, AFER TITEIC
Un BF O o7 —F 7 7 7 MERA BRI E L 2 FRIFEHINEIC L 54 A=Y 0 FiER b HET 5,

Compton imaging PET imaging
"In (245 keV) 18F (511 keV)  2'1At (898 keV from 21"Po)

o [® [TV |

1: 211A¢, 18F, 11In 0 Compton 35 L O8N PET oA A — v 75 H

SEXH
[1] Kenji Shimazoe et al., NIMA., 954, (2020) 161499
[2] Mizuki Uenomachi et al., Sci. Rep., 11, (2021) pp.1-11

[3] Kenichiro Ogane et al., App! Radiat Isot., 176, (2021) 109864

*Mizuki Uenomachi!, Kenichiro Ogane?, Zhihong Zhong?, Kenji Shimazoe?, Kei Kamada’, Hiroyuki Takahashi?, Yang Wang!,
Hiromitsu Haba!
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[3C01-04] Laser Application

Chair: Kazumasa Okamoto (Osaka Univ.)
Fri. Mar 18, 2022 9:30 AM - 10:45 AM Room C

[3C01] Development of ultrasensitive infrared laser absorption spectroscopy
for tritium analysis
*Kazuki lwamoto', Yuki Okuyama’, Keisuke Saito', Yuta Suzuki', Volker Sonnenschein’, Norihiko
Nishizawa', Hideki Tomita'? (1. Nagoya Univ., 2. JST PRESTO)
9:30 AM - 9:45 AM

[3C02] Remote Laser Heating Experiments using a 10kW Fiber Laser and its
Robot System (Part2)
*Akihiko Nishimura'?, Yoshihiro Kitagawa' (1. JAEA, 2. Fukui Univ.)
9:45 AM - 10:00 AM

[3C03] Development of a CW fiber laser decontamination using high-speed
scanning of a high-power density laser beam.
*Atsushi Kosuge', Eisuke J Minehara?, Koichi Saruta® (1. JAEA, 2. LDD Corporation)
10:00 AM - 10:15 AM

[3C04] Development of a CW fiber laser decontamination using high-speed
scanning of a high-power density laser beam
*Eisuke John Minehara’, Atsushi Kosuge?, Koichi Saruta® (1.LDD, 2. JAEA)
10:15 AM - 10:30 AM

©Atomic Energy Society of Japan



3CO1

20228 FNER

FUFIOLGHOE=HDEBRERN L—F—RINF D X T LORAFRE
Development of ultrasensitive infrared laser absorption spectroscopy for tritium analysis
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*Kazuki Iwamoto!, Yuki Okuyama', Keisuke Saito', Yuta Suzuki!, Volker Sonnenschein', Norihiko Nishizawa', and Hideki Tomita!*
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Remote Laser Heating Experiments using a 10kW Fiber Laser and its Robot System (Part 2)
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[2] VEATHHEEE, https:/www.youtube.com/watch?v=YbuZ0hM5xME

[3]1 JAEA % > /L, https://www.jaea.go.jp/atomic_portal/jaca_channel/35/

*Akihiko Nishimura!? , Yoshihiro Kitagawa' !Japan Atomic Energy Agency., 2Fukui Univ..
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Development of a CW fiber laser decontamination using high-speed scanning of a high-power density laser beam
(1)Understanding the laser decontamination mechanism
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PR LBRYL 2 AT o 7o, BREEUR DL M 2 5 1= O R HERUE (B AR AR Super Shield®) K
TL—F—FRYFIZOBRELRE L, BREBEONEEIT -7,
3. lMREER

B E L —Y— & @il LR SUS304 OREREBELFEET A T7EHNTAR—F— 3 v

Mot & U CBIZE ATV, SUS304 OFE [ 23R IC 2R LRIAHBEL T D REZ MR TE 7z, IHIT, Ml
PEE TIHR S VT ilB 2 Z O L — P — RO FiEZ FHOTRRYSERBR 21TV ek 94 OFRERIEA 572, L
DL, REIOTROIRRBIC L - TRRYMRIICH B L 52 5720, 5%, L—V — DR &0 R#Eb: &%
@mfw%tmoKﬁ%i\%K%ﬁﬁﬁ@m&ﬁ\%ﬁ%ﬁ—ﬁ%&@%%ﬁ%iyyz7uyf%ﬁ%
HOW N a5 T E Lic, BESHEILE L ETFET,
853wk

[1] E. J. Minehara, Japanese Patent N0.5610356, 2014

* Atsushi Kosuge', Eisuke J. Minehara? and Koichi Saruta'

! Japan Atomic Energy Agency, > LDD Corporation
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EHAZREL—Y—REOSRFIIERAVEERRI 74 N\ —L—F—REOHR
(2) AW/ L—F—SHNBESERSIBRE S R T LDOHRE & SERE
A Development of a CW fiber laser decontamination using high-speed scanning of a high-power density
laser beam
(2) Design and operating principle of the Galvanometer high- power density and high-speed laser
scanning decontamination system
WSS, VBT, JEER
'LDD, * ¥ IRk

ook - Fox O L— W —BRYEEEE, BSHMERNTE RD) B FR 2 BHRRAO T LE— R W7 74
N L =P =L@l AN A= =2 Tt B EGmEwmS | L — P — 0 CHIERB S, BRET 2,
BRI AT o b A L —F— B U TR R P IS AR L, B L7z, £ <DORIBHRLE
a7 U — PRERE MRS BB ERE R AR L, I CE L, ZOHEERRT D m M s E
EEIR G| L — Y —BRYAEE O G AP L. EER R 2 ol S AR OB EIZ LY R D,

X—D0—F: Ty AN —b—P— @HIEE, SdEfRmol. e, TN ZAx v S — B

1. S
Teax DU TNVE—RCW 7 7 A "= L —H— L@l ) Ax v F—%& H =5 8 R w5 bR
Yo AT AOBGFH T L T, SHNE IR LL N OEF 7ebrY 2 EIL C X 28 /ER 2 iR+ 5,

2. L—Y—BHHBEEERFSIBRE S R T LOEEE HEH

ZOEFIRADY o TNVE— KT 7 A N—L—W— L G TN ) 2% v F—% AT NMERR & K
TrFrd 2 D8 B Sl AR o [ BRGY 2 7 A E, 2008 AEEH N B 45 27 0 b A8 2 I TR IR ALLLT OB
Yok BT 5 B CGHUERBR S e, ok, FxobR, BEEEME. 207 ) — b, BER%IC
i U CERYLHIBERRER 2 17V B IS 2 72 01213 R R TG Yl & i S & T2 A 3K D 2 VBB 7K
ARRUBFREOIRBRIB AT L) RN O FBEST SEMERGIPLETH D 2 L 2 MEE LTz,

s EEAR I I A B O R i A VSR T RIBET 7ol ETRA O v — R L—HF
—W AL S 10pmFREE OENAIZ LT 0.5-2GW/em 2F2ELL OB AU —BEZ AR L, ZD/8T =7,
VAALCIE 72 < 2 T BERREE DL b C R R EL-CIR R EE D> B OBV K R RSB R/ IRFBIE 72 & DOVRR L 720
HBEOIIAERN SND L OICHNN ) AFX ¥ F—TCTERERGI T DL I AT AZFEFEL T,

3. B C IR RUHRFRLTORSEEBESEHE

ZDOVATHZEY 2010 FITHHBRAL FICBRE S NTRFIFE AT 2 L AGO L—F—T7 T X0 kit
OIRHESEhE & Ry % REBIEIL. AT VL AMOBEIR COFIERBZ R LTV, 2021 40 & sh i 22
(2 & D mE R OB INE A O FIEFR L L AR OB BT 2 JE R GRS ) 1. & % B R
BTG YRR L, BRI T OBRY D FEBUZ L@ B E & @i s | AR AT R & s iz,

BEXH
[1]1 E. J. Minehara, Japanese Patent No.5610356, 2014, US Patent, US9174304B2, 2015., EU Patent No0.2772922, 2017.

“Eisuke J. Minehara', Atsushi Kosuge? and Koichi Saruta?, 'LDD Corporation., 2JAEA.
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Oral presentation | Il. Radiation, Accelerator, Beam and Medical Technologies | 203-1 Accelerator (including Medical
Use), Synchrotron Radiation, Laser

[3C05-08] Accelerator 1
Chair: Kai Masuda (QST)
Fri. Mar 18, 2022 10:45 AM - 12:00 PM Room C

[3C0O5] Measurement of electron beam after laser modulation
*Koichi Kan', Masao Gohdo', Jinfeng Yang', Yoichi Yoshida® (1. ISIR (SANKEN), Osaka Univ.)
10:45 AM - 11:00 AM

[3C0O6] Improvement of radioactivity estimation method using PHITS and
DCHAIN for mass production of high quality medical Rl in accelerators
*Shintaro Hashimoto', Yasuki Nagai®*® (1. JAEA, 2. CTC, 3. QST)
11:00 AM - 11:15 AM

[3C0O7] Emittance Measurement of PIG Negative-lon Source in Electrostatic
Tandem Accelerator
*Hong-Fu Liu', Naoto Hagura', Jun Kawarabayashi', Yoshiyuki Oguri? (1. Tokyo City
University, 2. Tokyo Institute of Technology)
11:15 AM - 11:30 AM

[3C08] New acceleration method: Proof-of-principle study on vertical FFA
accelerator for Harmonytron (2)
*Kyosuke Adachi’, Hidehiko Arima", Yujiro Yonemura', Yuhi Waga', Akihiro Ito', Koki Takamatsu
!, Nobuo lkeda', Yoshiharu Mori* (1. Kyushu Univ., 2. Kyoto Univ.)
11:30 AM - 11:45 AM

©Atomic Energy Society of Japan
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L—H—ZERSN-BFE—LDOAIE
Measurement of Electron Beam after Laser Modulation
EOR— MPE IR, B !, HHE B!

VR R EEAE

BRARPERFCIZ, V—Y—74 b Y —F RF EF8TA T v 7 2HA L, BRHSHRE VAT 4 &
ADHFEET> TS, NVRT VY AOR RS FREEZ M LT 570 0EF - L EMARE LT, v
—YP—ZRFCLDEFE—LEMERFT LTV D, ARKTIE, L—F—LROETF E—LERIZOVTH
HT D,

F—D—F:EfFE—24, L—Y—&HH, TVl —X

Tz A M AL REERTL2E T E—AE, BRHETL—Y— 2L T UF Y T REDN
WERHEL, MELFOMRIOGH SN TS, TOD, BV AEFE— L84, @il 7 IR
FSOWE R EHANZ 35 1T B KR 3 fRAE I DT DIZARRI R L 72 5TV D, ZIVE TITIRKFENFCTIX, 7
A MPETE—LE T2 A N L—YF—ZHNT, 7= A NPRRISREEZH T 57 VAT U4 Y v
2 (EPEWII ) ZBR%E - AL T& 7o, Ak, VAT UF ) U RO fFREZ M BT 2720
Wi, SHIICEWETE—ABMEL D, ZTNETICEFE—LETIE, 74 MY — NEEE
FERICE AR EITT = &b PSSO Z AR L, B FEZEFE—2 L LTRIA LT, SHIT, %
BELZBEFE—LZMEEICID =RV —EFL., T/ a~xT 1 v 77— 7 ORIV AJERMEFRIZ &
D 35MeV D7 = b MEFE—LZREELTET,

72 B — AEMEEITOBICEB N T, EHIZE SV ADE T E— LU A5 L IXH LA
EELTOOL—YF—ERIIAERRFETHL Z BRSNS, L— LT, TV a2 —X
ARSI L — Y — LB E—L2E AT LICLY, BEFE—L20 CULAFDRAT A R) Tx
WX =GBEMKSEDLFIETH D, BT B L 2D L—F = L—HF—ZEF b,
X #REHEF L —F =0l TIZARETF L —F—0 X #IRE OB L O EO DIV bh
TWB[1], o, b= —HBFE LR WBFZNI L —F—EF3M T 2=, BRI TR LT L
b= —=HE2 WG EITERIC L D =X =5 BOHRPETHRDORAT A AT LIZRIRLE
FE—LREGFRERD, TDH, L—F—ERIENT 2 L—F D7 1 7 7 L L OBEES |
L— P — 25 B U 7SR O RS & SR C & T,

T T AWE TR, LR B SV AT B AR D EBROBURIT SV TR
%o PTRIRAREE LT, 74 P Y — R RF BEFHMERNLO7 = 5 PEFE—L (ZRLF—
<35MeV. EME<I0pC, /L AME<I0fs) (Zxt LT, L—H—EfE@EH L, 7 MPEFE—L/ UL A
o LITH ANV AZB{LZEZAEL TS, L= —LEFE—L%T ¥ L—F (Z[A Tl
SR FEBREERICOWT, W55,

SE X
[1] Z. Huang et al., Phys. Rev. ST Accel. Beams 13, 020703 (2010).

*K. Kan', M. Gohdo!, J. Yang', Y. Yoshida'

ISANKEN (ISIR), Osaka Univ.
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MERICLSEREERARIOXREBERMICHIT =
PHITS & DCHAIN [Z & % RS REETl FiA D S EEE
Improvement of radioactivity estimation method using PHITS and DCHAIN
for mass production of high-quality medical RI in accelerators
REA BEORERY, kIR A S
JAEA, *TAXHET 7 /v, 3QST
EEE R ME 2 O T2 S RN AR O BLEERFFE I BV T, B — LIRS RI AR E & 2 ORFERGE 2
AR T & DRIk AR = — N PHITS & BB AT RER 3 == — N DCHAIN (358 /772 — L Th 5, Fhxid,
20MeV LL_EDH 1 BOG Z FElE AT — XDV TCEET 5 2 & CTARAFIEOEHEME 2 M EXH 7,

F—TJ—F : PHITS, DCHAIN, J#gs, BOMEFEAARAR, RIS mfET — %
1. #8

DANZKTT DEO RV E1EE AT O ECEEH OB ERM AR DS EE 2 &E 2R L Tnd,
ERHEOSME L TEMETKEN ORI A N THDHZ ENEFHE SN TEY K 10MeV ORL1-IER & JEUE
% AW RS FIEDR AR SN T & 1o, Toxld, FBlpfESR 2 ET 57290, B — LRI KRO RI
A L ORRRGE 2 3545 PHITS & DCHAIN O A& B HAE[ DO EE 2D T & /-,
2. Fi&

FHAE HEFHEIZBW T, 20MeV LA F O HM:F KRS DCHAIN ANk O #Fh — ti;i:;);_a |
WHET — 4 . 20MeV LL ki PHITS ORBUSET L E B LT RI OALRE 3 300§ xmu 7
SR 5, LisL, SURMARIEE 7 M BB A B 5720, M & 200 |
BB DEHEORRORIE b G057, B 115 %70 (S T2 I LR 3
O UL ASERIE D78 ARFEI RO BB C 5, 14MeV HiED 0T
EIRE[2) % FIEL 5 Pl Ak T — & [BIC S, BERUGSE T /L INCLA.6[4] D N AT
ERILBAFECTH B, 72 TR T, 20MeV L ORI A kT — R

EBHT 7 AL E LTE L, nElad bt EcHBmcATT ok M L ®Znlamp)Cu RIED
BRI 5 = L1250, 20MeV B EORIIT AN T b2 1 ks, SO BT
3. R -ER

21T mzZn Yo TS % 3 RE IR L 72356 O Cu OBUHREDRFMf I 2~ d, B — A HRIC
FESTREA I L, & D% “Cu DY (K 62 BEfH) (2SS W T T 25, Z OFHH CHik11% 40MeV ER
T-L %Be DRUSIZE D AR LTHY . 20~40MeV DHFFET-7S TCu AT qgo Lo mmeon
WHT %, 20MeV Bh bR & R A7 — & TR L7 R SR : — meween
[S1Z BT 5725, BEOGET /L OfERIT 1 OfTa 2 bk U T REHAf & P oxen
7otz, AEIOGET, 20MeV UL EOKIENRKRE S FETHHETH,

107 —/\
ST RE DR & SR CRMECE 2 L 92k o7, f\

gt ge [Ba]

* ARBFSEIL ISPS FHIFE 19K03903 DB A 51T 7= DT, 10
0 12 24 36 48
SER EFf#2ia [hour]
[1] T. Sato et al., J. Nucl. Sci. Technol. 55, 684-690 (2018). 2: 67Cu O FiHRE O %
. N D MR

2] C. Konno et al., JAERI Reports, No. 1329 (1993).
3] JENDL-4.0/HE [S. Kunieda et al., JAEA-Conf. 2016-004, 41-46 (2016)] & [F] UFEIC & i S - s — 4.
4] A. Boudard et al., Phys. Rev C87, 014606 (2013).

[
[
[
[5] M. Kawabata et al., J. Radioanal. Nucl. Chem. 330, 913-922 (2021).

*Shintaro Hashimoto! and Yasuki Nagai®?

IJAEA, 2CTC, QST
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2T LHENERA/NEARE PIGASA VRO I v 2 VRAIE
Measurement of Emittance of PIG Negative-lon Source for Electrostatic Tandem Accelerator
“EOUEET Y PE M IJERR IE Y, /NSRBI 2
PHRORHER R, 2 RO LR

FRUEL T RERECIE 1.7 MV 2 U7 M & L CTHER PIG A1 AV REBRET CH 5, e A4t
AIOMEICB T E—ATI vy X U Ay X—KRy MEZEIVHEE L, ZO/RRIZOVWTHRET D,
X—D—F: U7 AFEMNER, PIGAA AR, T3 v & U RRE, Ny =Ry MME
1. 8 ¥ o7 LINERRITBT DB EOHIRIENT 24 AR E LT, HEBRRHFMTHY . RT
MBEGAT 2 ZARZEAERATRE & W o T FrR 2 AT 2 MIa PIG A4 A VRO A ED T\ D, ZivE
TICE—LAEEZ @D DO DOFRFEERLL DR R HOWTHE L &0, 40, EEEREO KiER /T A
— B RS L LI, B LTV B CIREARNE DL B — L] 515%@%%$¢5:&%
HigE LT, MEEASRNICB T v ¥ U AMEEIT o712,

2. Aix M LICEBREEONEZRT, = v ¥ U AREIDIEL, 78R 100 um, KO EIFE 2 mm Oy S—K
vy hNEeHTT7 70w 77 405 (XR-QA2) ZH W o, BIHBEDOT 4 VL% AX v F—THARY . B — L7
EAMR LI, SIHEZOE—L2OREBEBET L 2HME LT, M I(E)DOFIHEMERT A Y =L

L REMONLEITR y /N—Ry & T 4 )V AN ERE LHEEZITo 72 (BE A, £z, 1Nz
R E 2 —R— MiE (EEB) 2BV THRBROMEEIT .
38R X2 ICHE A BT AHERREEZRT, ZHUTE— AT H ISR A (X #TE) o
— AHUDLE L2 mm AL EICH T D B — ALY A Ea [mrad] % 40
RLTWD, ZHEVIRNY AEILE30 mrad FRETHDH Z &0
B TE 7z, ZOMEOHETIET A Y =L L XAAENICE
FAORMOHENH TH S, BE BIZBT A HER/RR EGhE
THET 2L T, BIHEZOE—L2DREICL>TT AV 2
VL AORERSITHT 2R LT TETHD, Flo, HE  w

20

0

o [mrad]

RN OBEMOIRREIZ L D E— L ~DEEIZHONTH B r i - - T om)
DTV TETH S, K2 SIHHE#ZOTI v ¥ AH
3
HEES
Bl HBE FAY LR

fef I LE 8

1 PIG BA A AR () L v—ilmsiosE ()

BEXH
[1] 2 dtiEh. BARFT R, 2021 BROKRE, 1603
[2] Hong-Fu Liu, et al., IBA/PIXE & SIMS, 11-15 Oct. 2021, P5

*Hong-Fu Liu', Naoto Hagura', Jun Kawarabayashi' and Yoshiyuki Oguri?

Tokyo City University, 2Tokyo Institute of Technology
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FMEARX : N—FEZ—FAVREZEETEE FFA IERORERFEQ)
New acceleration method: Proof-of-principle study on vertical FFA accelerator for Harmonytron (2)
RSB, AR HE, KR RER Y, i MR, OhE PR, Sie 1R
MRS NN PSRN G =i
1 JUINRF: 2 AR

KFEN R 72 b NI FHM I 2 —F U 2R R <INET 285 RO IEeS : n—F=—Fr
(Harmonytron) M EE ST\ 5, BIfE, ~N—F=— hr VEBUIMIT 728 7B FFA R ERRGEER O B A3
HDHNTND, AREETIE, E—B AT I 2L —3 3 v b ARRBROEFRRIIZOWTEET S,

F—0—F : BERSREFNER EFe—2s E—2AH N—F=—fnrr

1. #E
RFRFEN R a7 bONCEFF X 2 —F 2R B R T 5850 EndEsE « n—F=—Frr
(Harmonytron) PREIN TR, N—F=— T, E—2BERE 2 —TIH-o 7= 0 & iciE
B 7 022 03 5 e % FF-OHE (B FFA (Fixed Field Alternating gradient) PISIIEZR 2 ~—F = v 7 0Bk BN

LIS ST INEER T 5, FEE FFA IIREHL, GREFOREE S 2 6 BE b AR IcH v | F
BRiy 7 JFEURGEIX T T e,
2. FRAE

HIfE, TEE FFA NEEE O FEBRN 2 FHEMGEZ B8 L C, 2t keV SR 1% iV 72 FE B FFA JFERIRGE
BEOBIRNED STV D, AFFETIE, FERGERICK T 5B FHNLO -2 AR Z AN E Lo — A
TIFHIRES D ED BTN D, BRI, 3 ROTHSGMTY 7 h U =7 LRI FHUEMIT L 'Y R 2 b—
3 VERHWTAR =AM EREFNOT 7872 o A% i LTz, 7=, E—A7 177 A VAIESR
AHRBR AT OB & LT, B R oEERBRSED HhTnd
3. #ER

B & T O HEEL FFA UG ICIS W T, E— 2D AT N LR KT RV F—E TLEZEITMETE D 2 LR
ENte, BE—LAFEEZE LI-BITH ERET IO T 7 & 7 H 2 A ORGS0 AR ER O U IR SV T
IARRR THET D,

BE X
[11 Y. Mori, Y. Yonemura and H. Arima : "A Proposal of Harmonictron", Mem. Fac. Eng. Kyushu Univ., Vol. 77, No. 2, pp. 1-13 (2017).
[2] T. Ohkawa : “FFAG Electron Cyclotron”, Phys. Rev. Vol. 100, No. 4, p. 1247 (1955).

[3] K.R. Symon, et al. : "Fixed-Field Alternating-Gradient Particle Accelerators", Phys. Rev., Vol. 103, No. 6, pp. 1837-1859 (1956).

*Kyosuke Adachi!, Hidehiko Arima!, Yujiro Yonemura'!, Yuhi Waga', Akihiro Ito!, Koki Takamatsu', Nobuo Ikeda', and Yoshiharu
Mori?

1Kyushu Univ. 2Kyoto Univ.
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General Meeting

[3C_GM] The 66th General Meeting of International Nuclear

Information Network
Fri. Mar 18, 2022 12:10 PM - 12:50 PM Room C

[3C_GM] General Meeting

©Atomic Energy Society of Japan
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(Fri. Mar 18, 2022 12:10 PM - 12:50 PM Room C)

[3C_GM] General Meeting
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Planning Lecture | Technical division and Network | International Nuclear Information Network
[3C_PL] Overseas trends and JAEA's international strategy regarding

nuclear innovation
Chair: Yurugi Kanzaki (MHI)
Fri. Mar 18, 2022 1:00 PM - 2:30 PM Room C

[3C_PLO1] Overseas R&D trends regarding nuclear innovation
*Taiju Shibata' (1. JAEA)

[3C_PLO2] JAEA's international strategy regarding nuclear innovation
*Kentaro Funaki' (1. JAEA)

©Atomic Energy Society of Japan
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BEREREEY Y3 Y

[RFNA/ R—=2 3 0% KBHEBNEM & JAEA O EFRERE

Oversea trends and JAEA’s international strategy regarding nuclear innovation

(1) RFAA/ R—2 a3 zR5BNORRRARER

(1) Overseas R&D trends regarding nuclear innovation

E P
(2) RFHA/ R—>30%83B JAEA O ERERE

(2) JAEA’s international strategy regarding nuclear innovation
FREARBEARRR !
VESZOTZEBHSEIE N BARIR AT TE P SRR

1. BRFAA/ R—=23 VK5 BNOHRRARER

2050 FFEHDO I —R oy =2 — M I NAVERPEEASOHES LTHEAINDIHP T, ZXAVF—2 2T LD
RFACICENT IR HIOEE], L VbiFA ) _R—2 g 2B U (22Tl FEBKIE R o Fh iR
/NI Y 2 — ) U4F (Small Modular Reactor: SMR) 2% #57) OEBEAOEEMN, T aEFHHTH7200FT
NELT, REMBEREICE DA ) N—v 3 U2 EONIEEEN T 2ER A= M — y T OEEEITS
DATEREE - TN D,

B AAUE, T TIEFFIZ SMR OBIRMNIERIZED LIt TV D, KETIE, =x/L¥—4 (DOE) 73
2020 45 HICRM E OB ERiTRICHBRF L7 1 7' F & (ARDP) #Bth L=, TD 5 H, 5~T7 4L
PIZSERERTREZR BT R D 34 & L C. TerraPower fED ) b U 7 AHHEIEHF Natrium & X-energy 1L~ 7 /L
ARy RAIER T AJF Xe-100 2337E X7z, F72. NuScale fE3BH7 Z#1#D 5 PWR & SMR H 1 H ST
%o WETE, EVRA « mR/UF— - EEENIKE (BEIS) 282017 4 12 HIZLi#EE Y = — ) (AMR (3 :
FEAKIFRI D SMR)) SEATRIEENE - B 0 v =2 FERIGL, 74—V T 4 AT 4 BED LT
%o 2020 47 HIZIZ 7 =— X2 & LT, U-battery t-D> 7 1 v 7 BIEE AT A4F | Westinghouse £ED 1 Hl &
JFi. Tokamak Energy fEOBBEIFIBE SN TN D, F/o, 2020 FFICRER SN 7 ) — LV FEEFMDTZHOD
10 RA v FEFE KRR R F—HEIZBWTIE, SMR XN AMR OEATEN RSN, £D%, AMR O
JEBRFE « FERET 1 7T DT @I AP NEE S, B SMR (3, Rolls-Royce #1723 FHiE 5 23S
723 UK SMR (PWR ) ZBH%H, F/o, 77 A ThH, JA17 - B LX¥—JT (CEA), 77 A&

(EDF) ., /MJFH B2 TechnicAtome M OB RIEM 3 Naval Group 7% PWR A4 SMR T %
NUWARD ZBA%E L T\ 5, A FHIZHEWTIE, RREHRE (NRCan) 7232018 411 HIZ SMR v — R~ »
Z. £722020 4F 12 AIZIZSMR = — R~ » FIZESATERIEAZ AR LTS, ZAbIZHh->T, BT HH
FHFZERT (CNL) OF 5 —27 ) R—H A b~ SMR FEifitili, »F & HFH@eZEES (CNSC) 2k b
AT AR AR R A, INBUFIZ LD SMR HAGHH 7 EAED SN TWD, BT EOF L Z Y4 - "D
— Yz xl—rar (OPG) thiX, Rtk & —1V > k3 EFTIC GEH L8 BWR %! SMR ¢ 5 BWRX-
300 ZHAT HFHE & LTS, FEIZEBWTIE, BT 250MW O T7 )Ly RBESHR T IR O SEFEF T &
% HTR-PM 7% 2021 EICHIBE SR 2R L 7Y » REEED e S, £72. 2021 FFITITES M) 125MW D3
AP CHDEFE—H (PWRA) OEF THENHBINTZ, v TIZB8VTiL, ROSATOM #EAEFERE 1)
HENTHLTHT Iy - 1€/ Y75 (PWRA) AT L, 2020 4 5 A0 EEELZFHG L WD, £
O, TABLrFU R—TF Y R, YT T ETET SMR OB, EAZAITZIFEINED 5T\ 5,

2. RFHA/ _R—2 3 0%1KD JAEA O EREERE
UEOEEOT, DBREIZBWTY, B2 20T, #2206 DEEES L 2R 2 KAt LT
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2025FDFER

TARHIR 2 PR RICTE A LTS & & B, 2030 FF T2, REOAIE TIRSCMEZIEN LN 5, [EHEE
IR L7 mdr B O B et /MU U 2 — VIF RO EESEEE I K 5 5E5E, &R T AFICBIT 5
IKFERE LR D BRI OMNIFEE2HED H L LT D (/X —JHARFE, 2021 410 A), F7=, #H4T
HETp R A FFF I IS W EUERE N 2 RO E AR DS L TRl L, SRR oA 2 ~—T =
VEMEL TN ZE Q050 4FED—Ry=a— TS 7 U — U aEREIK, 202146 B) 2L, FH1h
A R_X—=Ta CEIET HE A L BRIEHY R E B OHEE S KD BT b,

MA T, ZHE TOWERIED LA —Th DI S fitiak DO BE L E | TR S B~ DX ISR 4 -
BAYEH - X2 )7 1 O, AMBERE V-T2, BFEHERR - A, FEEBRIF R OMERE & W o 7271
T OFFe k& i3 2 T & R 720, B AR IAFJEBA s (JAEA) 13 ENCIR T D150 B D
ME— DA IR 7 IBFZEBAR RS & LT, ERREEE A R RIRIEH LoD, A%, &0 O ez 0B 1L
& - REDEHEOIFEICI A TN D,

JAEA TliX, 2017 4F 3 AIZRE L7 THEEK) [cB8W T, EEM I oERE NEAMFEERESED Y v —
A DOIERNC X DAFFEBAFRE OZhBHIHEE, RO R KAL) ., TR ORI L S Hod i~ FEEE k28 Ui
JAEA D7 LB ZADHERRERDOIEMNE~OWEE ], THFFEREFEACROERRRIC XD EEEEF a3 2=
T4 RBEDEEER~DOF L] LAESIT, BOKkEFLETHRFIEERE DY Y =20 5HIC X5 HE
W72t 71, TR BENC KT 2 i LR R ORI - X =2V 7 0 IR D R oHEE, R+ /15
EEPRRER & DR 7 e, X a7 0 FICET 2 EBEEEO R ESCLEM O R ) FE B S IE B ~
DB OGS % Fhs LT X7z,
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LTW5,

BUEIL, 6 4 WP R B (2022 45 4 H~20294E 3 A) OBMRICHTZ D 2 b OEEERH IO E &
RO A TIA ) _X—va VEEZKDENNOESZEE 2. THEEIE OLEZRTFTLTNDHEZATH
Do HHIF ORI TIT, M - BEN - VT T4 F = — U - BURIE 2 STEIC B WO TP SRR g &
L. ZRMEOEBEETEC, U EER O EBREE L BIE 372012k, Erstoe3E, Premea. Sl
EOBIINNEL 2D, F2, bREEZGLEEIZBWTHFERBICE LN TE 722 < Otk A B IEHIE O
K22 212720 . RO R OLRFIHL, I E ST OLATEOA T 2MAOIEH R S H
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[RFNA/ R—=2 3 0% KBHEBNEM & JAEA O EFRERE

Oversea trends and JAEA’s international strategy regarding nuclear innovation

(1) RFAA/ R—2 a3 zR5BNORRRARER

(1) Overseas R&D trends regarding nuclear innovation

E P
(2) RFHA/ R—>30%83B JAEA O ERERE

(2) JAEA’s international strategy regarding nuclear innovation
FREARBEARRR !
VESZOTZEBHSEIE N BARIR AT TE P SRR

1. BRFAA/ R—=23 VK5 BNOHRRARER

2050 FFEHDO I —R oy =2 — M I NAVERPEEASOHES LTHEAINDIHP T, ZXAVF—2 2T LD
RFACICENT IR HIOEE], L VbiFA ) _R—2 g 2B U (22Tl FEBKIE R o Fh iR
/NI Y 2 — ) U4F (Small Modular Reactor: SMR) 2% #57) OEBEAOEEMN, T aEFHHTH7200FT
NELT, REMBEREICE DA ) N—v 3 U2 EONIEEEN T 2ER A= M — y T OEEEITS
DATEREE - TN D,

B AAUE, T TIEFFIZ SMR OBIRMNIERIZED LIt TV D, KETIE, =x/L¥—4 (DOE) 73
2020 45 HICRM E OB ERiTRICHBRF L7 1 7' F & (ARDP) #Bth L=, TD 5 H, 5~T7 4L
PIZSERERTREZR BT R D 34 & L C. TerraPower fED ) b U 7 AHHEIEHF Natrium & X-energy 1L~ 7 /L
ARy RAIER T AJF Xe-100 2337E X7z, F72. NuScale fE3BH7 Z#1#D 5 PWR & SMR H 1 H ST
%o WETE, EVRA « mR/UF— - EEENIKE (BEIS) 282017 4 12 HIZLi#EE Y = — ) (AMR (3 :
FEAKIFRI D SMR)) SEATRIEENE - B 0 v =2 FERIGL, 74—V T 4 AT 4 BED LT
%o 2020 47 HIZIZ 7 =— X2 & LT, U-battery t-D> 7 1 v 7 BIEE AT A4F | Westinghouse £ED 1 Hl &
JFi. Tokamak Energy fEOBBEIFIBE SN TN D, F/o, 2020 FFICRER SN 7 ) — LV FEEFMDTZHOD
10 RA v FEFE KRR R F—HEIZBWTIE, SMR XN AMR OEATEN RSN, £D%, AMR O
JEBRFE « FERET 1 7T DT @I AP NEE S, B SMR (3, Rolls-Royce #1723 FHiE 5 23S
723 UK SMR (PWR ) ZBH%H, F/o, 77 A ThH, JA17 - B LX¥—JT (CEA), 77 A&

(EDF) ., /MJFH B2 TechnicAtome M OB RIEM 3 Naval Group 7% PWR A4 SMR T %
NUWARD ZBA%E L T\ 5, A FHIZHEWTIE, RREHRE (NRCan) 7232018 411 HIZ SMR v — R~ »
Z. £722020 4F 12 AIZIZSMR = — R~ » FIZESATERIEAZ AR LTS, ZAbIZHh->T, BT HH
FHFZERT (CNL) OF 5 —27 ) R—H A b~ SMR FEifitili, »F & HFH@eZEES (CNSC) 2k b
AT AR AR R A, INBUFIZ LD SMR HAGHH 7 EAED SN TWD, BT EOF L Z Y4 - "D
— Yz xl—rar (OPG) thiX, Rtk & —1V > k3 EFTIC GEH L8 BWR %! SMR ¢ 5 BWRX-
300 ZHAT HFHE & LTS, FEIZEBWTIE, BT 250MW O T7 )Ly RBESHR T IR O SEFEF T &
% HTR-PM 7% 2021 EICHIBE SR 2R L 7Y » REEED e S, £72. 2021 FFITITES M) 125MW D3
AP CHDEFE—H (PWRA) OEF THENHBINTZ, v TIZB8VTiL, ROSATOM #EAEFERE 1)
HENTHLTHT Iy - 1€/ Y75 (PWRA) AT L, 2020 4 5 A0 EEELZFHG L WD, £
O, TABLrFU R—TF Y R, YT T ETET SMR OB, EAZAITZIFEINED 5T\ 5,

2. RFHA/ _R—2 3 0%1KD JAEA O EREERE
UEOEEOT, DBREIZBWTY, B2 20T, #2206 DEEES L 2R 2 KAt LT
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IFMIF [RENNESRS LIPAc DTRK
(1) Phase-B+ERERDEW
Present Status of Linear IFMIF Prototype Accelerator (LIPAc)
(1) Progress of Phase-B+ commissioning
IR BER !, LIPAc 2= h A2/ —
'QST

IFMIF JFADINEESS (LIPAc) D=2 X vy a = 7 REER IO LD LTS, ZHETIZ, RFQIZED
125 mA FEG 1V A B — A NEE O FFEIZ DY L, BIEL 2021 457 A HBRMG L7- RFQ B/ L A B — ANl
bR (Phase-B+) MEITHTH 5,

F—TJ— K BGf - BmEEG IS, KEH CW, RFQ, TR

1. [ZLBHIC

FEESEZ R AP BRI ST i E% IFMIF O J5URINER 2R 1% LIPAc (Linear IFMIF Prototype Accelerator) & FE(X4L, BRK
IN & DIEFEFETHEREA » TR N Ta I v a =0 73T hb TV A[1,2], LIPAc 1 125 mA O &1
B — A% 9MeV F CHIEE L, 8k (CW) iElizd 5 Z & 2 HAE L L TR0 AKES, =8 N EEILEE (RFQ) |
RERIEINER (SRF), E—AERB LR —AX TR S D, LIPAc D v a =2 71X
AR HARGBR (Phase-A) ., RFQ FZ3EaAlR (Phase-B) . SRF FZilEaki (Phase-C) & BERERIIZHED HiL D, 2019
7 HIZRFQ IZL D 125 mA EREFE/ VLA E—LDNE (1 ms. 1 Hz) ([ZRIh[B]. D%, IBINOEE T
bHE—LEERE E— A T OYEMNETE T L, BUEIX RFQ OK/ VLA B — L N#ER (Phase-B+) 731
ITHTh s,

2. Phase-B+5RE&

Phase-B+iR D F 72 HAUIZE SV A TOER 1 — LM#EIEOFEFE, &Y (Phase-B+58 TR ICEKE S 1L D)
SRF ([Z AH &5 B — A DREFHN T d 5 [4], Phase-B+iBi (12 3 THRAKHIIZIEL CW (Duty Cycle 100%) (22
ETHZEEZHEE L TNDD, LT X S ICEREMICHED Hi1 D, Stage 1: K7D « (X Duty Cycle 7k,
Stage 2: 125 mA + & Duty Cycle 3%, Stage 3: 125 mA + /& Duty Cycle it CTo 5, Stage 1 [Z-DVTi 2021 4F
7 HIZ2.5MeV, £ 10 mA O+ — 2 INERER2 BB L, 12 HRE TIZ 5MeV, )20 mA OEP £ —
L (100 ps, 1 Hz) ZIFFHEAES E—2 X U FICARNT 5 Z LTI LTz, ZD#%IE RFQ & AH#RD CW

WIS 7ma T v a = 7 RERIICITY 12D, B— a3 BRI B, 2022 45 3 A LY Stage 2 %
BT DT ETH D, AFETIIEIS Stage | THOLNIZKEIZOWTHET D,

%k

[1] P. Cara et al., I'MIF/EVEDA Project: Achievements and Outlooks beyond 2020, FEC20 Proceedings, 650.

[2] J. Knaster et al., Overview of the IFMIF/EVEDA project, Nuclear Fusion (2017), 102016.

[3] K. Kondo et al., Validation of the Linear IFMIF Prototype Accelerator (LIPAc) in Rokkasho, Fusion Eng. Des. 153 (2020) 111503.
[4] H. Dzitko et al., Status and future developments of the Linear IFMIF Prototype Accelerator (LIPAc), Fusion Engineering and Design
168 (2021) 112621.

*Tomoya Akagi', LIPAc Unit member
QST

2022F BARFNZES - 3C09 -



3C10 2022 FBEDES

IFMIF [REIN:ESZE LIPAc DIRIK
(2) RFAYTIICEFBILFNRIAY O TOMFITaL—3Y
Present Status of Linear IFMIF Prototype Accelerator (LIPAc)
(2) Particle Simulations of Multipactering in RF Coupler
BrE B, OB, MM B, AR BIRE 2, BEED CETRR G, bR 0, Eil f
Francesco Scantamburlo!, Andrea De Franco'
'QST, *® K, ’KEK, ‘F4E
LIPAc ICHWHIL TV D RF 1y 7" 7123 TR S L7 BB JR R 4 B LR OE# 41525 2 L 2 HY
ELT, RROF N EZZ N~ NT NI B ) T ORI ab—ya rE2{To72,
F—D— R ~AFAZH VLT, FERE N T T, KTy Ial—al, RFQ, Wit - EEy T
1. ERELBAM
CW JE#EDEFEA HEE L TV 5 IFMIF JFAINESE LIPAc [1]0> RFQ M E: (25K 9.8 m, EF 5MeV., 175
MHz) O Duty 7V AGEERIZEBW T, BEENZHWO G TV D 8 R/ (1 B4 72 U <200 kW) @ RF ff#a%
[2]1D—ERO[RIER RF %~ 7°F ¢ RF AT T S 7 R EAD JFK 2 B LR OfR# 2155 2 L 2 B &
LC, RROFE N EBEZONDYNT RIZ) T DOV I alb—varifioi,
2. Bk
FDTD {Z5£-3< PIC ¥ = L—y 3 > a— K (CST Studio) Z AV, #IHIRI 748 No=10*fll (B2 R~
7 akif) EWNIMERRNCOME (220 8k, REE 5eV O Maxwell 7347) S8, “RE RIS L 2R 5N
DORFRIFRIE %18 - 70, %FHELE & L2250 R 2 & T Furman €7 /L [3]% V>, 300 eV Tl —2 (N
SR ER T Nwgmax~1.6, RF 2T Nwindow, max~1.4) %R0 ZIR BT HHAREL Nwe, Nwindow & 5 2720

3. MREER

RF B LA L oI FoEP R o (K1), %
72. RF B0 _WEFHIHZER (Muinaow=0) L CRIME LT
g (K2 HObm)ENL) EFRLD | Mindow & F 2 T2 HAITIE
WEJAVWEIFA O AJ) RF BB Prwp THI 4L N OGS AL B 4L
(K2 F@)IRMUF) , FERETORI & P& O 7o ME A % 7R
L7z, RF & & DR OWEMAEIZIR (4 1) ITER LT RF
BB ST LT~ VT NT 2 Y v T OERT D RENIE

IEVEEBE Tl 7. ST OIS 72 > TV D L B2 BV, =
BFE ACHLE O — MBI 1 L 2 — R M R = 107F o
B 106
REBRFLEORREEHET, g 107 70 dusee o
510
SEXH 2
Q
[1] H. Dzitko et al., Fusion Eng. Des. 168 (2021) 112621. g 103 - _ -]
£ y 70
[2] P. Mendez et al. Fusion Eng. Des. 165 (2021) 112226. e 10%F
B 101 L (b) Nwindow — 0’
[3] M.A. Furman et al., Phys. Rev. Acc. Beams 5 (2002) 124404. IS -10
a 10°F t=1.0 usec o]
Takahiro ~Shinya!, Kohei Sakurai’, “Kai Masuda', Noriyosu 0 20 40 60 80 100

Input RF Power, P, [kW]
. burlot and Andrea De F . 2 —EBHHEZERORMFHENDAARFE
rancesco Scantamburlo* and Andrea De Franco A P R - RFE RO REFH (a)8 Y
1QST, 2Tokyo Tech., *KEK, “Fusion for Energy (0.1usec &) & (b)EL (1.0 pusec &) DB

Hayashizaki!?, Tetsuo Abe®, Hitoshi Kobayashi®, Ken Takayama?,
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IFMIF [REANEZS LIPAc DERK
(3) Beam-based alignment Z V=R I RILXF—E—LBERDIRT7 S A
b O FF i
Present status of Linear IFMIF Prototype Accelerator, (LIPAc)

(3) Misalignment evaluation of medium energy beam transport line with beam-based alignment
CLEEE Y, TR, AR, WA TRERECRES L, KBFHE 1L, v X AT ey T
FUoF 2 AAR A Ea—Rmt
'QST, Z2JASRI, *IPFN, *F4E

L—H = T o hh—% 7T 74 A2 NHE T, RFQ & H /L —ilifink o NWUARE LA ORI ACE )7
MK 05mm DI AT TA AL "0 HL T ENHP LT, Al 25MeV DG FE—LZHNWTEDIRT
TA A FOFNEIT T DO THET D,

X—0—F: v - EEFINEE, E—LR_X—ZART T4 A M RFQ. MUMREREA

1. ¥E

BIfED LIPAc 1%, ASER. RFQ. = /L ¥ — b —Algk (MEBT)., ©—A2Ki 7 1 > (D-plate),
BT RV — B — AFERKHEBT), B — A% 07 BD) TR SN TS, ZENONNHEERSER T
L—P—= T v H—%FHLTXY HFHDOT 74 A2 FRZENH-0.2mm LAINIZ/2 5 K 5 ITIR AT 5
Ni=h, s OFHIE T, RFQ O O H.0 & MEBT OF —UMER A FOICHFRMELZE %25 0.5 mm
FBEOKELFRMIAT T4 A "3b5bZ ENH Lz, 4, Beam-Based Alignment(BBA){% %
WCIZDIATITA A FEFHMEL, L—F— T v —TOHEE L il LT,

2. Fik

VR ER A OERMEE 2L S (Q-AF v ), Tt Beam position monitor(BPM) T B — AE LD &
ZHETHZ ET, BE—ARNUBERA OGO L ENS DWEEN THEE L TWDO0nEM5 2 LR T
&5, M1IZRFQ HAM2S MEBT D LA 7 U k& /"d, 4lal, MEBT O#H OMMRERAIZR LT Q-A¥F
¥ U EATV, il & O WUMRERA ORGSR 5 B — AFOMLE Z [FE L, RFQ & MEBT O VU E % A1 [
DIAT TA AV F2FHE Lz, X212 Quad#l DKEH AT 5 Q-A F ¥ v DR 2Rk,

BPM Buncher#1&2 s

0.5

0.0

RFQ exit
Beam . —'j

I ' 1 2 3 4 5 6 7 8

K 1: RFQ HOfHad»5 MEBT &iRE TDO LA T U b Quad strength [1/m]
2: Quad#l D Q- A ¥ ¥ L DFEHR

Quad#1
Quad#?2

-0.5

~ Quad#3
BPM reading [mm)]

1]1

[
-2.0

3. H5ER
2.5MeV OBFE —2% W= lE T, RFQ HA & MEBT OF — UM ERA RIS L —Y—FT7 v
H—THIEESNTZRREDI AT T AL "PFET D Z LR TE T2,

*Jibong Hyun!, Hiroki Usami!, Tomoya Akagi', Kai Masuda!, Keitaro Kondo!, Akihiko Mizuno'2, Manuel Peres Alonso?, Francesco

Scantamburlo* 1QST, 2JASRI, *IPFN, “F4E
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Present Status of Linear IFMIF Prototype Accelerator (LIPAc)
(4) Genetic algorithms aided optics optimization for beam energy spread measurements
* Andrea De Franco', Tomoya Akagi', Manuel P. Alonso?, Benoit Bolzon®?, Yann Carin*, Thomas
Chaminade?®, Nicolas Chauvin®, Koki Hirosawa'!, David Jimenez®, Keitaro Kondo!, Saerom Kwon', Jacques
Marroncle®, Kai Masuda', Akihiko Mizuno!, Masayuki Ohta! and Masayoshi Sugimoto!
"National Institute for Quantum Science and Technology, *University of Lisbon IST-IPFN, *French
Alternative Energies and Atomic Energy Commission, “Fusion for Energy,

SCenter for Energy, Environmental and Technological Research

The Linear IFMIF Prototype Accelerator (LIPAc) is designed to provide 125mA CW Deuteron beams at 9MeV. This
series reports on the commissioning of the LIPAc. This work focuses on the optimization, aided by genetic algorithm, of

transport optics to perform energy spread measurement after the Radio Frequency Quadrupole (RFQ) module.
Keywords: Proton/deuteron accelerator, Beam optics, Beam diagnostic, Genetic algorithms, Simulation

1. Introduction
The LIPAc layout includes a 20° dipole to bend the beam in horizontal plane and prevent the intense
backscattering radiation from the beam dump directly to hit the accelerating and bunching cavities. This creates a

dispersive region at which the energy spread of the beam can be measured using an existing Secondary Electron Monitor

2
(SEM) grid. The beam RMS size o, measured at the location of the SEM can be expressed as: g, = ’002 + (i—ED #) ;

where oy is the non-dispersive component of the horizontal beam size, dE/E is the energy spread of the beam, D is the
horizontal dispersion and vy is the Lorentz factor. To minimize the effect of g, a slit with aperture of 200 um is used to

trim the horizontal profile of the beam. The optimal gpand D can be set by adjusting the transfer line optics.

2. Optics optimization

The strengths of 5 quadrupoles are varied in particle tracking simulations to minimize ¢y while maximizing D.
At the same time the beam losses must be minimized to avoid profile scraping and radioactivation of components. The
Pareto front of the multi objective is found with the genetic algorithm NSGA-II [1], selected because it converges in a
reasonable number of iterations and provides a roughly evenly spaced Pareto front. Then, a set of different optics to
perform the measurement is selected to reduce the impact of systematic uncertainties in the beam simulation model and
transverse profile reconstruction, where the uncertainties on dE/E are quantified considering statistical errors on oy

measured at the SEM and oy/D due to optics errors.
3. Conclusion
At least 8 different viable optics combinations for a section of the LIPAc transport line has been found to

measure the beam energy RMS spread with expected accuracy below 10% and some as low as 3%.

References

[1]1 K. Deb, A. Pratap, et al. "A fast and elitist multiobjective genetic algorithm: NSGA-II", doi: 10.1109/4235.996017
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(5) E— A XU S DEILBBREROFE
(5) Calculation on Shutdown Dose Rate of Beam Dump
TRER ALY, TR RECKERY, fepk MR, M kol HHE B!

e

IFMIF/EVEDA 7' v ¥ = 7 b ®O—Bg & LT[ JRANES (LIPAC) I 1T e — A X 7 a— 2 (4
2—) & 125 mA D 5 MeV FE5 12 & 2 EHEFHG 2 B9 & LIS LB EROHE LT 72, #la—2
EEG TR OTMET & OBSIZ E D B LT RAEC D E y A HE L. OGO/ &
RADEE . ROBERICES T D42 50 L7z,

¥—U—TF: LIPAc, IFMIF, 1, HiET, iy, B—2a x>

1. &5

LIPAC B — AT A ORI LIRTE—AX T RRE SN TEY[2], fila—IcEEE—A
MAKEND, E—LF U TOEILGREROBMIL, FHNEER A > T F 2 ARHZBT 5 iR akiE <
MEAZEHRTHIDICEETH D, Flofia—r LB L OBKGTET TR, dilk 5MeV F TILE
SNTEH . KOV dd BRISIC K > TEKR I D It (BRE : ~3X108nfs) ICK D E— L X 7Dl
SHE L BEEIC AR5 AN D D, BT ROHETFICE DB EZNERHEL T, W O0nDE—L4
SR, AR OSHAE T — A U T JH Y O LSRR EFEOZE M /546 2 5HHE Lz,

2. BtEAE

$il=—2 L 5 MeV F THIE SN E W1 & OFERUE (Cu-d i) 12 K D I EMREROFFEIXRD AT
v 7 TEio72 1 (1) MCNP6 IZ X 2 EIF D= R /X¥—AL7 MR, (2) b =— K FISPACT-Il & H
W RREE v BRESRERL, (3) MCNP6 IZ L B B — AKX T O IR EOZER DA st H, Efi=—r
&P L OBBOE (Cu-n JKIR) 12X D12 L% EFOFHIZIE Direct 1 Step (D1S) MCNP % [3] % M
77

3. HEAER

K2 IZEG e — 2% 4 RFRIAR L, Z0% 24 FEHHBH LI L E DO — ALK T O IEERERE D
AR AE T, 2O EE—LAX T HLEOE ISR ERIIRANTELZ 1Svh TH Y | Cu-d & Cun
G DOMBERA~OEEIIETNENE L Z 75%, K 25%ThHh -7, 2D & X {EILBBERICE LT DM
1% 99%LL EAS Cu-64 Th o7z, il Tl 2EEAREN], MAERFROHE, fila— 2 UAAD e —L 4

TEEOF IR BEROFREFERICOVTERET 2 TETH D,

Polyethylene

Iron

Beam dump area

Concrete wall

' 10000

-

Stainless steel
-y P

~ % .
L

=

Beam dump
Cu cone

i
= =
1

= Beam dump [l Concrete
Cu cone floor

X1 bv—u% 7w (4] 2 fEIEBEER (B —2A 4 FERE, AH 24 KR

BEICHER  [1] P. Caraet al., Proc. of FEC 2020 (2021) 650.
[2] B. Brafias et al., Fusion Eng. Des. 127 (2018) 127.
[3] D. Valenza et al., Fusion Eng. Des. 55 (2001) 411.
[4] F. Arrantz et al., IFMIF-EVEDA HEBT Line and Beam Dump Engineering Design Report (2012)

*Kumagai Kohki?, Kondo Keitaro?, Sato Satoshi?, Kwon Saerom?, Masuda Kai
1QST
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[3D01] Development of Digital Triplet for Reactor Physics Education using
Experiments
*Kaito Ito’, Tomohiro Endo’, Akio Yamamoto' (1. Nagoya Univ.)
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Experiments in Reiwa Era
*Tomohiro Endo’, Go Chiba?, Kenichi Watanabe®, Cheol Ho Pyeon®, Genichiro Wakabayashi® (1.
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—ARABRARERS S 2 L—2DER—
Development of Digital Triplet for Reactor Physics Education using Experiments
Development of a Generic Simulator for Critical Assemblies
Ok BREAY, sk ok, LR mER
YRR

FWBREEICB T L7 VZ NV M) 7Ly MEFICEATRRRIHY I 2 b—F 2l LTz, Ay Ialb—4
I % R EE A RIS T 2 EBRCE I O R BB Z — SUFEIRHETE T L CHEEERTIE TH B, A Ial
— & % O T R R G RSP O Jr ) B SEER-O R AR A 72 PWR AL BN RAR 23 FRBL AT REMREE L 72,
XF—0—F: FEHE, TNV R T Ly b, BREAKRY I 2 L—%, —RUFEREET L

1. ®E

ARBFFEDFeAE B BIE, EBRAVFHEEEICH D Z ENHED TFV4 LV Y 7Ly b 2T L
Thd, ZOTTHNVEN) T Ly MRFETIHMERE I FWELER A 8 U CR R O3B B 2 WEERY 707y
BEHMLTHDL ) ZENEEE LD, 20D, KAV 2 L—F TIHEEOBEAELEEL OB FIZBIT
D EFIRF YRR - FEERR AT A 2 LA BAE L Lic, Eo. EHEDF IR K O B

DYIEY AT R A TR LT K 5 1S, il e
HOFERTHPETEROAT A2 f e
PETARIET 2 L 912 L, | | e L Y
2 SaL—S Ok - #Ek

AT T a s TR B R [ e Emm
kS RIRMEE TR T & COMEIR AT | = .
S TWD, B T 7HERZ Ot GUL |
35— B P Unity BRGTHER LT, R

Ao tal—sTE, KRAOTETE |
SRS, R T ST D Y T 1 ® 1R LS S 2 L Y EE

A LA " 7T 72T vy M ORERE. TEFIROMAS SO B A A BRI IE, R, A D
FIRE R )2 L CRUNE ZRTET HHEREN & 5 (X 1), WBERY 72 Hil 2 2 2 F 9~ 2 B RE Tid. B2
HIRERALIE & BOGEE, R & RO DOBfREZ CSV 7 7 A VBT H 2 5, ZHUZ Ko THEE Ol
B EPOSEDBR ZRE TS, e RIEFEGHRARRTOEREZBHETE D, o, ¥ Ialb—va Uiy
B AERE 2T D 2 & TERM & VIR L7REETY I 2 b—2a »T&E 5,

3. BER &L D LLBARET £ 1 RPNV A FEERTOLLHR
TRIFTITo TR 4 FIEEFEREAL I 21 —% T RRIZE (%) |FHEIMEERI(s) (<Y K(s)
FifiE U7z, FEBR CIIER AUIRRE D O I EERR(RR) & 5| = £k FEp 0.0-508 70901 1023102

. 3 N 50.8+-100 91.3+0.3 131.7+x04

:)é\ ’fﬁ-j‘]ﬂﬁj{:Fﬁﬁ%X ry 7 '77]" v FTHIE I_/7L:o #jj\ 0.0 -50.8 70.00 100.98
Y3aL—%

2 =2 b—3 3 0 RR AR U 7= IR & R AR o 50.8-100 91.25 131.65

RO DBIRFCE &R E, VI 2L —% LOT VXV DGR 2 H0E Uiz, EBRTIAZEE L, FZ5RE
MORELANIRVFEREZBZDL ZENTE, HEHADY I 2 L—X & L CUIRY MR EE-(FE 1),

*Kaito Ito', Tomohiro Endo! and Akio Yamamoto'

"Nagoya Univ.

2022% BRRFHE¥S -3DO01 -



3D02

20228 FNER

SHOFMERBREE TOJT 5 LORAE (1)2EBE

Development of advanced educational program for reactor physics experiments in Reiwa era
(1) Overview
A LY, THE 52, I B, F EEY AR RS
Pt B, PARIEE KT, 3 TUM R, 4 R 7, S R 7

FEROFF PEREZH S AMEREZ BN E LT, BARERNOZE R FFTER PRI N T, TED
T RRE RN 206 L7 BB BE 7 0 7T LA BT Lic, ARFERTIX, B lcBs LAY
HERHAE T 0 77 AOEBMEIZ SOV CHIT 5,

F—7—F : UTR-KINKI, fFPREER, HaHRl, REEFERR, IPHES iR

1. #E SGIREE - ERETHIAMERA =T 7 4 7HE0—B L LT, AROFETHAEHIZBIT 5 A
MERBEREDMERF - REICHFEGTHZ L2 AME LT, BARBMEE T 2 20E AR 747 KB G 8 R 7 1
$F UTR-KINKI 35 X OV R il AR A RSB [E KUCA)ZTEH L7 R TR 528 7' e 77 A OB IEE 4
DTS, REFT 7T LD—2L LT, fMEROBRIZBITDHIRTFIEEEZH ZENRTELHLI | R
F B & O R A 2 B & T A K feA 2 xtge b Lo, MM E 7 a 77 A(EHF=a—RX)OBZSICE
DALATE, AFERTIE, 2ORBMEIZ OV THET 5,

2. BRI REAMEB LR —RTBT D5E - EBRARICOVWTOREMDIZHTI T, 1L BRI
RIZBWTER LTEWTREFERDOAM ) IZONWTHEZDLERD D, EROIFMELFERHEE CTIX, FE& L
THEFURIEZ XIS & L2 BB IR b LT e, ABMLEE ShD AME LTE, BiFIC T 2 R Bk
DO FEAR[L] 1F BRENT 7 ) B o i RO SRR 2N SIS ATRE 2R P O Rk 2 5+ 5 7217 T HE T
BEIIH L ERICRCTEDLAMBEEND, TO LI RAMERICHNT, XD LA RMEIZH -
THEFEBRHEEZ 2727 OTERL, O LEA IS H7-DITIT ED L D 72#EliA - JE 21T 5 MEN
DD Lo T BERRA O IR YRR & F i T X D K O RS ERNE OME LR T,

3. BB MKPFOFEFRNPZHETEDL LY. MFMROERBHEREUC T8 avoilfa £ Lz, v
D22 A D TR b FEE AL P R 2 B & 7= BRI RN CRIE T % & 9 BB A Rk 5 121X, IEXY AR
I - RS - BB TIEE T T2 < REESVER(T M AR EERIS) bA G DEI L ERH -T2, F
7o. Rb#ha—ZAOERZE U T, 1F BB 7 U BUHATOREE S EHEEE & U CORET S 70T 2 SR M AT
FE(Feynman-aiE) B9 2 a0 B G2 BiE Lz, B BEEIZIH - T, f#f% - 3 21X UTR-KINKI
2B 1T D FEERD IR SR & FRE U 72 BARAY 72 f#70 + Google Colaboratory 2 i& F U 72 88 2 5 L 72,

4. REE FEBT —~ 1 TORIEBRIEIC L 2T, OREBEE, OREFAERNED 3 50670 | Zif
AN FERBITER Y M & Ui, BRAIO IR EERIEE O MAN U (525845 Cifam L 72 S2BRE H 2 2 hk
TELROZMAEBONFZEET L] BE Lic, EREHMOGIRIH 2P CHMZERTEL L), FP
PREBR (G - BRSGHE ORERS R 215 U 7o IR A5 O FE a0 w Rtk 15 OB T) &2 DRI 320 L 72,
i ARENE. UGB - BRIE T DAMERA =27 7 4 7HEEIC LY Ea Sz,

BEITER [1] B £, AR %25 ATOMOZ, 62(4), pp. 225-229 (2020); [2] A& KFn, Al s, Fn
H &, HAET %455 ATOMOE, 62(2), pp. 89-93 (2020); [3] &ifd Fui, &M KHE, il B4, 0T 3%
&, TR Fh, A EE, AR J1FE 2018 AERE DS, 2F17 (2018).

i1l

*Tomohiro Endo!, Go Chiba?, Kenichi Watanabe?, Cheol Ho Pyeon*, Genichiro Wakabayashi®

"Nagoya Univ., > Hokkaido Univ., *Kyushu Univ., *Kyoto Univ., *Kindai Univ.
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Development of advanced educational program for reactor physics experiments in Reiwa era
(2) Preparation of educational material for the experiment
TYE B, A L
VEiEE R, P A RR

BB LTFBEEREE 0 7 7 5025, FAIFEOIOOEE LT Y ONKRERET D,
F—")— F : UTR-KINKI, F#E%EER, Python, Google Colaboratory, f&iZE7 /L, ¥ = L —H

1. BRFEBOLHOBRN\VT—COBE 90 nE | a~v T 2HAFHOIDOA T A ik Eat 8
AVRE LTz, BRED 5 o~ CIEEMIRNE (DERFEOME] THERBREHI OB T o) Tk
JSEEDRIE ) TH 7RO ZEM 5340 )) ZfRF L, %0 3 2~ TREDOERZAE LI - HE 217 -7,
WL OND AV TR, #RBICZHEENI M~ E E8] Z2REL, £ALICIY i Z & TEBRICYL
HpY — ) (BT — X LD 7= D Excel > — b7 7 A v o {EIZHES S FHESFRIT O 72 % O Python
A7 VTN EZHEERGPERHFLTWS 2R LE, T4 v EBROFEE4A L, Google
Colaboratory % F|H U724 MEZENT D72 D Python A7 U 7 FOFEGIC, Va2 L—FEHW=T TR E%E
&0 IAR, BfEOIEEE K > T, £T2, FYEROBERENMENEAERTICTFEROA Y -« T~ v RELO§kHE
FEHBEZHH & L TRIET 2 L0 ) TRbITo 72,

2. BEFDETIVOER UTR-KINKI OIF Y BRREE 2 51 R ECRrMil - 82 Z LI2 K0 | EBROHfFEA
EVEDDLZEBRMWFFEND, ZDTDOITIE, ZHE BAPEGITHHTE LG0T VEREET 5 2
LR FE LV, £ 2T, UTR-KINKI O LA JFOERE « BERRHAD 2 I CTET ML L, v ok ¢
NF—=2 HOERZ G2 @A OET VEEM LIz, ZOFT VL, B T53 120 —F ICE L LbIT

SRR L7, YETFIEB e — FEITA T 2% AEIXE S D2 — R TH UTR-KINKI OFHE AT 572 &
I TH D,

3. 2aL—45®MiFEMA UTR-KINKI O LFFEDIRZEET D 72012, AT ERT TR I L
Bri 2 = L—# ICE T UTR-KINKI Offi B 47 LE T OF R 24T\, FETEE CHIH L7z, ICE Z W5 Z
KD @ BT RO MR ETIND & & bIT, BERC R RO KR E~ DR 5 E
BLCEHlT 52 LN TE D, IHIC, DEIFLE OB EZBRKICERT DL, EEICERT 5 Z &3 H
Ko WBRE I 2 L—% ECTHET 52 L bk, Figl (2 ICE DEABIZ RS, ()DL 512 2 It Vi
ETET AL LI F L OB T

I . (a) 1B LR (b) EEFFE D E?ﬁ (c) ZRENMERO I F ooy ' N
fa L TWDERTF D005, —, 5 m

pEFELHOBHEEAkCERL 8 8

L EORERFRAGAOLR : |

D05, B &K OB MET I

FPEDEN NS . EIFLORES Fig. 1 Example of the numerical simulation with ICE
DEIN DT D005,

HEE ARENI, SCHREE - ERRTFOAMERA =27 7 ¢ THEEIC LD Efi Sz,

* Go Chiba !, Tomohiro Endo 2

! Hokkaido University, 2 Nagoya University
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Development of Advanced Educational Program for Reactor Physics Experiments in Reiwa Era
(3) Experimental example
IR OB, pEEGL 2, THE 5
HiRE R, 2 A R R

BB LI B EBREE 7' 0 7T DZHOWT, ERRITAT > e EROME L TG LT —F 217,
F—TJ—F : UTR-KINKI, fA#sdesn, eI asE, Y —AY ¥ —27 1k, Feynman-a ik

1. RBRAE R SR RES D ETOIER | flEEO B LR 7P OB R %M, RERFERIE T
155 2 B 5720 . Ofl A RIEICE DR AT R, @ IE_UARELE TIEZ W HE R e SRR, @
PEFIRIEREE, Y — AV ¥ — 215K O Feynman-a 1£%

PN B FREE RIS 7 4 B o> AR T L Table | Schedule of the experiment
1]
2o FRAY Y 2—/L%& Table 1 |3y, EBRICE  1HE |RP. EABREE i 5 3
R DT CHl RS e 2B (BB E GE k)| BIBIEEE (SUFE;
B WERIRE O (WA 5 e SaaT BT e BEE AP
QAR m—sRY) EEHESFHICHE - poEL BB H#R LA —E L

7o FElo. FEBRHOJRFIE OGEEERAE b AR HEA B b3 Ek L7z,

2. REREER  HIEBREREIC L DR T BRI R EEERRMLEE 0% (2 A) LLIZEE, v A4 HE(SSR)
ALED 92% TRESUTIET DI LA MR LIz, SHIT, FSCIREE S SSR 25| EiREL NS RRE A E~Y
FREICEVRE LTz, Fio, ZOFEBRPICESSG Lo P E 73R T — 2 & T IRIE A K 2 REESE OHE
BN AW, HEEER ERBR T, 4 ROBIEEZILZIUS DN TS EEMIE A E L AT 572, ZORE,
RR (ZOWTHIERYARET, BEEHESRUICHOWTEE FIETRIZEL., SSR IZOWTIEHE FIEEE~UAREAH
HE DO TRE LT, £7o, B BUSE -IRIERR D72 | WL OMDARMN— I D FOG R | IE_YARE (RR) K OY
HfEVE (SSR) & FHWTHRIE LTz, ZAUHITINA T, B e SR O 7 e 13 MR AR L 7o M IR 5 RIS
FLOREGIE OHEERE S FIHL, RR, SSR OFE 5 SO E B A ERL L T2, #5534 Figl (R, R&lo, V—AY

v —2{kE Feynman-a 1EIZLY, 2 DDA 12

FIF (DSR& 251552 RR SSRES 10 S _
FRALTAR R, K@ Tofl#EiEE 4 § 08 SSRIE(EE -
TEALTZRR) OB 2 RE L7z, @05 SSRIE~UA Mk -

ERSE SRR CROIVT-REE R E DS I 4_1) os .

fit(0.49, 1.57%dk/kk) IZRL T, Y —AY 2 .

UL 049%AKKK, 1 68%dkKE R [

WIORERDIFHILT2, $72, Feynman-a 15 0.0 ; 20 10 60 50 100
2 DNTHE AP MR 7 — 4 ORI 73 P

30 DERBN T2 ELHD | Y EOHE

AR EL FE RREGEFEZHEE S Fig.1 Integrated CR reactivity worth
LHIENRNEETH T,

BB ARENT. SCHREE - ERRT DAMERA =277 4 THEEICL D Ei ST,

* Hiroki Harada !, Tomohiro Endo?, Go Chiba !

! Hokkaido University, > Nagoya University
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[3D05-08] Experimental Analysis
Chair: Tatsuya Fujita (NRA)
Fri. Mar 18, 2022 10:45 AM - 12:00 PM Room D

[3D0O5] Thermal power measurement using a Feynman-a method with finite
difference filtering for UTR-KINKI
*Shoichi lkeda', Tadafumi Sano’, Atsushi Sakon', Kunihiro Nakajima®, Masaki Goto', Takashi
Kanda', Koji Matsui', Hiroyuki Fukuda®, Yasunori Matsuo', Kengo Hashimoto' (1. Kindai Univ.)
10:45 AM - 11:00 AM

[3D06] A Study for Reactor Noise Measurement in Power Operation at Kyoto
Univ. Reactor Part.5
*Sin-ya Hohara', Atsushi Sakon', Takao Watanabe', Takashi Kanda', Masaki Goto', Tadafumi
Sano’, Jyunichi Hori?, Kengo Hashimoto' (1. Kindai Univ., 2. Institute for Integrated Radiation
and Nuclear Science, Kyoto Univ.)
11:00 AM - 11:15 AM

[3D0O7] An impact of neutron-gamma discrimination on Feynman-alpha analysis
using a proton-recoil proportional counter
*Hiroyuki Fukuda', Tadafumi Sano', Atsushi Sakon', Kunihiro Nakajima', Masaki Goto', Takashi
Kanda', Shoichi lkeda’, Koji Matsui’, Yasunori Matsuo’, Kengo Hashimoto® (1. Kindai Univ.)
11:15 AM - 11:30 AM

[3D08] Development of reactor noise measurement by using BGO detector in
UTR-KINKI
*Masaki Goto', Tadafumi Tadafumi Sano’, Atsushi Sakon', Kunihiro Kunihiro Nakajima®, Takashi
Kanda', Shoichi Ikeda’, Koji Matsui', Hiroyuki Fukuda', Yasunori Matsuo’, Kengo Hashimoto'
(1. KINDAI Univ.)
11:30 AM - 11:45 AM
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fEz=7 4 V& — %A L 72 Feynman-o #H71C X 208 K2R T 0B A HIE

Thermal power measurement using a Feynman-a method with finite difference filtering for
UTR-KINKI
T, PEEPRRSR Y, st Y, gL Y, rhEE !, RRERIER !, fREEEZ
IRIERE T, MRERM, BARLS!
Bl Frc=

WK 4R OEGH I E I Z 2 B Feynman-a (&4 U, S H1EHE RS 0.5mW~30mW DO #i[H T
B 28 LTz, ERFURIER A DN BB OB EREET 4 VN Z —IC XV ERE L, PPEFFHEE O Ay
IR B BEL T\ D, IE LB & BB ) EHCIC) IR E & OREMEIZRAF CTh o 72,

F—U— R TERKFFE T, Feynman-a %, ZVHDRIE, $IBH DG, BRIEESK
1. #%

Peske, BB R A R O/ NI R RIS B\ TR, B b2 O T2 B 03078 28 i &
NTND, ZOFEIIHEOHIRED & BPET ROMIEZ KD 5 72 & OR & AT IERCEIE7R ERMLET
Y HOBPMEF R BB ) 2 BT D MEERRHE & 72 o TV D, EEERRHE AT D 72D I BT =4F
HIZ L IrEKFF 747 (UTR-KINKI) Ttk B Feynman-a 5% F W 72 BV 0E 28 F20E <A, A7) 6 mW
TORMERHER SN [1], AWFZE TIEE JRIERF 2 0.5 mW~30 mW IZHE8R L, #UF ) GHE TR &

E&E& Feynman-a /fﬁ@*ﬁfﬁ%‘ %ﬂfi?’%ﬂjﬁ @ﬁ‘ﬁ%ﬁ %Eﬁ?@‘@‘é o Source Hole
2 ;ﬁjﬁfﬁ Safet)lf Rod2 O Re ulatlmg Rod

ICHEBRIKR AT, A linch 0 BF: fH# 4 6 L, 1 '
R72% 6 SOMMNCIBTIRFIRMETRITE & FHE Lz, 3L B o W
72T — X7 4 V¥ — % L7z Feynman-a 15 % FV T | |

7 Y NI Sy e . - Shim Red Safety Rod1

W Uiz, MRAFREIRND YAEZIGE L, B P 2 WE LT, NP SRR Do
a1, BN zRko 282N, (DD Yoldf M1 £RERE

FOFABIIENE ., o 1ZAPRE PR ES. CITEECEZ T, RQ)D P IZEH /1. RIZHEE, Dy it Diven A
T BITERNEIREPIETEIS. p IZRUSE., EX 25U O 1 BAZYNT-0 oH= kL X —%2 %K,

3_ 2exp(—at) + %exp(—Zat) R  (1-p)2
— +2¢ (1) P=

o= ZY”{l_Z RN
2 T T T T
3. EBER —
(4 2 \ZAMFIE THF T B ) & BRI DR SR AR O Btk & =,
BEET ¢ V& —i AT A T, W% EZ R TR, R, 0.5
mW~30 mW TIXMEET 4 VX —%H 3252 & T, [\t e o

[
n
T
1

x=3.28x107%0

x =4.3509x 107

HHREFRE(nA)

e
n

THERT ZPNS LR BN YEE LT, ;:"%
SEHR[1] Atuko Miyoshi ,Hiroshi Taninaka ,Kengo Hashimoto “Thermal 0 . s . .
0 10 20 30 40 50
power measurement based on Feynman-o correlation analysis for UTR- A (mwW)
KINKI ”,2012, vol.49, p.1-6 2 B\ & IR EHETE O BAR

* Shoichi Ikeda!, Tadafumi Sano', Atsushi Sakon', Kunihiro Nakajima!, Takashi Kanda', Masaki Goto' , Hiroyuki Fukuda', Koji

Matsui', Yasunori Matsuo!, Kengo Hashimoto' Kindai University
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A Study for Reactor Noise Measurement in Power Operation at Kyoto Univ. Reactor Part.5
RO, e ek, RN, AhmE T, tRRRIER !, RN RIE— 2, EAES !
i =
PSR R R SE T

FE KRR (KUR) O BB 30 (CN1 R— ) Z AW CTES -1 2 IR e E
Z. IMW ORI Uik z, EBRFERIX Feynman- o/ /N> F > 71k, Rossi- o i, L5802
e¥hE, NU— AT FIVIETHENT LT, AR TIX, WIER ORI OV THET 5,

F—0—F : FECRZEE R, B BT BB TR G

1. ¥E

B ITE OHEE AT IZ. 1960 AR5 1970 FARUICHNT THIRANCZ < OWFFEHE LY FLA TZHFFExE 4 ¢
HY ., WHAEICBWCOEE, HE, A, ILHOOENTZHIIEN H D03, MR OSFHESEITAFITIL, R+
WFOREZWOM N ZEERZW OO OENEEE -6 BN E LTEY ., FYHEAEEEONELZ B E L
TR AT IXE N CTh o 7o, AR TIIMEFEOREMNI S EHiE . AR FIR PRI T 5 KUR WFL O
MEFWEATREMEOREEIT S T2D T, TORREMRET 5,

2. REBFURUBR
B, BRI T KUR O B 1-3%fi (CN1 AN — k) (28T 2021 4 11 A 25 BIZ5ENE L7,
S B ORI PETF1E Smm JED ByC o — MR S 4172 3He FHEEF IC L 0 R L. IEE B I3

#kas (HSMCA4106LC / ANSeeN Inc.) (2L VW FeEk L7z, JIEIEL IMW O H IR FUIRAEIC ) LT FEHME L 7=,
BERERITHKT LT Feynman- a V5, Rossi- a5, 502 b

1.708 10°

L5417 - 72, Feynman-« ik, L HEEIIE, T —2A~RS Lo o o iﬁiﬁgﬁegmnemkseg
FAETI a 2/ BRI, Rossi-a BOMFFClEa g ]
5 U Bl 2 D, BRITESBIE R 1 ISR, 5

éLJOZlOG i
3. 45 1710°
TR 4F KUR BBV 3% (CN1 A— 1) 1280 169810° Lot b ]
TEAM M TICIER LT KUR PO OHEEHIE 21T - 725 5. Time Interval [msec]
Rossi- a #5128 oD LEBMAG LD Z L3 Hk T, ST B1 1MW AR 5
DOFERLE IOV TIXE IRET D TETH D, Rossi-a 711 v b

SEXH
[1] “FER R0 B BSR4 HIE O 720 DRFGE D 47, FHRGE, Airst, TIsEsL, thmg, %k
IEAS, EBPR, SRIE—, BAEE, 2021 4 B AR 2SO K2 1108 (2021)

*Sin-ya Hohara!, Atsushi Sakon', Takao Watanabe', Takashi Kanda', Masaki Goto', Tadafumi Sano', Junichi Hori®> and Kengo
Hashimoto'

Kindai Univ., 2Institute for Integrated Radiation and Nuclear Science, Kyoto Univ.
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REKEEFHBIFHED ny FRID T 74 oI -0 EFIZE A HEE
An impact of neutron-gamma discrimination on Feynman-alpha analysis using a proton-recoil proportional
counter
R PRz LR B e Bk LS B0k SRR R
FRE I UL SR — UAASE FET AR RILUEA EE!
PR

BB+ HE B E HECE 12 ko TS B vz mnd h M- RE R 5117 — 2 & V72 Feynman-a fEHT 2 30T s K 7 -4
DEEFARHEICI W TEM Lz, aiEEEess it 7175V A ONES BN VR0 6 ny FRBIZEIT 5 2 & CTHAMH
BAR T IIRIEICHIE S v, @ CTH > THREZET 4 V2 — 0@ HIZ L0 EHERER S 2 8L L 7=,
X—U— R KR RS 1 Ee B E HECE ;n-y 551 Feynman-a fEMT BE 227 1 V& —
LIS

Burp AR ISR W T, BVRYE TR AR T U 72 P i B SEBR 3 s O BRIE N B~ D ZE MK A7 55 D B8
WD, —J7, mEPETHIEA P MET- IR & bl L Z2 M0 3 METI37R <L ISR R SRS O Ry [ 1
WAFRESNTEY SN BRI LEEZ OND, £ 2 TR TIZ BT RORRINT — & & [
BEBE 1 LE IR ECE CHRIE L, ATEESS N 17V A DSE S B Y R 0405 ny FRBIZEITV, fli L
PF-7— 2 2% L C Feynman-o ff#T 2179 Z L 2 HEO &5,
2.ERFIE

IR TFIFOFRA DY 27 —PICEHEE 2 3E L, 2Uti)) 0.01W, 0.01W, 02W, IW (2B Tl
HPEF SR A IE LTz, FHECE OBRBUCIIRTEIIESS & ~ VT F v XV T T 7 A4 F—% 8kt L, AlE g
) SNV ZADSLS L8 ) B & 7OV 2B @ ORERINT — 2 % PC T A L AL TS TRGR LT,
3HMER - B

B 1 IXEH 77 0.2W T 60 A3 RHIE L7 — Tkt L ony 0 .
IR & AT > 7241 Feynman-o fi#tT 2@ H L 2R TH 5, 01l (\1‘4_(2)3‘:;;;[(1’ l\h] - N ‘
B 7 — M 50ms LT OO SR T AN IR [ 20 5 oD 52 3

02 €,=0203%0.021
ZELWZENER AT E TS, T4 v T 407 o :
(RS TRTHEFE T v # — %380 L7 Feynman-a fi#hrs © -03 .
EZRAOVN W, XPOREITET OXRFLIEIIE Y, H5 04|
Nz o IXEFHERERIC LD NSRRI R OB CRREN K Masked tor
A § [mung B
XD, HRIROR S0[1/s] & EERIIN T 5 LT, 035 30 100 150 3200
Gate Width: 7 [ms]
3 1 . & 15 be™
oy (T) = 2, {1 _E‘ZeXp(‘“T)+EeXp(‘2“T)} +2¢, (1) 41 Feynman-a®§iv L o
aT

4. 557

BAPE TR (R R T O s R TSR R B T — 2 S L RTE SR S )LV A DAL B2 0 BEE 3 A A D n-
y B EAT 5 2 & THVETFAEBI RS A3 HII8 & 4L Feynman-a fEATIC K 0 o 23R B 5 ATHEMEDS R S hur-,
BEE AUFSCITBAVEIR 7 IS 0 D DR FA I L DR R G T
SE X
[1] Taninaka H, Miyoshi A, et al., J. Nucl. Sci. Technol., Vol.48, No.9, pp.1272-1280 (2011).

*Hiroyuki Fukuda', Tadafumi Sano', Atsushi Sakon', Kunihiro Nakajima', Masaki Goto', Takashi Kanda', Shoichi Ikeda', Koji Matsui',
Yasunori Matsuo', Kengo Hashimoto!

'Kindai Univ.
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UTR-KINKI 2115 BGO & Z AL =R FFH T AR FEDRR
(3) HOBXTLEIC K S8
Development of reactor noise measurement by using BGO detector in UTR-KINKI
(3) Analysis using covariance-to-mean ratio method
“PRREA !, BRI, A S Y, PUREDGL Y, FREIR T AR — ! R IR
IR, EARES!
i =

IR FF TP (UTR-KINKDIZ BGO #iHids 2 B & BF:fMifids 2 BLE L, fEERRIEIC LY 5 32— DRKIER
FUE THEMRHERRRYN T — 2 2k L7, BGO MM OLSHOS LI LD 7 7 A < o fffT 21T - 72
il ey o3 O A L TE THRAN AR IR R &2 BB T & 72, RIE SN2 R TPPE TR E R o 13, BF M8
Dt e & FAERPAN T — 8 L7z,

F—D—F : EERFE T, BGO Miitids, 7 7 A~ afith, orBoEAEIE, RIS TPk R0 E A

1. ¥E

AiEl, TSR IZ BV TR NIIC BGO s & W RER ST — 2 JIE & 50 L, 4y Boeh R beikic
L DfEATRE R 2 s L2, Z O O O 2 AN P IR E S o 13, BF MR HER 2 V7o R L RRE
HPANT—E L7z, LU, Eatic X 2% 2% L LOBENBN, SHl%, o8k s LR E2kRE
T 5 o Fhi U 72 353 MO I HIE IS K D T &2 Wi 2,
2. RBRE K UMEHE

TR 48 D BER IR BT 2 50 BGO #itHi#sds X O BEM HAR A5 E L7, JiF-47 Z il i i ik
EIZ &Y 537 = DOREFFIRTEIZ L, 03~TMeV O H >~ EERAIT — & L ik 1-HER 55— 2 2 B L
7o 2 B0 BGO Mg b LN T — X b ()R A F W 3 8o EA B L DT 24T, RS
N — M T H720 O YHEIZKQ)ZHWTR/N T 4 v T 47352 TakRDe, X)HFD
mymy TSRO 7 — N O, Q)T O, [ ZEFFEBIIRIE, C TITER T OB 4 [+

HFIEETH D,
mym, —my - my = 2007
Y =s———7"—2 €Y = * BGO
™ 3 * BF
- % 150 | 3
Y(T) =Y, (1 — ) +C,T (2 ®
i
yicd 100 | 5
3. R ﬁ .
S RER R CH U T BRI 7 — 2 % kT L. % 345 50 ¢ "
BT a 2K 1 ITRY, 2 BEOBRHERO o 134 =
IR B CREMANT S L, £, 0 . P 1 i
BGO D743 BF s M HHZ8 D75 & b~ TIEF T/ KREGAE[% Ak/k]
X< ot X1 b cHEE SRR e o

SEXE [1] BREEERM, K157 2021 FHROFES, 1107, (2021 4F)

* Masaki Goto', Tadafumi Sano!, Atsushi Sakon', Kunihiro Nakajima', Takashi Kanda', Shoichi Ikeda', Hiroyuki Fukuda', Koji
Matsui'!, Yasunori Matsuo', Kengo Hashimoto'

Kindai University
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RERE - |E RFH7I35] AEEMRES MIKREMERICRE - RESES
HIKIRIBMEICH T ARFAREBEDFREREICEAT HIRE

Proposal on Nuclear Use and Role to Global Environmental Issues
(1) HEBRBFICH T HRFHOKREELREREE
2050 EH—Rr—a—FSLERBEFBELT-

(1) Summary of the role and recommendations of nuclear power for climate change
- Achievement of carbon neutrality by 2050 -
NE
PN

1. FAHE

AR NHFEE, R A7 27 ) AEEMEERICBW T, HERBRBIREICH 3 2 1 1R EOWER
HE S DVEH & BENT DWW CE BN ORF R R AR RICE S MFT 2 T 572012, THIERBR B2 [ ot ik
e mENFE] b RPN E RS L, SBOIETHREOIEH L EEIORFHIB WL, HiEkeR
BMEORL LT, ZRXALX—tFX 2 )7 o LENHHOMREGFRIRICHEZ 52 ENEETH D & ORI
DF. BFOFEREZ, HERBREMEIIMZ, TIALX—kX2UT 1, BHHEOREL GO L LT
F & - (MEREREE ERICART « 1S RS R I Y £ & DL, 2020459 A), — 5 TE D, 2020
10 A2, 2050 A —HR v =a— b FVEBOFENEUF LV RIT X, 2021 410 AIZE 6 IR= R /LF—
FEAGTE S EERIRE S 4L, iR R VX —BURDVRE Sz, RORES T, 20 L9 ik 5
Fx. HERBRERE, =3 /LX—MEICBT 2R IR EOIEH & &BI O L T L7z,

2. REDHE
2021 4= 11 HBAf#D COP26 TixZ/ 7 A I —XUEWENEIR v, R OEERIR B2 i o
1.5CITMA 28 N 258Kk U, AR KT OBRBERIEITRIC 0T 728 2T 2 F8nE Sn 57 &, ik
fb~DOMGEN B E > T D, KEL BRI, AARZ EOMEEICIZ T, FE. 1> K EOFEE G Lo
N—ARy=a— I LVFEBREZHAELT, BEMRI RV —BXEBEFEE~OA 07 T EEILR, (LA
BEFOKAFEARRS 7 U — R 72 & =3 L F— 5~ OB b 2 R L T\ 5, — 7 R H 2% COVID-
1912 X DB OHRAIZEIET 2%, HRITEBER R =L —FH 0o & FUISORRAT A fe &1 v
X — ik O B ICIEE LTV 5, BRI OKEEL 80 KL/ L vk ERIY | RIKA A0 LNG ik & FEEH
CEEL, I E CREMICHER L CE o a R s 2 7/ b o (—i R CIF fifg) % B, BN E
TIHENEROO B EBNMKEELRE, =X X —tF%= U T ¢ Wb 72 BGHO BN 2 ) TR
T DL T o7, HMIERBREERIEEHOHES - 25 B2 TIE, =¥ — - BERBEA I & 720G
BakEx . R IIEEBEBOEA EEEFNCEA L TR £EOREORA > FO—FiX, UTOEEY THD
B et (S) 2R LoD, [UELBBESEOHEREREE (B), HEifA it 2 G0 x ¥ —tx a2 U7
4 (BE). ®&#ME (B) oz, ®Et- Ly U= 2 (R), Wbhw?d S+3E+R #EE L7237 ADH
NI RV X—BERPMETH D,
B AR LR —FERICE L X, BCKOREESZ L LoD, HpE COELmECHE%
RUEZEE 20U, BRBICEBIAMERBE TR, ErxI v a VERTOHIIR T TR S
Z L THZ R REE A D R EECEBEMA~DORE L B DIz 1L F— g a X b EH OO
TR IEBOEINRATRE L 72 D,
B IREIT LA BB LD D OFBECHIER N AR L e D08, MA T, TR ZTE D
Lo & O MAF0okE G, BRIAEDOL HIFIFIZ X 2BRFIA~OEBN T TH D,

*Ryoichi Komiyama

The Univ. of Tokyo
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GEWE - s (RFN7I5) AESMSAS HHEEMENGRE - RIS
HIRIBESRIRE IS 2 RFHREDER L RBET 5125

Proposal on Nuclear Use and Role to Global Environmental Issues

(2) BRKDITRILX—IFE

(2) Current Issues in Energy Policies: Europe and the U.S.
AR !
VA AR RV X — R SE T

1. BRoW

RRMNE S (EU) O—k =3 X — G FEEEEICED 2 FAEART RV X —OFIGIEL, T2 15%,
34% (IEA, 2019 4F) L7210 | £ 20 T2 5L EIZIER LT 5, BU L, IREZHEN X% 2030 % C
(2 1990 4E bk 55%HIU8, 2050 45 F CTIZRMER N 2 R & W ) BAEZ 81T, SS%HEIRIC AT 72BOR Ry r— &
LT, EU-ETS i B RX°HAEFRET= R LXF —fF0 ., TRAX =R LIE T OWER ENREE SN TV D, 2021 4
B LI, BRI Tl L X — ik O @ 236V TV B 23, BU IR E 72 = 3L B — ik ~ DO RIE b 7 >
DiarDse T EERML. TOFEHNCER TRV, L, EUNMBEEOTRLE—I v 7 ANEEETH 5 M
WCHENLETH D, EU X7 Y ) I —Oim Cld, R E TR A LR N1 Z5E & T 500 EH 248
Wiz, JRENE, 770 A0RRLT, BiaRehia > 7 k72 BT HEKGEEICE > TEERARRETH
V. F7z. RARTATENOREMAGIT & > TRIFBINOBLFEMZ2BINE L E X2, AFUATIEH, 7V —
VEEFEREMIZANIT 72 10 HEGHEICE S & P BRI FE AT, RF DR EICEANRETHR TS, K
MTi TR AT OBURFAL b M £ D . RERTANS AR - [RIRFEH A (kFERE) ~0B

2T = PR EREOEENEH ShTnd

2. kE

KENTZF VX —DHEBRETH S LRIFHICAEEETH Y . {LARE Cail, KRBT A, fR) OHEMBRIL
WTIUE 100% 4 48 2 5 (IEA, 2020 4F) , 72, JR F /IR ERMARII MR K TH 5, @FRBUF L~L T,
NA T UBHEE, RUEABIBOR 2 BT 2 B8 %2R L, SRR AT A% 2030 4% TIZ 2005 -k 50~52%H)
Jl, 2050 FFE TRy hEREWDS BEZHBIT S, 3y MEaZmid T, BESMOMKFEL, = F2—
ADEMEKRFBEZ DAY V) — R~ DR = L F — 1 ZDHIJE, A Z 2l Non-CO, DHE AT,
COBREDHIBHER LD 5 DHEERELE LTHRE L TWd, £, IO T, A T VEHE
INHE Y 2 T —FZ GOl BFRBE 2 EE L T\ D, BRIRM 7 7 HEIENKREES 253722 & T,
BERRIF O Fs & S 2 HANBR R ~O THREL A AR S D, ek, KEIZBOWTHMIZ L - T ¥—
IV I AFZHETHY, XV F—EROMAESCHAEMREZ RNV —DORT oy Vi 82 E 2729 2
T, PURFIZENT 2B MADED G TV 5,

3.FED

AARDTZRNF =T 2T LORRFBICEZBRETT D O 2 TR, BONRKEOHHHEZM LSS, =x/LF—
TR LB E 2 ThRA B2 EDEDL ZENRO6ND, TOB. ZEPEFARET XX —ORKEE
ANRIAENDH %%ﬁ®@%'ﬂﬁ(ﬂﬁﬁ%®%@é@%%@ﬁ)KWi\ﬁémﬁﬁﬁ%%iit
ETHERE EZETZIAND Z ERFRED, £, BEFHAN O REEEM LS TORMM 7 &b BEE i A
LA, A7/X@kﬂti%w%WWﬁ%m®%é&%§%ﬁﬁTé:kﬁ\HET%&

*Kei Shimogori!

'The Institute of Energy Economics, Japan
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Proposal on Nuclear Use and Role to Global Environmental Issues

3) BIRKREZEABOENHMAOEZFE—LCOE RUHEIR FOBE —

(3) Economics of the power sector with renewables — LCOE and Integration costs —
R e
'NEAER T YT REER Y, 2 B AR T R L — R SR T

1. [FC®IC

A% EEMEF A P RE= 1)L X — (Variable renewable energy : VRE, Kt K VB S) ORKEHEANRIAEH
L, BHVATLDHY FIIRELEETLZENTHREND, TOFT, ZRLF—I v 7 AL LT
KBIROBRAEEEZTMT 5 2 &1, X VX —BIRNE LM CEETH D, BHHAOKREEICOWLTIE
ek, WEALRERAD (Levelized cost of electricity : LCOE) & FEIZNLAHEHE (Wb A ERBIFEE A M) %
MWiciimn % <AThbh T& 7z, L L VRE OREEARHIIBWTIE, ZAUTHE D HAEH-o%EE = 2|
BT A OB (HAEHHEMIIND) RBMIIZ,»25 2 ERMBNTEY . 2 5% LCOE (T X
S TIHMlZAT S Z LN R TH D, ZiE LCOE NEIEDOMIRI 5 BEHM Ofe e D20 % #z Ll
LEEbDTHLDITH L, ZhbDaX MORENHERETHL ZLI2L D, ARTIE, ZOHRWERRE
B ] % B8 LT T 2 R B MR A 7 1 DV TR 2

2. HEEHERIME (LCOE) OF=

LCOE &t IH D EIRICE T 1kWh OFREEZITHI -OICHELE SNLEH (OFVHMM) 2H2HBEDD
CICEHT2HDTHY, ENENOEFOFMEZ KL TRIHEND & L biT, R—OERTHEHFIH
FILL o TEOENRRE LSBT D, EMICIETREWMTESp & LTERSIND,

C; _ pE, _ E;
Z(Hr)f_ - (1+r)t_pZ(1+r)t ey

ZIT XTIy MEERGTEE 0 & LT, EIREGD D OREE A R TASCHY . 7T v MERE
AR NS B DR A LT2AR (D FE D 1<0) 25, HESK T L, RBRICEANRET ZHEE COMMICH
TeoTEHKbDET D, Gt FIZONLEMTHY | B, Bk, IEBEEOMIZ, 77 FOBEILE
B IREL O Iy 2. (BERNIZIX) BET T2 FDTA TV A I Vb5 2ToERE &, £
T EX tfFOREBETH D, N()DOLEDITHREHEHBIBT HE55 r 12 K o CHEERBRGF O BLIEAM R I Z 5
L7ZETHY, HBITZDOT T N THREISNDIERDMIIZ 1IkWh 40 p ATRIESNS EBELLELGAD
BINATHD, 20X, 7Z b0 THEH] & Ml & %27 23 2E)HEAND LCOE & T
DHDERD,

K(1)&L Y. LCOE Ix

p:Zﬁ/Zu ftr)t @)

LERMFE SN D,

3. e ERAOHE L FLmM

ZDOLCOEIZL» TRl CE RV aR bR TEEM] Th o, MAEEHOMERIIX 1 O XS ITRESn D,
BEBMIZIZ, BV AT LAOBRERNG, KEROIFEREICYLEID LCOE ZF Uiz 2 TEL W
D BHEEM L MEEN S, AL LCOE OfIXZ OEIRORMAFARIEKFT 2720, DO EMRERD-

2022 FERRFNER -3D_PLO3-
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DIZIE, BIZIXZE DOBERDORKEMEFHAREZHND LWV BIBKNETH D, MEEMIT ERDEY VRE
DREFENI S TELSRETDHLEZLNDD, EFE EIZVRE DA LT, FIITRFIFEESLARKS
DIEFIIENZ L > THHIEDOME 2 A PBRELGD Z LICEERLETH D,

8 © BAHPIRER
(R R ffitE = ’
- BELEHD) o
? TTe-l (QzFBAR) -7
1

-

LCOES} : it R EBIR
(CCOHV)

LCOE%> :VRE
(CVRE)

0% VREFE LL X 100%

X1 MEEBAOBLE
BEAEMFSE (Matsuo et al., 2019) 12 L DA EHOFEH %X 2 12733, 2 2 TIEL 2050 FD HADEI A
TALAEMHEEL, BRELTEr=I va k)] OkFEAD) ., T 256W EIR) ofth, FARTRET L
F— (FIZTKBERORS) OFAZMEE L CTEBLEZETF AN ROFI TH D, = 2T, &b/ i

AETRET R L F—100% (T F170 Lavo/KFEFRES 0TWh) OBESTHY , BEAHBMTRS & 25 [/kWh 2
FEICETERLTWS, £ IR H L7 — TN — R ZH_Ta A O EREAIHE STV 5,

g _ JPY/kWh ERGRTE ko)

20 4

15 F Transmission
W [ Battery
M Storage losses
10 - 9
M Curtailment
M Power generation
5
0

0 25 50 100200300400500600[ 0 25 50 100200300400500600 (KFHEE, TWh)

With nuclear Without nuclear

2 HAEHOFMBE] (Matsuo et al., 2019)

4. PRR System LCOE (LCOE*) EE{HiH]
EROBEEER TS L=V —I v 7 RAZBWTEN VAT ALERIZLN>TNDEHOTHY, EIFA
DIEIFEEICE D Z ENTERY, 22T BEREORBICE 2R EHOEIC L > TEHORAEH (IR

2022 FERRFNER -3D_PL03-
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St System LCOE, LCOE*) %45 Z & 3l 5,

WE, HDHLZRAF—I v 7 A (Fl1Z1E 2030 FBUF HIEE) ZMEEL. 2O ThHDHEIR (B XK
J&HE) OFERAE xkWh IS5, O, KIPFEEORERED x kWh I L, IO v AT L
AN CHERTZETD, Zokx, Cx (MkWh) ZEHETLZEICLD ., BKER (KBEEHEE) Lk
TR BORFEDOELZFTMT 5 Z LN TED, HREE LTI, KEERENSHEML7ZE (xkWh) TiEz<,
KPP LT (CkWh) 20D Z EICHEERMETH D, ZHUTE D HIEIRE TR 2 A EDR)
REEMICAET 22N TE D,

LCOE*DaHiiE 2021 FEDEH 6 R /L X —HAFHHRED =D Diamd 1T, MEERT R F—iik
= FEIA Mﬁﬁv XTI N—FIE VTN, 22T, ETEROFIEEESEE L2 LCOE OFF
2N a A BTz, WRTIEY  EFEORE R 2 X ORI A B E 2. 2030 FITITFEEH KGR ED
LCOE (ﬁ%ﬁ%%f&%@ 28 7.8~11.1 FEJ/kWh\ FERKBEERED LCOE ([F) 7% 8.5~14.6 [/kWh &, TR
ZBW IR (102 AWK BLE) # FEISHERE o> TS,

; =73 G =Y BE | Bf | Amx | ABE | ARG ARER T
il kh dn | FFA| Bn | Bh | mEm | (@) |MAR| PR R | e | @m | oDze | ooz

HE\EIAMAKwWh) | 13.6~22.4 [10.7~143] 11.7~ [ 24.9~27.6 | 9.8~17.2 259 8.2~11.8 | 87~149 | 25.2 10.9 16.7 [14.1~22.6| 29.8 |[9.5~10.8]|21.5~256
#OOEBRERGLOM] (135~223) | (106~14.2) | (10.2~) | (248~27.5) | (8.3~13.6) (18.2) (7.8~11.1) | (85~14.6) | (22.0) (87) | (10.9) | (13.7~222)| (28.1) |(9.4~10.8)] (21.5~25.6)

Bl F AR 70% 70% 70% 30% 25.4% 33.2% 17.2% 13.8% 60% | 60% | 83% 70% 87% 72.3% 36%
BETH 404 204 404 404 254 255 254 254F 40%F | 40%F | 4s0% 404 404 304 304
GE1) E0Mild. STEWRT clorEROREM0s5. PR FReET. HR0BelliiE. Co2ZN%E. AR BOOBALAICHOMRMEE F oo SRAnh LD, IBEERERBIL TS, fAIE. ABE0BA2030
(2. AR IO RO ENELUE T U. 1. KB/ (IO PSR ACE (DB D RERRITE T T 35— A T AR/ (RIS L TRES A T A2 L o B U A iR e B L B E S,

GE2) 5703, IEATWorld Energy Outlook 2020 (WE02020) OAFHARIRSFUAQMEER. I¥rTd. cwmﬁﬁmbrcj:l(h ; —
oy Forbi (FH/kWh iR O ERE 24 (kR
(F/kwh) q BAZHBR ) T ‘ ST [FEea s [ e | o

= bl ,i&_ﬁ[‘u""ia;‘J+°'Tf7°°a e F | w=0a | m=0s | =10 R#l
30 T mo. --—-——--=
MiEE | i
. o = W -
1 1
o 0a L, Mo i U tammm |

. a2 r— 3

1.5 23 . i L H !
0 |48 S oo = = “ I “8 - |l
5 43 5.0 4.4 8.0 ' 1
= # B o B ==
=1 ING  RFH ail EL ¥E KRk KEx | kB FP?ki:l ’ﬂ -'"1'71'77\ nNAFIR AR ail N &48 [
kA XAh Xh BhH Bh _ (FER) (FE) R () 3¥rx 2Pz [ p———— !

3 LCOE 0REER (REa2X MRV —F L7 I N—7,2021)

HIZRY =% 7 7 —7"TiE, Z® LCOE il R & AiifE & L7c BT, IREIEEEHETEZ 7 5B
PrET & D LCOB*DFHINMA bz, FERIIM 4 IORTHEY ThD, ZZIRT LI, KHEE

(LNG KM fkAKF]) TiZ LCOE & LCOE* & OZEIIM/INTH H DIkt L, F3EH K Tl LCOE 11.2 [
/kWh 2%} L C LCOE* 19.9 [4/kWh, IE'EJ:EUTC“ 3 14.7 F/&Wh (ZxF LC 18.9 FH/kWh & Kig7s EH- & 72> T
WD, FRCREHO ERAPRKRENEB E LT, 22 THESNLTNS 2030 FFOT R /LF—I v 7 ATEBWN
T, WAL B KEBAEDRKEICEASHLIBEL RS TWH I ENET NS, ELFETFHEEL 117 M
/KWh (2% LT 14.5 [/kWh & ERZRLTEY , 2 Z O CIERF HoZR7mER 2 HE L T b,
AfefJE I (LFC) FE I B ABE L Tz LTk 5,
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5. 8HYIC

4% VRE @ LCOE NARIBIZIK T L, TRLF—I v 7 RAZBTDHZNLDO Y = T NEHIILRKTHZ &
DA EN DT, 1EKD LCOE DOV A 2 2 7o B PE DRI T = /L F—BOR DL RIZ & > THE/RHE
Th D, 2021 FEDIRE A MRIETY —F > 7/ L—7TiL LCOE*E L TEDORHMlinsikA bz, £< 0E
. FFZ VRE (22T, LCOEX AN TR | HAREDIZ >NEm < 8D, 20D, fFk
VRE @ LCOE B F LV & &Z< 2oL LThH, s (LIRHIKEZZE L ETaX My/hehdx
ANF—I v 7 A) IZHBWTIL VRE @ LCOEXIFEF N LV bm<, JRFNE—E0&EE 2 K72 LI5S e
PER Y, BEEFZEICEB W TIE, VRE KEEAFIZBI 2R 0&EIX, Evx vy a VEBEHEREN
(AR L. VRE O AEENC K5 HESHE Y A7 I LGS Z L3RS NLTN D, ZD7=%H, VRE HEN
m<&éikvmwnunmiiﬂb fin 5 CIRF FEIT LV RERRFIMMEZ > & &8s, AL
FHMEICZ LWERZIE LT=HE . R JBEO LCOE* S ER-T 2, [FRENEN AT LOLEMITK
=< E@M% £9 f;@ﬁﬁ#s@ﬁﬁh FLCOE*MER L, JRFIFIHOBRIIFICKREL RDEEZZHND,
HEAAMRIET —F 77N —T TR SN LCOEX IR #N TIRE SN AEZBAEOE EN R E
ENLEMTONTEY ., ORI FEEIZ O WIS B biEmORMNAH 5, TO%OBEFICIX, &
N AT ANTEXRHBEOLMELZBET 52 LI, M4 IREND5 KO LCOE*23 16 [1/kWh 55
FTETTHLEOMBELRINTEY, Ml FEBEEZMHLT 5 & & bic, FE S5 LCOE*D 52 il
THEOORRIZONVTIRET S 2 EARITEE LRI THAH, TFAX— - [ELBHIEE O < Dk
WAHEFBECRE S EELOOHLBUE, ThE oIl L, BWUR= RV X —BIREZ NIRRT D200
FiEmE BT 52 21X, ZOGHOMREICEZ ON-HERHEMTHL EER D,

BEHR
Y. Matsuo et al. (2019). A quantitative analysis of Japan's optimal power generation mix in 2050 and the role of CO2-free
hydrogen, Energy, 165, 1200-1219.
Y. Matsuo and R. Komiyama (2021). System LCOE of variable renewable energies: a case study of Japan’s decarbonized
power sector in 2050, Sust. Sci., 16, 449-461.
FEIAA MRREY —F > 77—, (2021). FEARBOR G BISIZH T 2 5E =2 A MRAEICRET 2 #is.

“Yuji MATSUO'

IRitsumeikan Asia Pacific Univ., 2Institute of Energy Economics, Japan (IEEJ)
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Proposal on Nuclear Use and Role to Global Environmental Issues
(4) h—ARr=a—FSLRBICATE-BIREAIT) A OEE
(4) Japan’s Renewable Energy Scenarios towards Carbon Neutrality
K M, W EE
V) AT FERT

de=
1.'=

56 IR R X —HARFHE O R EIZIBV T, 2050 FF TICHAEMRE=RLX— (LT, B=X) IZXd2
TOBEBNMFERFREN E VST i Em & R o7z, BREAORFIZL D L, ENEEEORK 2 fFOHFTL
RT VX VPFET D, B REAREZREGFT 2561, BRSO BANAEEE CERSI Iz, £
DOEAT S O E AR - BRI Z SO0 OZRUEEZBET L2 ENERL 0D,

2. REMEHRIFVAITONT

2050 REICmIT TRy U A& LT, #flERSS, EHIRIH 0BG 28T 720 B RIROBEAN 213025
[(ZRMEE STV A ZRET L[], ATV A ORI, TFEOHIRER & o x FHEE L O
ik E x . ORI B3 2 RO T = R SR FVE DB D R 4 52 1 IS S WHIIBI T JEAYITE A X
nNaHE Lz &, QLHFIAMEOCEEESED 2050 F£FE TOEILIZOWTREERIBYVZBE LI LiIgh b,
-L.KBARBEOBAIFIF

KIGEH T ERRERURG S (LT, PV), EERL PV, PV, ALRE PV O 4 D250 LA
Miz1T 72, ZOFER, ZREER STV HCB T L2EART Vv ¥ L 260GW & 7257,

Hh EFRER PV X, MEEREOBAEER L, BiE 5.0m/s Kiifi O LI TORRE, TEHE R H(FFA R )
IXRERSICHR T PV R E AT & AHE L7z, FHlliC i) 28 @A PV 13, & TOERERERD 100kW O F
BALPV Z%iE L, 2 COHAFERTTRERICEEA PV 28 AT 5 L L, (EEH PV I, EEKOWD
LA EBEIC, AR PV T - EDOEMBREE N 2 AT HRHEO S & THEE LI,
2.BNRBEODEALT ) X DOERE

SRR R R &2 BRI LR 24T o 72, T OREER, ZRMERY ) SICBIT 5 EART
T UE 88GW Lo Tz,

Fie R IR E C & D504 BUE 5.0m/s DL B OMERTHE - HRH - fEHE - SERE R (R AE R & | IRZERELSL
DM Z BRI A E O T L 7R FERE R 7.5m/s LLE) & Uz, FEERSIOEART v v L
X, 2019 A 4 AICHE T S e TR REERI L) DHET 2420 (B RS - MilE~DOX e L) ZH
Fx. MEEXIR) OXG B2 N MEHEZME L, S OICRBlOZEIIT 2SN/ hE L, M oliESE
FRWEMEE D ODZRINCT WV EBE SN DMHEO 2 E 55 & L,

RE -]

KI) - B - NA A ZADOBEAERDN, 2015 FIRINTRP =R —FHRELERRELT L, %
HUEEGE TV FOFZRART ¥ ¥ /WEH 380G W ([AK) 630TWh) & 725 Z LRI LT o7, 7272 L,
ZOBTIRRT o ViREE L LI LIEEAY T U A TH DO RENE REHIRNSEE BB L TV,
FD0, FEBRAREESOWDTIFBRFNSHETH 5,

BEXH

[ AERT VX —HESEABER SRS (F34EEE) Txy FEuEBICHTZENIRE - KB

HEEXNGE LI REEA T Y A O/KRGEH &R 3-4.

“Yu Nagai'! and Kenji Asano'

!Central Research Institute of Electric Power Industry
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Proposal on Nuclear Use and Role to Global Environmental Issues

6) THERRARICEETHIRFN] - BIREDHFEL SDGs~DEM -

(5) Nuclear Technogies contributing to Sustainable Development Society
- Coexistence with Renewable Energy and Contribution to SDGs -
“EEr RHER !
'JEMHI NSTov=7Y 7

RAEABBIC KR T 2 72 DI 2RI — R v =2 — N 7 /W(CNIT [T 72 iR A3 ke S Ty
Do Flo, R DFHHNICIER LALLEICEDRED LAAREL R DR 28 < odis, [FiH# SDG s
2T TS, Z0O CNRHEROFHEREIC, R IHEMEIRE < FETLHDTH D,

F—U—R:h—Rr=a2—F 7 SDGs. FFhEHFrx0bfE AMBIGHR
1) Bz oHE

KIS D F 2%, CN tE20EBICHT, KEIEASND HHTHDH, LLRRS,
B RIARICELASINDOARLERBR CTH Y, REGARHIL, TFEICY v F LA TE T, B8
MTEBZEOMENBEDY . ZDy h—F/aA bE LTERWbDIZR D,

JRA I, BRI RN 201, BRFTEOBLE L 0 . BURIZEN TlE_—2 v — RNi#Efis & 3206 L T
Do R 0E, BREHRITEE TR 2 (L S5 T THAZBERFRETH Y | AKARTBIEEE
A THRY ., JBFHEHTROMEET, CO2 ZHEH LAWTE- 2 BIROEENFRE S 25,

ERNOER T 7 > b TlE, RIEEERIC, £10% AT v PIRAWELL £5%/5y 7 v T IRARTE (L7 L
ZERL, JFFE Y v 7EEPICHHSTRE/R Z L 2GR L T\, £72, RABEM & LT, BmEIC,
100%50% D HAfHBHGEEE (2863 17%/KF) <° AFC/GF i#is (Z81LiF 3%) OB bH Y | £
7o 2L 50%/05 D H ARIBIEEIR N ATRE/R 2 & bEkGHER A ST 5,

7T VAT, B SIS EIRAERLL D T0%FRE % 5, ARGBIGELEALATH Y | 250 PWR 7
7 v M TRHENZRAMBIGELS FEf S TWD, X 1IZZ20FZ 7R3 72, EU 2K TR ELR
DML Z & T, TFEOMBENEFZT T2, BRICHNZ ST 2 L9 RAfnBIERc S Eii L Tk
D (1), B FIORFRMNZFEFEL TWD EBN R D,

ERNORER 77 > b Th, BUk, A RKIEOARHBIERIGIZATRE Thd 523, ARTENEH Fl R O
&% 9 FIRE O BEhE a0 AmEE S XOBBFICE Y | S OICEWARTBIEEES) (T A kJik)
ZHOZENARETH D, ZOZET, BRI FOWETTERNZ LITARWR, 5% OBERE1
NT 7 OFEMEEZDLE, FROREENIIHIET XL, RHICAMGBERE I Z @O -8k~ 7
VNOBERNLEEND, £z, FER L OMAF CAMBIGEIE A T 556 1%, IR IEER) AR
EIRIZHIN A 52 5D X O ICE NG ORGFHIEV IATL Z EBVETH D,

2) CNICEL TR FHORERN A

EEE, FHAEEZ TEMBHEEITHOFITH LM, FHhE—E0EE, FEICHObEEXH &
BIRV 2T 5 HELH Y | BVibs FEOKF RS KRS IS H T 2 Mt b A RS S 4
TWb, ZOXEIZ, FFNIEEEL L TORMET TR, BEELMLUSTO CN EHRIZ HETOH
MChHy ., PFERUIHRICFEESN TN Z L 2R 5,
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F iz, EAHOLeMR B B E HARENE OB LSS AR < O S MR OG5k S
NTW3b, SMREFBZREMBEDOETIENA TV v R e =R 7 ) —FEAT L, K- PHIFE
TR EE 2 [E O HI A~ DA X AR T oI ARER E L RFTESnTnd

3) SDGs ~D & ik

JRF EIRIE, =R — SRR B RIS T 2RO A7 53, ERC LESCRES AL 7
DIIZEHBRL T D, ZHUC BB 5, 2020 DR S SUBM O T > i — FF%Ti TS RR I kE
THA A=V L LTI, BERRA A= D TfERR] 70.8% - [1°%2) 45.8% &, HEMRA A—T D 1%
2372 19.0% + [WFE] 9.9%% K& < ERl> T A RICH D, Fi-, E%ﬁ% SOFAICBELTH,
[BNREFE L) 8.4% - TTRAIZBEIL] 48.0% & [IH1- 713N 2.2%., THERF] 8.0%IZH~, 2V DO MELR
Thb,

Frt rTRE e AR 2 BB 572012, 20156 4 9 ADEED I v MIBWT, L ERICENREL LD
%ﬁﬂ%&ﬁﬁ@%ﬁ@t IZE LT, 1 7TORERET O, B TliE, 2 < OFRCMEEEN

O AEZFERT 272012, SDG s ([ZHIT 7B 2 3206 L TRV | FHREE S kwf%ﬁ@lh%ﬂ
r<mﬁénéiﬁuﬁofwéo

JE AT O 1o T, K2R d L o1c, 17 OB LT, 12 HBICKE S HIRL T
W5, xS BRI BV T R 1A SDG s ICKRELS HEIRL TWD Z 2L HE L
Tz ey, —oOFELEEZ D,
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X1 77 v20ARBHGEEEDOH (IAEA 2021 [ Nuclear Energy for a Net Zero World | & b #&#)

B B&1 &Em
BE2 (i) TECEFENESMENORENR. EROFIEE
H 8&2 {E‘;E} i, PABE. MEHEEER (PET. B2 575 #1
M eEs &
f 8&s (%)
El 886 (& - &%) 3k, HESKER
BE7 () Tl EBETESEErE R TFILF—DiEE
Fl BEs (EERELER) EEME (EEaENI. SSTFI4STEEEELIA) 255, Bh&E3ER
B 889 (1 /R"—23Y) LTUIY MA L ISEE,. BilfESR
B BE10 (FEH)
BE11l (SREnletiialfth) SritimhitacER (EReE. FENIR . x5 — " EEREREHESR)
[ BE12 (FEoailE L £6k) A EENY. HFEEDEH
BE13 (SEEH) CoAlRIC L SBELRNE, FEERMLE
BE14 (E3ER) BEf0REEEES, EFrER0oY—FICES
BE1s (B HER) FH0E5eE B b Ao
BEi6 (FIENRIE)
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K2 BEFHEHRD SDG s ~DEER

* Yasuo Komano

10B of MHI NS Engineering Co.,Ltd.

2022 FRBKREFNER -3D_PLO5-



Atomic Energy Society of Japan 2022 Annual Meeting

(Fri. Mar 18, 2022 1:00 PM - 2:30 PM Room D)
[3D_PLO6] General Discussion : Nuclear Role and Issues towards

2050 Carbon Neutral
Kei Shimogori®, Yuji Matsuo?, Yu Nagais, Yasuo Komano?, Chair: Ryoichi Komiyama® (1. IEEJ, 2. APU, 3.
CRIEPI, 4. MHI NSE (retirement), 5. UTokyo)
—HFFF108(C2050F N—RY Z1— FSILERBOBFAAHNRE TN, CNEBIXTERE UL TRFNDOER L
SERCDOERIEI DY Y a VeERmET D, HRDIRFIFEMNuUclear for ClimateBE(CHREIZBR L 220154
([CEXE O MIKRBRAENICIRET - fEARIE] TlE. 2020FFKEOERE(CMZ. SK. S (ZEM) +3E (i
KB, IXLF—tEFaUrr. &FE) +R(LIVIVRX) ONSYREHE LIV —BIGBEDND
BRFE(CDVWTRET B, TvIYavTlE RIZHLEI-EIEFYIR-IXDBRHNS., BB - B
FRBYCFEZRTLU. RFODELSMEDOEIRICOETERI Do
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[3D09-13] Experimental Analysis Method Development
Chair: Shunsuke Sato (CRIEPI)
Fri. Mar 18, 2022 2:45 PM - 4:15 PM Room D

[3D09] Application of Dynamic Mode Decomposition to Area Ratio Method
*Fuga Nishioka', Tomohiro Endo’, Akio Yamamoto', Masao Yamanaka?, Cheol Ho Pyeon? (1.
Nagoya University, 2. Institute for Integrated Radiation and Nuclear Science, Kyoto
University)
2:45PM - 3:00 PM

[3D10] Reactivity estimation of UTR-KINKI subcritical cores
*Yuichi Yamane', Shohei Araki’, Atsushi Sakon® (1. Japan Atomic Energy Agency, 2. Kindai
Univ.)
3:00 PM - 3:15 PM

[3D11] Core power distribution re-construction method based on the ex-core
detector with power correlation between fuel regions
*Rei Kimura', Tadafumi Sano?, Yuki Nakai', Atsushi Sakon?, Satoshi Wada', Kunihiro Nakajima®,
Takashi Kanda?, Masaki Goto?, Yoshiyuki Takahashi®, Cheol Ho Pyeon® (1. Toshiba ESS, 2.
Kindai Univ., 3. Kyoto Univ.)
3:15PM - 3:30 PM

[3D12] Analysis of critical experiments of TCA cores composed of low enriched
UO, fuel rods and water holes
*Toru Yamamoto
3:30 PM - 3:45 PM

[3D13] Optimization of MOX fuel assembly based on genetic algorithm for
discussion on plutonium consumption
*Yuma Yamamoto', Takanori Kitada', Satoshi Takeda', Taichi Takeishi' (1. Osaka Univ.)
3:45 PM - 4:00 PM
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Application of Dynamic Mode Decomposition to Area Ratio Method
UG AR Y, R e, AR FEIRY, LR IERA L R g
V4 i BRSO R SAE & - A B S EET
FATARSEIC L0, BT — R4 fi(DMD)% Simmons-King 7% & Rossi-a 2% L ClE A+ 2 2 & T, EAT—
R Ry 0 BN S h it 7080 8 a % BRI HEE W RE Cdo 5 2 & R ST D, ABFJE Tik, DMD D7 %
WA RFT 5720, mAEkEIC LCDMD 2T 2 2 & 2T,
F—0—F: REBRENE, @HELE BNE—F28E, SLRPHETFE EFXE—FES
1. f8F : WAELEL 1T, 7L A M- (PNS)E R E #5 R I6 1F 2 O BNFE Hrtk 7 I8l 73 DR G148 (EP8 Hh vE1-
B Ay T FEA,) & @B S T 1T & 2 TEH sy DREH B FE T LT Ay i AAg) D LA, /A2 RD D 2 LT B
JVEAL D REFSE 2 HEE T 2 FIETH D, 1272 LIERIEGMTE) D LA | REFRPES 2 21250 @mkE— R
Ry DR RE 720 0 Ay /AGERER OB S BIKAFE AR V&0 BEDR D 72, 2 OfEZ F
T 2720, RBFFETIE DMD & W2 B EZ BT 0B R LT, ARETIT. MK FERE G IR ERR
HE B (KUCANZ BT D PNSIEFEBRFE FICk L TIRETEZEH LR 28575,
2. BEFE  mEOKRHEGEE AT, PNSIEDO AR Z FRIIEAtfFICn AT » THIE L2 & § %, PNS
ERE R R Z2mATn S OFTHIXIZHEBE L, @ Wy 2t T 572 O 2REA T v 7ICHE- T 1 & RDDEFES
HLXIZEMNT 2, XD 15 H~— DI A ETOT—ZF% B0 L7AT81% X e 251 H~n81HZE0 H
L7cATH 2 Xy L TEF T D, DMD Tld, AXypoq = Xop &R DRFHIFERITHIAZ | Xy g DEELLHATH Z A
THEET D, AZEAENFETHZ & T, T — FORAMEA L BEANY M@ 255, BEAMLIF, =
—In(1)/AtE V) % F— FOBERKw, [T E#TX %, DMD TIRHIET— % %2t) = Xnt1C,pevt L R T
% (Ci: iR T — FRIURE), EIRE— RS ZWET D720 EWESITHET 5 1% BE— FC, ¢ et (w, =

20.0

O, AT FRAISHIETS 2 FHT— FOfeonamil, 5" Tan |
2D = Cobye + OB, LT 50 xODF | EC,Gr0t L 55 2IHC, G % wo| | B T riws ﬂIH
RZN0 S ¢ <7 (0 PNS T BRI CHIEANT 5 2 & Ca, Ay zdh Susp " I£?I;§EH
5L WA, /A R 2 LT KRR A T 5, 2. £ L sEE Ixii,zii SR
LB LT Y TR LR O SRS b R L, lLisiiiiiesszzziEEii:
3.8 AR RTOMEE - R L2 A LIZDIRIEO KUCA-ARB T »pmersrrssmemssememsmexs

PNS{EIZ X 2 REGFRENEFEREIT >/, Gt 108 otz A,
PNS #T LiA A% O HEFEHESL 1,000 BEBEIE Lz, v~ AF 2 ZEEH
(PNS #T HiA Zr B O W E i F 2 o3 2R ) &2 2k S8 T, fekik L
DMD (2 £ Y mAE L 2 #EE L7, PERIEIC L 2 mfEl (X ik, ~AF 7
R Iz L CEA 2 b L, R ESHEICHEE R R R E S B o, —H,
DMD (2 K % m A (4 2)i . il A iE - SRS ERIER R DR L
TeRBRRE &~ A %0 7RI S T HEHRR 22O RPN TR —B L 7=,
S H|Z, DMD Tl B ORI EN /N IR DRERZ RS LT, &
B OB HIBRER ST SR LY —BICHL 2 LR TE U LEORK
FHZ XV, DMD % H U 7= ififil ek o G 2 e T & 7=,
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*Fuga Nishioka', Tomohiro Endo’, Akio Yamamoto', M asao Yamanaka®, Cheol Ho Pyeon2

'Nagoya University, *Institute for Integrated Radiation and Nuclear Science, Kyoto University
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UTR-KINKI REZ 55710 0 5 i B 34
—EFHMRKEBOH HEB)IZED (FiE—
Reactivity estimation of UTR-KINKI subcritical cores
— Estimation based on power profile in quasi-steady state —
AR B!, AR R, T gk
ALy S W N

SIS FE AT 5 D Bl D 7= 8 . UTR-KINKI % VT AN #7022 R ERFUA O 2 SRR L. BEfF O FiE K
OB \CBHSE L7z FiE A @M U CROSEE Z 31l U 7o, ZUSFREE O RER SR OISk LT, HERRADIRB OO M ) %)
WZFEDW TR U 72 OGS FE 1L Feynman-a 3552 source jerk 4 & [RIFRFE O FEAMRE 2~ L7,

F—D—F : REEF, BOSEERHME, UEFFADIRAE, H77%68), UTR-KINKI

ﬁ—ﬂi‘)D‘TF // FEFIR
1L #E EHORETORRBICESOT FAosE ‘i cif/l
BRI 5 FEE BT LTV AU, ZOFEORMIT, TRALHT §80 -°-I
ENEE LW LOME (BRI ICOWTRBTE  © 60 A |®
SRS T L T b, BEEDTEDORRT— S IEEAY  § ik
ROORMETH T, ﬁ .

UTR-KINKI O OAERIKRIC BT, Pu-Be TEFEE . e
ANWT Y =25 EREHEDSLMT, He-3 BHERIC L 0 PiEF3F 0 50 100 150 200 250
BREZTR LT, ZOF—ZICHBETOFELEHN U TR RERA(s)

A L. MVP = — FIZ L2 MRHTHE K OBEAE O TS L 53T 1 k- RHECER & R A

iR S B LT, — DR, B REORIR S S OU RIS T & ST 5,
2 RBRUBME 2 THO3 S HE (V— 2D —2) ROFA (4 F) &0, {1 0L 512 00ls
O T TR TR L. BRI A TN U CROSIE % FEA L7, HoBEO -0 Feynman-a 34 2 M35 7 —
SRR L, 1 IR E 5 ISl LT 2 500 Tk & R DR RAE b, b 77 T
THEDROVIER (T 2,8) BHTW N

B8, FHECEOMIA L & blsiE s K1 R IR

bRE S IRBTD, BUED TR TIY | FE7 7 jeatenes ST N(s!f (%de/yk:mn_<:> <%dij:>meje;;> %(j)jf o
LD ARSIl B R D, 1 cs 28 [5lEtkE
M FREEESREORER 5] | 0 | | 2| M s
WA LCBEAE O ik L AR D — g0 — -
FREG 2D ENREINT, A% S 3 100 20 | -13 | o0 | -1 1; j;ﬁg
BICROVAREER TCORGEZRAD & 8 58 31 [ET
Lhiz, FHLEEE TRT S ] ] 0 e | s | a0 | a1 el
T, KVRHlRE DR E2X 5, NS (7 : PO RoE S 6 En & O iRk

SE X

[1] Y.Yamane, 57(8)JNST, pp.926-931(2020).

*Yuichi Yamane', Shouhei Araki! and Atsushi Sakon? ARFEF1T TAFN 2 4T 8 RS2 7 A F L R RF
1Japan Atomic Energy Agency, Kindai University. el | CEL TR A ST,
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(5) : KUCA ZHA W -[RERREE
Core power distribution re-construction method based on the ex-core detector with power correlation
between fuel regions
(5): Principal verification at KUCA
R ALY, ey BER, hJE BE, i #ckd, FnE MREE T, huBEIEL 2, AR 2
RIEIERS ®, &l ®, P
'HE TR R — U AT A AR
R
Pt

IINRIE Y 2T —JF (SMR) 0~ A 7 0 )7 7 X —OFHNNE ORREEMRGEE LT, ZivE TR
1B &2 B0 AT AN GHEE LS K 2 000 A Bk B A 4242 L, fifATIC K A FGiEds &2 OV UTR-KINKI
O T BMREZ D T & 72, —J5 T UTR-KINKI % W72 BLRT OB & T ittm*ﬁféa@f?ﬁ%ﬁ%\

DIZKWEWIIER D -T2, & 2 TR TITH IO R 2 MR T 572912 KUCA %= =
B A i L 7=, AR, HAMBEE R Ahb Z & Tl X Dot oz &ﬁk%kiﬁ ZFEL
T&/=— ﬁ HFERE 2 W 7 1k%<£&émﬁ“ﬁﬂﬁ%méné k@ﬂﬂo%
F—7—F : {FSEHE, REES, SMR, /MR, UTR-KINKI
1. 8E

IEER E L Co/MURFIRICE T DEEEHED 2 2 MK
B e AT A EAE B L TR EZ VAL
W10 A HEE FIEDOBIR ZIT > T\ D, ZiVE TITHENT
TO/RFEE LY UTR-KINKI % AV aF 325 4 26 L,
FERTIEIC L0 HI10 A B R AN AIRE T o 5 F DR X
TWAHNA —J5 T UTR-KINKI % FHU 7= Bl el 58 o0 44
TIEHAHEBEZ RN S0 N W HEN Do T2. F 2

ZT - x ¢ -~ I O MmO O @ >

"GZ'KH Tiﬁﬁ*ﬁfﬁ@xﬁ%%ﬁﬁ \ﬂ—é% \_KUCA& T%it 1 2 3 4 5 6 7 8 9 10 11 12 13
5% %%ﬁ@ L 77:_. : Fuel element D : Polyethylene reflector E : DETECTOR
2. KUCA [z ;s I+ 6%{&%14: : Partial fuel element (C) : Control rod

LIZABR AR 2R3 3BT C1,C2,C3 HilftR O iz fi G'aph'fif'“}gbé% ey ; e

%%%éﬁfﬁﬁﬁﬁ@%ﬁ%ﬁot X 2 Tl eglHik

REAY 1200.00mm D Z FU 5 il EI#E ob\f Cl=25]k,
cz 685.03mm, C3=251# & L, BEFUIREIZE1T 5 D1~D8 @
Kt @ﬁ?/%#%ﬁﬁAﬁ%%ELt

3. HANHmHEERR

B 21Z(a)MVP (2L 5 H o Ast A, (b))% %R 5
oI P ERWEY S 2L — g Tk D
EME, () EBRMICIRETIEZE A LB o#E i, B8 IO
(DHIFHEEEE L OSAOHEEMZ R, KEENS H
TR E W WEEITE FIC® g e e — 7 B L T
BDIENTMB.
4. FER

KUCA % W=k L 0 OB 2B EoF#CH )
A HEEMEIC MR 22 D F 2 RBRIICHER L. 4k
IR FIEOwE R 70 £ %25 Dl 7e it 2 T <.

(a) Monte Carlo (b) PHOEBE-MVP

(c) PHOEBE Meas d) w/o correlatlon
SHEXM 2 : BERAE R GRS H 710 Nominal 7> 5 D 747)
[1] Kimura R,et al., Nucl. Sci. Eng. 2020; 195(12), pp1279-1290, [2] Ak, , BARF 1 F1%5 2021 F£HOKE 2109

“Rei Kimura', Tadafumi Sano?, Yuki Nakai', Atsushi Sakon?, Satoshi Wada'!, Kunihiro Nakajima?, Takashi Kanda?, Masaki Goto?,
Yoshiyuki Takahashi?, and Cheol Ho Pyeon?
Toshiba Energy Systems & Solutions Corporation, 2Kindai University, *Kyoto University
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BREDS VBB L VA —2R—ILh 5745 TCA FFILER R EER O 4T
Analysis of critical experiments of TCA cores composed of low enriched UO; fuel rods and water holes

* LAY

TCA IZBWTIHEHM SNTARRNE T 7 VREHEN G 22 DR L O R D 7 4 — & R — VHE 28 % T B Sl %
MVP3 & JENDL-4.0 I[Z X VT L7z, ZOFER, U4 —ZR—E8EME | AU X DEEFKAL OB
£ 9 FERNPPETF SRR ke DIDBEE A DT, T OBAZRIET 5 120I0kE, B, 7T VRO
W RS DS IE DS 24T - 72,

F—7—F : TCAERRB, KR 7. U4+ —% 4k —/L, MVP3, JENDL-4.0, E#)HtE s, K

F#. S(a,B)

1. IZCHIT TCAICTBWTHENE SN/ < OBAKBIRER AR OHIZ, FOLDOFRRD Y 4 — X K—/LD
AL Z TR ZRE LRy H 5, VZ0lliad MVP3 & JENDL-4.0 ICK VT L, 7 —4% 7
AT 7V —OREHEEREF LT,

2. TCAEGRFEBR 2.6wt%V 7 VREMEIZ L 5 19x 19 TR LOF RO 7+ —F K —L %, 00D 21 K
(228 2 CRESOKRAL 2 JE L 7o illR VAT L7z, £ LIS BRNE 2R 7,

3. R MVP3 OfffriL, 5L TCA DL 7 ONMAL @St 7 U — kb
WREN TS 7 ETEREET VL L, BT 4 T e A N Y ORI Lo, MFTRERIZ. £ 1IOR
TR, U —F R EEINE | U K DEEFKAL O D ket DMERI DA B2, T OH[H
RRIT B 70, KOKED S(a, BT 2 T free-gas-model Wrikifl & 3 2 FHE., K3, BeFE, 25U, 28U

OF:)i Ry ‘ ;
N %1 BERRBONE L MVP3 (JENDL-4.0 754 75 U —) OIHEssE

H eI
D HBE & Number | Critic Core Calculated Calculated kes Akerrfor the Estimated kesr
MVP3 2 kY of water al tempe kerrwith with free-gas- atomic number with the atomic
holes of | water | rature | JENDL-4.0 model cross- density of number density of
Fehti LT, R . . Y Y
the core level (o) section for hydrogen hydrogen
D—EER 1 (cm) hydrogen increased by 5% decreased by
. 1.8%
ELH—\‘TO 0 60.60 15.9 1.00018 1.00945 0.01250 0.99568
4. ﬁ%ﬁ 7k§% 1 60.43 15.9 1.00012 - 0.01249 0.99562
DEFEE 1.8% 3 61.00 16.0 1.00004 - 0.01173 0.99582
e - 4 60.80 16.2 0.99981 - 0.01151 0.99567
5 62.65 16.1 0.99991 - 0.01114 0.99591
(2R Y ett DI 8 65.00 | 162 | 0.99966 . 0.01044 0.99590
A ] S R T 9 70.00 | 16.2 0.99943 - 0.01065 0.99560
- 13 78.03 16.3 0.99904 1.01687 0.00861 0.99594
L7z, ZHud,
20 103.03 16.6 0.99864 - 0.00721 0.99604
EP (S h EE T H 21 140.64 16.5 0.99806 1.02387 0.00654 0.99571

BT BHKE
DOEWHEEZE 1.8%D &85 Z L1t L, KDOKED S(a,8)% 0.01 2>5 0.1eV UL THD &H 2 MLEER
HDHEETELTVD,

SEXH 1) CaoX, Suzaki T, Kugo T, et al. Effects of volume fraction and non-uniform arrangement of water moderator on reactivity.
Tokai-mura (Japan): Japan Atomic Energy Research Institute; 2003. (JAERI-Tech 2003-069).

*Toru YAMAMOTO
Former affiliation: Regulatory Standard and Research Department, Secretariat of Nuclear Regulation Authority (S/NRA/R), Tokyo,
Japan.
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PuHEEICEB LI-EGEMTILTY XALICE T MOX BREESAEOEREL
Optimization of MOX fuel assembly based on genetic algorithm for discussion on plutonium consumption
A HEY dem ZFE#M, ME B, e KR!

NP S
MOX REHEGIRIZIT D Pu IHE B IEE SN ORRENE BRI CIRAE T D, ABFIETIE, Pu B EIZEHR L,

PREIE RO SCHR A TR ST A —4 L LT, a7 /0= Y X ACHSE MOX MEHES RO Rl k& et LT,
F—T—F : MOX REHEGR, Pulli®, BISH7 LT Y XA
1. #E

A AL L OB HARFIOS3E Pu 2 RF2 720 &\ 5 JFHITC Pu MBI ZHEE L C & 72, —J5 T, FAk 30
EEERORERCHARREA DO/ PulL 457t £72oCTHRY | PuilBREZIINSES 2 LA SILD, TDTH, AT
JETIE, MOX ABHEGIRICISIT % PuiHE B IAE B L, B E U BELESCH 2 L S5 2 & T Pu i B A SO
HINTE 202623 51,
2. BtEAE

Scale6.2.3 @ Polaris % VT, BAKIFEAMASRORERIHE 21T o7z, MOX BREMES M 17X17 L LTW5, #
L EBKIFIZIRT D MOX REMESIRIZ Y 7 VIREHMES IRICHET 2 2 L 2B 5720, MOX REHEAROIMANC
2500 T ARENE A RLE L, 21 X21 DER TBER R 2T o7, £/o. BIZ7 AT Y L2 HNT, @EfE, f
EALEE, AREALED 3 FHDIRELE V15| PuidBEEZ RS D & O (OB e BB 2 foifk LTz, 8RR 1=
U XA THWDRHBBIEI L, MOX BRI > DA B — 2 703 1 2P B 2 12BN KI5 L 9 i L=,
3. R

BT LT AN L > TRLNEH I B —F 7 L Pu B EOHERE AKX 112, BT /13 Y XAIZE > TR
LIz Pu iEEEA BRIET DB E VB A 2 (7T, Rk Sz MOX BREES RO B —F 713 1.185
THY ., BTV 12 2 FRlo7z, £, 77 UEREDS MOX BT 2B E I L o i e —F
T DOWEREMA DT, 7T AREHNZBEET 5 MOX JREHE AMEEALE L 7o~ T2, Foifbiz K> TR B HRCENT
PN D MOX MBEE AR DORE MR L 72D Z L Wb o Tz,
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1 HhEe—F 7 kO Pu BB EOH 2 il S ALY UL E
4. HEiR

YR 7 LAY XL Pu iR EZ RN T 2 B VBB, 7 T RN BT DR e 3 E RS LMK
EACEDOBREL L 7o Tz, ARITELEHMAZRE LT, & 5725 PuilBEEDOHIINAZIRGT 5,
BE
[1] W HhZEES THEPAEOT L = AEBRN
[2] “Benchmark problem Suite for Reactor Physics of LWR Next Generation Fuels”

“Yuma Yamamaoto', Takanori Kitada', Satoshi Takeda' and Taichi Takeishi!

10saka Univ.
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(1) REKRFHASRTLOHEID-ODHEILHR
Study on nuclear utilization scenario towards the second half of the 21st century

(1) Study on integration of nuclear fuel cycle for the establishment of advanced nuclear energy system
IR BT e R, PR GEW] 2, B 2 ARATERR 2
RO TR 0 ) —R = 3V X —HEJERT, 2 B AR T JIhF e B SE bt

2050 EDH —R = 2 — h T VIS TR 22 R DRI 2 #HEE T 212013, R I EFE LR T 2
K7 v ZDOEHBN O E R ER & BRI O AR LB TH D, £ 2 THE bIXSAERIEF
TRV TV T Z5HT 5 72 DI EI A 7 L3 2 2 L —# (Nuclear Material Balance Code, NMB4.0)
R L, AWML EEORTF IR TV AL DRF I AT LOEEFT 21T > T&E e, T O T
AHFFEDOE R, ARYE ZHE TOMIRRBIC OV TRET D,

F—T—F : BB A 270, N\B a— R, JRFREST U A, BUMERETEY. gLy,

1. BBREYLI IO S aL—2HRDB/M

2050 FF 1 —ARr==2— 7/ (CN) #EE2EHHOT-DIZ, 2030 4FF TIZ CO, FtH & 46%HITH, 2050 4E125
B CO =Y il 2 A BFLVIEREN TS, BREDO T R —MiRIRiIn A2 THD &, 2019 F
T19 = 7H T (19x108)) LWV IH REOZ R L F—BHEBE SN TWER, Ba b —Rr = F—3ED 15%
IR, RY 85I A= R A X —Th 5, 2050 /£ CN ZRIZIE 85% DIk r ¥ —%2 B h—R o=
FNX—AERNVETH D, ARV —OENERLEZED T 2050 F£FE TICHZRE 5% (BEH
TR 15%, BEHEZF40%) EWVOEWA—RALEZELEZELTH, TRV —REITRT ST, Bt
WORENE, BEIA DK, COy BEH D72 WR T IR EOFRHMIRIITI AR TH D, MEEKIZIZHER
ST 6 IR /L X —FARGHE TlE 2030 FOEFRMEK & L TR OEIGITH 5 ke 5 L [FKAED 20
~22% & Zh, ZOREEIG OZERIZHT T R FBEROHESE ] OMEER BT b Tns,

A X —ORIRIH 25 2 572 B, BIREH A 7 VEEROBERHIE 2 £ Th 7w, BEBREH
AT NVDEANZL>TY 7 OFRAEOM b, & V-V EFEEY O . A5G mAE ORI, &
LU B T BERE O EREIKN G X B (T v AL —H A 7 VT H_T, #HBRE O FRLER 35
SOV TEBEIEDOMRIE 2 1/4~1/7 IZHAFETE, AEFEZ KIBERBTX5), §F 6 IRREIZBWTH AR
A 7MKL T A% ORTNREFTOBEBRELEZORE L, AR E X 2RO T 5 B0 FE %
BrORABSE LBEHICEBRL TS ZEnG, 29 LEEEEZRAMICEHR L., & L UL EREIEY O
Mb - AEEERE., BROAFHOBLEASa A M, BRBBEEROERELEE LD, RULOERIZIET
THRIE P ZRMRIE 2 B = N O xts 2D 5, | EOFHNBRENTEY | BREIY A 20D 75 KT
AV OFBRFNIAHBMLBIL 2D b0 bbb,

) LIeE R alE 2 TR TERT & BRI S 1T 3E R TR A 7 VA2 fiffr C&E 5 v
R L—HXOBRICET L, BEND 22 R E TICBE SN D L8 A X b R DREFTOERE
8 &R, ST PTEAE TG 0% T LiEls, 5 2 BABE TGO/ - Els, HHAFREIORAE & ITRR.,
U0, X° MOX 72 E O EIAEL O BV R THEBEIE Oy ADS OB EsiE OB A @A -
N~OBATIRE) PWREEINDIHFHEEE LoD, 7o b Kby 72 RETORFE TNV AT
MIBTHMBEOHRNNEHETE 28R A 713 I 21— 52— F NMB4.0 (Nuclear Material
Balance Analysis Code ver.4.0) Z B L7=, ZOHFE a— R&-> CEHEOFE AR F VU A2 FESWTH:
PREFY A 7 VEIROME O E EEFMT 52 & T, 5 6 IReRETRO LN TWD ERTHER Ok
B TN TTI-WEEZ TV,

2. BEHEY A ONL I aL—2ORFHIMALFVAHRR~DER

A RIOWFFEHFE TIX, NMB4.0 DBAF O & HHHE o — FORERFT L. BAKFRM O Pu R &2 /&BHIC
TN — L THAT DR MOX REIO LB, L5y, MA BEBICEET LU RO 3 SDOMHEE1T
D NMB4.0 : MAWIRBRES A 7 vy 2 2 b—v a3 a— ROB% & AR

@  BRIKIF MOX I AE I B R AT D 4 T AEBIR DO UL B 2 etk

® A BRI S D MA Zxt B & LT EW T F

D ORFFED B R NBOR O FAEE~OBPIZIREI N A 7 Vv I a b—rva VORMEERES,

“Kenji Takeshita', Masahiko Nakase', Kenji Nishihara?, Hitoshi Makino?, Tatsuro Matsumura?
Tokyo Tech., 2JAEA.
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(2) NMB4.0:E S RBREN A 70y 2 b—Y g va— ROBER L AH
Study on nuclear utilization scenario towards the second half of the 21st century

(2) NMB4.0: Development and Release of Integrated Nuclear Fuel Cycle Simulator
from front- to back-end processes
AR kndR !, VO fEW] 2, UEF BOR?, JOR A HhHE EEZ, TR R
HORLERY Beh—Rr= )b —F580T, 2 B AR W E B st

BB A 7 v 7 ay by Kb Ay 7 20 RETO YT U A EHAERIND, TN 5720
HEEHE 22— F NMB4.0 (Nuclear Material Balance analysis code version 4.0) 7% B Tk & Jil- SRR 73 M [ BH % -
NP U7z, AHRE TlE NMB4.0 OBEREDRFECFHAEMERE, = — FORBICE T 2 H®m AT 2,
F—U— R :NMB 22— K, BBEA 7V ab—var, BREEGHE, BB A 7 v offiait
1. & IEROIFETFIFIM ST Y A OGN, BRI A 7 vicBil 27 my by B R IREER, A
v 7T REZEIICON T 20ERS D, ., ZNETEANATHB SN TEZ#EHREa— NI, 7
By by ROTTFTVAGHIEHE L TR Y, T afaEe Ny 7 2 FO VT ) FRFRES LTV, £ 2
T, WLKEFEFAETILFEC, BRI A 7 v 7y b2y Rinb ARy 72y RETO YT 4 %H
EID. FHRITHENT T 5 720 OFFHH = — K NMB4.0 2 Bi% L, 2022 4 3 AIZABT 5[1-3],

2. NMB4.0 NMB4.0 O E %X 1 (2777, NMB4.0

RFFER AL/ E ]

WE3EVa— b (Zry by R, JRIFER, Ny . G » HMMH
Iy R) THRENTWS, HAREOHLE, 5 H]ﬂ ﬂm i
TR
RELEE ORI A 7 L BT 5~ 5 2 D% e
O‘ e
EANTITHZ LT, RE A 7 MITER DRk % 72 “ Ag[C
MEERAFENTT 5 2 LN TE D, NMB4.0 X, RO [mm [mﬂ] ||” B Ll 0 .
B
BT = — FIZH AR CBUF 0 2 S ORI BN TV 5, PuslGels s ke .
D 179 BREOFEIC LD, Sy sz FEah LY " - ‘. @
FRRIRIZIRBI A 7 VDT U AT 3 T B adafy m ann -t
HIEBLT =l
B 7R R A B T e
@ mE 2B R TE OEM % F24E[4] % 1. NMBA.0 oo
= Meak -
3. BtEMERE %1hNMmo&0mmmmm§m4 S 1. NMBAO & 5 AR L
(723%@%) %—f};ﬁb\f\ Ny g K- jf‘%fﬁ‘[’ﬁ ngﬁﬁ#ﬁﬁ% NMB4.0 Ziﬁﬁﬁ’qi %5@\:*
L7=BRORE R A 779, So:1X NUMO AR L 7= ad% e Rl b
1.232 1.234 -0.220%
HOEAR S ESOR S Ay — 2 & vz, = AHM
. [ b RS 2
DR NMBAO OFSLIEBIAA KIS L, ORIGEN TR s | 2301 | 0210%
L S L =AY ek i Y 7H - ISR ENE
& COMSOL % W3R L RIS DRER G LT, @ﬁiﬁﬁi 0.3474 0.3479 0.147%
BEE AHIFIEIX R TR S - I AT L LR AT S =y
EMERSEONEERE | ) 297E 416 | 2.293E+16 | 0.165%
(2019-2022 4-HE) TORL R & & Te, Bg/A ' ' '
N =N
2 3CHR [1]T. Okamura, et, al., EPJ Nucl Sci. Technol., 7,19 IO TE it 4.090E+15 | 4.088E+15 | 0.0667%
Bg/A&
(2021). [2] [# i, JAEA-Data/Code 2020-023, (2021). [3] MoOy & % e L0 e
[ fih, JAEA-Data/Code 2021-016, (2022). [4] [AS f, _ Wit/ A o o o
. BRI .
2021 FEFEDES 2B12 (2021)., [5] JFF 113 TE BSR4 oC 97.83 98.05 -0.227%

f#%, NUMO-TR-20-03, (2021).

*(NMB4.0/2 B fi# - 1)

*Tomohiro Okamura!, Kenji Nishihara?, Ryota Katano?, Akito Oizumi2, Masahiko Nakase', Kenji Takeshita!, !Tokyo Tech., 2JAEA.
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(3) BAKWF MOX R ERE D LRAET B H T ABEULE DL BRI LM
Study on nuclear utilization scenario towards the second half of the 21st century
(3) Evaluation of long-term safety of geological disposal of vitrified MOX-LWR high-level waste
*FERRMREL D ZJRSTRA 2 BB 2 RAPEE Y RORBEN 2 TEJEER] 2 IR E !
Ay =,
VTR, RS

15 MOX SRBF D FRALER S U F DA R R Z VI BT 25t & LT, MOX JRBF B PR LB TR AR
%77 AR, 72 5 ONTAE % MOX #RELE 5 FH 7 U0 B 2 IR A FALEL 5 5412 81T 5 MOX- U0, &
BN T ABUGARICHE B LI TIT 2 3206 L 72, HWVEBREESE 2 K X - RO RN S, MEDORK
EIZ 2 SOFNEE L F VA TREREN LN ENRENT.

X—D—F: TILY—TI)LERH, ZEBRITHES BT L, A5 XEE, HELS

1. %? "[?5'%@77“—7\]?3/:1“— }\5/1/%5&. T TR IR 2R G LT 729 i, TN —=< iz Hﬁ
STRAETHEFEMONIE - Wy b MEL 5. ﬁ%%wmx%ﬂ&ﬁmﬁum%ﬂ%@ FHALERT 2 He ity
OFEMBIZANT T, S%MEEFREMEE SN D Z &2 E 20, KA ClE, U0 K MOX J:%*Jr@%;n%
AOTFAELCHRAT 5 B A 7 ZAELIR, 725 NNTIRE LI TRAET H MOX- U0, A H 7 AFE{LRIC
W T ORZFERBAT RN A FEHE L 7-.
2. BHEEM R UOREL 7 MOX SR iy & 1 3 i%‘%ﬂ— I Nuclear Material Balance analysis
code version 4.0 (NMB4.0)21% FHWCEE L, SBREHH DA 2 b Y EHEIZIL ORIGEN2.2-UPIBIZ Hvy, 5
ZhWTIHEIFE 7 4 77 U IZI% ORLIBI40M & FH =, W okl b, REEREE :t 45 GWd/THM, FRALERFTOfE %
PREHG EIHARIE UO RENAY 15 4F, MOX REHT 4 4E L Lz, H T AE{LIKRDOBEIEM & A RIL, WIHIFEEE 2.3
KW/ARLLF & 722 X 912, U0, H T AELIR T 21wt% (1.25 A/4HM), MOX # 7 A [EALIR T 14wt% (3.8 A/tHM),

G T ABEUCIRT 20wt% & X E, F£7z, BAT 7 ABEEOREGEIA X U0xMOX=4:1 &L, WTiLbH
7 A[E L SO FERTIER LAy 5 b o & Lo, BRERBITHNTIX, 2RI £ & DBoET L, BEBIT/ T
A= &aimmm@%m&mﬁ FOTHN O N TR HE RS (RACEE, F MRS, o
—ACHEREE ), CIHRE DK - m%% (LT RO KRT — 2 & EICHW, fi# T2 — R GoldSim!C1T -
2. 2B, ARRITIEA Xy R UIZBI LT 1-129 X° Cl-36 & 104 56 KMl (‘ZERNAR G ETe) % iEfixt
%#@&Lf%ﬁ#é

. ERBIOBE ROomLHEYT YA (MOX-UO, & 1¢° (5 5 EATETREROIRE: 2, 100051y
éﬁ72lm%)_owT®§%&%E%%%%ELk 10°
BAEOBREBEORMZ(LEZRK 1IRT. 2 DOFLE T Y 10}
A TORBIZEY, MEORKKMEIZ TV A TRE2
NN ERREINE —FT, B S Y AT
ITRBVEDN R, 2K 50T AFEBIKROIA LR
REFERO EHHEBIZIIENELDZ L LMo TEY
Ol 21 A BIcm Tl AR =& 2 5 LT
NMB4.0 & o Joaf il == — R4 W72 A0 - JL); 75:.2.

RS UADDOTIRE: 10usv/y

DI A 7 NRIRE R E U RRIOZRET - Sy C1 1w o e W
o SRR (]

BTHS. 1 RATAES T U AT B RE TR

B

[1] BT R T IREH A 27 L ORI AT 72 k(2021 45 3 H 22 A), [2] Okamura, T., et al. EPJ Nuclear Sci.
Technol., 7;19 (2021) [3] Transmittal memo of CCC-371/17, 2002, [4] JAEA-Data/Code 2012-032, [5] INC, TN 1400 99-022 [6]
NUMO-SC, NUMO-TR-20-03, [7] GoldSim Technology Group, 2018, [8] =Jkftl, AESJ2021 FKDKZ 1C10 (A>T A )
[9] Minari, E., et al. Ann. Nucl. Energy. 169. 108926 (2022)

*Eriko Minari!, Morihiro Mihara?, Hitoshi Makino?, Tomohiro Okamura', Akito Oizumi?, Kenji Nishihara?, Masahiko Nakase!, Kenji
Takeshita! Tokyo Tech, 2JAEA
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21 i RFICRTERFAFRAL TV FOHR
4) BKPEREABEDLD MA XK ELEEERI T F
Study on nuclear utilization scenario towards the second half of the 21 century
(4) Transmutation scenario for MA from LWR spent fuel
TR ORORBEAT ARG 2 P 2 A2
VESZAFFEBARIEN RIS bR R AR
THORTEERY: B BINAIRIZER: Br—ARy =X —iF5EET

A AR LIP3 2R B O FR AL BRI F W T B B 03 B S VT2 & DEREN Y A 7 v % b
Lz, BPEICEW T, HEEAKFE TORENMKGE L. ¥ 7 B LT A —~ LI 20 O JLE -
W RHEE 72 %, AHACHTIT, 2 b O ARE O BB I W THOBELB DS /TRE L 22~ 7o 56
LD L VEEM L AR AR E RSN D AIRiErH 5 Z & 2R T,

XF—T—F: DEEE, ~A =T 2 F A N NEIREEEN S X T A BIREH A 7 AV ET

1.

AR AT BRI T TOFPE O FA A FEEF G EIIHEF (CREHTH D, BT Ez ikt
HZEELBAFDOY T —=AZTo TN ZER, V== K7 U M52 L8 RILWARENRD D,
LUy WIS H JBK A I3 R0 O ALBRAL 73 3 iR & 70 %, 2 20 Sy BEZEHAEAN &2 4 Rl 41312
FERETE I GBI, OB ED LD BRI 2 & fifbT LT,

2. FHiIFiE

NMB 21— R[1]Z& Ao, GBEEEBEAROEARIZ, ~A T =T 7F /A4 F (MA) &50BET 57217 T,
B2 B CTH D Sr & Cs oL, REITEZICA 325 2 & T, A5G ET D FEA~DOXIIG 2 A
LT HEAEHFI L2, NMB 22— ROF —Z R_X— (21X, MA &M% 70 D H 1) 800MW D IlE %
BRES S 27 A(ADS) & | [l Uakdt & 70 b =0 AREEBIZHH Lz ADS REEN TS, AT Clizns
? ADS Z W TEAEHR A T 5 2 & & LT,

3. FHfiF A

UTD2o03F IV AEBEL, ENEIL, BEEEHRZEAN LT, OS5 HAAHITICBRAKFEL Y FL—A L,
A AR @I AEIE 2 ARGE AT 5, aUE T NRITC FE AR T 2 K AR i A R Ao B2 i 2 i 5
Do QEKIFZFK VT L—AET, 72— 77 b5, T II5ER T 1%ICHR 2 BRI 5 288
MHDT VR =T ABLOMA 2 E#RT 5,

4, FER

@5 > ADS ZEATH Z & T, SHRBI-OBAKFNL D MA ZEEHTEX 5, Sr/Cs BIEAKOEHIT
BEMABDED Z LT, YOS EIEEZ “HIKETE 5, QFEFIRER THOMAFEAREHNZE
FNDHDT NPT L E MA AT 720121324 2D ADS 3B L 72 5

SEXH
[1] [FS%nd, fith, JAEA-Data/Code 2021-016, (2022)

*Kenji Nishihara', Akito Oizumi', Tomohiro Okamura?, Masahiko Nakase? and Kenji Takeshita?

1JAEA, 2Tokyo Tech.
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FRFAHBEELE (ILARL¥ED) MExek] (1)
Nuclear Energy Policy and “Ruah and Maiym” (said by Shichihei Yamamoto) (II)
Wi 528, fRdE R, ek —RS
VRGSFERS:, P BEERER T KGRI, 3 —fREEFIEANS V= 2 — A =0T T 4 7

K Tid, BHr— 2D A — DR ARETH L E VNI . WhWwd [Fyia - Frs a2, 1l
ALV Z2KOBE], Dk=WHEOHTE] TRBSh [EK (AT IAFEOL—T)) & Tk (~T7F
AFHDO~YA L)) EA VA M AT BIFAEER S FFHEREOI AT

F—I—F: 5, F—28 i, R8Ok
1. #&

ARDFANBORIE, BB EH»DRRRLR T ) — i VX — & U TR IR BT & i L C
&z, Ll 2011 FEDO Wb 5 [3.11) KEKUURE, [R5 EHROY LA AA L MIb & KV EE
TEz, MROFRENSEHE L E W HBTHEATHR,

AT, BOREORRE FOMEORLR Th 5 [1], BHBERREF L 1T, 22 CIIREFOFIEEZHNT
BOROFHGiZ L, V= A —F U TITELD L ) RIKRTH D08, MERORFFILE IRV Z 3 5720 D
KR THY, —FCEIRIFIEF BTN TH D Z EDERBELZH LI L TCWD—RTHD, ZNETHH
ZANFARFE SR BB DIRER O X 9 72 3 BUR O Bl kb 2 £ 7 L 3T I B9~ 2 F 581 T T 5 (2],

2. ZREKDT—LERADA VR b—)b

K Tl WA — 2 H N7 — DD RATRETH D LD, Wb [Fyva - Fus a0z, U
AREED KO, K=@FEOM] [B] TIRESNT [ER (AT IFAFBOL—T)] & K (~T7
FAFED~A L) DA A S—=NT D IEZR RS JRFNBERDO W 24T 5, . AWFFEDO—HIZEEIZ, 2020
FEARICHBEEFRICT, A—FF Lo THEFATHLH[4], ZREKET Y2 - Ta s T LI A
M= TFB72DDF—AT v 7L, KW —LEZBEELT 255 ORERIEEDOSHTICHAT 272012,
IR L— Mgt - T “Sbo b Lie/Nb— Mitt “28ATHZ & T, B (Fo7 LAY
—bEE LIZNEN D MOEISICA T T 284 R 20) OEFEAPRT 2L ThH 5.

3. #EER

[724%) OEERICIE TEREREIEIEOM S PNBLETH LN, JFIREARL (T2 a7 U XA NEERK
R DX G Ch o 7o DIk L, BIEIL TR L EMMEE~05R] DEARAIERONG 352 ik
DI TES7259,

BE 3

(1] WNEEREE. A, SR (WCKkOH AT 25 ) Chapter 9 ((BF LA, 2020.11), [2] #2132,
PRI [RRFHIE D 72D DE T AT AM ) (B EFRBR RS, 2011, R [FHEERRY) GOk
PR, 1997), [3] AL 12250 Offst) CCESCRE, Bk 2018) . [4] AR, MBS, xRk —
&, T(UAREYD) 1325 EK) LIRFABOR]. BARSHREF 2020 FFRFERE (2020. 11. 21 FE3K)

i)

*Takashi Watanabe', Kiyoshi Tsutsui>* and Kazuaki Sasaki?

" Doshisha University, > Keio University Global Research Institute., 3 (General Incorporated Association) Clean Energy Initiative.
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Oral presentation | I. General Issues | General Issues

[3F06-08] Social Survey

Chair: Tomoaki Inamura (CRIEPI)
Fri. Mar 18, 2022 11:00 AM - 12:00 PM Room F

[3F06] Survey of Recognition Degree of Clearance System and Consideration of
Promotion Methods

*Takehide Nishimura', Shohei Nishino’, Nobuyuki Sonobe’, Daisuke Kawasaki' (1. Univ. of
Fukui)
11:00 AM - 11:15 AM
[3FO7] Can Web Surveys Substitute Continuous Opinion Polls?
*Tomohiro Fujita’ (1. INSS)
11:15 AM - 11:30 AM
[3F08] Information provision and social acceptance
*Ryuta Takashima', Mari Ito', Masaaki Suzuki?, Takeshi limoto® (1. TUS, 2. Chukyo Univ., 3.
UTokyo)
11:30 AM - 11:45 AM

©Atomic Energy Society of Japan
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JUT S VRMEIZXT HEREDORE & BREEHRORH
REEZXMRELET r— ME D CBRE
Survey of Recognition Degree of Clearance System and Consideration of Promotion Methods
Study on Questionnaire Survey with College Students
AT S, TR R, RS et iR R
MR

7 VT T v AR D2 OEAHEED T OIS A R TR T 5 720I, 7 U7 T o AHIE O
JERHRRE, BHESCBMEFERLIZOWT, REEZMRLE LT v r— MNREZT T, 77— MR
DOPIZEESE, KO b L BEEDNES, AR BRI RIZOWTRE L7,

X—0—F: 27077 R, BfREEE, 7o — MEA

1. T JFHTHMiskOBEIEHE TIX, MERERE A TR, BEMEDE & LT BREDORWERL o
Y V= bNEDI VT T ZMEIRET D, BIROAFHOBENG 2 VT 7 2 amFH L T Z
LIEHEETH D, 7V 7 7 AMETGICHBEEHI2Y o> TUEZ V7 7 v AfEICxHT 2 EROM TR
fRPIEGEN AU NWE D, BFEIRDDH T ENNEL IR TWA[, LarL, i EOREHEETH Z &n
VB2 D, ATV, ARETIE, EROMEMIEEICHT T, (42 EOREHFEL T NE
NdDDNER LT H1DIZT v — NRAEEIT, 7 VT 7 2 A O BRAREE 0 R i 72 07 15 % il
222 HMET D,
2. BEtAZ 27V 77 U AMOFAIHOBURIZOWTREZITVY, 77— N THLNITREZHEE (7
T T v AHIEIC BT 2 Ak & BUROBEEE, 7 VT 7 AO—E TG ~OFBIZOWTOBREDER, %
OHIWIEAE, 7 VT T ABIEIZOWTHEA D LT 555 OFHRIEE) 2Lz, Zhzxbeicr v r—
FERFGAVERL L, @HRFEORFEAE 82 LA MBI T v r— bl E2EM L=, 77— OB EZER L,
HSOBRREE, BEERICESERIZEEZ ST, HBEZRD DICOICEHERSFHEEEN AN L,
3.ER 82407V —FREIZEEDILBLAN (7 VT T U ARIE] L) SEEMWZZ ER L, B
BOFREFTRNZ EbME SR, MEBERBINIESE 5T AP BEEREE A, 18470 THK -
KEDOELLELF AR EE LT, HMEREL U CEE RO LMD, R4elk, BREER#E - BHOAF
DRI, BEME, A A=V Thole, 7V T 7 AFIEIZOWTOFRIEE LTE, RETHRE GV E
WO EBRDPRBEL, WMNTIAAT A TRA =Ry EBRER o, £, ZEMEIZHO VT, BT
PR L TR 2 2 ERREL WS BRAE S OFEN 56 44\ iz,
4. ¥EW EHRFORTFAE 82 HEMRIIT v — MlE a2 FEM LR, 2RI L TAS THAEL T
MET2ETHDZNEWVWIBANREETH 72, TOHITIE, KFHEZOHEMFENL MOV TR
THZEDBAENTHD LRI,
BB AREIE—E [FAA ZALLEH | HERE] OBRMZZT TEFRERERIFMEMCTEREL-TADS LY
FFEHBOBRETHD,
SEXER [1] % 162 FIESKHELEE LAl ZE B R 13 Sk, Fak 17444 422 0.

*Takehide Nishimura', Shohei Nishino!, Nobuyuki Sonobe' and Daisuke Kawasaki!

'Univ. Fukui
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MRAEET VT ITREICE > TREFAEN?
SREEEEY T JREORE
Can Web Surveys Substitute Continuous Opinion Polls?
Comparison of a Leaving Method and a Web Survey
JEEF
V(KR R RET AT SFSERT

JRF- 7138 % 0 < D EM ARG RICIE T 5 9 X CTHAHEZ —EBICT 2 I LIFEETH D, £O—F, &
JUEDTATHIC L > T, WEROPMEN LTS < RO REEL B o Tldzwn, BFERELTELETIO
WU =T HETHD, £ 2T, M EE L U= THEORK RO 2TV, AU TREMEIC W TG 5,
F—0—F: EFAXE. BHAE. UHREL v=THFHE (¥ —Fv b

1. FC®HIZ

HEFEICEL > TRTHREELZ O DEREZMENICIE L, 22T 2720, REFE, 4
DEMANREY =T 4 v T —BIZT DI ENRETHD, ) R hLey AT MFFERT Cldikmat
1990 FRMMDBFEM L. EFROENMDO T2 L TE b DD, BIYEDTATHFIZ L > T, THETLRERDOSE
TECHTENFEM TE DDEDBENTIERL 2D A RELEAL 220, B E 220087 = 7HET
HDH, T, 2020 FEDOIZIERIFFHICENE L-FELEE V= TREOKRO LI EZ WA L,

2. MEME

WEVEICEED PR, BTk 18 ik~T79 ik D FH e A k512, 2020 4ED 10 A 725 11 2T T
L. 1007 A0 D [EIE 24372, —H O v = 7HRAIE 2020 4F 12 A2, BTG R 20 5% ~69 5% D F & % %t 52T
PR OFN Y YT (FlRIE 10 w2l A) 21TV, 1000 AD BRI A 1572, a2 1L 010 O g s vl Rg 70 B i
DEENTNDLZ LN, FhkE%E 20 %005 69 BRI X 729 2 THMT « T %,

3. ¥R

[ DHROFIH T, ERAFFEICONWT, Y aroAf F—3xy hOFIHER (BEE 2%,/ 7=
T 56%) RENANDA U H—F v b (BEE 1%,/ 7 = TR 61%) OFAHEREZIIUD, Hilikl
> 7B CTEE L X RWENRE LN, £, BAath, BHIEREOREIFHE, T/ EOF HREE TIL,
KAT 4 THHER Y = 7 WE TR -T2, Elo, HHRAFFBICOVTIEL TR Flb, PEECHE L7 %
by ML Y = THEORIMY SN T

4. ¥ER

FREOFERIL, 2P EZO DHEITHROBREEBBORES LTS, Vo 7HEIIENTH L0
T, AR BIEHNTEIND, —FH T, 2RI - CHilm#E, BEdaEE, HEEE Woeiekio
HEMELZZRICRET L2 L EFE LV, L0 DT, BRAFFRICPPDLERMER 2RV THIETIRE
VN, SERTEY AL O — AL S0 2 Y M O T VIR DR A & DO OB OREDNLETEAS 5,

*Tomohiro Fujita®

YInstitute of Nuclear Safety System, Inc.
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fFERRMt CH MR AN
Information provision and social acceptance
EE FEA, DU EEL, g EMEC, MR RS
VHORBERLRS:, P HRUR, AR

AW TIE, Rt JOFER, HEHNFEZHWL Z &Ik Y, mxrF— - BEICET 5 1FRieMt &
JRF TN —, & LIV N O AN L ORI O W TE BRI T 5.
F—0—F . tharyAr:, A - F28R, FEREE, 70X MU, 2Hu R T 4 v 7 ETIL

1. #§

AT DHERZANEIC OV T, TRETHRARAENOGZ S OMENMTDOITEY, FkEE
EDOBBRIZOVWTH T ENTWA[L]. LLRRL, ZTALDOETHRIZENT, BESEIICEED D
HIFWICE LT, MEHFIEEZ AV TERNICON, SRLTNDbOEE TRV, £ 2 TARIET
i*»?w-%?Z%bé%ﬁ%&kﬁ%ﬁlzw%%,%VNWW%ﬁﬁﬁ%@ﬁ%%§§%k@%%K
OWTHITZEAT D . FHZ, ED XD RIEFWMORMEED, BBEE, B2 L THEL KITT ROV TERT S,
2. BAE - AR

A - EBRIL, 2021 458 AlTA & —Fy MHEOHRICLY, RED 15~79 5D 5 & 4,000 A% k5
WCER S, FRICEAL TR Y sl a Do, X — - REICHET A FRE
TRt DALEREOY > T EE 2,000, $RHEL 220 EEZ 2,000 & LIFAARIEORER D720 T o 2 A
{LHHERBR 21T 5 . ALERECIRAET DML, =X — 8%, MRk, “BbRFYEL & REHI,
AR RLX —, R NIOLREXEK, L VVREEREIEY, L5375k, BRIt~ v 7, SCkii A
DI DOTHD. TNENOREE DIEFHERDED IOV TUL, FEMEB IZBNTH A “RBREZITL,
MEHHA BREDOHEIZOWTIHHANS. Fo, WERICH LT, AEEOHLHBAIZONT, BIFICEZEL K
FIRHRICET 2RREAND 2 LT, P AT v 7 BERIHTIC LD fFHROLEI SN THT &217 9.

3. MRLEBE

AROHRERN D, HHRIEHEIZE YV BAFOEZCREREZMAMIZT 5 &V o HEAENHEHNTR Shiz.
FriZ, m LIV EBEIE O 2RI AR, RO BICIVmEDMR L o1, 2, ThHDXE
HEHREDOBRICET 0L Y, =X X—tX2 U T 1 OFRN, =X —HINoE, =56

JIEFEME B ODBEZ 2RO LORENRAREIC/AR D E S NITICR VL Z EBALNE o T
4. ®8

AT, HEHOFIEEZAWD 28T, TR LX— - BEE a%#&%ﬁ&ﬁ%ﬁliwﬁa,%v&w
IS PERE Y DR B & OBRIZOW T 21T o7, A%I1%, FHilbef, HEdRdto 2 @& e
RN E OBIR, THE, %Z%bem&mfwﬁf%&é* ERCEAT 202172 TETH 5.
i
ARFZENE, - FEER BT A R 12020 4RJE - 2021 AR HUBAL Y TR 2 A OAlIE 2 B9 D AFSE S
EHEL] THRLNUEERO—HTHS.

SEXH
[1] Kwok, T.F., Yeung, C.H., Xu, Y., “Swaying public opinion on nuclear energy: A field experiment in Hong Kong.” Utilities Policy

ﬁ

46, 48-57 (2017).

*Ryuta Takashima', Mari Ito!, Masaaki Suzuki® and Takeshi limoto?
ITUS, 2Chukyo Univ., *UTokyo
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General Meeting

[3F_GM] The 46th General Meeting of Social and Environmental
Division

Fri. Mar 18, 2022 12:10 PM - 12:50 PM Room F

[3F_GM] General Meeting

©Atomic Energy Society of Japan
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Planning Lecture | Technical division and Network | Social and Environmental Division

[3F_PL] Rethinking "FUHYO(rumor)" and "FUHYO-Higai"
Case of Treated Water Ocean Dicharge at the Fukushima Dai-ichi Site

Chair: Kota Juraku (TDU)

Fri. Mar 18, 2022 1:00 PM - 2:30 PM Room F

[3F_PLO1] Overview about Treated Water Ocean Dicharge at the Fukushima Dai-
ichi Site
*Tsutomu Sata' (1. JAEA)

[3F_PLO2] View of "FUHYO(rumor)" from the perspective of social psychology
*Shoji Tsuchida® (1. Kansai Univ.)

[3F_PL0O3] Views on "FUHYO (rumor)" from the Viewpoint of Risk Communication
*Norito Takeda' (1. Hokkaido Univ.)

[3F_PLO4] Panel discussion
Tsutomu Sata’, Shoji Tsuchida?, Norito Takeda®, Chair: Kota Juraku®* (1. JAEA, 2. Kansai
Univ., 3. Hokkaido Univ., 4. TDU)

[3F_PLO5] Q&A session

©Atomic Energy Society of Japan
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RG] & TRFRE] 2BE95 — M) FOLLEKOBERKEZDH > T—
Rethinking "FUHYO(rumor)" and "FUHYO-Higai":
Case of Treated Water Ocean Discharge at the Fukushima Dai-ichi Site

(1) FUFOLREXKOEBFREZD CHBE

(1) Overview about Treated Water Ocean Discharge at the Fukushima Dai-ichi Site
w5
1JAEA

BURFIE 2021 4F 4 HIZ, BORE RS — R )R ERT D ALPS WBK 235 2 & 2k, WEIX
2021 £ 12 A2, = OERFHEZAFR Lz, FHETIE MU F U L% 1,500 X7 LV REICHAR L 9 2T
35, WHO DED HEEKHE O R U F o A EHET 10,000 X7 LV THY | SEIOSE ORI,
ZDOTHO1LICHET 5,

T TR, ZOWFER A O < DR A OHERIZ oW TR D,

“Tsutomu Sata'

1JAEA
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RG] & TRFRE] 2BE95 — M) FOLLEKOBERKEZDH > T—
Rethinking "FUHYO(rumor)" and "FUHYO-Higai":
Case of Treated Water Ocean Discharge at the Fukushima Dai-ichi Site

(2) TRAFE] [22WTOHRESDEZENHR R

(2) View on "FUHYO(rumor)" from the perspective of social psychology
‘B!
RETEpNE

1. tSDBERIIEITS TRRE & TREI 5D

LT, BeKIZB W TE < S rumor DAFFEA 72 ST X 72, rumor O _EVEE Th 2EA51TENT
DB O RRAL B 9]0 & OHFFEXS 52T d 5 (cf. Le Bon, 1895). 7 #Lf72 rumor AFZE( Alport & Postman (1947)
ICREFEEND. BAROHZLEFHR T, umor IXREHDH WL DI EFRINTE . ARES LTSS
X 2 TR DA RIS, FTAIE(1985) 1 Bl S + 9 D ST DWW T O BHE S il T\ %

2L, ﬁxuﬂiﬁw’ﬁwfﬂﬁ’%&bk% 1%, 1F FEOHEE LHER T2 2 RO
Thd (LHES,2014; =i 5,2016). EFHIIMHSOH Lkwfimmnm%ﬁébt&* F 72T
HY, FFERIZOWTO rumor BNJAFEE KiZhTnwbd vz k.

2. TR £3=0TFRBIE

rumor | X, FIENEE CTHDHITLE, £/, MEPBEK TCHHIFELRENRLTWVI ENELSLBHILILT
V)% (Alport & Postman, 1947). Rumor O —Fff T 2 AGE S FIFE TH 2. EGHIIE A2 EE & 72 2 2 BEIR 72 kR
WNRIREE 72 5. BIRRER, $7bb, RYIBRTHDL0ELNLL 505 R WIS 25 % i
ZF. ARIFERLBIAERTH D20 ENEHRT DERITEIZMR T, Z<OHRAITE, BEITHEZMREVIKRL
THRERTHOINENEHEETDHZ ENTERY. ZOREIIACREZLEMNA R L A2ZAETSES. A
XZORRARA RV AZEZ T2 TH RVIRBIZBIT LW EBSEESIT 6N L0, ZDOHEDO—D
WCRBEISREW RS ERTH D EBVIAL Z 03D 5. U K-> TEH I N0 70 0 BRRITEH A AL
ERDZEDLLEMA NV ANREETHIOTHD. 2L, EREZOLDIZANLVATHDLD, &
BRZRET L O LT 2ITENIERILESERT VY, 20Xk ENnD, REEZHZTVWANIERTH D
EDFHREFBLROTRY, £z, T2 BN LT 57D ERTH DL L DFEREIND IS L b T 5
LEZLND.

3. TR © THREI I5HhE1 ORK

fRAfidh 72 EOWOFWATIERER & 13820, FRoEETHL TREGE sl [HbX) X< o AR
FHELLTHEHALTELOWARLS EHIEEIRT V. HEHOZOADBEM L TUEE L OV D LEf#END
FITronsThs, EBEITIFHEOIZFEAEDARMLRNGETH-72E LT, fIXIEStoRFEE
HEDBEAD X 512, HERANRWIETO 2 A400R UELHITIE, NFHHTEZDOANIAES>TNDHEET
HD L7 ﬁbfa“%%h%mbﬁﬁ%ﬁw IAETIX SNS IZB W T B[RO BG N A L D7, D X
L EMBILFIICIAE VLT 2o CT& 72, F£72, SNS TIHHSOERICA ) IHFRO I % %5 HEm A
HHTDIT, RolERPHEESNDZ Eickd TRFE RS 9 &) BIEAET HEJARMENE .

kU F 7 DK OHELERHICOWT S, EARIZIE, #HHoZ< oA, ZLT, HETEHEINTWD
HHRIELGDOFENIELNSDTH D E AXITRWMTDEEZILND. LG, REEGHROATES
DHTIEREZEZITI LERTH S L ORBP A INT RS, thal LOx TRFE 2505 A%k
LEIMNALEED L, WOIRIZT7ala=r—rar ORENREEND.

*Shoji Tsuchida'

Kansai University.
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RG] & TRFRE] 2BE95 — M) FOLLEKOBERKEZDH > T—
Rethinking "FUHYO(rumor)" and "FUHYO-Higai":
Case of Treated Water Ocean Discharge at the Fukushima Dai-ichi Site

3) TRFE] IT2WTOYRYaASaz=Hr—avoRahoDRE

(3) Views on "FUHYO (rumor)" from the Viewpoint of Risk Communication
TTHEEAN !
HAbHEE R
1. BiY
AFEETIE, ZOMBEOF—T—RFO—2ThHD HGE 2V A7 aIa=r—a VOREPOFTwHT D,
DEGEFHE ) 1T LT, BRICEZ < OFFl &2 it RITH: 2 RSN BIERPIRA b TWD, ZORGEE Y
A7 A a=g—a ORI OYD TR L . B2 IS 2RI~ DORUE 2 N 2 T idin & BB 2,
2. TASEE) &VRYaAZasr—vay
2-1. TEFHRE] FROER
BaoiiE. TRFFHE) L& T K2AEHLIHEME (FH - B - REFLE - KF - TR) HRE
SN AR [RE] LESHBER-BER-TH - DEZALNBIRBL., HEOLBEALZOHEHILICEST
BIERIINIBENEE] LEEL. D4 FOFERERABBESHICH TS TRIEYI O] OREERM
BHEELLTHMANPRELIZCLEEZZDHRFEY ELTWS, TRFFHEE] XRFAMOOOEHK1974). &
BRFHREREMEHR1981). JCO EEREH(2000). I EDREFHERENY TIEGE L, REFE, BREEDL
BRAKETY BIRE, FHREDBHEQ004). FURF A A X UEF(1999). REARKEK(2011). FRWL
B (2015)) FELIZEEHLN TS, 2001 £0 BSE (JI4R) MREICHWTHEBEEEICHITIRE
MR ENERMICEBE G-I ENENITTERINERICE o> TV o 1=,
(1) J|o-ERAFHPEIZEE LI-15H
BETHEWVNI L, HAVWFLEHGZZ EAKRIFSICRY LIFoh, HEIAPCHHIER. HLHHEN
BEEZITHLTHY., 2L DIHFE. BHOEHREHHE. TLE, TRIIARELMY LIF, Th
PARDBETRIFEL LG ST, TITEBFNLBEENSRET 5 L,EHQ2001)] © [5HTITEDbOENEA
FBMREELLIzY . ERNLGTEHICE Y LT, LWhd TRFHE] #5IsRBITIENDLELE
LLRT(2002)] DESIT, BRICEB LE-REATH D, BPRRERO RO, axpAT 47 H
A9 o Fw (Tl TEGE)) IZ X > TAX P REGRITEAE Z 3, Lo IiFRIC RS U | ES D SNS
ZILEZRAFNDRBERADBEOERICHLHE>TWL S,
2) VR O\ mh o DERE
MEANRZE ) R ERTEIDOEFE, F)1(2001)1. TEADIEKE (RT47 %) IFFEEBICHEDHD “ZEm
AT Ls(awarning system)” , Powell(2001)] 72 E, U RV DFOFHEEMICEE Lz, BEBNGHERDER
DIERELEDERTHD. )V RV ERBIZCETHERIZIZOIZI 22— a VAR ARTHDEDEENIS,
gD ) RO EE L TOERFASOCRT—I RILA —HOXEFEDORMIZAZ > TS,
2.2 VRZala=r—varvyORETE&E
CO&SIZ, TRFTHE] ICITHBED HRALGAT A 7TOBERIZBROLINETEHI & TBEMNIZURY
ZRT1-1T8] OZDDBRAFAET 5. RT—VRILI—DEHMEEHRFEFZDLE. FYLVERDED
[CIE—ARGRZERLTHMEORECEGESNARMOREFENEELEZ S, 4H. TRFFHEEI IRICIFH. ™
BIZB TR ELOFECATHMLEEBELEHSIATOLEIN . KBTIHEERE. TREFDIZHLE TV,

*Takeda Yoshihito'
"Hokkaido Univ.
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(Fri. Mar 18, 2022 1:00 PM - 2:30 PM Room F)
[3F _PLO4] Panel discussion

Tsutomu Sata’, Shoji Tsuchida?, Norito Takeda®, Chair: Kota Juraku®* (1. JAEA, 2. Kansai Univ., 3.
Hokkaido Univ., 4. TDU)

We will discuss on “FUHYO(rumor)” or “FUHYO-Higai” which is a keyword of the treated water ocean
discharge at the Fukushima Dai-ichi site, and testify our fundamental perspectives toward the issue.
We will point out that concept of “FUHYO" used in the field of atomic energy so far is unique and used
only in Japan. It is not a world-wide concept, and is different from the concept used in Social Sciences.
Sticking to the concept of “FUHYO"” may lead us more difficult way to carry out the task of ocean
discharge. We will explore better ways to solve the problem.

(Fri. Mar 18, 2022 1:00 PM - 2:30 PM Room F)

[3F_PLO5] Q&A session

We will discuss on “FUHYO(rumor)” or “FUHYO-Higai” which is a keyword of the treated water ocean
discharge at the Fukushima Dai-ichi site, and testify our fundamental perspectives toward the issue.
We will point out that concept of “FUHYO" used in the field of atomic energy so far is unique and used
only in Japan. It is not a world-wide concept, and is different from the concept used in Social Sciences.
Sticking to the concept of “FUHYO"” may lead us more difficult way to carry out the task of ocean
discharge. We will explore better ways to solve the problem.

©Atomic Energy Society of Japan
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Oral presentation | IV. Nuclear Plant Technologies | 403-1 Risk Assessment Technology, Application of Risk
Information

[3G01-05] Risk Evaluation Method
Chair: Yoshihiro lde (AdvanceSoft)
Fri. Mar 18, 2022 9:30 AM - 11:00 AM Room G

[3G01] Development of Risk Assessment Methodology to Support the
Optimization of Nuclear Disaster Prevention Planning
*Hitoshi Muta’, Yasuki Ohtori’, Sakura Fukue', Shohei Yamagishi?, Tsuyoshi Takada®, Akemi
Nishida®, Takenori Hida®*, Soichi Mabuchi?, Tsuyoshi Tamukai® (1. Tokyo City University, 2.
ITOCHU Techno-Solutions Corporation, 3. Japan Atomic Energy Agency, 4. Ibaraki University)
9:30 AM - 9:45 AM

[3G02] Development of Risk Assessment Methodology to Support the
Optimization of Nuclear Disaster Prevention Planning
*Shohei Yamagishi', Tsuyoshi Tamukai', Soichi Mabuchi’, Hitoshi Muta?, Yasuki Ohtori?, Sakura
Fukue?, Tsuyoshi Takada®, Akemi Nishida®, Takenori Hida* (1. ITOCHU Techno-Solutions
Corporation, 2. Tokyo City University, 3. Japan Atomic Energy Agency, 4. Ibaraki University)
9:45 AM - 10:00 AM

[3G03] Risk assessment for various cohorts considering EAL transmission timing
*Fumie Sebe, Hideki Horie', Nobuhisa Takezawa', Mika Tahara', Kaoru Matsushita' (1.
Toshiba Energy Systems &Solutions Corporation)
10:00 AM - 10:15 AM

[3G04] Development of risk assessment method to cope with an aging
degradation for the facilities using nuclear material.
*Satoshi Sawahata’, Yuichi Tamaoki', Ryosuke Isozaki', Ryuta Suzuki', Masataka Akada’,
Hisashi Suzuki', Ryoma Yonezawa', Tadatsune Fujishima’, Yasutaka Mizukoshi', Naoki
Sakamoto' (1. JAEA)
10:15 AM - 10:30 AM

[3G05] Effect of Correlation between Performance Shaping Factors on Human
Error Probability
*Yusuke Takao', Satoshi Takeda', Takanori Kitada' (1. OSAKA UNIVERSITY)
10:30 AM - 10:45 AM

©Atomic Energy Society of Japan
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Development of Risk Assessment Methodology to Support the Optimization of
Nuclear Disaster Prevention Planning
Part 1: Overall Plan
=R R, L <6, iR 7S
m B, W BIEC, M WY, Y oA —2, mm 2

VHOEESTREE, ML T 7 2 V) a— v a v X, AR RSB, RO
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AR Z YN H D >, FAOXERCREE T BRI LE DY 5 5 Z L 2 BB THLERD D,

F—0—F B OBGNEE, REEERE, U A7 G, Sk

1. #8
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2LIRET B RV FHEFROBE
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ORI TV A2 ~"N—R & LIz HEREROBER S S T ) ARHEET L OBZE, @ Rk X 75
METVOR%E, FRATEH Y I 2 L—FOHBEXL VP INHEN—R L LIFERB - — x> N ET VO
%, @ OKRVQDOHEMWRD Y A7 FHliFiEE X ORHIAR OB AT .

WG ET DY AT UTAERD YV X 7 FHliFik & 41, LELRD U AVFHEFIED & 5 & REHEA
LEbOEK LICRT. kDU RV FHEFIEL, RFI7 70 &2 U &3 2R 7 BEiax OREEIC
HOSEERMNRET D ATRENE, 52 \WIEZ ORERAE U i EWE O EIZIE CeONEL I L D2tk T
WREZROTEY, HETHRIISCZHNR Y A7 ZRK L TWDITWBER. ZHUTK L, S%0EL

705 ) AT FIEIL, X0 BUEMIZ, ARITRIUIIS T .
YRR T SHHIEYRIRETE
THHREHB L, BT AN TEHD LD HiRAN —
EEBAEROHE, HEIOREBCEET 5k, i CUirsaeEe) | TERAOEERE —mARo
—RARD RHEEFE ; 1509 Bl # 5 t (BES
2T BRI L AITEN SO E ~ T Y, R yRY . gﬁ'}??zfiﬁ:\ig)g fjﬂf R, FPIRHD) ZEELIZUR
BERER . 12 £ DB DIRIEL
ORISR TR AT E DY 5 5 2 L 2BY A ¢ e e
. . 220194 [ AR (C) 19K04932(< =
NTWSBERD D, CRORE, cmmns Y as, RERUAME E
— RFHT5ok DYRHEFHE 1 EFEALEURVEHE .
3. &8 BEOURY o AMBRIZBH, T8 = . EHEOEHCHGHE, BE -
wg&zgm@%@@ms: DREEEBLLURIHE
BRI A2 TR RIC LT L 7 % BRI OV ERCRL - HRACEOMETORS. |
THEA RN EEDD TETH 5. 1. §EkEAED DX Y AT FHETE,
BE30H W ONZAMFED BFE T YU 2 7 FHliFEONE

[1] Kenji MORI, Hitoshi MUTA and Yasuki OHTORI, “Development of interaction model on the risk assessment method for nuclear
facilities considering impact of external natural hazard”, Journal of Nuclear Science and Technology, Published online: 14 Dec 2020
*Hitoshi Muta', Yasuki Ohtori!, Sakura Fukue', Shohei Yamagishi?, Tsuyoshi Takada’, Akemi Nishida’, Takenori Hida*, Soichi
Mabuchi? and Tsuyoshi Tamukai?

!Tokyo City Univ., 2Itochu Techno-Solutions Co., *Japan Atomic Energy Agency, “Ibaraki Univ.
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Development of Risk Assessment Methodology to Support the Optimization of
Nuclear Disaster Prevention Planning
Part 2 : Development of Risk Assessment Model on Evacuation of Residents
o FEL mm RN, OB OB RE (2 RS W, L <62,
M B3, PEHE BES, JEm e
YRR T 7 ) Y U a—va v X, 2RO ITRSE, AR ORTZEBH SRS, ¢ ROR

LSHEL 72D ) A7 FHBTIRE, L0 BEEMICABARIISIEC THEEZHWL, 1TEEKT 2 &0 9
ARG 2 WU H D ]V, Fl~O M IECREEA TEI N BINCE DY 5 5 2 L 2 BET ILERD D, A
T, MERGBEEEY 2 73T T V) OREARNZRE X FIZONTHET S,

X——F: G IBASGEE, BEEEEEE, U R 73, Baifk, =4S — hET L, DET
1. 8

ARFTIE, ROBEHIZOWTHRFT 25, OSA R COERBEEITENICRE D Y 2 FF otk % Z2RIIZ o\,
DET CHRELARE/RE T WS, QEBIRERBI DM & —MRAR & OIFRIsECREE TE) 2 553 2 Rl £
FOREGE, QWEEEATEN T Ok~ ZIRPUTIE U2 NEIfTEh A2, ARTENRERIC X 2 B A R,

2. FEBME
2-1. @ BRIWEZZELI-ARVEY)—/Q —BAROBH ) RVFBETIVOEBE

OROVQ@EMET HIHT=0, FHEITNOFLRMERE K O RS OBEITEI 2 I E T 2720 OFHR, KBS
EEE LTITHMIARE LT 2LERN DD, ThDEMET L7290, KTk 2 >OFEEZ VS, 1 OH
X, R a A b EME LTS HEEEREITICONT, Pus— hETL (HeEE) e RV CERT 5,

MU R0 TSR KIBICHIR L, RV ZL OFREREEZETDHZ LNAEEL /25, 2 DH STAMP/STPA
BRI FIEES BT —T = GEEFT, ITEABEROERIZE, (EEBHEHTE), XKOsEHE% O
WD) OMBEEGREZEE LB LAY —EF AR L, £2—2 =0 FOREEZFHT 5,

22. @ FRBHEIIAL—Pa DEE

EROITE K Z L 0 BRI 5729, MEDFKEFRFO
BT — 20, EERE TOERERE T COEREZIT> TREG
L, ALIZE 2178 PRICLEE L 2R D80T — & (FakT — )
ZEFRL, (EROBERNZFAES 2, 72, AR T2
VIal—va Y7 bUxT WitnessBl & VW CHARZER E
TOM RGBT O AL AT D .

3. #%E

-
—

STAMP/STPA €7 VDA A —VK
ARTIE, MERGBEEEY X7 3HlE 7 V) OFERZFHMFIEDE Z FIZOWTHRE Lz, 5%IFInoD
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[1] Kenji MORI, Hitoshi MUTA and Yasuki OHTORI, “Development of interaction model on the risk assessment method for nuclear
facilities considering impact of external natural hazard”, Journal of Nuclear Science and Technology, Published online: 14 Dec 2020
2] F9 % [Q) B RGBT 225 U X 7 5Hili~D B 2020 £FEOFER, VA7t Yy v a v

[3] https://www.engineering-eye.com/WITNESS/

*Shohei Yamagishi', Tsuyoshi Tamukai', Soichi Mabuchi!, Hitoshi Muta?, Yasuki Ohtori?, Sakura Fukue?, Tsuyoshi Takada?,
Akemi Nishida®, and Takenori Hida*
Ttochu Techno-Solutions Co., Tokyo City Univ., *Japan Atomic Energy Agency, “Ibaraki Univ.
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EAL (RRBEEILANIL) REFAIVJ752BEL-aR—MEDY XY
Risk assessment for various cohorts considering EAL transmission timing
THEAED SESeAR !, ML SR, M MY, MR EFL BT O
TREZRNVF =T AT LA (BR)
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[1]EAL Zxt5 & L7V A7 FEHI A OB (Q)EAL WA M BT /1545 2021 BOKRS

*Fumie Sebe!, Hideki Horie!, Nobuhisa Takezawa!, Mika Tahara! and Kaoru Matsushita'

Toshiba Energy Systems & Solutions Corporation
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BRNYMECEREROSESELR XV HHmFEDRRE
(2) BRFIRIVRITERRAY MIHETSHY) R FHBFEORE

Development of risk assessment method to cope with an aging degradation for the facilities using nuclear material.
(2) Examination of risk assessment method in aging risk assessment.
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[1] BEIFRAE fh : “BOREMEE RGO Ei b ) 2 7 SMETFEORTE (1) EfF LoV 27 RA v MMl , H
AIFAF154: 2021 FEFKDES 2G11

(2] SRRt BRI i iR O AR b R IR D B R AFMETEOBIR (1) 2k TOERME L WFEHE , AR
JRT- 15552 2020 FEFREDFES, 2)06.

*Satoshi Sawahata®, Yuichi Tamaoki ', Ryosuke Isozaki' ,Ryuta Suzuki',Masataka Akada® Hisashi Suzuki',Ryoma Yonezawa ',
Tadatsune Fujishima',Yasutaka Mizukoshi ' ,Naoki Sakamoto '
! Japan Atomic Energy Agency

2022% BRRFHE¥S -3G04 -



3G05 2022 BEDES

T8 B EFOHEN N FIBRFERIZE X 5 E O ST
Effect of Correlation between Performance Shaping Factors on Human Error Probability
mE &S, rmo s, dem o FEd!
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[17 INL, NUREG/CR-6883. [2] Jooyoung Park et al., Nucl Eng Tech. 2020;52;87-100. [3] Shuai Chen et al., Nucl Sci Tech.
2021;10:1099-1112.

“Yusuke Takao!, Satoshi Takeda' and Takanori Kitada'

!0saka Univ.
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Oral presentation | IV. Nuclear Plant Technologies | 403-1 Risk Assessment Technology, Application of Risk
Information

[3G06-08] Dynamic PRA
Chair: Hitoshi Muta (TCU)
Fri. Mar 18, 2022 11:00 AM - 12:00 PM Room G

[3G06] Sensitivity Analysis for CMMC Coupling Method using the Correlated
Sampling Method
*Yuki Morishita’, Tomohiro Endo", Akio Yamamoto®' (1. Nagoya Univ.)
11:00 AM - 11:15 AM

[3G07] Development of Dynamic PRA Methodology
*Yoichi Tanaka', Xiaoyu Zheng", Hitoshi Tamaki', Tomoyuki Sugiyama' (1. JAEA)
11:15 AM - 11:30 AM

[3G08] Study on the Applicability of Dynamic Level 2 PRA to Estimating Large
Early Release Frequency
*Xiaoyu Zheng', Shogo Takahara', Hitoshi Tamaki', Tomoyuki Sugiyama', Yu Maruyama' (1.
Japan Atomic Energy Agency)
11:30 AM - 11:45 AM

©Atomic Energy Society of Japan
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Sensitivity Analysis for CMMC Coupling Method using the Correlated Sampling Method
T E L, R ERT, M AL
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HfE~ /L3 7 T 1V {E(CMMC 1£) & W TZBhEY PRA ISXET D IEMEATIL, B2 7 IV e {EORERR =
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F—7— K REMYT, CMMC » ~ 7V > 7 Fi%, MHEY 7V 7%k, 8 PRA

1. #8 CMMC EO Kz AT B2 AT IZ, FEYERS S BEED A T) R T A —Z 2 AT ZODFER
DGO IR T A =2 EEEZFHET L0, BEIEIHBUNTHIULZ DESITIIR E RFGHRZEN T hE
THH, ERNTRY, Z07d, MY 7Y o 7 ikE CMMC YEIZTE A U 7287z e R EERRAT T % B3
U, R BERE T — L 2 i U7 (KR IS T D IREHB IS HE EE O R fRIT 24T > 7=,

2. FiE MY T R, a0 MIESRCEBIROBENC Lo T U DREHEEGHE 0Z kA,
WHBIZH T CMMC ETROTREHEEHE & | MERSOESROBHEN ORI VA 2 HNT
Tl 5 FETH D, BRRMRDOMBEREZ(NT 3 2MICEBE) UREHREHE R BT 256, v=A1 &
1 KO/ SVWEE L, BICEERDEMT 2581V A M 1 IOV RERMEETLH, ZO/RER, V=1 bD
1 2HoFhA, BEMREBIZE T 2BEHEGHE O (bIZxHET 2, =g MIFERS TV A ROHF A LR
T oL TET B2, CMMC HEIC K B EHH ) U FOFE & RIS EROR B RN EE) T 5 54
DU TA FbRDD, MY TV U TEEHOCTRHEGHEEOELZRD D Z L T, HEHHEOREL
B/INZ U DR ERRIT 24T 5 T L S AIRE &L 72 D,

3. ERAKR b— byl EARRNST 1.00E-02

I & % Ak S B S & B A DS BO0E03 |

FU A EE L, AR AN LB 5 60008 | Mwmz:j%izi
© kB IANER S DA E D, R O |

WO HEE T — B 2 REMmToR B 0

B, S R A g?ﬁ:_ -
BOMERCRBFLEDSCRaomHL F | ?v B .
ESEE DB R Th 5, BB, HARFE L7 ooros SREY YT v ik

0.5 [%/hr] DEFEFRZ 1%, THBIED0.5 [%/hr] 0 200 “EWJW 800 1000
DOEERR & 1% 7=, CMMC =D % 7 v - O f IR — L D R AT

$1310%,1.5x 10° [-]D > TEHHE L7,

2D, T AEH10* [—]D CMMC {ED B OFHFAERITHEFHRAZ OB TIRE L T\ 523, FHBEIH
TV ZEITEYNCEHME T E TWA, . MY ) U S EOFERE RISV .5 x 105 [-]D
CMMC VEDH DR RFER EIENWZ L bR TE 2, S HIT, WSS EEBIEE L, EEOMEHFRE 7 —
JVOIRBEIZ L > THEENENT 5V AT L Th-Th, MHEY 7Y U 7EIZESTANINT A= DE
OFEIZOWTEEARETH D Z L AR L TVD,

*Yuki Morishita!, Akio Yamamoto! and Tomohiro Endo'

"Nagoya Univ.
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4+ 2y PRA FEDORR
(B3 ERFAMIEIEH—TVADTL—TIE
Development of Dynamic PRA Methodology
(3) Grouping of accident sequences using principal component analysis
THPOEL B R, ERE ER, i g
' H KR AT EBH SR A

JAEA TiX, ¥4 7> 27 PRA (DPRA) FEDBA%., XL DPRA %479 728D —/L RAPID O ¥
ZiT-oTW5H[1,2], AHTlE, DPRA IZX VN2 HOEN T —7 o AD 7 V—T I F[k S 0T % H
WbHZ LT, INA—TERINATZ D Z EIZOWTHRITT 5,

X—TJ—FK: ¥4 FI vV PRA, VIl —3 g iiiES Y RV, RSO, 7 AXY T, L
~)L 1 PRA, BUK 1fEMT

1. #8

Va b=y a TS H AT 2y 7 PRA T, ERD AT T D &SRS O A e 5 & ARl N
Z. FHARMEOARHEEI GFRFICIMOT S 2N TE S, 722 L, FHEEPERICR D0, FhE
JBICKE K FHT HHRMESCES A BENT 5 2 L IXR#ECH L0, FiEROEAAF L L D% 7L
— T DL TR LT < 2D, ZA—TbEDRINTIT O Ted, RHEFES 2 ERT HEBITH LT,
B DN H TR O & L < T TS LT A B A28 & T FIE (5590 % DPRA Y —
JL RAPID (Risk Assessment with Plant Interactive Dynamics) D27 7 A X U L 7 OFSHEICFEEE L, Yi%bkrE~
WT T N—=TEIT > T,

2022%F BARFNER

2. ERAHHFEAVI ST L—FEOEH 3 .,

BWR 77 v M &Rt L LIz 2R EREL (SBO) Fiklc 2 »® X y
SNT, YET T VT MAAHNT = — F THALES2 % f\> . ;{.' R
£y Ral—y s LB Tolk, FEMEROFMEHMOELLE £ | % ale ’ X X ox Tk
SRERVIOUEES A > 7% aFr 7V 7icko aniie |0 T, o« L 6 X Ju”
LCTHAT, IR R RMREIFNOES AEotn ® a0 es% ™ x " ¥ a
WREM. SHDOAMHEIICH LT ERG A2, |, &7 8 g
RS MR D REVERS) LB ERS B E . "

Hoy L AT % RS O TAMAE bR & VRS 2 A e S T T
T, kmeans (RIC L B 7 T AKX ) T To Tz, B 1ITZE O BEMS

BTHY, F—ETRODEICL T oD I N—T (%L 1. ESZEHWEZZ 5281 v 7Ok R
fRE) TN, ETm, FLGHORY (@) « KEL (X
B oS EbBRBEE LI, &6, F-ERICH 06 5
HEEROERMEI (M2) L0, FLARA~OEENKE s 0
4 (BAREOMREAK X b D) BT 5 = LA Tx °“‘ s b8,
7o 02 z § ,f; E ®
B o m o B
- I Bha::tfc
3. ib&)"%‘fi@zf’i dﬁ ’ . B ¥ 8 3§ > - I
SBO HMD Y I = b—va VRERICH L CERYATEE ¢ F D E T I ‘
L DI WS ORI S — 7 v A D T =T AT ¥ " 8 2
ST Fla R Ule, ERONCHT 2R EROBAMPEIL, T 00§ i B
ERA~OHFEEZRT OO TH Y MR RERZEE L E i i
LA DI ENTE S, SHIT. Figs T ) AckiFs®E 2
B ORI O W T HLBHEZED TV FPETH S, 2. 65— R kT 2 BB O EIE

SR UL, R AEBT TAR 2 FEERT RS K
7)) FE) OFRO—EHTH D,
BE XK

[2] 8 fi, “% A J I v 7 PRA FIEDRFE (2) FIEOHER VY — VOB, AARTF ¥ 2020 FHRORE

SREZREE (B L~V 1 EERRAY U A 7 B 15 O B

[1] Ef#E fth, %1 F I v 27 PRA FEDBF (1)JAEA IZBT 5B OME, HART %S 2020 EKDOKRE

*Yoichi Tanaka', Xiaoyu Zheng!, Hitoshi Tamaki', Tomoyuki Sugiyama!
!Japan Atomic Energy Agency
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R LUV 2PRA FiE D B ARBUE  HSE BERFAl~ D FIZ B4 5 hF %
Study on the Applicability of Dynamic Level 2 PRA to Estimating Large Early Release Frequency
HOWESE @R At BE OFRL, B gzt Aul At
YA AR A B FE AR

EfERGRA0 Y A 7 2l (PRA) FIEIL. Fils —7 o ADOMEFREED M B0, FHEZEORFEKFED L
BRI ET U 7R AlRE L T 5, #IHY PRA FEEZ MWV, Bk I dils — 7 o 22861 2 S ER R D BB
PADOHBRMGEIFRI ZHEE L, U A 78R & U CTRBIRBIBRH#HE (LERF) ZaHlid o Z &2k v, Bk
AT D SR E LB AT 7 v e A D FEMEIZER LA 2R E RO A X D,

F—U—F: @ PRA, Y—AK—L, MELCOR2.2/RAPID, FHI AR fik HisH IE

1. #2 FFIHBHZEBESKE NRC OEEEHME 7 0t 2%, U AZEREZEMN L, MAOHERKEED
BREOEBEEZRETHHOTH D, TOEBEEZEEIICIHET 2B, P LEEHEE (CDF) ., HBNES
FRRESE AR (CFF) R MIRHIM L HAEE (LERF) D U AV EZHAE T OILERH H[L], LirL, Y
— A B — L DR S F G PR ISR T S 72, LERF OFHEICII RN E NG TN TV 5,

2. LERF FHBiFEDORE & EhEfp

2-1. BIfY PRA IZ X 3 LERF §liF¥E &% SCHK[2] O 5 72 LERF 3l Fik1E. NRC O#LHlfE%t RG1.174 (2
i1 TH ¥ [3]. Level 1 PRA D Fdg s — 4 o X & RGO A M THME L ARMA A = 7 U — (CET)
ZHWT LERF Z 395, AWFFETIRET 5 FEIL. Level 1&2 PRA DEF L ZHE LIz BT, Bix ik
=T U RAEER L, YT T 7T~ (SA) T — RE MW THEIHBRER R O A HEE T 5, mEEE
SETREM & 0 S HHBAARE O F N B WG EICIT R & UTHE L, 235000 SA fFTHER ) HREEHIIIC
LERF Z##ET 5,

2-2. VI ab—a VZESOEERH BT LI EFROYSIL, BWRICK T 5 [ 2420 IR #H i
(SBO) + kA L4 (SRV) FHHHLM Th D, /A 78R LB EMHR O M ARIHEREE LT — FE2EE L,
i S IR AN 2R A N N U —ZHEE L7z, SA f#fr = — K MELCOR2.2 [4] & B PRA > —/L RAPID [5]%

v, B 7 hrvarIal—yva iV EEOFEKR—7 U RAEER L, SAITE21T o7,

2-3. FER  MHBEEMOSMAZM L (@) 1[RT, 22T, 2R AFEE (EAL-GE) EE0 b PR, #EH
& & e 25 XKk (PAZ) WOERMDBEHEAZ5E T3 2 £ TORM % 4 W & L7-[6]. SRV BEED > —47
ANEIHHNC S 2B EDBHRNCE N L35, K —T A0S EHEEEZR 2 (b) 1R T. &
ORI — 7 v AT R WA DI K OB G NA XA TH YD | BEEESE TN AR SN 2 &
ORI U, £, SR CRTy—7 U REE PRAICE D Hizicii &Eni=boTh b,

3. iR B PRA TIEOEANIZL Y, FHily — 7 o AOMEENEN A E LB, A HBHARRER] O 045 % E &)
R AT REIC A o T, BRI FME 2 35 LERF Sl ~DOEAIC L W . AFEOH M2 MR LI,

Level 1 PRA Interface Level 2 PRA Results
SRV HPCI | pepressuriza tion| Offsiteor | /| Containment No No Potential
IEs a or | and Alternative EDGs Stat Isolated or Not| Containment | for Early # LER Prob.
05€ | peic | Waterinjection | Recovery atus Bypass Early Failure | Fatalities
[ SRV stuckopen at a random number of cycles NoCD
1 No 2.27E-01
EEm No SRV stuckopen No SRV No CD 2 No 7.54E-01
1 Stk 3 No  9.50E-03
T T " 4 No 1.43E-03
EAL-GE  Finish time of evacuation (4 hours) open €D 5 Yes  9.50E-04
6 No  3.75E-04
7 Yes  2.50E-04
8 xz gg 8 8.99E-04
9 o 2.90E-03
10 o 1.06E-03
SBO - 1 D 1.60E-04

1.06E-04

7.00E-05

Early
release
e

N

N

N

N

Yi

Yi

No 1.90E-04

No 6.04E-04
17 No 4.42E-05

N

Yi

Yi

N

N

N

N

Yi

Yi

o 6.62E-06
4.42E-06

Percentage of total numbers (%)

2.91E-06

1.37E-06
2.31E-06
o 4.55E-07
6.83E-08

4.55E-08
3.00E-08

5 10 15 20 25

Start time of source term release (hours)

Feedback from Discovered new sequences via DPRA
dynamic PRA to static PRA Merged less-realistic branches after considering time

() S AR oD Jik 1 BR AR IR ] O =R 53 AR (b) ThAY Level 2 PRA OfEF & PRA £ T /L~ X B
1 B9 PRA % VT S HERZ RS oD B L BR AR IR R 43 A e OV S — o v A D RS TR

BWEE T B E B SEIOREIT [AF 3 R MR N SO R ELRE R (B UL 1 fERERR Y A 2 Rl
IEOPAFE) 3] CTHH%E L7= RAPID Y —/L &G L. JAEA O RAEUEHRBE THPE SGI8600) % AW TR LR TH D,
ZECHER  [1] U.S. NRC, NUREG-1765 (2002). [2] W.T. Pratt, NUREG/CR-6595, Rev.1 (2004). [3] U.S NRC, RG1.174, Rev.3
(2018). [4] L.L. Humphries, MELCOR Computer Code Manuals (2018). [5] #8 5, H AR T /154 2021 AR DO K4, 2G14 (2021).
[6] R. Summitt, Use of Severe Accident Codes to Refine LERF to Support Realism in LERF Estimates, PSA2021 (2021).

*Xiaoyu Zheng?!, Shogo Takahara!, Hitoshi Tamaki', Tomoyuki Sugiyamat and Yu Maruyamat!
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Dynamic PRA D& EA
Latest trends of Dynamic PRA

(1) 147399 PRA FZEDEEICAEITT
—JAEA BREME U2 —IZH T2 Y $HAH—

(1) Efforts for Development of Dynamic PRA Methodology in Nuclear Safety Research Center of JAEA
RESE R
A ARG T FE B SRR

1. #8

AR IV Y= Tx— bV U =AW HEERR Y 27 3l (PRA) TIXMEFORAETLZ A I
TRBIEIE O BRI ED T T v IS 2SR E LTi Ml 24T 9 72D, 2D OB A ERE I M
HSR A2 W R R THEICE ST ORI TH 5 Z EBN RSN TV A[1], 22T, REFEHEST 7 v MR
fea L0 IEfMEICED 5 Z & % HEE L7z Dynamic PRA (DPRA) FEDOBIF N ED 51TV %, DPRA O XEfiE
T, 790 by ab—ya k3 7 A a—F M Aok g DR OB R AEME 235 B
L7 7 a—F 7 Pk x R T OB MTOI TV A, ZOHThH, IHEOa B a— 2 RED i Lk
WPEN Y R 2 b —3 g 23 < DPRA ~OHIFF N E £ > T 5, 2 DPRA T, MEMBREIESEONERDOAR
fEESFHmIC A, FHOEROAMEIS ZFRRFICIO KDY Z LA TE D, Gl RICRERKFEEE BB TE
% E WD R AL JABA Z2MIEE v ¥ — T TIEOREEE K ORI I LB 72 — L O BRI Rk 29 41
XVEFLE,

2. JAEA IZ8 115 DPRA FiZDBAF

ML L7- DPRA FHEIT MBENRET H XA I T2V TV T T HEA R F Y U —EE_— R,
ERET NS Fl v — 7 v AERE, ERLT-Fi sy — 7 A2k b v Iab—v 3 VO E - il
HEgRE, 27 —AMTIC X DR D U A7 FER AT 2 WEERE Ok D, ZORMEZIT 5 729,
RAPID(Risk Assessment with Plant Interactive Dynamics) DBi% & #£ 7=, RAPID OFFE & LT, fEEim
IR ERMEET LV EIRERIR Y I ab—a v ERBIC Ny T 7T 52 L 2 RBUCHRB L2 &I X
D, ¥Ialb—rvarnbfGohd 77y MREDHERET VOBEET MG W BEBRETHZ LN
TELTENFETOND, TOfh, DPRA TITMFHAINZ M E 7R — R D FENT I8 W BL 732 T2 O ) 581y 72 F i 3
BE LD, TREERT DO ARG Uy 7Y o 7O, VY ab—yaroEmdft, b
U <X BRI T VORI 72 EkE % 72 HIEE BRI - fEEN TE D &9 BEH[2,31%1T - 7=,
3.RAPID (= & B f##7

RAPID % I\ C BWR 7' 7 > b O &AL EIRIEL (SBO) FHiks 7V A ~Dil H 25772 [4], T Cidk
N LZ4F (SRV) OBRIEIFESLHIFERR 7 O — VB EOBIREA~DETRRE &L W72 7T o MREED
AT, 23T A—2 B OMBINEZ BE L7-fHlA ARETH D Z & 2T & & B, RAPID (2 L 5 BT
fili~3 A ATREVE 2 FERR L 7=, F£7=. RAPID OB =2t~ M &FIH Li#i 5 eBuiEie T V2RI A L7125
FENTHIT 0D SBO F AR D HEHE AT A 1T\ Sl AHF DR G iR K ORI i SR OB 23 FTRE T 5
Z e &R LT5].

DPRA 2 £ % % — ARMTER D DA DREBHE (CDF) 50 U A7 EFREMMT 5720, 772210~
TR & B 7 —T{eikfER RAPID I3 L T\ 5, RAPID TIEE b NT-HERIIT — & ORI FES
SHHEE AN IINRTG A—=FTRIT XY MLOBMEBEICESS 7T ALY U 7 &ARELE LTS, ZTh b7
— ZCALERIC K0 R ORERIMED DI DRBICE D MR A fFE TE DA REME AR LT, AT
A—HTRTRXI MDT FAEZY T DDIZAT O R TH LD /3T A — X OBEAHMED BIFLEE~
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DB FBIIE T 5 ATREME 2 7R L72[6],
4.DPRA ARDSHERDERE

DPRA (2 L Y JERMRSFANTARE L T RIFIZH L, B EOBED X A I 7 L Z DD Y I 2 L—
3 NS T T 2 MISERPMEC I D 2 E bR — v AT OMEFEIEO R BN RIAEN D, Fo,
WRDOI > by MIHBED X A I ZTIERCHANATF A2 Z R TE D 2 & C i AN R A 2258 % Ok
T&ED, MAT, ¥YIab—va ol LMD D, Bl ZIXEH ) O EoF it PR O E A
ZxE LT E 7 AL ATRE ThALIE, IR OIAEFE MR ZE OB Al S - TT 5 BNV, —
FHCHFHHNCAE B R BEFIRED U ITFSRBAEH T 2 123EHE 2 X SR EFICE S R D T2 DRRAy e F
MERAVEE L 72D, BRI E 2 —TILZ DX D BRFEEH T 5H DPRA #4179 729, sHli FINADAEEL K OFF
filiy — &A% L, iS5k L7= SBO v U AR 238 U CEMFEM A FRE CH D Z L 2R Lz, £7o. 7
PREHR D72 DHRA IR FEREIZAT T, V2 2 b— g VERARRETME T T VICE S A D AR E
EREL, 5%, INOIELEFIEERWT, SR ER ) A~ He, K - 77 MEFED
WEREZBET D0, T2 MRTG A= EMERERET N EORE T v 7)) U 7 L5l Z BiET
Ll blT, BRI E R A E 2 o EEE AN & O A E A~ DR EE BT,

BEE AW, R IBUT T 3 R R T SO RS LR (@R L~ 1 R Y A
Al FIEORE) FE) OREEZEATND,

[1] G. Apostolakis, et al., “Time-depend accident sequences including human actions”, J Nuc. Technol, vol. 64 pp. 115-
126 (1984)

RIAIR, fl, “#A4F v 2 PRADIZDOY LTV v I FEORT", 11155 2020 FHROFER

[3168, fill. “ZHMEEET LA HWZBIN PRA FIEOBFR", K 17%% 2021 RO K%

[4]Y.Tanaka, et al, “Enhancement on the Treatment of System Interaction in Dynamic PRA Tool”, PSAM15

[51X.Zheng, et al, “Simulation-based Level 2 Multi-Unit PRA Using RAVEN and a Simplified Thermal-Hydraulic Code”, PSAM15

[61H S, fll, "% AT v 27 PRA FEDORFE (4 3 #) ERIHITICE 29 —r 207 v—"71 | JRFh%a
2022 ROFEZ

*Hitoshi Tamaki'

Japan Atomic Energy Agency
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Dynamic PRA D& EA
Latest trends of Dynamic PRA

QVRIVEZA—IZBEHBRFHTS Y MREOEINER DR
—GO-FLOW FED G —
(2) Display of Dynamical Behavior of Nuclear Power Plant States in Risk Monitor System
- Use of the GO-FLOW Methodology and Interactive Update -
R

VR R R A HEE R

1. Fify

E%ﬁ77/h$&fﬁ CHEE B CIIER ORI L LW T T v MERORIABIFICEL L T L,

N, TT N 0RAe @%-%&@%%mmt ICEREINDI v varb Bl T, 207D

77/bL%Ei77/bﬁ ExBIBEICRARNCERME L, ZOFE R ERHWICIERT 20 ERS D, A%
£TIX, VR E= &—VXTA®$TGOHDW%%m%wﬂVﬁﬁféﬂ%$b:ﬁ%#é

U A7 E=Z—THEARMITITY B 7 PSA ITHESWTW S, Hilgl ﬁw@% LT AT T RikEE
IREf CREAT T D LR B D | ﬁh@77/%h%#6A%E@ioﬁ% (2720155 D, \yya/@m%
ERELRTZENHEETHD, VAZE=F—ZDPWVESTWHEIEEIX, VAVE=F—{Z7 7 |
DBIEOFMNZ AN L BURB X OEH%OT 7 > b U A7 REZFHBEAERNICE S, £ D722 GO-FLOW
iz 7" 7 > MIRBEDZEAL, X v ¥ a OB IR RHG U C M 2 A & it L7z,
ARERTIIBWR 77 v P2V LS, REE —FSRNCES WU iR 2 R E LT,
fRMTHRE R A U A7 B =2 — TR T DBRITIE. fRIT R PER SRR LIS R DA Z R T 2 LidRs & LT
MR Z 72 LT LE D, F7o, TR RO ANHEFER b2 T ERICHERFERE R D,

2. YRYEZH—
2-1. YRUEZSB—RT LA

U227 E=2—DMiEIEL IAEA I2X 0 775 2 FEAOERRRTY — 1 TH Y | AT LR OISR DFE
BREOMRBEIZHE DWW THRREY X7 ZRET H, | EB_RBENTWND[3], VAT E=F—FEANIITY BT
PSAIZESWTHY, U B 7 PSA LA UM CHEF S 4L, EIBHEICE s, &PIDY 27 =4
—ESSM (% 1988 42 Heysham 2 (ZEBWCRZ S z[4], BUETIEH LWL 7 Z7 > MzBWTHEHA ST
Al

ZITE VA ZBRICWEEFERICIRET 2D Tide, 77 MREE WD 2 TOEOER
REZELLOLET 5, BRINTZI vy a VORBITREE LTHERIZ E%)@T\ 7T v S OBURD B
LCRBRIZBIT2I vy v a vy ORMELIR R T2 ZEOHETHD, o, VATLADT A FZEV T«
WMz, WHKA Ry N — 770 NEHOBR L~V bl BIC L EERERE 0D,
22 EEMMEITICBIT2EERE
@m’Wm¢5@%ﬁf§ybyx?A®%ﬁﬁ%ﬁ’%wfqu®%HﬁE£&&é

HREEE - b LR —OFENEROBSRIEE L RETHE. HMEY AT DB T2 IUERERIHE b

57 EMEDN DD, £ O 7 @R R AR IZ W) TEENTE Y b TV R T HIE7e 57220 [5],

T4 ANy va VB FROBRICHENERSND I vy a VIR L TN, Ehlk, 74 ARSI
v¥a VORPLSEENIE D O MER D D,

VAT AEOWEEME - EEO AT A THBIHEH SN TWDIERNH L2551, OO T AT A
IZHEBMENRAT B, :n%ﬁ@mﬁn&ﬁM%ﬂ%é
N—THEE DR KBS AT DB W T AIC SR LA 5 FDNL— 7 HEN LI LIRFEEL T
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WD, BIEMEFTICE N T ZORBZIEL Y5 BERH 5[6].
AR S PSR S ORICEET 2 16 BT R 2 B U 5 12 OICEETH D,

2-3. YRV EZA—ITHELHEE

B RZEEE R TSI DY A7 EF=F —TIRUTOWEELZBET L2XLE R HLH, VAT E=F—I|ZN
DNES TWHEEZRIX, VA E=F—IC7 7 NOBIEORREZATIL, BRBLOESHOTZ 2 hD
U A7 RBEZM ARG, Z D791 GO-FLOW M7 7 > MREEOZE L, BRENDI vy a v
DOEACIZFHRIZ S L CEMBINDMNEN D DH, TH SNSRI A BMICKEORBFATY 27 %
= IR INRLS TR DR, ZRICEVEIREITY A7 REEZ AL ICEHBIIICEET 5 2 L)
TX 5,

3. GO-FLOW F¥

AW TIE, X v a OISR % GO-FLOW FiEAHWTEHE L7, £ Z T GO-FLOW FEIZ DN T
fli LI FRIN T 5,

GO-FLOW FEIIMIIEHEZIE D v AT MEFEMMNT FIE T, VAT LAOEHEE, 7147807 « &5F
it EMTED, ETMEFIEICED EEHREFNL—F LR SN/ TV AT LIV AT I
DLFHEREZR L TWDR (Fr—F) 2ERT S, MPOBRBHZRESR (XL —%) [IWHRR il
DO - BIfECIREEA 22 8E8E (AND, OR %) H 25V IEERAERRETT ML L TV 5D, BIfE 14 FEEHO A2
L—HNERSINTND, AN —FZNTOFERIISE R ICEH SN TN D, XL —XDOHIEE
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Oral presentation | IV. Nuclear Plant Technologies | 403-1 Risk Assessment Technology, Application of Risk
Information

[3G09-12] Seismic Evaluation
Chair: Sunhyon Jan (Hokkaido Univ.)

Fri. Mar 18, 2022 2:45 PM - 4:00 PM Room G

[3G09] A Framework of RI-PB Design Application for Seismic Events
*Toshiaki Sakai', Yasuki Ohtori?, Noa Matsumaru?, Hitoshi Muta?, Yoshifumi Katayama® (1.
CRIEPI, 2. TCU, 3. Chuden Engineering Consultants CO.,LTD)
2:45 PM - 3:00 PM
[3G10] A Fremework of RI-PB Design Application for Seismic Events
*Noa Matsumaru', Yasuki Ohtori', Hitoshi Muta’, Toshiaki Sakai?, Yoshifumi Katayama® (1.
TCU, 2. CRIEPI, 3. CEC)
3:00 PM - 3:15 PM
[3G11] Evaluation of Seismic Diversity of SSC system in PRA
*Katayama Yoshifumi', Yasuki Ohtori?, Toshiaki Sakai®, Muta Hitoshi’® (1. Chuden Engineering
Consultants, 2. TCU, 3. CRIEPI)
3:15PM - 3:30 PM
[3G12] Importance Measure Considering Common Cause Failure
*Yasuki Ohtori', Hitoshi Muta' (1. TCU)
3:30 PM - 3:45 PM
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A Framework of RI-PB Design Application for Seismic Events
Part 11: Case Study on Application of RI-PB for Emergency Cooling System Considering Failure
Probability as a Performance Target
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VTR, CHORERTTR, CHhEsIF = ez ok
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[1] R.J.Budnitz et al, NUREG/CR-7214, 2016.

[2] K5 - fil, H AR 1715743 2021 FkD4E4x, 2G02, 2021.

[3] H & - fil, EHFHRS (10007) , 2010
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*Toshiaki Sakai', Yasuki Ohtori?, Noa Matsumaru?, Hitoshi Muta?, and Yoshifumi Katayama?
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A Framework of RI-PB Design Application for Seismic Events
Part 12: Case study on Balancing risk of Emergency Cooling System
AAFUSEHL !, ORJSEER Y, BRI, TERRS 2, R’

VRO TR, 2EHAE, SR ez ok
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[1] Budnitz et al., NUREG/CR-7214, 2016
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Evaluation of Seismic Diversity of SSC system in PRA
Part2 : Risk assessment method of SSC system considering seismic diversity
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Importance Measure Considering Common Cause Failure
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WSS, HIRZFEIE, BRI IGEE, Vol.s, No. 3, pl67-178 (2006)
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Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 505-3 Decommissioning Technology of Nuclear
Facilities

[3HO1-04] Decommissioning Technology for Fukushima
Chair: Yukihiro Iguchi (Univ. of Fukui)
Fri. Mar 18, 2022 9:30 AM - 10:35 AM Room H

[3HO1] Fukushima Daiichi Nuclear Power Station Reactor Carry-out Proposal
*Haruo Morishige', Yasufumi Kitamura® (1. Fukushima Nuclear Accident Countermeasures
Review Group, 2. Kitamura Co., Ltd.)
9:30 AM - 9:45 AM

[3HO2] Development of Remote Inspection Method using Advanced Super Dragon
Articulated Robot Arm
*Hideharu Takahashi', Gen Endo’, Ikuo Wakaida®, Hiroshige Kikura' (1. Tokyo Tech, 2. JAEA)
9:45 AM - 10:00 AM

[3HO3] Development of Remote Inspection Method using Advanced Super Dragon
Articulated Robot Arm
*Gen Endo’, Toshiya Nagai', Atsushi Takata', Hiroshige Kikura', Hideharu Takahashi' (1. Tokyo
Institute of Technology)
10:00 AM - 10:15 AM

[3HO4] Research on hydrogen recombination catalyst arrangement in fuel debris
storage canister for decommissioning of 1FD
*Tadasuke Yamamoto', Sougo Iwata', Sayaka Masaki', Tatuya Aida’, Takurou Aotani', Tomoaki
Kita', Daiju Matumura?, Ernst Arndt Reinecke®, Hirohisa Tanaka' (1. Kwansei Gakuin Univ, 2.
Japan Atomic Energy Agency, 3. Forschungszentrum Juelich GmbH)
10:15 AM - 10:30 AM

©Atomic Energy Society of Japan
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Fukushima Daiichi Nuclear Power Station Reactor Carry-out Proposal
RREOERE, AeAS RRIC?
VRSSO IR IR S, WS 2D b

R — BTV TIRELT 7 U B ORISR AR O E BN BERRRETH 5, EHITUEE ]
GHT 3 ERT 1 SR CBSEM B 2 RO DREW & — K TR LR 2 Fi o, 77 A FIREEKRA R E <A

HBLTWD, ZiHDRWO R TN 2 Z2—FHIC U TRERSICANRINT 2 T2 R L,

F—0—F : @EEFE. PRI B

1. 88 - R/B
DGRBS & HUENROREND T, 1# wn | EA—s—
FREFOEESLALLIZL - T1 5HNS 4 5 FE T fi-g— | ﬁ“ﬁ /B3

7 — —

TR & < B L, TSR LU A
BT € o AR DO & BT R HE L 7
TIB, By IR DLOBE L ERIRIETH 5 15,
PR E R ERIET HZ LILARETH D, Lol
BRI — T RAR A OB b R4 37
CERE®Y B E B ERR o o
2. RPFENTH [ I |
2-1. RAEES A A A
JRFIFIEE A2 BT, ST A 2L B HERL FEsE O H
e BUT L P L0 e 00 (R B L > D

T 5, 3 BHEEFFIINE 5.6mE X 22m, EE 500t 9+
IR A 10Sv/h & L. $F0AR T 1000 t Z40E L7z, |
(5 5 53R P S BEHE TmSv/h atlm 23772 010 L
DF4 & LS % ik 20om &SN, 491000 t O Hp, o7 Je=i S 0oe0n- |
BEE b, ARt KEEITRN 2,000t 725, 30
2-2. ¥ L— N R UMY — K

JR AR AR E R RICHE E R TR Y T -1 3 BARJ 7 i
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BEXH
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*Haruo Morishige' and Yasufumi Kitamura~?

"Fukushima Nuclear Accident Countermeasures Review Group., 2Kitamura Co., Ltd..
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(1) £FE LFHRIFERR
Development of Remote Inspection Method using Advanced Super Dragon Articulated Robot Arm
(1) Project Outline and Measurement Method Development
EiE B, EEE 2, EIE FR ORE R
'HORLEERS, 2 B AT SE B R

FUEE ) HD & 55— R 1 1R BT O BER O ML O 7= I TR NS CRREHT 7 U ORI R 23 2 &
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BEXH

[1] YRR A — =7 TUZHEa Ry N7 — M X DEIFB/NRELT 7 U SR ~OHE: (ZFEHF5E) , JAEA-Review,
A AR TR FE A%, 2020-040, (2021)

[2] PR A — /8= R T AL Ry b7 — A L DIENBGRIRELT 7 U i ~OPkik (Z:56%0) , JAEA-Review,
H AR 7 )RR SEBH 56 4%, 2021-045, (2022), (To be published)

“Hideharu Takahashi', Gen Endo', Ikuo Wakaida” and Hiroshige Kikura!
Tokyo Tech., 2JAEA
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Development of Remote Inspection Method using Advanced Super Dragon Articulated Robot Arm
(2) Development of an Articulated Robot Arm with Telescopic Structure
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Research on hydrogen recombination catalyst arrangement in fuel debris storage canister for decommissioning of 1FD
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Laser spectroscopy for atoms and fine particles generated during laser cutting
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Development of Removal Technique for Solid Contaminants with Ultra-Fine Bubbles for Decommissioning
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Fundamental Study on Mechanism of Blasting Decontamination Device for Small Diameter Pipe (Part 5)
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Development of a cavity ringdown spectroscopic apparatus for DC glow discharge plasma
Ll AR, SEAR BRSO JELR OET, R B3O, KB AT IIE A
g 83, SeH RS, BRI FH—!
VHORORS, 2 b— P — A AT ZERT, * B AR -1 WP 7EBHIEH A, ¢ F B = x v —hf g8k o 7 —

T I MR OBE ISR 3500 C, AT 2 BEE 1 0 O R O BT e 2 HRUR 5 = L SRk i 5.
AT, BRI ROR TS L ORRZ I 27 7 — I L D7V, B L —F— I Th 5
X UT A LT OUNRICE Y ZORNRERE TR BN FIEOME £ T T 5. S, HE
LIagr s R 7 b RN SR B AT 5.

F—0—F: L—F—HkE FO—RETFXT

B E R T IIREI ORI IO CREHMEBEED O W RSB E & 72 . ABFZE TIERURO RTLEL)S Hrifk
RS CIEMBERINEZ FRELE LTV D XYy BT 4 U 7 F o ENCER L, B v — B A LA
G5 2 ETEEHEZZDOREOREHI L TOlE{T) 2EDTEHV AT LA L TV HEL

ATEIRERIC T, B2 BV NIBICEARRER A —h Y — REAVERE L, BEFTOY v I7X 2o
LAOPENTARETH H Z L2 @miE LB 2%, 7LVAr TAT7n—%2EAL, Hit/u—E7 7 X~%
BAESHRRET, Vo7 ¥ 024 LOMEZT I EREZIToT. #R, Fe—HETTho-THY 7
B AA LDORERE;NIRLS, KVATLATOX Y ET 4 VT X TGN THL Z ERH LN
272 o7z, £72, Fig. 1 TRTERREMEL, WNAXY MVEAGFEBRORELE LT U U AEHERKR &
RY = AR AFWCERZ B —E-F ¥ T 1 Vo 72T U Na TN ENATY, FUHEMAEERETH
5ER L EIRETH BB ZNENIZONWT, Aa—h Y — KL TRAESEDL /u—REBEDEKEZTD
[FEREIZONWTT — X 2SS LIt 21T o7, & 51T, Fig.2 TRILIECH R = AZBWTE Ry 7
TN VI Lo THRIESRER>TWD OO0, FNERT 7 MR 5 2 En3tikizc. AEERTITZ
NS DFEFIZONWTHET 5.

- Exp.
—— Averaged

J FA/L—52— _ 084
R » 0.82
o
e o
) = 0.80
«Q
L - 08} |
{_/l 0.761 “". H
v 0.74 .
R ERRELEE E-FYyFry . 00 g 9 1000 1Gd -
+~AFRLEM brX
Wy TPHA 738.514 738.516 738.518 738.520 738.522 738.524 738.526
+ sample Frequency (THz)
. — . [—- 1
(figure 1) FEHHR O (figure 2) Gd OWIUE =

BE 3

[1] D. Romanini, A.A. Kachanov, N. Sadeghi, and F. Stoeckel, Chem. Phys. Lett. 264, 316-322 (1997).
[2] D. Ishikawa and S. Hasegawa, J. Spectrosc., 7491671 (2019).

[3] Suilifh, 2021 4F B AR F 1 F2KORSZEFE, online, Sep 8-10, 2C17 (2021)
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Development of Sr-90 analytical system based on highly sensitive laser absorption spectroscopy
utilizing molecular isotope shifts
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Development of general-purpose clearance radioactivity concentration measurement
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“Review Committee on Decommissioning of the Fukushima Daiichi NPS”
Activity reports of subcommittees
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“Review Committee on Decommissioning of the Fukushima Daiichi NPS”
Activity reports of subcommittees

(2) ARy FEE

(2) Robotics
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“Review Committee on Decommissioning of the Fukushima Daiichi NPS”
Activity reports of subcommittees
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(3) Risk analysis and evaluation subcommittee
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“Review Committee on Decommissioning of the Fukushima Daiichi NPS”
Activity reports of subcommittees
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(4) Structural Integrity of components
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Atomic Energy Society of Japan 2022 Annual Meeting

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 505-3 Decommissioning Technology of Nuclear
Facilities
[3H11-14] Decommissioning Sites and Project Management

Chair: Haruo Morishige (Fukushima Nuclear Accident Countermeasures Review Group)
Fri. Mar 18, 2022 2:45 PM - 4:00 PM Room H

[3H11] A Study for the optimization of the decommissioning project of nuclear
facilities
*Yukihiro Iguchi’, Daisuke Kawasaki', Satoshi Yanagihara' (1. UNIVERSITY OF FUKUI)
2:45 PM - 3:00 PM

[3H12] Organization and solution measures for technical issues of
decommissioning
*Kazuhiro Tanabe', Satoshi Yanagihara?, Yukihiro Iguchi®, Daiichiro Oguri®, Yuto Awatani’,
Kouji Saruta®, Isao Narikawa®, Akihiro Yanagida®, Shingo Ozawa’ (1. Kanden Plant, 2. Univ. of
Fukui, 3. JAEA, 4. Takenaka, 5. Tokyo Energy &Systems, 6. Nissin Kiko, 7. CTC, 8. JAPC)
3:00 PM - 3:15PM

[3H13] Technology Demonstration for Sampling of Fugen Reactor Core
Components
*Yuta Miyamoto', Hiroki Iwai', Norimasa Mori' (1. JAEA)
3:15 PM - 3:30 PM

[3H14] Construction of waste transportation route by building penetration for
decommissioning
*Yuto Awatani', Kenta Aratani’, Haruhiko Kadowaki', Yasuyuki Nakamura®, Masahiro Ishiyama’,
Masashi Tezuka' (1. JAEA)
3:30 PM - 3:45PM
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(1) E#EIRHIEEERDME
A Study for the optimization of the decommissioning project of nuclear facilities
(1) Extraction of important factors for the optimization
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* Yukihiro Iguchi!, Daisuke Kawasaki' and Satoshi Yanagihara!

University of Fukui.
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Organization and solution measures for technical issues of nuclear decommissioning

R WU %, P SE0L % SEAIEON Y, SRR Y, RIS, BUHHEAZE 6, /NS T, N —HR 8
"B T b ARHREE PJAEA, YT LEE, CHR R R CHIEER L, TTRET /b,
A

J5& Lk HE 1B M ONERA LR OO LS8l ClEL i $ 2 il K OBl 16 011 55 2 A L. RREIRIR 0 5 3R
RET LTc, ZORR., BAERIRTOW B C TIERIROE 2 )7 OB/ E CRRBE ORI D AIRE & 72 o T2,
F—0—F: FEILRE, B 0ORE, SNk, i, BRi BEIm st

1.#E

DRETITEAE 26 LOJRFHREEITICB W TREILFESEIT LTV D25, ImWFBRICIIFELAE T
FORMHIM (B LR Z#& T LTl - EMOMRIBIERE (B8 2 BRELIRE) AT 27 rY =
7 NIREOIMED, PEILIEE L2 LR THRICED H720I121%, BG CHEET 5EEZ I LI L,
ZOPRRE TOMGNT L2 LNHEBETH D, RT3y va = RS TIE, BIERESk
RIRHEEORBREZ AT oot (RB) T LTT v 7 — MlEEZITV, BGOMEZ MmN T2 & &
BT, T8 AT REZR BN ORI M OV R B 2 A U TR L. B ORR T IE 2 et LTz,
2. 5k

BEILFEE LHEORBRE AT 5% (BExar, LSt E) 2587 7r— Mi&E LTV ED
WAZEBE L2, BT, B THRICHED L F¥E - i TRtk 8o THERR oA Gl 80,
SR, W, s, @A, Rk L) 2177, ZNLORRERE LT, MRz
%9 A CEERTIERROZ 2 OB OETISRD ) U T SR LT,

LRREER £1 BELBREDOH

BUGOBBIR DA TIE 176 MFOREE [ B FRRR
Mt S5 2 LAHRIE, 200 BEITCHE || semmsosaamior: [ TV L LB
L7WiE 70 fhChovz, £iz, BGOME~ O, - BOFERIALEL, | e
DRREE L 720155 BARL TIEICR DHE T B, BERAR, WES(ZY |-BH-51 I HORARMREL
3. TS — 37 w12 [JHRURRRECE, [RERETS. BHAEIRRE
2 RERWERETS. EREEBER.

23 OUIEIEA, 24 OBFHRAIE ATV T
A5 2 ERHRZ, ZRODORERND . EOMIRIZIR D NE 2 AR OM Tiim L. € Ok
KR Uz, RUGREE ZOMIKO—HITH L, BlziX, DIEEICB TS 2 — L% 0REL
MADH7=OIE Bl 1), EERUWHNZSIRT 2 ENREETHD . N1 Ry Mo EOERN
BRhEirb, Flo, T4 =2 T ORBELENEMNCERT D 7-011% (B12) BERGGEEMEAX O PIEER
FIEBNENTH D, ZnbliE, B TOEBEOBEAGINSELNZHEINTH 5,
4. 55

BEILHEOBSG CINETICHREE SN2 DD T, AL BIGORBRSH T Z#EH T 5850 T
K (P ony) RECIVBIAETED, T ORISR O BEARZRANFIL, BfRE O THLAE
T5Z IRV BEIEE THEORE TR e - a2 X MBAER S Z L NEE L Bbh b,
SEXH : A&, #h; BLEEOEXRBICE T5REOMM, RFHER 2020 FFEOER
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IKanden Plant Corporetion, 2Fukui University, 3Japan Atomic Energy Agency, *Takenaka Corporation, STokyo Energy & Systems INC.,

®Nissin Kiko Co.,LTD., "Chiyoda Technol Corporation, #Japan Atomic Power Company,

2022% BRRFHE¥S -3H12 -



3H13 2022 FBEDES

[SFAL RFFEEM D S ORH R HTREE
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Technology Demonstration for Sampling of Fugen Reactor Core Components
(3) Current Status of Sampling for Reactor Core from Lateral
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*Yuta Miyamoto', Hiroki Iwai' and Norimasa Mori!
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Construction of waste transportation route by building penetration for decommissioning
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Atomic Energy Society of Japan 2022 Annual Meeting

Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 504-2 Nuclear Chemistry, Radiochemistry,
Analytical Chemistry, Chemistry of Actinide Elements

[3101-03] Separation Behavior
Chair: Koichiro Takao (Tokyo Tech)
Fri. Mar 18, 2022 9:50 AM - 10:45 AM Room |

[3101] Complexation of actinides and lanthanides with water-soluble amides and
carboxylic acids and their tetrad effect
*Yuji Sasaki', Masashi Kaneko', Yasutoshi Ban', Daiki Nomizu?, Yusuke Tsuchida?, Masahiko
Nakase Matsumiya®, Masahiko Nakase Nakase®, Kenji Takeshita®, Takahiro Shimosaka®, Tatsuya
Suzuki* (1. Japan Atomic Energy Agency, 2. Yokohama National University, 3. Tokyo Institute
of Technology, 4. Nagaoka University of Technology)
9:50 AM - 10:05 AM

[3102] Design and performance evaluation of microchannel for packing with
aion-exchange resins
*Kazuki Ouchi', Takehiko Tsukahara?®, Aileen Brandt?, Yoshiki Muto?, Nozomi Nabatame?,
Yoshikazu Koma', Yoshihiro kitatsuji' (1. JAEA, 2. Tokyo Tech, 3. Ibaraki Univ.)
10:05 AM - 10:20 AM

[3103] Examination of solvent extraction with ionic liquid TOMAC/OMITf,N and
fluorous extractant TBP-C,F,
*Masaru Yokouchi', Yuya Kuroki', Ryoma Sunakawa’, Toshiyuki Inazu', Noriko Asanuma® (1.
Tokai University)
10:20 AM - 10:35 AM

©Atomic Energy Society of Japan
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KEWET I REQRINVRBEOT 7F 7 A4 RERT 82 ) A NI
LEETH YT T Rah R
Complexation of actinides and lanthanides with water-soluble amides and
carboxylic acids and their tetrad effect
R RM L, FBGE L PR 1 BPAKORSE 2, LT 20 A IEE 2, PIHIEE 3,
PrfE 8, TR 4. SRz 4
VR A BRREDR, P RTR, A REERIR

ILFZEBOFEL L= 37 7 F /A R T2 ) A4 ROGEELIERO—BE L LT, 10 EHORZRLT I R
J O VIR SR A ERERNL - D~ A% 2 TR DO % 1T > 7=, Lnl4 jt#% La-Nd, Sm-Gd, Gd-Ho,
Er-Lu lZ5% LT, $EERLAE ] D& & fil HH E Bk S L3R O Wi 2> Dl A L7z,

X—U—FR: 5% )4 K, 77F /4R, MEZBEE 7K, AR

1. 88 3Miv> % /4K (Ln), 727 F /4 K (An) O ESEECIZ, TALSPEAK 0D X 91K, A
AR RAIE 2 TN U T Bt IR R T 2 FIESRF SN TWnWb, — . v AF 2 ZAIOVERE 2 35/ ELik
L. F &R 278130720, 2 2 TiX, EDTA, DTPA X° DGA ‘B % Ff>7 I K, 7 Kig, UL
RUBRS 5 B T2 KB E~ A% v ZHI10 FZ2 AV COMEERE 21T 572, xI%48I1% Lo, An T Lnld4 £H
EASEIL, An—77F Y R L DRIEDFHER Am A ED Ln L LT 558 A2 T D Oiid Lz,
2. EBRAE TODGA filitiAl (0.1 M) ZETo AWML, HEE, AR, KOBSEAM (K1) Z25EMEL
ToRFR (A A8 1 M) B0 o CYRILRh 2 22606 U7, 28 FEEILBIEOE Cob g 1 o il i e 58 K OV
AR R F— 2 G U 8 ESERE & OFBRIC IS T Bu bk o R EEE KA FHIL 7,
3. &R R UCHHEMET, IRV SE

(‘:HZCOOH (‘:H2C00H (‘:Hzcou(czm)z (‘:Hzcou(czm)z
H:‘ %%TEE‘{E%@ ~ A ﬂ(- NG 71\%%‘% !i% v \O HOOCHZC/N\/\Z/\/N\CHzCOOH HOQC"ZC/N\/\I/\/N\CHZCOOH
7k4J:H pH 2 U\T@%ﬁ:f\ |ﬁ‘| Eﬁ,% %—f%o DTPA e DTBA Hc00H
. " CH,COOH CH,CON(C;Hs), CH,CON(CzHs),
T AF T ﬁ” |§‘| + Tﬁj\@a o j(/J‘ 721’ e %ﬁﬁf Hoocuzc\N/\/r‘«\ HOOCHzC\N/\/"‘\C (Csz)zNOCHzC\N/\/'L\C
'CH,COOH H,COOH H,CON(CHs),
L&A, ~ A% /PREIX DTBA > bucoon EHCON Gy Liconica,
EDBA EDTAm
DTPA, EDTAm > EDBA > EDTA, fe He s K
HO_ ./ \o~<:\|-|:2 HO__ ./ "No_CH, - \,\C/ Soch
DGA(C2) > DGAmc >DGAc L 72 »7-, = % o % 0)3\,/ XN o e
. o boh, caH,
DEHETT I MEAEWIT VR R X pehe woc,  DGAmC " czns\,(\: : DGA(C2) G,
. . Y =0
D HEVEREE RO Z LV o T, 2O ot % J”?fi;ﬂ o
" et o . " CoHs— <o 2Hs zH/ — % N2
W 2R E T B 72 REEE b ) o em
] e DOODA(C2) NTAT 2 F(C2)
By Pl 2 VT KR IC I 1T DA 1 AukIxFy7H

REEAFEDOEIS & R o To, ZORER, #

KIZBI 2488 © BN DbF &R EDTAm > EDBA > EDTA & 720 FEBRIZ XL 5~ A% FPERE D
Me—FH L7z, #ETIE, Au—77F U v 2% AT 455 Lz Lo WO AS OEWZ O EL
T COLFEHERBRICONTE LT D,

AWFFEIL ISPS BHFE JP20K 15210 DBk #521F T—HFEm L 72 b D T,

*Yuji Sasaki!, Masashi Kaneko!, Yasutoshi Ban!, Daiki Nomizu? Yusuke Tsuchida?, Masahiko Matsumiya? Masahiko
Nakase®, Kenji Takeshita®, Takahiro Shimosaka®, Tatsuya Suzuki’
'Japan Atomic Energy Agency. 2Yokohama National University, *Tokyo Institute of Technology, Nagaoka University

of Technology
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BEA A ORXBBEEFTIRT 50D A U OF ¥ O RILORET & R
Design and Performance Evaluation of Microchannel for Packing with Aion-Exchange Resins
RN A, HIR WIZ 2, Aileen Brandt?, R Ml 2, AWHHE 23, By !, doid wmiE!
JAEA, 2K, 3HHKR

H PEBEZED) AT BT 24X U R 7 R0 ZIRBEEM ORI DO 7=, /N A 7 — VB LT-fa A 4 32
WBHEREA~ A 7 aF v o IV Z2&e Lic, v~ 7 0 F ¥ X)L OEE K OMEITEISHK 10 [EEL - ORAE % #’d
S92 2 L CH#IE/R D T U BEEREN S D iv, — R T A A XD 1/5000 OFIMEIZ T Lz,

XF—I—F:~A7uF v, BIETRHE~A 7 aF v xb, U748, ICP-MS, K

1. &

SR I EN OB ILREZ X D & T 2 BAMEEED O T, mWHIE U R 7080
BT DI AR EIRRE & 72> TV D, AR TIE, Zh b OB LOBER 7 — L ORUMEIZ X 2
WaELL, BUNAT — NV GRECE LT A A U RBIERIE~ A 7 0 F ¥ VRNV DOREHE DY T U orHE
PERE 2 AT L 7=,

2. KB

oA A BRI EIRRE llmm ObOEFEH L, v A 7 12 F ¥ FX/UET v RV OWiiFE % [
EULAMEHDOR S EZZBIES T2 DO REREI Lic, v A 72 F vy 3L LId, Fr oW E a2 RE< Lz,
PRE 30+ 1.5 um, 1H 1000+50 um OMEFERTE ., #4E 2060 =70 pm, WriEiFE 3.0+£0.2 x 10* um? (& = J571H 2 A,
W& 57 1589 90 fH DEHE A ELS, BE 8mm) & L7z, ¥~A 7 nF v A 2%, Fry xS az/h3< LT,
WL 300 + 30 um O[T ErmE, 44E 771 £33 um, WBrimfg 3.5 £ 0.5 x 10* um? GRS W 13l g5 mi
30 HOMAEAES, ES 11mm) &Lz, 77 OWE - IREEEZERERIOM, 0.1 MEREE LT,

3. MREER

Bilfz R L~ A 70T v 1 OU 7 RERITH 60 % T, WELIZY 7 OEHEIT 30 %&2F
DT EIERIT 20% &N o Te, —H. A 7 B F v 102 OWGER, EHER, EIERITT T 95%LL E
LERM WS TR ARETH o7, Lo T, 95 %l EOSBEERREZE S IIE~ A 7 2 F ¥ U RILOES
K OMESF AN A A 22 HifsiiE 2 10 L ERdE T2 Z ERLEE LW, £, v A7 0 F ¥ X2 2 EFH R
TR BAHTOIRFIFERME K] & FREEDORE DT v o A& RN L KREHCEA L7z s 2 A, T v
L LT 2.85+0.07 ppb MG 54, #RIHHE (2.81£0.16 ppb) & K<~ L7z, /o, ZO7TF7 7 g
D>y LAREEIIAIIREE O 1/1000 BLF £ TR T X 72,

4. $EER

Bad AL St iE & BT D720 DO~ A 7 v F % U3 VE, T OWRS K OWEH ANSHK 10 i 2L o g % i
FITHZENBEELVEVWIRFREZGL, /2. ZO~A 7 0F v 3TN H T AV A XD
1/5000 % THUME L, #fEReH 4 2~13 £33 < . ZIRBERE 4 100~800 {HEBFTRETH 5.

B 3
[1] Examination status for alpha nuclide removal, Compilation prepared by Tokyo Electric Power Company Holdings, Inc. (TEPCO),

https://www.meti.go.jp/earthquake/nuclear/decommissioning/committee/osensuitaisakuteam/2021/01/index.html.

*Kazuki Ouchi!, Takehiko Tsukahara?, Aileen Brandt?, Yoshiki Muto?, Nozomi Nabatame?, Yoshikazu Koma!, and Yoshihiro Kitatsuji'

1 JAEA., ?Tokyo Tech, *Ibaraki Univ..
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14 7F 2% TOMAC/OMITEN & 7 )0A S A E| TBP-C4Fy [ & 58K ER
~BEt Ce(IV) & FP T ET RO MH BB~

Examination of solvent extraction with ionic liquid TOMAC/OMITT;N and fluorous extractant TBP-C4F9
~Extraction behavior of Ce(IV) and FP major elements in mixed acid~

TREN R, BOR feth 2, mR)I vEEE ) Rt BT % W
VYR - BE, 2 BERT

-2

AT AR E TNV AT A 2 BB AL A A L LCERT 52 2 MatLTnb, i
F TIZ ThAV) DR LHE & LT Ce(IV)ZEH L, AHEE/KIEIRH OB ZEE) 72 EIC W THE Lz, ABF%ET
IEEHFE A DU U NRELOEIRIE & E L, 7 vibF MU 7 AEHHEEEKERD D Ce(IV) & B0 R A/
@m@fgﬁﬁ@Aﬁﬁ%_owa A2 EBET S L L BICHLBLA~O®EAMIC OV i LG5,

F—7J—F : OMITEN, Z)LA 5 R B, BEHE, CeV)
1. #®#E

A A R F IR EOBMEBARTH Y | iE%W®mmr 7KAH
s, £ G L 7 o F{L ST UpHE AR )

D CEEVEREVEEE b0, Zhb ik L wm@ (38 a)/ N\
T B0, K, TA T A, A A E A G T2 3 5 W
éamnmiégﬁ%&ﬁﬁ%ﬁokoxﬁ%T@{ﬁVWWKI- T EEN -
Octyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide(OMITf,N) TBP-C.FJ/FC-72 |€—| TOMAC/OMITEN

(K 2-ANZEH L, A& LTHEEBLT =T LD
Methyltrioctylammonium chloride(TOMAC)(IX| 2-B)) & v 7=, £7= 7 /v

a) KF— 747 2FEHIH

b) AKFH—A A AR

| > 1% 1%
77 AFZIE, fEAIE LTY B2 MY 7 FIW(TBP) & 7 VAT AL o DA A - A o B

L 7= TBP-C4Fo([CF3(CF2)3(CH2);01:PO) (X 2-C)) % . FBRIAME & LT
Fluorinert™FC-72 % FH 7=,

2. EEBAE

FEHRIRBHAMRR & LT Ce(IV)IEFE DY 0.1M(M=mol/dm®)IZ72 % X 9 12 Ce(NH4)2(NO3)s 243 Et L. 3M HNO;
T%%Ltoit_®mMLFP@F*$tLTSMDzmwpamcmnNmm@mmﬁ%%m%hAmM

1. 3 FHRIT &L A A Ot

LD XKoL, (CHEE B U o ARENAfRIRE LT, 4mM NaF 250 b 08 FHE LT,
nmmommmNitiTmcmwcn%mkaLT FEBRIRBHA TR & FIAEIC 2 5 K o lcEenEh
WILEIZ AL, 25°CT 30 iR & 9 Lic, KMIZE TN A 4 IRE % ICP B0 b dEm £ 7213
ARG ER CHRIE L, R EZRD T2, che 100 [

3. BRRUEBR oMn_ s o [ | BOSMTBPCRYFCT2
FE N U U LIREHA IR R D@8 A 2 Ol [i) 4w\)( 8T 1 (oM TOVACOMITEY
&[4 312779, TOMAC/OMITEN filiH % © T 60
immM\TWCJWCHHﬂﬁT @HycH, (TN

Zi(IV)7R Ce(IV) & el S s = LAy N OMITEN 3

77o F2. PAAD L D b ZrAV)D FF DS Ce(IV)IZ CT (CH.)CHs .

FEES 2 EIBITIED » 7=, —J5. Sr(ID), Cs(I), H, CHs

NAII)FZW T OBRBEIZ BN T H A B/ AL (CH2),CHs o lem B B il

B).TOMAC #hiHi#l Sr(l) Zr(IV) PA(II) Cs(I) Ce(IV) Nd(III)

RITRBD e o7, ZORRERE 2. K o
WD 7 AT AR 1-a) &I LTA AU Fou o ot—0” s,
A~ 1) ZE TS Z L2 L D, Ce(IV)
DHERINTEDHEELZLND,

AWF5ei%. ISPS AHFE JP18K19047 OB AT -HDTH 5,

Fiiilabrey
[HNOs]=3M, [NaF]=4mM, [Ce(IV)]o=0.1M,
[Sr(II),Zr(IV),Pd( 11 ),Cs(l), Nd(II)]y=1mM,
[TOMAC]=0.5M/OMITE:N, [TBP-C4Fo]=0.5M/FC-72

C).TBP-C4Fy
[CF5(CF2)s5(CH2)30]sPO

2. i 3. MU N U SSEHARIRIC R 2 R

*Masaru Yokouchi !, Yuya Kuroki®, Ryoma Sunakawa?, Toshiyuki Inazu?, Noriko Asanuma?

!Graduate school, Tokai Univ., 2Tokai Univ.
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Oral presentation | V. Nuclear Fuel Cycle and Nuclear Materials | 504-2 Nuclear Chemistry, Radiochemistry,
Analytical Chemistry, Chemistry of Actinide Elements

[3104-07] Development of Extractant
Chair: Masahiko Nakase (Tokyo Tech)
Fri. Mar 18, 2022 10:45 AM - 12:00 PM Room |

[3104] Development of Advanced Adsorbent for Uranium Recovery from
Seawater Based on Uranyl Coordination Chemistry
Takumi Mizumachi’, Minami Sato', Masashi Kaneko?, Tomoyuki Takeyama', Satoru Tsushima®’,
*Koichiro Takao' (1. Tokyo Tech, 2. JAEA, 3. HZDR)
10:45 AM - 11:00 AM

[3105] Cis/trans Isomerization of Uranyl Nitrate Complex Induced by Bis(2-
pyrrolidone) Derivative Bearing Two Asymmetric Centers
*Ryoma Ono’, Koichiro Takao' (1. Tokyo Tech)
11:00 AM - 11:15 AM

[3106] Photochemical Synthesis of Uranyl(VI)-Peroxo Complexes with
Bis(phosphine oxide) Linker Ligands
*Yuta Okumura’', Tomoyuki Takeyama', Koichiro Takao' (1. Tokyo Tech)
11:15 AM - 11:30 AM

[3107] Evaluation of HSAB principle in complexation behavior of uranyl(VI) ion
with N;O,-, N,O;-, N,O,S,-type planar pentadentate Schiff-base ligands
*Tomoyuki Takeyama', Satoru Tsushima'?, Koichiro Takao' (1. Tokyo Institute of Technology,
2. Institute of Resource Ecology, Helmholtz-Zentrum Dresden-Rossendorf (HZDR))
11:30 AM - 11:45 AM

©Atomic Energy Society of Japan
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7 7 =N LRI RO T — F — A 4 FREFTREK Y 5 v IREMFRSE
() v 7 VBRI 5 BRALT DBHFE & YERERHT
Development of Advanced Adsorbent for Uranium Recovery from Seawater Based on Uranyl
Coordination Chemistry
(2) Development and Performance Evaluation of Uranium-Selective Pentadentate Planar Ligands
KET [, VeI 2e! G BE? il s 15, *ER R—a!
'K v 7 — 7R VR, 2JAEA, "HZDR

VT A F PO EBA AT ET RSNV 5 EEEN A AT & W O B LSV THEKR St
T CTHEERY T AHERFR T 5 RN T2 L. 77 = VRO RERE EHE L OMEKPITIFE
T DMMDIMEA A T D EHR B OBLE B E N S OMERERHE & BRI T2 7=,

F—T— F SR, WK T B, ZEREER, SRR

1. 85 WKk OO U T UENUL, FERIRIC D D BEIREIE RO T DR 7oA 7> a T
b5, BARZFLE LIERFEDOWFERFEICIZ ., KE DOE IZ X 2T FEDOEHATH b D K 91T, K
77 VENEINBERITIBAETH EWVER ZED TS, 7 X ARBIOZOFEREZE AN LA
B MEK T T UWEEM L U CREICBRE SIUTW B A3, /K pH (=81 TORIK WAL T, BRESE
FIHZhHEOIR S, WK ORMEA A Nt T 57 T VBIREDOIR S 70 EOFRENMKIRE LTi D, AR

TlX, tMOEBA A AT ET R OSNREE 5 EEN 2T &9 7T = A 4 (U0 DS R L1
R8I EAD W TSN T CRER Y 7 ML AFTH i 5 RN 72 B L. T OMREFHMI 21T - 72,

2. LB VIUVFATATE RECZFLU M) T I UOETH
7 X BRI £ 0 P S EEBLAL - Hosaldian (1] 1) &2 ARk L7,

OH HO
X ) ‘—‘/I/EP BT % Hpsaldian & UOz(NO3)2'6H20 @}i}fﬁ; Xk
BN Ny
0 #5472 UOs(saldian)$ RIS DV T, B X REIT, T4y oy
Hris TOVIRIZ & 0 [[E 24T - 7o, 8 /K %5#%(0.5 M NaCl + 2.3 Hasaldian

mM HCO; /CO;*", pH 8.00 + 0.03, 25°C)FZ331F 5 Hasaldian & 1. FHEE 5 JBERL T Hosaldian O .
U0 DEETER ST DN T, SRAM TR E L L 0 et L7z,
. BMREBE SEAGHROREE. UOy(saldian) D B AR K A3
83%DINETH LN, HFd X MEIFT»6/ LN
UOs(saldian) Dy & E X 2 1R T, ZORR LY, saldian®
HIERE Y e S ERAAL T & L CUOAITRENL T D Z & 3B B 2
Eleolz, RSB LOIR b Z OSSR K O Z 3k
I 5, FEHEREK T TO UOy(saldian) D %2 & E$k(log pi)id 27.5
ThHO, BECHRESNTWVDET I FX T L RENL 7 OE %
10~14 47 LR, F7z, WK IAFT 2 FEATEA A 2 1Tkf
T 5 0BHREIL 10°~108 TH V. @V UOL &M A RT Z L 2L LT,

ARFFEL, IR I 28 L7 i DRl - A BRI E R X D EFERE L L ORTRAER Lz [V 7 = VER LIS
BT =T —AA FEUEHUEAR Y T CPAEMBIR ] ORRTT,

2. UOx(saldian)?> ORTEP [X].

Takumi Mizumachi,' Minami Sato,' Masashi Kaneko,> Tomoyuki Takeyama,' Satoru Tsushima,'- *Koichiro Takao'

Laboratory for Zero-Carbon Energy, TokyoTech, 2Japan Atomic Energy Agency, *Helmholtz-Zentrum Dresden-Rossendorf
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2DODFFHLEFORFE2-EN) FUFERICKLHHEDY F = ILERD

cis/trans BE

Cis/trans Isomerization of Uranyl Nitrate Complex

Induced by Bis(2-pyrrolidone) Derivative Bearing Two Asymmetric Centers

N OEE, JER B
VRT R v b —AR

trans-1,2-2 7 BT UV Lo THRESINTZEAQ2-Ba U RNBNFD T & RS L OUR2R) N FE M
R 2 KR C U0 L BUG ST, ZDfER. 78 IEREHWTIGE1E rans- B, (1R2R)IK % W =35
L cis-BoxT I MY T EEZFFOMEE Y 7 = VBN E S TR ERENRE LI,

F—0—F : MR Y 7 =/b, AL, M R AL, A A

1. ¥E

B 7 7 = )L OSERAL I3 TR 2 D B LB 5 TR
MAERTEOICHETH D, MEEY 7 =85O H MY 7 /ViE
(BT DRI L, F L— ML Z 7R SR WEUNL T & OFEKRT
TS trans- Bl % R 2 ERMBN TV D, AL TIE, 2 2OR
HHLERFOEE2-' e U RUFFERMDHNRP)D 7 & I {AB LW
(AR2RYR(K DEHWD Z L2 X 0 BBLT DRV 7 = L ek {AfE
& D cis-/trans-BMEOFEMIZOWTHE T 5,
2. KB

BERETALDN trans-1,2-2 7 BTN THD L (TEIN) &
Lrr (1R2R 1R)ZBEHUCHE > TEA LT2(X 1(a)), KL T
4% DHNRP & UO> & E /L 1:1 TIRA L, B b7z i eafimico
UNTHLE A X RS AR 21T o 72,
3. BREER

HHEE T T =V EEIR[UO2(NOs)La], (L = L, LrR) D A IS % |
1(b), ()R, EBHHEOHAE B UMM Z R 1 RoTELAL &
DT BEEEND Z L E2HR LI, —F, UOXOxH F ) 7 ILHE
23 [UO2(NO3):Ls]y (B 1(b)) D5 EIE trans-BE T 5 DITHE L,
[UO2(NOs)oLrr]y (X 1(c)) DA cis-BITd - 7=, U-O A R
ST 5 & L=O%E 2.387(3)-2.391(3) A, Lrr DHA 2.370(5)-
2.384(5)A THY £0.021 A OFEFH T Lz, T H, U-OLD

@ oL LD

N
N N
o (%
rac-trans-form

(b)

oeU eC eN @O

1 AHF7E T HV /= (a) DHNRP
(Ls, Lrr)3 L O[UOL(NO;),L],
(L = (b) Ls, (c) Lrr)D % 11

FEAOMSITRERER IR, Z TR BN cis/trans BAHAGIZENIFES OB SITER T 5 H O TiTZewn
LEZ LD, BEESTHMIIENTIZ WD, cisitrans BMEALOIRIRIZ[UO,(NOs),Le], THEA I LD 45T
VT A — ISR HZTIET D X9 A i S &2 [UO2(NOs ) Lrr], TIEEILZ2WZ EIZBHRT 2 & PRI S,

ARFZEIT ISPS FBHF 2 [E B2 [RIAF 750 1 (B) (20KKO119) DB %32 1) 7= & D T,

*Ryoma Ono', Koichiro Takao'

"Laboratory for Zero-Carbon Energy, Tokyo Tech.
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EARRT 4 v FF Y RY o —BAMFERAWE
7 7 = (V) —~vAF RO AL R B R
Photochemical Synthesis of Uranyl(V1)-Peroxo Complexes with Bis(phosphine oxide) Linker Ligands
*BAT R, T i, R B
WTLRER—AR M

U 7 =N (VA AU DIBREHC K0 R AIGMH b L. 2D 7 =L (VI)-~IL A Y EEIRE TR D i
[ZDWT, U---O---U BIEEBEIC S L2V U =T E AR A7 ¢ Ay R FE2EAT L L2k Y
Z = (V- A%V SR D B IR 72 5 Rl & 5T T,

F—U— R b, 7T = (VA T, VA VK, SEROSHE

1. 88 TFE. 77 = ANV) VA VERIT, SERMETFR RO DR BT BIREN A 2 v & OB
bR EBROR TN DWME L o> TWDH[L], 21D OAIEEHICIT 2 BRI ARSI
LVAELDT T =L (V)AL OEIRIENREE L TWE LN ESMMONLT T U OIREME
BEHACBE T 5 [2]. BERO D T = (V)L A% YV EHRITEN O T CEARSEL Lz o b 2 < B
T OREERIENC X0 BROICAERSNZBNXIE E A ERy, AR TIE, B n TaEt2L7=Y v b
—IIERARAT 4 AF Y REUNLFZ WD Z & TY T = (V)L A V5RO IR AL A a2 R

A1,
2. B [ LICRTHIET VR BORFRN 1-4 DV N
’h_ Ph o]

—HEARAT 4 AR MR T EAIET 5 VR AT 2 | 0 b R Cﬁ&)
DRALIZ LD ZNTAR LT, =4 7 —LVEId, 15M dppi0 ope0 PhPO
UOACION), kil & 4 U o — B F-45 KO 2 FREDME | o oo o O

Ph-F R AN B Fa S e
BONZF-(PhsPO, CyPh,PO, X 1)DfHAE HEIZHOWT, $EAD 0 o Py 8

dpppO dppbO CyPh,PO

BRAEBENLET S L IIHFFTIC TIT o 72,

3. %*%&%? TF L THAE SN2 dppeO EXAL %
WG BIZDOHBENH T TY 7 =L (VI)-~L A F V5K
[(UO2)2(02)(dppe0)2(L)2](Cl04)2 (L = PhsPO, CyPh,PO) D i
WA L7z, BfEd X MEmmicivBionk
[(UO2)2(02)(dppe0)2(CyPhoPO) ] D oy F-H I 2[4 2 1Z7”
dppeO ENL 778 p-02 #HENT2 2D T = (V) A 4> %
ZEET DX O ITHRNL LT & o TR Y . YyIDIH
0 DT = (V)L A Y R E BRI ERT 52 LT
R LTz, 72, AEE A L 72 % [(U02)2(02)(dppeO)2(L)2]?
I7E b= MY VEBEETTHZOMELRFFLTWNWD Z L
Z SIPNMR A2 MUZ L) iR LTz,

1. fEH L7zBdhn T

2. [(UO2)2(u-02)(dppe0)2(CyPh2P0)2]>
Doy FHEE
References.
[1] X. Guo, A. Navrotsky, et al., Proc. Natl. Acad. Sci. USA, 2014, 111, 17737.
[2] S. Thangavelu, C. Cahill, Inorg. Chem. 2015, 54, 4208-4221

*Yuta Okumura, Tomoyuki Takeyama, Koichiro Takao

Laboratory for Zero-Carbon Energy, TokyoTech,
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N3O2-, N2O3-, N2O2S+- B4 5 EES v DR REAIF &
73 ZILV)A F O DEERERERICE TS HSAB RIDEREE
Evaluation of HSAB principle in complexation behavior of uranyl(VI) ion
with N3O;-, N2O3-, N2O,S;-type planar pentadentate Schiff-base ligands
o, R R, R R
VR KRB 71— 4, *HZDR

AMFFETIE, N3Oz-, NoOs-, NoO,S1- A 5 JFE S 7 Mg HRAN -2 A 9 % U0 SR D& F L OV I
BT D LEEERDOBLHED B HSAB HIDZRIZHOW TG L 72,

F—0—F: U7y, RIS, #ER{E%:, HSAB HI

1. 88

Pearson |2 & - THEE X472 HSAB AlliZ, BERAITHDICH DL LT, &EA 42 OBIR S BEh A D%
SR AT THICHT= VO THEM Toh 5, HSAB HIIC KAUE, 7 7 =/L(VDA A (UO2AHIE THEVER) 1257
BFINDTeH, NROBRED HEWER] LHAMEREL, SRED TG NWIER) LIRS AEHL
WKW EEDLND, Ll s, MEmIEE L7ZENERE TR T 5 U-N, U-0, U-SHADmSIZo
WTHREE L= 863 20 72 B 22V, ABFZE TR, 25 DOFA DR SI2oW T UOA SR DRI X OVETK
FICBIT D REETEROBLANSEm L. HSAB HIOMPIZOW TR 5 2 L 2 HIE L 7=,
2. ®ER

Figure 1 127" T K 572 N3Os-, NoOs-, NoOoS -l 5 Y ZHEEENL 1529 % U0 EE AR (UO(MeO-
saldien-X); X =NH (1), 0 (2), S (3)) # &R L. X HHEMEITIC L D o EEZH 6N L, £, =&/ —
HIZ I 1T D MeO-saldien-X>~ & UO> DEETE RS D% E B ER(B) 2 KD, K EIR DL ENE A 51T L 72,
3. lMREER

BRE AL XS RT O R, U-X A DR EREIZT U-0Q)<U-NH(1)<U-SR)DJEICEL 725 Z £ N oH
o7, ZhE, UXFEAN U-SQB)<U-NH(1)<U-OQ)DNETHL 725 Z L &/RB L THE Y, XJF+D U0
W% 2 BUFIPEDS Pearson ® HSAB HIIZHES Z & AR L TW5D, Fio, KR O= % 7 — )Lz EI1T % log B
IL3<1<2DIETRELRDZENELMNI -T2, ZDOZ EiE, UXFEA DR S 2% UOy(MeO-saldien-X) D
BEVEICKBEEND Z &R L TN D,

(\X/ﬁ X =NH (1)
e L u
o B

\O 0/

UO,(MeO-saldien-X)

Figure 1. Schematic structures of UO2(MeO-saldien-X) complexes (X = NH (1), O (2), S (3)).

*Tomoyuki Takeyama,' Satoru Tsushima,'-? Koichiro Takao!

Laboratory for Zero-Carbon Energy, Tokyo Tech, 2Institute of Resource Ecology, HZDR
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[31_PL] International Year of Glass 2022; Future prospects of glass
science in the reprocessing process

Chair: Atsunobu Masuno (Hirosaki Univ.)
Fri. Mar 18, 2022 1:00 PM - 2:30 PM Room |

[31_PLO1] Current status and future prospects of vitrification technology
development at Japan Nuclear Fuel Limited
*Yuuki Oota' (1. JNFL)

[31_PLO2] Current status and future prospects of vitrification technology
development at IHI
*Haruka Tada' (1. IHI)

[31_PLO3] The reaction behavior of Molybdenum in a glass melter
*Toru Sugawara’ (1. Akita Univ.)
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International Year of Glass 2022; Future prospects of glass science in the reprocessing process

BARRICE T 575 AELEMBARORIRERE

Current status and future prospects of vitrification technology development at Japan Nuclear Fuel Limited
KM fAA !, RS AR, ORFAC BRI se, aR BE Y, BE R
P H AR

1. [FC®HIZ

FHALEE TR\ T, M AFRE 2 AT 28 TRAE L& LUV EBRIR T T 7 2 LIREA - TRl
L, HELS SNAFETHD, AR TIEIINE TH-TED TE T T AELENTOBRRERE L 5% DR
BlIZOWTIHRET 5,

2. ChFETORE

AN TR T35 %. 2006 4 3 TG BB 2R L7z T 7 7 « 7B ZBRMG L. T 7 AP ICE
WTCHAEITLR O « RO IR 3 5848 U CRlB 2 — el L 7=,

FRROFIRZEA R L OSHRRE 2 Ei T 5720, 0T AERE A —5 ThHEDIHL 21X Lo, FJF7, &
BE B, AT T 25y ERIC B 2 MR AR PR E & i ATV ERIEE > 7 7y T RENF (KMOC)
TOBRBRYE % FEhE L7z, KMOC 3B X 0 4 T APRREIE O EERS 250 E L, N7 B R ALEE .45 C 2013 4
FTICH T AR ZITY IRELCEENTXA2 L) KO EENVPHEESNTWD T L 2R
L7z, BUE, EARTFEEREICHIT L2 FER L T 5,

3. ASRELEHOBEL

AT AP IXEICER T HLERH D Z L, 777 4 7 B CHERR S - S I DWW TR /R
DWEEATI O, 777 4 THRBREICE T 2RO W MAFNTNZ . RFERLERD A& L L &
HITH T AFE B O S EIT > T,

2013 4F 11 A7 5 2015 45 5 AIZHT TR T ZARIFE v 7 7 v 73RBR 24TV, WP SRS, SN
BUNEFOUEICE Y . ASKEITCHE O - HEREZIHI L, & TR BT 5 2 AR LT,

4. FEAvOBIZE

LRk T 7T ¢ TR CHER SAVZRRE - R EEALBRITINZ . AARDIRFIIERORRIZENT D
R BRI BEIRREA~ O S HAN OPBIR 2 IR VX — TRt F ¥ HEEREEY ORABICE T =8 7
A BN O SRR F ) 12V CL WRIHL, A AR 7 DWFSCBR s . &) R R st X O+
FECE DA BB - BB L ¥ — BEKRSE. TWESIED. BEEHRT, ¥R
FoORAERTE BRERE. NP LEFEMER, BT, JUNKRY BF R, GARTRY, BEAKRY:,
S, AWK, EIHLERT. REESI R PR S LD TV 5,

Flo, HEEB TR T2, RHZER L, A05EEea A b 2 K S 2 P78 ERR D =
2 NAEBRFEE AL L TR Y . EONTEAMI /A T A DEHERBR DR A2 FIZHED TN D,

B3
AMEITRFEEAEGR =R VX — 7 TSR IEY OB T 72 0 7 A & it AR 78 32
(JPJ010599)) F KL [ WS IABH AL B 3E S FE AL A B4 ) IS K 0 i L7l —ETh 5,

*Yuuki Oota', Ryo Souma', Kohei Owaku!, Akira Sasahara!, Takahiro Ishio!, Takeshi Tsukada'
Japan Nuclear Fuel Ltd.
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IHI [2H1F5H 5 AELEMBAEORK ERE

Current status and future prospects of vitrification technology development at THI
W R, BA RIS, I RS
'THI

1. FL®HIZ
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B EE
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*Haruka Tada', Toshiro Oniki', Yasufumi Usui!
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International Year of Glass 2022; Future prospects of glass science in the reprocessing process
HORABRFICETSEY ITUVORGES : RIAOHROER
The reaction behavior of Molybdenum in a glass melter : Recent progress

R F N, R BRI, KRR B B B 2
VRKRSE, 2 HRJEA

1. LIz

B LU RSB D T AFEULIC WA H T A B —RI21E, 20 FERELL oA 2E R TEFEP)IC
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* Toru Sugawara', Toshiaki Ohira', Kohei Owaku?, Takeshi Tsukada?
Akita Univ., 2Japan Nuclear Fuel Ltd.
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[3108] Calcium isotope separation by DC18C6 crown-ether for neutrinoless
double beta decay
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Calcium isotope separation by DC18C6 crown-ether for neutrinoless double beta decay
“Anawat Rittirong®, Pantiwa Kumsut', Takaaki Yoshimoto®, Ryuta Hazama®, Tadafumi Kishimoto?,
Toshiyuki Fujii?, Yoichi Sakuma®, Satoshi Fukutani®, Yuji Shibahara®, Ayaki Sunaga*

!0saka Sangyo Univ., *Osaka Univ., *Tokyo Tech, “Kyoto Univ.

This study aimed to investigate the isotope separation and enrichment of calcium via liquid-liquid extraction (LLE) using
DC18C6 crown-ether. This experiment aims to find a cost-effective way to enrich calcium-48 (*Ca). The liquid-liquid
extraction was carried out to find an appropriate isotope separation and enrichment condition. The measurement of
calcium isotope composition was performed by reaction-cell ICP-MS. The maximum separation factor of “Ca/*°Ca was
1.007+0.004 in the aqueous phase under the presence of 12M HCI at the six™" iteration stage. The advantage of LLE was
that the feed concentration is higher than other methods, resulting in the appropriate condition for mass production.

Keywords: Isotope Separation, Calcium, Crown-ether, Enrichment

1. Introduction

Neutrinoless double-beta decay (Ovpp) has been studied to demonstrate lepton number non-conservation [1].
The CANDLES (Calcium Fluoride for Neutrino and Dark Matter Studies by Low Energy Spectrometer) project employs
calcium-48 (“Ca), one of the natural double beta decay nuclides with the highest Q-value (4.27 MeV) for OvpB study [2].
Nevertheless, “®Ca has a natural abundance of 0.187%. The enrichment of “Ca is possible only by the magnetic separator,
becoming a costly material. This research aims to improve the calcium isotope separation by crown-ether through liquid-
liquid extraction system for cost-effective enrichment and mass production.

2. Methodology

0.07M of DC18C6 crown-ether in 100 mL chloroform prepared as an organic phase solution. The aqueous
phase solutions were 5mL (30% w/w) CaCl,, (aq) and CaCl,, (HCI). Organic and aqueous solutions with the volume ratio
of 10/1 were mixed in an Erlenmeyer flask using a magnetic stirrer for 1 minute and allowed for 10 minutes before the
separation. The loaded solvent in the organic phase was back-extracted with the 10 mL pure water. The same procedure
was performed using the aqueous solution from the previous extraction for the six™ multistage iteration. All extraction
processes were performed at room temperature. The agueous phase concentration was measured by AAS (Shimadzu AA-
6800) and isotopic analysis by reaction-cell ICP-MS (Agilent 7900) with an additional H, gas as a reaction gas. Careful
correction for the calculation of separation factor was employed to avoid the mass bias from the measurement using the
bracketing technique.

3. Results

The results of multistage iteration under the presence of HCI acid found that the distribution coefficient and
separation factor was increased in the aqueous phase. The distribution coefficient of the HCI system was ranged from
0.1579+0.0007 to 0.0079+0.0002 at the first and the sixth iteration. The maximum separation factor of the aqueous phase
(*90,44) was 1.007+0.004 (¢ = 0.007) at the 6" stage (Figure 1). This finding indicated the enrichment feasibility of the
heavier isotopes of calcium via liquid-liquid extraction. The aqueous solvent on multistage iteration is in progress.

4. Conclusion
The advantage of LLE compared to other 1.015
chemical enrichment methods was that the high 1.010

concentration of calcium (3 — 4M) could be engaged.
Moreover, the enrichment coefficient (g) was higher than 1.005
the resin chromatographic method (¢ = 0.02 — 0.03) [3],

resulting in the appropriate method for isotope enrichment & 1.000
and mass production. Regardless of the calcium recovery,

the iteration stage required to achieve ten times “®Ca 0.995
enrichment was approximately 2122. Further research on

the designed cascade for mass production is required. 0.9%0
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(1) BARDHE
Li-7 Enrichment Technology Development by MCCCE Method
(1) Outline of Technology Development
AR ORR, MR KA, BR)ILOAEY, MM BRI 2, BT k2, B B
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[1] T. Kishimoto, K. Matsuoka, T. Fukumoto, S. Umehara “Calcium isotope enrichment by means of multi-channel counter-current
electrophoresis for the study of particle and nuclear physics”(2015)
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Rare Metals in Russia: Production, Market and Forecast (2nd edition) October, 2019: INFOMINE Research Group
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MCCCE &% AWz Y F U A-T BREE B R
(2) iRMEABROKR
Li-7 Enrichment Technology Development by MCCCE Method
(2) Current status of Experiment
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gk R, IR ARl e, BRI R B WE S
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[1] T. Kishimoto, K. Matsuoka, T. Fukumoto, S. Umehara “Calcium isotope enrichment by means of multi-channel counter-current

electrophoresis (MCCCE) for the study of particle and nuclear physics”(2015), PTEP, 033D03, 2015

*Tadafumi Kishimoto?, 1zumi Ogawa?, Kenji Matsuoka!, Takao Fukumoto!, Hironobu Shiraishi®, Tomohiko Kawakami®, Mai
Fukumori4, Yuki Takemura?*, Makoto Hasegawa*, Takehiko Tsukahara®

1 Osaka Univ., 2Fukui Univ., 3 Kaken, 4 ATOX, °TIT
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MCCCE &% W2 U F U A-T7 IR HE S B 5%
() BF v URILERICKSREADOTMEREL S aL—2a3 Y
Li-7 Enrichment Technology Development by MCCCE Method
(3) Experiment and Numerical Simulation of Pulsation Flow in Single Channel
YO Es !, EHW OFZ !, Akt mE L mAR R, R KR, BRI AE R REA B
VAR IWFIEBR A, PR SHET by 7 X, P RIROR

Li-7 IS EREE O R T ¥  RVNOA A 28 OEREEZ AL U, mERERIZ LY | NIRRT 0
BREDJEI LV bR JEE ORI AE U D Z & 2R Lz, Fio, BEbiE7) (CFD) (23 < A F %8
BiE I 2 b—va U FEEZMEL, KRBT 288 T 54 4 o282 /B L,

*—7—F : MCCCE, Li-7, JJk#h, #ffiv I =1 —+=a, CFD
1. #E

BRI EIM OAREEBIZ IV T, ZRRECEREEMEZ B L7 Li-7 RSN ORBE N EE TH D, 2
WO DOHE TERB R~ VT F ¥ i ERikE) (MCCCE) h& ER T 272 0I2id, RN DA A%
AR TAILENRDH D, AR TIE, BEEBREEO - THLIHET ¥ X MIEH LT, WNEBOA A%
FOMEZ BN E LomEmlB e BE Y I 2 b—ra U EFE LR AR D,

2. RBHERRUHKES S 2L—YaYy
2-1. FRENRBR K OV FHAI T

TNV TFTF X ORIV EBIREOBRT ¥ oV RS L, BRI

(0.7mmXx0.7mm) &L, Eji- PNy 77 2Tz, 20
DL A A SRR 1 A i S AR L 7Bl R ICERE L, K 2 R IR
ELTPIVIIIC X 0 it T — % ZHuf5 LUic, IiE R & [F U4 A ¥
75 LRy T EV, B (8% 0.5 Hz T ON - OFF #ik) 110 100
R U THIER) L mmls &% 55 b AT CRELE,  reauency Hal o
99, BEL S = Lt 2 i 1 & HENT -5 < iR JE e

JAEA TRi%9 % TPFIT-LPTI[2]Z FH T, MBI CTEL N
5 SNTEIT DA A2 %2 YT DAINEEN G 2 5 D3Rk
T & LTEBH L, MEKITIEREFELCTHY . ARFRFITHBRON
W7 — 2 & i, e L
5 4m RERLT TR

AR L 0 RIS R T OB E M L 0 bR E ok B 2ARBITE A A B O FE
BOFAELHEE LT (1), F£72 CFD FiE& oA AU FBHEE Y I 2 L—v a U REAHE L, IRENT
hEBET LA A EBeFR L (K2),

AMFIERCRIT, B3 FE R OREM,N LICE T 2EMBAREE) o—Me LTEmINLDTT, £/, B
KR TR FE D A —/X—a v ¥ a—% [HPE SGIS600) #FIA L THLNEHD T,

BE X
[1] AIRALIE#RES, PIV N> K7 w7 (2018), [2] H. Yoshida, et al., ICONE2020-16393(2020).

Magnitude

*Naoki Horiguchi!, Hiroyuki Yoshida', Yoshihiro Kitatsuji', Mai Fukumori?, Yuki Takemura?, Makoto Hasegawa? and Tadafumi

Kishimoto? 1JAEA, 2ATOX, 3Osaka Univ.
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2V ParlT7rva rENVERMBFERES T T A BEROTEBICLD
(U PEBR R o 11 BIE
Measurement of iodine-129 in low radioactive liquid waste by inductively coupled plasma
mass spectrometry with collision reaction cell technique

FORCHA N AR B RRM OB AR WE
A AR TR FEBR AR

AV Va7 rya e EERLCHEMET T A ERESIrEE 2 VT FERS OB 2 A
L. KBS PEREE o 121 OFE B R T,

F—U—R:alTar7r7varti, FEBETT XA~ HESN, KBAERER, 5735129

1. fS

AT, BEFEIR « BEIEM OABLF I W TR ERE = — XN EW PLIZoWT, a2 var 7y
va R ABEAGE RS 7T A~ B W EE (CRCICP-MS) Z A5 Z & CRIEROREZ PR L 72
R E S OB 2IToCW\Wb, ZNET, Pl OREERETH LT 7 A~vHFEKD PXe'lZxf LT, CRC-
ICP-MS IZ O, T AZEAL, PXe' & O, DEMBENISZFHT 5 Z & T PXe DB % 52T 720 B AL
R % O BENALVER SR 2> DEREL LT 3 OB AE 7 4 VX —F D 1 ORIEITRE) LT2[1], AT, KAk
PEBEIR(LLW) D Je MR (Na & Eisy &35 26 j03R) 2 B U - sUR B BEIR) 2 FH V€L sk o 77k 4y
@?ﬁ%%«@%ﬁ%%?)ﬁﬁ L7z BT, EBEOLLW H O Pl Z2E&LT-OT, TOMRERET S,

2.

CRC-ICP-MS (Z 1% PerkinElmer 4 NexION350D, O, /7 A (1% ATOX BUEHEE Oy 7 AL : 99.999%) % {5 [
L7z, 3 UEEERIELERNETSH D W 25 A8) X ER I bl U 7 L x 1%ERET o F=7 A
VR CUSHR » B2 L CiisE L7z, "1 FEUEYRIRIEL 7 T o A LMRI BB MERINT C A=W & 1% difiie 7 o F =
U AVRIR CIEEAR U TR Uiz, BB, 32 LLW IX. 1%HfEE T &= 7 AR T 20 HEICAIR L T
BEEMm/2)=127. 129 ZHIE LT,

3. REROBZE
(1) EFERDDOEEL F O

AFERONS T PHICREAR E U THFSHT 5 'PXe OB E YRS 5 7o DITHE L L7z 0o 7 A i & (1.1 mL/min)
Z CRC-ICP-MS [T A L, = U RIEEERIK & BRI 2 e L-(ME & b 171IRE:100ng/L), Z DOfESR,
BRI ClIa U REERR LD b m/z=127, 129 THWE—Z58E 42 /R L7, £ LLW X Na & k& L.
MEO I ZARI(Cs, St Mo, Zr %), U, PuENEEN TS, BESifEEL A3 5 CRC-ICP-MS HIE
IZBWT, 2628 m/z=127, 129 ORIEICEELE KT+ Z 13720, L L, Mo(m/z=97), Zr(m/z=97)73E
ALTZ Oy HA LA A A2 (MoOyt, ZrOy" ) &R L= 7= 8[2], HHEREIR CrmW\WE— 7 ENE L L& X
biLb,

PerkinElmer ! CRC-ICP-MS D=1 ¥ g U7 73 g R APIZMEMDOEE /ST A — X (RPq. A E TO

REM 0452 NS E5 2 & CeAZEIBTHA 4 14000 6000

DL, WEMRIY b/hS WV mlz DA A ZHEFRTE Grao00 miz=127 Z 5000 m/z=129

5[3]e £ Z T, %2 RPq IS/ R, K1 1TR # 10000 4000

FED IS, miz=127 T VRIS BEEEOE 8 oo | N uaommenn | B | | oevemes

— 7R NEHE L, RPq=0.80 TIXIEM LI >7=, & o0 EEE 3 maEE

m/z=129 Tl RPq=0.80 THUEEFEIR O B — 7 ML ITITIE & 4000 5200

Puicot, Ubsnd RPq 28NS 25 2 LT & 2000 | 1000

MoO,", ZrOy Dz A bR L-o-o, BLUEEEEIR T D 271 Kk 0 0

NI B EBETEXDLZENbhoT-, 045 0-75RP2-8° 085 045 075 080 085

(2) ELLW F0 PIREOER 1 IYFBERR. BEERUERO RPq OFE
LRETHEONIZSEMTRIE LS LLW 1o 2T OE 1 ELUWHOIAYEEEOT SRS

Bk E A 113, CRC-ICP-MS il L7- 197 e

FEIZ 183 mg/L TH U | v AT v A M UIZX DM - : :

< > g . ol e CRC-ICP-MS WARS FOA R

T TR Y S I LN

DIFRSORBEZ T FICE LLW o 1 % fEk T s

E;:Ei(*ﬁMBﬁﬁ 1 1.4X10° mg/L)TEDH Z &Enbd LW (RSD : 1.1%) (RSD : 4.2 %)

>7,

4. v

AT Chcii b L7z Oy W AFREICMZ, WEMBOBEE/NT A —F 2S5 Z & THELLW F O A7
DL Z T TICEEET WL 20T 2 HiEEFE Lz, 5%, oL TRANGRE~OEHMEIZ DN
THRBHAH LTV TETH D,

BER

1) =A%, fill, AARS-FI52 2020 EFKD K2, 2F01.

2) S. Diez-Fernandez, H. Isnard, A. Nonell, C. Bresson and F. Chartier, J.Anal.At. Spectrom., 2020, 35, 2793
3) i S, @ifE Mi—, 2HTb, 67, pp. 249-279 (2018).

*Yu Saegusa', Masahiko Yamamoto', Satoshi Inada' and Takehiko Kuno'
1Japan Atomic Energy Agency (JAEA)
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INES 2V RAFDRBEDI=-HOR =B MBS
(1) 7o zy MIE
R&D of anti-corrosion technology for full-ceramics reactor core
(1) Project overview
IR BT Y, B ZZFc FHE kS, M FEKRER 2, BY HKET ! Lyu Shaofan!, 54 22!
VALK, 2 EERDANRe S UIIERT, S B - PPEMITTERE S

R2FERIAFEL L THIRESNAEARETII. B I v 7 AP LEROEESRE & &k ~DETF I v
I AEBIZ L AL ESARENOMBEAZBIELTWS, ©F I v 7 AFEEOWEIImRD TR#EETH 528, SiCHE
B ~DT IV FYR5E Z FERBIFD CVD Hiflt & FH T E M L g O s b Bl B 2 TE Rk %

X—D—F: ks A#FE, TIAIF, LT A M, ATF, CVD., =—F (> 7, G, WBEHEE., FimmE

1. #5

TS ORI T ERERRICB W T H A NER 2R D X O e s e R DS R ICE 5 2
LI K o TRFIFOFEMMNEL @D, HETEMER Y 27 ZIRET 2 2EHE R H D, O, RIEKR
AR, /IUEY 2 —/LIF (SMR) 7¢ EOFAYFE CIImIRRENMENTZINEAE T I v 7 A TH D RILT A
F# (SiC) BHEMDBIFLEIEMBIORINE L 7> T, B7 I v 7 ACBWTH, ZHLE T & [AERIZE
HRFF i O IS L @ IR A E RIS D MR PERE N EEIC /2 5, LU, SiC OB IEH MU K0 s+
HIEPHEINTVWD, 7 v 7 2AOBAHNITIEEA LR, —HFTEBHER EICL > T hIcH
IS5 2 S IEmIREERIC X D R H K E e o [MfEE 7 2 v 7 AZFIA LTV AFIR 282D
NTLED, TEZT T, FILKRFEDPSCHBFE DOIR A T2 AT LI FEIC L OEFEEB & LTHE
L TWD TRMR T T Iy 7 ZUF0ERGH & AR 2 72 2 BEBL R AN O IR FE ) ORRIZ OV TH
B D, AR TIE, €7 v 7 A0BERCZSZEOBREHINE LT SiC AIROUE I X DAtk 5
Bil, ROET v ABEBIREZRET 2L 2 HNE LTV D,

2. RERE
AL TIE SiC fiRMETRILAY SiC A S HEL (SiC/SIC) DI 3C-SiC FHUE/ LT A Mg/ 7 v F R
J& D% f@ s & W9 5 72 5O O BN B FE & PERARIF 23 0t L | SiC 2 i H AR~ DI B HERERT 5- & BIE K28,
it%m%%%m-%g-mﬁ-m%% 2B U COMEREREAM £ BAL KB K O B 23 s L. E 24
AT 4 — RNy T ELTH LWV F— AR E o> TV D,

3. #ER

AL, SIC/SIC LB RS T L F & D 26 23D THREEZR B BHZ DWW T, SIC kickET7 Iy 7 %
RIS THRESEDFE (CVDIEE) ICXVEBLEZ ENE TSN TH D, AREITSM2EE 1
1HXYVBM3EIHET (FE) LMD THWEMBM CThH 7203, il T A —Z BHEDKE 7 CVD
&L FERRIEE 2 R & LT U BR e & ORI ET & W D BB ORI A AN LT R T & T
—ZEoT, BHTEELE LTV ET I v 7 AYWEBOBFRIZET) LTz, ARICEEFHEZIR~721%, #i<
VU = AREETHEHEEBA IOV TOINE TICELNIZRRE KT OT — % IS HET 5,

*Sosuke Kondo', Hirokazu Katsui?, Kazuya Shimoda®, Ryutaro Usukawa?, Kotaro Seki!, Lyu Shaofan', Sola Iwamoto'

Tohoku Univ., 2AIST, 3NIMS
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INES VI RAFLRBEDI-HDOMREHTEIF
(2) EZS[HEHHICEIRETI R LEADES VI ABERDOHEH
R&D of anti-corrosion technology for full-ceramics reactor core
(2) Deposition of ceramics protective layers on silicon carbide substrates by chemical vapor deposition
HO B, CHIE ZAn Y, R eRRlY, FHE ik, T Al
'PESERNR A TIERT, P - PRIt A, G AIERE

A OGRS & L CTHifF S SiCITxt LT i =R PE S % B8 O i Bt & & H
L, AR LY v T 2 v 7 AP 2GR L. RIESAT B 1S I R E R e N T

F—T—F: vT I v 7 AP, ALEKAEHTE, TS, RIBSA#E, L—F—, G

1. #
AL A 3 (SIC) 0. Z OREHERALTIE A (SIC/SIC) 1ZMHEE LK B PE (B L D IR A B T
0, R OBAIF/ LT Y 2 — VIFNOREEMELE L CTHIfE SN D, —J7, B BRIRE T C i s K
IR SN DM TlX. NIET A AHMS0 SiC HEOFENMBE L 25 Z EnPbNIInNTE L, A7 ry
=7 N T, SIREEKICH L TROMEHICENSIE T I v 7 ADO—2THATAITE2HREE T4
BHANBAR 2D -, ALFEEANTH (CVD) IZXAHIEDO T b LB BRIGEFE 23 < | bl TS 722 mibh
BEOT NI FTBOMELZHFCES, LOLERG, ERT VI FEIEL, lE v X £33 REIC
BT SIC # & DOFEICAE U 2BUS T 2 Hiv7e v, RS T, &Rt 7 I v 7 AL EEEZ &EIC
FRIEAIRE 72 L —H —CVDIEIZ L 0 . BRALT A b Bl AT 4 MNEERE (PEE) 257 v FEiREE o
B, BT A — 5 DPRERACRE RS, PRI RR, AR RIE B A~ T,
2. EBRAE

v I v 7 ARBEITZa— N R Y 4 — 1O L—H—CVD & A Hv, 6 (SiC BERS T F L Ot Sic/sic
M) ZSiClg (THiE), 274 FE., 743 by 7REOIRICHEERIE L7z, Sik IO Al OGS
JER 2 2 N AUREHA I TINEL - KA L, Ar B A & & BICBUGIFICEE Lz, ROSIFNOIEAA 7 — 123
BN MR (BERE) 1 NEYAG L——2 AT L, REiEE (BEIREE © 1050-1250°C) (3 HEHRE
FHZ KD BE L7z, JFNETIIL 80-400Pa & L, FRIREFHIIZAJE 60-1200s & L7z, b/t T I v 7 X[
B OMERARIL XRD (2 LV [FIE LTz, K L OWrin OBt - #5:& 13X SEM B L OV TEM I K 0 BlZ2 L,
HLAZIX EDS (2 X 0 3l L 7=,
3. MRLEER

FEEEE 1000 °C LA ET SiC M BICT VI A EHEICAE L. & &, BIRBERE T VI FENB X
W SIC/7 VR FREICRECHBEN I A LTz, 2 T/RLIELDIZ, SiIC ETAI T hy TEOMIZAT A b
MEZEAT DL TRECEAEEOEVWBREZ AT 5/ O>ET7 I v 7 AZEENE LN, SIC J&/A7
A NB/ TNV TEOESFA41-10 um ThoTo, FEHRETOE® T I v 7 AZEEOBEMEX, 2714 b
HEE DR, B R OBMREE, 7L T OfRE, FEOREIICHEEZZIT LI ERbroT, b
ERETEBLIORT A= OFRBICL 0 Ki#Ebd 25 2 & T, MmN OIS y-7 v e, ARMMKE
FFomf itk o-7 VI FTHE My T ETHEE Rt T I v 7 AREE SiC B RICERESE D Z LT
hL 7z,

il

Ryutaro Usukawa', "Hirokazu Katsui!, Mikinori Hotta', Kazuya Shimoda® and Sosuke Kondo?

! National Institute of Advanced Industrial Science and Technology, > National Institute for Materials Science, 3 Tohoku Univ.
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ILE353 2y 7 RAFLERROE-ODHBEE MR
(3) SiC &g £~ it R S E K KIR D =R 5
R&D of anti-corrosion technology for full-ceramics reactor core
(3) High-temperature evaluation of protective alumina layers on SiC substrate
RHE R, R BT I BERER 2, HAE AN 2 g Al
VWE - MBMITTEREAE, 2 PERR BN ST, 3 SRAL R

M EIEEEARICEN DB ES LT CVD I TE T I v 7 A My FEEWE L IFOREM O SiC 12
LT, BT /AT T —va VEICKDERDERE &Y A 7 VBRI L DB O 2 R
L7

\'o

1. #8

IRl T AR IR M B R O HEZRZEMEICE L, KR E ORUGEAD /NS S KRFBRAEREN LT
0 ANHRTIEFITNENZ 00D SiC KN SiC/SicC iE, WA AT/ N Y o — LR ORPEHEE 0O gk
LWHBRUE OIF L « REAELE LTI SN TS, L L 2 E CRilE EKE &2 R & 72 0 gom il
MRERARCThHole, RIa V=7 FTIHENTEREMMELZ AT 2715 % SiC B LV SiC/SiC RKimic
CVD V5% VN TR I Z B3 D HANBRF IS A L. ABIFJE T IIHA R PE & il C O RFMEREAT 2 & 2 JE i i
& L COWBM OREMELZBUS N5 2 2 BN E LT,
2. ERAE

BERE SiC &Y SiC/SiC #Kifi L2 CVDIEIZ T by 7TRIZT VI, FHBIC AT A N 28 L= 2 Ei#Eo
WML T4 Mgt &7 D SiC & DR mIZ ) > F 2 ATUBREEEIM: 2 0E Uz, WIS, 9 2 Wrim
WO - SRS L, EARE B O & OB 21T - 7o, BIE% OREBT IZWE 5o o
BIRF /AT T —a VEEEIZT 25—-800°CE THEDOY v 7 KO SO RN E 1T 72,
BERE SIC Rl B L7- 2 ekl O9EM & 600°C, 1 B fRFF&300°C, 20 3 REFOE 1 7 LR % 100
[m S ht, RS OB DR PN OF B2 B BEMETIC CTBIZ LT,
3. BRRUBE

BERG SIC RO SIC/SIC K DT VI F by TE,. 274 FHREOBREIX, £ 62830 m THY, #
BIRENER SN TWe, /v F &2 AWM RE I, 13.8)/m?  (JEfS SiC) . 8.6J/m? (SiC/SiC)TH Y |
— B IR ZERE T D T A N HJE/EBCs by Vg L0 HRHESIMEE I E o Te, Ly TR S RAE LT
BT, SIC XLV BREMHEEORWL T A FPEBNEICERL TWe, @R/ AT T —da vk
& & O T2 SR A PEAE & 8182 U TR & W BUS 3R Cld, BRKAR OB E O NS EIZ X 2 BVS
71 (AT=100C) RONHOFE ERER) 2488 L1 2 LB (AT=300C) THEKIEITT IV
I My TREICAR SILTWER, T FE OB & I L BUS AT REEC R A 3 AR U i
MeLTOFakaEetEnd s 2 & NFEMICH ZRNTHH LMo 7,

*Kazuya Shimoda', Masako Kato!, Ryutaro Usukawa?, Hirokazu Katsui? and Sosuke Kondo?

! National Institute for Materials Science., > National Institute of Advanced Industrial Science and Technology., 3 Tohoku Univ.
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4) ESSVORGBED) VT4 ) VT EEFE
R&D of anti-corrosion technology for full-ceramics reactor core

(4) Ring-on-ring testing on multi ceramics coating system
R 22, I MEKRRR 2, HIE ZFN2, Lyu Shaofan!, AEH K !, ¥k AIN!
SHAEKE, 2 BERAT
A7wx7 PTRET AT % SIC ITHET DEIREREZIT> T D3, v T 2 v 7 ZARBEA RO L ihiE /)

i COREMEFMITIE S A LB RV, AR TIEY 7 A0 ) o 7B 2 v, RO £ 058
227 Ieft LEIE Ot 2 77 O 2 VEHEAR BTE S KOV BREESRMRTIC & R L 7=,

\

g
J

— R AF, Voot ) o7, a =707, R, WBRIERE

Ll

. ¥

AN D o — W E R R AR K AR T, @ RhaR & 2O WSz 2 1755 U C il s M 72 Rk 7 A 57 (SiC)
AETRIEY SiC FEEAHEL (SIC/SIC) 23IF L « IREHMABL DA 1Al & 722 > T2, JFDARER BHI M s E
IREEDRPEIZIE S5 T2 DM REVERE N BT 2 523, SiC P HETRE T THENINES L Z L2ABETH
DU, A7av=7 T, 87 Iy 7 ZA0AHD (DX 0 &REEZ W) i AR ENBE 5 2t
TV D, BRIF T, PREERE S SMUIIANE CTHRAT 5 FP U ADFERL PCMIIZ LY 2 @S Ak S d
B, BS1I5umBEOY T I v 7 ALJEIRA KR & L2 ZuhiiRE OREFIIMD TROATWD, AWFFET
(TR B AR DI VERIAT#E R &2 BRI 7 4 — RNy 7§52 L2 AL LT, BT I v 7 AHEDO L il
SRR EERTMIE 2 B%E LG Do Rz idkim T 2.

il

2. BIRDTREFTE S %

HEEAIZ L — —CVD HEIC K - TR (6 10X T mm)ICHPE L72Z &K 15 pm T 2 v 7 & (SiC,
SiC/Mullite, SiC/Mullite/ALL,Os) #¢ T 5, BERFEM A I U CTHMEIZEE 2 #li5 [ 5RIS DA S D L 9 Hal
TV TF Y TR LT, MBI A T U X v s m A a—T Tk L TRIE L, 7YXV
HiEFARAYE (DIC) (2 X 0 BRI ASIEINIC B D £ CTOFOPT 2 WG Uiz, AR o f5m 2K o 1) % 2 fils
THEGE, AWGED Y > 74 Y v TR & RO BESRE TV 2 6 RIS LT A IREFR BTG R B FH L7z,

3. &R

Vo7 d o) o FRBROEOBBIEDORERIN G, BEERDMEE§ 20T SiC BRI E 512+ 72
WG 1 ARTARETH D Z L BNy rolz, AW TIE SiC 23K 2 £ TITK Y > 73R B FAMRITITIS
HWNFEALEARENT, L LTSN ZAHRT S SIC PIEE EITH/N R BN ER SR, WO
Wr, e CHARDOAERICE S Z LA DIC B XN FEA IC X VR CT& 72, SiC WO 7 7 » 7 A S
%R OT 7113 0.00086 Th V) | T ORFHNEDOSE 2 #ihi5 3R E 12 AR S 45057113 284 MPa Th 5 Z L 3 ARR
R D oo T, SREFHEEDOZ Y, - ZRBIEOMEFHIZ OV T LY BEm T 5.

BE M

[1] Kondo, S., M. Lee, T. Hinoki, Y. Hyodo & F. Kano, Effect of irradiation damage on hydrothermal corrosion of SiC, J. Nucl. Mater.,
464, 36-42 (2015).

*Sola Iwamoto!, Ryutaro Usukawa?, Hirokazu Katsui?, Shaofan Lyu', Ryuta Kasada' and Sosuke Kondo'
'Tohoku Univ., 2AIST
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R&D of anti-corrosion technology for full-ceramics reactor core
(5) Small specimen shear stress testing on ceramics coating
*Shaofan Lyu', Hirokazu Katsui 2, Hao Yu', Yasuki Okuno', Ryuta Kasada',Sosuke Kondo'
"Tohoku University, 2AIST

Abstract: Anovel AlLO; coating method is used to improve the corrosion resistance of SiC. In this study, a double notched
shear (DNS) testing is employed to evaluate the shear strength between interfaces of two types of bonding layers
fabricated under various conditions so as to optimize the coating system.
Keywords: ceramics coating, shear strength, double notch test, ATF
1. Introduction

Silicon carbide (SiC) have gained attention as one of the next generation materials for core component in nuclear
reactors due to its excellent properties in high-temperature even after neutron irradiation. However, it was reported that
the corrosion of SiC is accelerated by irradiation. To improve the corrosion resistance of SiC, the coated layer is believed
to be essential. Although Al,Os is frequently used for protective coatings of metals, coating Al,O3 on SiC is extremely
difficult due to the absence of techniques for joining dense Al,O3; and SiC. For now, we are trying to coat dense Al,O3 on
SiC substrate with two different bonding layers, Al-rich mullite (ARM) and Si-rich mullite (SRM). In this study, DNS
testing is employed for evaluating the shear strength of two types of interfaces, and the irradiation effects on the strength
were also tested.
2. Experimental

Fabrication of the DNS samples was performed by using Focused Ion Beam (FIB). First, 5x5%10 um pillars were
made at both SiC and Al,Oj sides of each bonding layer (ARM or SRM). For comparison between the interfacial shear
strength and bulk shear strength, DNS samples were also made from each single layer without interface. Then, two notches
were provided into the pillar such that both notches were ended at the interface (Fig. 1) so that failure can occur at the
interface. The DNS samples were compressed using Nanoindenter equipped with a flat punch tip. The EDS test was used
to analyze the remaining elements at the fracture surface to figure out the fracture path. The SRM sample was irradiated
at 300°C with 5.1MeV Si** ions to induce 10 dpa irradiation damage.
3. Results

The shear strength for unirradiated and irradiated samples was summarized in Fig. 2. The interfacial shear strength
of SRM is significantly higher than the ARM for both SiC and Al,O3 sides. Because the strength of SRM/A1,O3; and
SRM/SIC are comparable to the bulk shear strength of SRM and Al,O3, the SRM would be more suitable for the bonding
layer. Based on EDS results, there is remaining Al at the fracture surface, which implies that the fracture path is within
the SRM or ARM layers. After the irradiation, the interfacial shear strength of the irradiated SRM is reduced remarkably
but still stronger than interfacial shear strength of the unirradiated ARM for both SiC and Al,Os sides.

unirradiated samples
irradiated samples

Shear strength

: : : 8 @ 2
E £ 8 &8 B

Fig. 1 Typical image of DNS sample. Fig. 2 Shear strength of unirradiated and irradiated samples.
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R & D of anti-corrosion technology for full-ceramics reactor core
(6) Improvement of Corrosion Resistance of SiC by Hydrogen Termination of Unpaired Electorns
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1.
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2. RERAE
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F 1. FIKFREE RN D AR E S & OV B E

As_Received 800°C, 10654 900°C, 18R
AWBEFEE [ cm3] 2.50 x 1017 1.63 x 1017 1.49 x 107
JEEEME [ nA/cm? ] 9.82 6.75 0.62

“Kotaro Seki', Sosuke Kondo !, Koichi Sato?, Ryuta Kasada'

Tohoku Univ., 2Kagoshima Univ.
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Chair: Masato Yamamoto (NFD)
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[3J07] Effect of lon Irradiation on Mechanical Properties of Silicon Carbide
*Baopu Wang', Yansong Zhong', Yina Du’, Bo Huang, Kanjiro Kawasaki', Fujio Shinoda®, Yasunori
Hayashi', Tatsuya Hinoki' (1. Kyoto Univ.)

11:15 AM - 11:30 AM

[3J08] lon-irradiation Effect on Swelling and Microstructure of C/BN Particle
Dispersed SiC
*Yansong Zhong"', Baopu Wang', Yina Du', Bo Huang, K Kawasaki', Fujio Shinoda’, Tatsuya Hinoki
' (1. Kyoto Univ.)
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Effect of Ion Irradiation on Mechanical Properties of Silicon Carbide
*Baopu Wang, Yansong Zhong, Yina Du, Bo Huang, Kanjiro Kawasaki, Fujio Shinoda, Yasunori Hayashi
and Tatsuya Hinoki
Kyoto Univ.

Ion irradiation can cause some effects to the mechanical properties of SiC. In order to investigate these effects, the
changes of hardness, elastic modulus and stress distribution in SiC were evaluated.
Keywords: SiC, Ion irradiation, Nanoindentation, EBSD, Stress distribution
1. Introduction

SiC and SiC/SiC composites are attractive structural materials for fusion blankets and accident-tolerant fuel
cladding in fission reactors. To accelerate researches on irradiation effect, ion irradiation is widely used to introduce
irradiation damage to materials. However, comparing with neutron irradiation, this method may lead to larger
radiation induced hardening in SiC. One of the reasons is assumed due to surface lateral stress caused by constrained
swelling of the irradiated layer [1]. To investigate this surface lateral stress and mechanical properties changes after
ion irradiation, various characterization and analysis were carried out including nanoindentation to extract hardness
and elastic modulus, electron back scatter diffraction (EBSD) and analysis software to estimate stress distribution.
2. Experiments

Chemical vapor deposition SiC (CVD-SiC) specimens and liquid-phase sintering SiC (LPS-SiC) specimens were
prepared respectively. Both were polished to be mirror-like and then irradiated to 0.1/1/3/10 dpa by 5.1 MeV Si ions
at 800°C at the DuET facility, Kyoto University. The depth of each nanoindentation was controlled close to and less
than 200 nm, which was less than 1/10 of the irradiation depth. Hardness and elastic modulus were calculated from
load displacement curves. The evolution of stress distribution of indentation is analyzed by EBSD and Cross Court 4

software for comparing EBSD patterns from the target area with unstrained material within the same crystal.

3. Result
o . Surface stress distribution slong x,y and 2 irection (GPal
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Fig. 1(a) Hardness changes with irradiation dose, (b) elastic modulus changes with irradiation dose,
(c) surface stress distributions along x, y and z direction of 1dpa irradiated CVD-SiC

There were surface lateral stress (yellow and blue areas in Fig. 1(c) x and y) in 1 dpa irradiated CVD-SiC, while no
stress distribution was observed in the perpendicular direction (Fig. 1(c) z). It is considered that constrained stress
was remained in x-y direction, while the stress was relieved by swelling in z direction. With the increase of irradiation
dose, the nano hardness and elastic modulus of both SiC (CVD and LPS) did not change significantly and effect of
the constrained stress was limited.
References

[1] Chen X, et al. J. Appl. Phys. 2018, 123(2):025104.
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Ion-irradiation Effect on Swelling and Microstructure of C/BN Particle Dispersed
SiC
*Y. Zhong, B. wang, Y. Du, B. Huang, K. Kawasaki, F. Shinoda and T. Hinoki
Kyoto University

C/BN particle dispersed LPS SiC were irradiated by Si?* ions at 800°C, and observed and analyzed by AFM, SEM, EDS
and TEM. Swelling and microstructure data were obtained and compared with previous 300°C data. The swelling of
C/BN particle dispersed LPS SiC was higher than that of the CVD SiC at 800°C, while the grain boundary between

sintering additives and SiC became unclear.
Keywords: SiC, sintering additives, swelling, micro structure.

1. Introduction
SiC/SiC composites are considered as attractive structural materials in fission and fusion energy
systems for its high temperature mechanical properties, high heat flux resistance, radiation damage
tolerance. Carbon(C) and boron nitride (BN) are considered as weak fiber/matrix materials in
SiCf/S1C composites. Compared with traditional SiC{/SiC composites, C/BN particle dispersed SiC
composites have no fiber/matrix interface and show superior properties including high temperature
oxidation resistance. The CTE mismatch between fiber and matrix causes residual stress during
processing at interface and affect mechanical properties of composites. Differential swelling of fiber
and matrix during irradiation affects the residual stress and mechanical properties. The objective of
this work is to evaluate the swelling of C/BN dispersed LPS SiC matrix to understand effect on
mechanical properties of the composites.
2. Method

SiC including 20 vol% BN (SiC-20vol%BN) and SiC including 20 vol% C (SiC-20vol%C) materials
were fabricated by liquid-phase sintering (LPS) using hot press. Al2O3 and Y203 were used to sinter
the LPS SiC. CVD-SiC were also prepared as a reference material. These samples were polished to
be mirror-like and then irradiated to 0.1/1/3/10 dpa by 5.1MeV Si2+ions at 800°Cat the DuET facility,
Kyoto University. The surface morphology was observed by AFM and the swelling induced by
irradiation was calculated. The data was compared with previous data irradiated at 300°C.
3. Results and conclusion

The swelling of all the specimens didn’t saturate at 800°C up to 10dpa reaching to the value of
1.7% for CVD-SiC, 1.9% for LPS-SiC and 2.2% for SiC-20vol%BN. Compared with the data at 300°C,
swellings of SiC-20vol%BN in both temperature were higher than that of CVD SiC. However, the
behavior of the LPS SiC showed differences at 300°C and 800°C. At 300°C the swelling of LPS-SiC
is similar with that of the SiC-20vol%BN, while at 800°C it’s much lower than that of SiC-20vol%BN
and only a bit higher than that of CVD-SiC. SEM images showed the boundaries of sintering additive
and SiC became unclear as the fluence increased in both LPS and SiC-20vol%BN.
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DX application to the field of nuclear materials and its issues

(1) FIMPAREITIUTFILAR AV ITFITA4IR

(1) Materials development and “Materials Informatics”
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[1] A. Jain, S.P. Ong et al., APL Mater. 1, 011002 (2013).
[2]Y. Katsura, M. Kumagai et al., Sci. Technol. Adv. Mater. 20, 511 (2019).
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(2) MHLIETHRICE T H5BHFE - HEHSITOER

(2) Application of machine learning and statistical analysis to materials degradation research
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DX application to the field of nuclear materials and its issues

3) RFATSVMIBITHHEEFE - £/ 5< YD DX HifE

(3) DX promotion of material development and manufacturing in nuclear power plants
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[1] G.1. Schiller, "Additive Manufacturing for Aerospace", 2015 IEEE Aerospace conference, (2015).

[2] S. Brickwede, “Deutsche Bahn: Sweet fruits are hard to reach: how to find intriguing 3D printing cases”, Berlin, 3D
Printing summit 2017, (2017).

[3] P.Avdovic, “Siemens Gas and Power Overview of additive manufacturing, benefits and challenges industrial approach
for AM: NRC Workshop on Advanced Manufacturing”, NRC Workshop on Advanced Manufacturing (2020-12).

[4] JUH S 2 JBE - INEAERSE FIZF1F 5 Laser Powder Bed Fusion Dy K%#) : H AL BRS 168 [ FM %
TR R 4R (2021-3).

[5] HH 5 : B 2 7z SKD61 RSBk O fcifl - AAGEY S 55 168 [RIFWIEEH RS A2

££(2021-3).
[6] EH D : ARG AEZ Y R— T AT a7 At U FH  BHEYSAEKSHEEME % 80 £
(2007-4).

[7] H S HB T — 7 BBICB I RELEIEE v 0 VP FEORS  BEERSSE KRS HEME F
103 % (2019-10).

(8] IS : FET7 — VB HEICBIT 2B LEED v v v 7 RS 2020 EEKELE RS
(2020-09).

*Yusuke Yasuda, Kazutoshi Sugie, Hirotsugu Kawanaka, Seunghwa Park

Hitachi Ltd., Research and Development group
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DX application to the field of nuclear materials and its issues

(4) ARKADIA—
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~RFFRERRELE IO RADERE~
(4) ARKADIA —Innovation in Next Generation Nuclear Power Plant Design
~Implementation of Structural Design Optimization in Nuclear Power Plant~
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DX application to the field of nuclear materials and its issues

(5) BERFGEED Al ICX 52BN

(5) Al-based diagnostic technology for ultrasonic flaw detection images
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[1T Y. Yuguchi and T. Hirasawa, “Phased Array UT Application for Boiling Water Reactor In-Vessel Inspection”,

Proceedings of ASME Pressure Vessels and Piping Conference 2006, pp. 165-171, 2006.
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[3] N. V. Chawla, “Data Mining for Imbalanced Datasets: An Overview”, Data Mining and Knowledge Discovery
Handbook Second Edition, pp.875-886, 2010.
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Development of accident tolerant control rod
(5) Leaching test of novel neutron absorbing materials in PWR coolant water
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F—U— N SRR, PR A RO, IR, K

1. ¥E

S E DL MR o ER T &2 B L, SRS o @ O BRSO DA A O BAFE S EIN AL CI T
NTW5b, BHRUFCIE, A TERIY (Sm0, Eu0,) ZEps &3 2RI 2 -5 2 & T, JFlE
IE SRR & W o Tl PERE A 18] B4 5 & & b I, s I BRI BT L AR - RS
KB 4P DA I B IREME & 77 Lig i) 5 2 & THERR Y 2 7 2K 2 5 Bl 2 B%E LT
5. A LHEBIITIR ) & ORI X > TKBIL 2k L THRBEZEIL T2 2 LMo TWADR, Pv
a=v AR{EY (Zr0,) £72idT7 = Ak (10, SIRAFER T2 2 & THIEDEE/K £ 72 13miEAK
ARLAPTUEEMICLETHD I L HMHER LTS, S HIT, Bl I HIEEWREE SR L7255 A1
SO HEIERE & Feft 3 2 ICIT B E DRk & 82l Lt 1T 7235 8 OIR L EME 2 MR T D BN H D,

2. BRHHER
AR O FIEE R E AR 280 L, PR —UCRITKEREE TIZI8 1T 2 Bl o2 HiiR 217 - 72,
Sm203 i f: X EU203 k ZrOZ i f: X HfOZ %%ﬂ%‘:ﬂ

1:1 OFNETRA L 4BEOBEE~SL v M (O 400 o o T - 32,0
Eu,0,-Z10,. @Fu,0,-Hf0,, @Sm,0,-7Zr0, F 7213 @ 350 - | 280
Sm,05-Hf0,) %45 5 FEHU/E L, £ 300°C, £ 16MPa 300 L 24.0
DR VA —T (350L) PNTHE~9 A (63 B 5250 — ! 20_03
) REE L7, RERPOKR TR 1248 — 5 200 f— — 16073
1310ppm, pH FHHEH O Li #FEIL 6.8 - 7. 0ppm, ¥ ™ 150 - 1208
TEKFEPREE < 2. Tppm, VAfFRRZEILEE < 0.5ppb IC 100 a0
FEE L2, MR OEEB L ONEDDRREE 50 a0
R BRI Srun 10T T, AREROB o AP
(IIFEBRARE F LA v L, BBt osMaBIR L & 0 20 40 60 80 100
BHEEIT o7, B [E]
L R BRI I X OV @I
3. HAEREER
15 HIE® runl HZ@Smy0,-HFO, 5 AS 4255 A 4

LTWA D L BHREST, ROy M R 12BN OSBRI A R
BT BB BRSO RN, Atbosy— [FEHLE  [OFu,0,-2r0, [ @Eu,0,-Hf0, [@Sm,0,-Zr0,
BASNT, S0, BAEZ A LT 2 EEK e (P E R 2. 753¢g 3.257g 2. 679g
el Sz, ZABIS 0 3 BRIOBERE < L v big [ERA(R
TERZHEFRF L TRV, 5l&HEE run2 3B KO run3 runl #% +0. 030% +0. 006% +0. 022%
DB HRBR A ARG LT, 2 OfE, RN EE run2 $% | +0.041% | +0.015% | +0.010%

run3 % +0. 049% +0. 001% —0. 044%>

CTHERPRESERE (R D 1ZALHL
LRI B TR R PRI 28 R T
> TRENTGIRHERF§ 25 2 E R T & 7o,

*Hirokazu Ohta and Kinya Nakamura, CRIEPI
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Development of accident tolerant control rod
(6) Compatibility between novel neutron absorber and silicon carbide at High temperature
TR, RS —
A

EAIFIRER O EER] &P D22 e o) B2 N 5 FEmiPERIEEE 2 BT L T D, fPk, SRELm IR
BN EAL SN E 2 BE L, SR ibt B8 - v a =0 MRAR(EY) &SR (K
oA 3%) & OERIAFIERER 2 NIRRT I L7 . RS o g1 AR & Tt 1Y
M OTIRETIREN TH 5 Z &R S,

F—U— N SRR PRI A BT R A 3R BOKIE, il

1. ¥E

WRAKAF D222 ERRFEED M LIz €, BREHENEE L0 D T T L SRR FOHLEE R AT A 2 b
WEEND, TOMPIRDO—>L LT, FHAERE (ATF) OBRENEETED LN TWD, EHHE. 47
(ISR B MEOMEREZ HERF - M B3 2% & & bic, ERFMEFIOREMRIZIAT U CIRRL - BLEE,
JFDVARE DIREHE & F LR Y 2 7 ORI HIFF S 4L 5 9T (ATCR) Z BHZE L T\ 50710 ATF
NERE S5 E OFIEEREE I ATF EE ERMEBIORAZEE L, 2 E TIoHal b e s

(fluorite 4(RE,M)O2x. pyrochlore 7Y RE2M207. RE: Eu, Sm. M: Zr, Hf) 3ERATHT & [R1%5 LA b oD s BE 24,
BRI - BR B RE D TR 22 S, AF D AT RS ATF #7845 (coated Zircaloy, FeCrAl) 6 X UVKARK & BT
IR ERIETE SN G5 2 L il Uiz, AMFSCIE, RIL7 A F (SiC) BB |0 A i 1R % 35
W95 ATCR BE& A AEIC, B K ZA87E L7 (Eu,Zr)0ux & SIC D EiRAEVERBR DO 52 9 5,
2. R H

[+ 717 L — RO SiC/SIC HEAEMBHIM Z T, B-SIC BEREIR Z =, #BRIA L LT, (Eu,Zr)0xx BLBERS 5
DIE (NFE 5.5mm X NILE & 7mm, WJE 5mm) OWNIE & Sic BEREAR (B 5mm X & S 3mm) OJEH % H E
THEASHE, Zhaed o7 A7 B E RGN L, PrEiiE (1800, 1900,2000°C) £ THJ 20 43 TH-
IR L 10-30 ZrRIZRIRAREE L7z, PrEiefiftidk, IEVEIRZ MW L Crm Lz, RBRICER S - JOs)E
2 . L BAMEE & EPMA 2 W TR 7o, Zeds, ARBREBRTIX, ATCR X 2000°C & TR, il gm
BONIIZAKBLDNEA SN EZ2RHRIC, BB E NEET A L LT,
3. R

1800°C 7> 2000°C DRI T, (Eu,Zr)02x / SIC JL % & Te Wi ISR S - OB A 1K 1 1SR, 3t
SR ORBIEOEEZED SiC OAHITEFT 5 LIET 5D &, 1800°C (30 47) & 1900C (10 43) Tl 5wt%
LLF IZ%F L. 2000°C(10 43) Tl 13.5% DAY Lz, ZuE, 2000°C TiE, SiC NEBIZIE R S 7= 22 p )
BRI U722 & B KON mEIEEE T Sic AHEKR LIBURE R L8595, F£72. (Eu,Zr)Oxn IR IS, R
EHEEBITAA ROMKIEABEZ T2 D Z 1T, Sic BafiAD Bk Y & EJ % T(EU,Zr)02x NIZAA
Ra2&te RSN SNz, ZORIGEIL. (Eu,Zr)Om 5t L 0 HIREE D Eu & 0, EBED zr ITZ.
WED Si MOAER Sz, —F, SiICHIZIE Eu-Zr-0 B BL TS Z &b, Fmask A TR E7ZIER
MO Z O FEERNE L RSN D, BLEX Y| (Eu,Zr)0xx % SIC #E= IZ38EA LA, EREF

B DO HIEFE F TIZ(EU,Zr)02x DIEIRIZENLZ D DD, %Wﬂmiﬁﬁﬁéﬁﬁf‘ BT DRI,

% % Sk [1] OECD/NEA, No. A——
7317, 2018. [2] KH &, HAJR

T 174 2016 FKD K43, 2E03.
[3] H. Ohta, et al., Trans. ANS WM,
2018. [4] Ohta et al., Proc. Top Fuel
2016. [S] KH &, HARRT %

; * Eu, OEEET [ /
/ . Zrlit i
i Eu, ONSICII=5 75 (I8
b
I

£ 2021 FOFL. 2K03. [6] H1kT Sod : || 5., =

%’ EI Kﬁ%ﬁ%é 2017 §®£‘5 1 mm (Eu'zr)oz-)( — ‘ —1mm | :(Eu,‘;f)oz ’_‘ﬂ'% ‘
£ 1106. [7] AT D, BARFFH (a) 1800°C., 304> AR+ (b) 1900°C., 105> AR+ (c) 2000°C. 105 R FF
22459021 DS 2K02. B1 (Eu,zZr)O,, / SICHRE IZHMEh - RIGE

*Kinya NAKAMURA, Hirokazu OHTA, Central Research Institute of Electric Power Industry (CRIEPI).
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BWR BRE#HZE L -ERKEIFHARICES
SUS304-B«C EEMIZ &+ B 7R 0 KBS B LTl
Investigation of re-distribution of B in SUS304-B4C alloy
under high temperature steam simulating BWR severe accident
AR Bz, GhE HwAt, L MRS, /R REE Y,
R B —2, WIF BE? L A2
VHOR TSRS, 2HUFE ) HD

VB 7KL K AR (BWR) I8 B S5 412 35 1) 2 il VAR IR Rl 5 {4 203 S0t Jie Ol R C iR K R KUl S v D 35601
EUE R DR 7 RN L DIFERER X OIS B 5 2M2 T 5729012, SUS304-BiC #ifie T 7 U #/ER L
TARARRIFHRUC L 2 HRAAFFER A i L, SUBREFEHI X L T B ikl gt X OMRE 21T - 72,
F—0—F: WEF ) EFTE, BWR, Hl#IE, SUS304-B.C

1. #E

TR — R T /I B EFT 2 B OFMRNTIC LD & F O BREHIHNC I TR KU 18 72 B & TRl D
AL, B U7l kT 7 U @i o K R KR PRSIl S vz aTREME DS R\, ARBFZE T, MRZE LY
BT DR FEOFEEAI LIS T H72DI, HlfEEh kT 7 U O &2 (ER L ORERFHAIC
£ DSR2 FEM U7z, ARBRL SR ORISR I L OWEE T 217 5 2 & C, HHBIRE L ORISR
BT 2 A R A 72,

2. RB&

SUS304 K & BsC iK% IRG L Ar FXFHS 1450°C 12T 90 7%
B Log 2l KB LTS 57z SUS304-BiC A4 itk 7 U skt
L LT, ArKEKIRA T A(Ar HAZ X BT Y 71, KR 90°C)
ZE A L72 1100°C OFEXUIFNIZ, SUS304-BiC A4 D#lBR f1 % 2 far
L7e7 VI i a 3 U, —ERFRRE R, FmEl L7z, B
Bt ORHETLHI I T DHFEEICIIHA XRD 4. SUn W7 o #H ksl 22 B HRE R L SR

B-K BC-K MO-K MSi-K BCr-L MFe-L HNi-L

121 SEM/EDS # v 7~ — 100 1M
3HERRUEER M1 60 RERMOTR LS

112 60 S RFFEHITE D ItR~ v B TG &R, Ga ULy ERMEIRT) O I Fe,Cr,0,B # &1
FOSFEDIER A iR LT, BAUF 2 HHY 1 L2l oRE 2 Hl > THER XRD ot x Eli L7z & 2 A, B4
RE =2 FesBOs & (Fe,Cr)0 BEENTND Z ERDho7-, SEM/EDS (2 X DML, FUHE
BHEROBIEONANZ AR U R EGBIMDBER SN TEY | B8R OMRBEBFEN SR 7 EL B S
HHHME L . ASREOBILIEEZRIC L2 EANBRKIER R - Tnd B2 bND, Bk, RUEEHE
f2{t4) Fe-B-O ZOMAIIIEFICIREM TH Y, HilfHEM KT 7V DAL - BEOEEE X0 % BEET 5
72 DI A FerB-O ML R OB T — 2 OFRFENRRD LD,

E 352
AL, FHREBEIHR—NT 1 v 7 AR St & 0 [TEPCO BEWF 7 v v 7 ¢ 7 BRI @A seis) <%
LNTZHERO—H T,

“Shinnosuke Sakuma', Ayumi Itoh?, Shintaro Yasui', Yoshinao Kobayashi', Kenichi Ito?, Mutsumi Hirai? and Masato Mizokami?

"Tokyo Institute of Technology,?Tokyo Electric Power Company Holdings, Inc.
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Microstructural stability of Zr-SUS-B4C model debris upon annealing
*Huilong YANG !, Kenta MURAKAMI', Sho KANO' and Hiroaki ABE'
'The University of Tokyo

Abstract

In order to understand the possible property change of 1F fuel debris during the accident and fuel debris retrieval period,
the metallic debris which is composed of the reactor core component materials of zirconium, stainless steel, B4C was
studied during annealing. The microstructural stability of metallic debris, especially the intermetallic compound phases,

will be discussed in this report.

Keywords: 1F decommissioning, model debris, microstructural, stability, annealing

1. Introduction

One of the most challenging tasks in 1F decommissioning is to properly remove the fuel debris, which was formed
>10 years before, and anticipated to experience aggressive environments such as high temperature oxidation and/or
hydrogen adsorption during the accident, corrosion during the cold shutdown period. Therefore, it is necessary to
understand the possible material property change of fuel debris during the long-term fuel debris processing period, to
provide the fundamental knowledge required for practical debris removal. The present study aims to investigate the
environment-induced property change and cracking behavior in fuel debris from the viewpoints of materials science.
Specifically, in this study, the metallic debris is considered as the research objective, which might be related to the
solidification reaction of the reactor core component materials of zirconium (Zr), stainless steel (SUS) and B4C. The

microstructural stability of Zr-SUS-B4C model debris during high temperatures will be studied.

2. Experimental

Zr-SUS-B4C model debris was prepared using the vacuum induction heating method from the raw materials of Zr
and SUS plates, and B4C powder. Two types of ingots with different Zr/Fe ratios (SUS-75Zr-B4C and SUS-50Zr-B4C)
were prepared. The phase identification was conducted using X-ray diffraction (XRD) and scanning electron microscopy-
energy dispersive X-ray spectroscopy (SEM-EDS) methods. Both two types of metallic model debris specimens were
subjected to annealing up to 1673 K. After annealing, the phase identification and possible element diffusion were

investigated by XRD and SEM-EDS. The mechanical property change was measured by Vickers hardness tests.

3. Results and discussion

Phase identification results show that the SUS-75Zr-B4C specimen consists of Zr;Fe-, Zr;Fe-, and ZrFe,-type
intermetallic compounds, Zr, ZrC, and Zr,B phases, on the other hand, the SUS-50Zr-B4C specimen is composed of Zr,Fe
and ZeFe, intermetallic compounds, Zr, ZrC, and Zr,B phases. These constituent phases were found to be stable under
vacuum up to 1273 K, and no obvious element diffusion among these phases was observed. The early-stage oxidation of
these phases was confirmed as well. Zr oxidized the most severe, followed by ZrFe,, Zr;Fe and Zr;Fe intermetallic
compounds, nevertheless, oxidization was hardly observed at ZrC and ZrB, phases. The formation of the oxides leads to
the hardness increment in both specimens. The phase stability of the constituent phases under high temperature range will

be also discussed at the presentation.
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Study on physical mechanism in phenomenon of fuel debris
BRSO, MAMEA, L
H A - 10T 2B FE b A%

PREFT 7 ) OB L - SREICB W T, BEHOREMEZFHT 5 72 ORES(L T 1t 2 OERIT B E i
D—DTH b, KR TITRELNO—~HTHIWHEHFN A=A LER L, BREREOENEZER LT
T DRERREDEBLRE L, BET 7V D7 T w7 O34 - ERIRDEEZI L LT,
X—D—F BT 7Y, BREZE, BEENA T =KX A
1. &% - HY

fE R — - 15T (1F) 2B W THRA LI RIREHC IR A EM 2 2 Tk 7 U ik, REIFIEK
WRIZHY . FEEFOLZDICEH SN %IT, KRB TENRE SN D £ TE LITEWHIFRE &
NHZENTHRIND, FRITGHEHEIN TV LD, BRSFHEOIREE(LORBEZ TS, TD,
BREFT 7 U ITE AP O BURICR - R L (B1k) BT LIRE SN D, BT 7 ORFEL(LHETe
&L BB 7Y OBIRE DME T U CESICHI LT 2 2 & T, BEEME OB EIK ~O 553 Beov i o\
REMEDS D Do ABFIETIL, 1FBREFT 7 U R OARL - TEBREEC L ORGEEE 2 5 8 L I B 7/ 724
PALFEBOTEZ B E L, RERE ORI RZLRNRE T 7 ) 2 L= 0 7 7 v 7 OFE RO
JBIZH 2 28 %3 LT,

2. RER

AEHE LT, U0, O, 4 & [RIFLE OB IR SR ONCAEE U AM 2 A9 2 Y205 & AT 2 L ZADOREEL
& (UO,-SUS #EF, Y205-SUS 3k ZERI L7z, BBOMIE 2 X 1 1R d, 2o ZJ8EM 72 REES) (1
A7) Il LT, Bth o r 7y 7 OREEZBIE LT, IRESMEL. BET 7 U ONEIERIEICER
DO HHY . RPFTHRIRE AR AE T TS Z EEFBE L T 200~250CIZRE LTz, Tk, BET 7V
EHRILTEMR EBEZ DN EHAET R v 7 AOBWIRRNELT 2IEEHEKCTH & 5, IREOELIEIT,
JE I D FEIREFE A EJE L T E25°CICRRE LTz, £ LT IREY A 7 VI EBEOEY 1 ET1 %A 27 1)
KON, BUROZER AR BN X DIRENBLORAEEEE L TS50, 100, 150 [0 & Lz, L0 A 7 LIl
L 7o 3 BHE Il - BFEEE D%, L— W —BAMEE CWmEfg 2 UG L, BZICEBAEEITICLY 7 7 v 7 &
S ZFH U7z, EHRALEIT 1T WinROOF2015 vy, /Ny 7 75 0 o NILEL e KIE 7 4 v 2 | R &b,
2 AL Z L CHMAIRE IR 2T T 7 2HhH - FHILT-,

. BRLER

UO,-SUS 5 & Y,05-SUS RREL DM 7 & HIREEY A 7 VOV T v 7 RS HEINT 5 2 & =5k
AL, 2TodET 7 VRAEO 7 7 v 7 BiX EFMIAIZH 57203, Y20s-SUS BEHIR 4 127 T v 7 RO
MBI+ 2D -T2, ZOFERNS, BT 7 VICRAET S T v 73— ERTHRENMEIE L, #%
L E TITIZBGE L2 WATREMER S 5 Z LR SN, FHIKSREZ L LIRS 7 7 v 7 EREHE L £
Paris BN (F2) &0 - 7250l 2 587 7=,

da/dN = CAK™

N:DELE, a: 7Ty 7 ERES, AK: SAIERMRE, Com: BEHER @ w
G ?

FENTEIARIL AK IS SERIRE A K7 v 2 D0 o b At Lo 58 S @
FAERE L, CORNERREEHRICFM L2 T v 7 & SCREOH oy
WAERAT D Z L TR, ddN-AK 78 v P BHMBERTHS C L m ©
RS LT, REY A 2 AOE IR LRSS LY Ty 2 B SO%E ﬁmwrfii
LEHRT D2 N TE I, 5%, ABRIRH LETHLMCR> TR IF M
PR 7 U OPEIRE ERIE T MCET S 2 LT, REIRE OIS L 5 —

B ) OAESL R & TR b 425 (bl waysmu i)
?i]%;/ﬁflﬁs, Paul; ERDOGAN, Fazil. A critical analysis of crack propagation laws. 1963.
[2] MURAKAML Y., et al. Stress Intensity Factors Handbook, Vol 2, Revised Edition. 1990. 1 BB ]

*Seiya Suzuki, Arai Yoichi, Okamura Nobuo, Watanabe Masayuki
Japan Atomic Energy Agency
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