Wed. Sep 11, 2019 Planning Lecture

Wed. Sep 11, 2019

Room B

2019 Fall Meeting

International Safeguards
Chair:Hironobu Unesaki(Kyoto Univ.)
1:00 PM - 2:30 PM Room | (Common Education Bildg. 2F D21)

Planning Lecture | Technical division and Network | Division of Nuclear
Fuel Cycle and Environment

[1B_PL] Overview of the Results of the Deep
Underground Research Laboratories and

Expectation for the Future
Chair:Tamotsu Kozaki(Hokkaido Univ.)
1:00 PM - 2:30 PM Room B (Common Education Bildg. 1F C12)

[1B_PLO1] Overview of the Results of JAEA's
Underground Research Laboretory Projects
*Takeshi Semba' (1. JAEA)

[1B_PL0O2] Research and Development at Underground
Research Laboratories by RWMC
*Masato Kobayashi' (1. RWMC)

[1B_PLO3] Research and Development at Underground
Research Laboratories by CRIEPI
*Ryuta Hataya', Yasuharu Tanaka?, Takuma
Hasegawa® (1. CRIEPI, 2. CRIEPI, 3. CRIEPI)

[1B_PLO4] Overview of International Cooperative
Project utilizing Foreign U.R.L. and
Expectations for the Future
*Kiyoshi Fujisaki’ (1. NUMO)

[1B_PLO5] Discussion

Planning Lecture | Technical division and Network | Nuclear Safety
Division

[1G_PL] Issues and future tasks related to the

evaluation of source terms
Chair:Naoto Sekimura(Univ. of Tokyo)
1:00 PM - 2:30 PM Room G (Common Education Bildg. 2F C22)

[1G_PLO1] Severe accident analysis and source terms
*Mitsuhiro Kajimoto1 (1. NRA)

[1G_PL02] Unexplained point of Fukushima Dai-ichi
accident related to source terms
*Akio Yamamoto' (1. Nagoya Univ.)

[1G_PLO3] Issues on safety research related to source
terms

*Hideo Nakamura® (1. JAEA)

Room |

Planning Lecture | Technical division and Network | Nuclear Non-
Proliferation, Safeguard, Nuclear Security Network

[11_PL] Status and Future Challenges on R&Ds for
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[11_PLO1] Current Status of International Safeguards
for Nuclear Fuel Cycle and R&Ds Needs
*Masato Hori' (1. JAEA)

[11_PLO2] R&Ds for Nuclear Non-proliferation and
Safegurads on future reactors and nuclear
fuel cycle

*Hiroshi Sagara' (1. Tokyo Tech)

Planning Lecture | Technical division and Network | Reactor Physics
Division

[1J_PL] Situation and issues concerning Small

Modular Reactor (SMR)
Chair:Akito Oizumi(JAEA)
1:00 PM - 2:30 PM Room J (Common Education Bildg. 2F D22)

[1J_PLO1] Reactor physics in SMR development
*Toru Obara’ (1. Tokyo Tech)

[1J_PLO2] SMR development overview
*Kazuaki Kito', Yoshitaka Kimura?, Kazuhito
Asano® (1. Hitachi-GE, 2. MHI, 3. TOSHIBA
ESS)

Planning Lecture | Technical division and Network | Computational
Science and Engineering Division

[1K_PL] Simulation Credibility Built by the Best

Use of Uncertainty
Chair:Masaaki Tanaka(JAEA)
1:00 PM - 2:30 PM Room K (Common Education Bildg. 2F E21)

[1K_PLO1] Simulation Credibility and Uncertainty
Quantification
*Kotaro Nakada' (1. TOSHIBA ESS)

[1K_PLO2] Ensuring Credibility of Statistical Safety
Evaluation by utilizing Uncertainty
Quantification
*Yoshiro Kudo' (1. TEPCO HD)

[1K_PLO3] Simulation Credibility using Uncertainty
Quantification for Effective Source Height
Evaluation

*Koichi Sada’ (1. CRIEPI)
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Planning Lecture | Technical division and Network | Subcommittee on
Particle Accelerator and Beam Science

[1M_PL] Monte Carlo Simulation and Particle

Accelerator
Chair:Hiroyuki Toyokawa(AIST)
1:00 PM - 2:30 PM Room M (Common Education Bildg. 3F A31)

[1M_PLO1] Introduction to Geant4 and its application
developments
*Tsukasa Aso' (1. Univ. of Toyama)
[1M_PL02] Application of Monte Carlo simulation in J-
PARC accelerator system
*Kazami Yamamoto' (1. JAEA)
[1M_PL0O3] Muon accelerator
*Haruo Miyadera' (1. TOSHIBA ESS)

Planning Lecture | Over view Report | The University of Tokyo, Yayoi
Research Conference -Techniques and application of atomic and
molecular spectroscopic analysis-

[1N_PL] Research developments using excellent

properties of Lasers IV
Chair:Shuichi Hasegawa(Univ. of Tokyo)
1:00 PM - 2:30 PM Room N (Common Education Bildg. 3F A32)

[1N_PLO1] kW-class laser cleaning for steel structure
maintenance and decontamination
*Kazuhisa Fujita' (1. GPI)

[1N_PLO2] Remote laser analysis technique in severe
environments
*Hironori Ohba' (1. QST)

[1N_PLO3] Development of Laser cutting technology of
thick steel plates for nuclear facilities

*Koji Tamura' (1. QST)

Planning Lecture | Technical division and Network | Risk Subcommittee

[1O_PL] Basian Approach to Risk Assessment
Chair:Yu Maruyama(JAEA)
1:00 PM - 2:30 PM Room O (Common Education Bildg. 3F A34)

[10_PLO1] Bayesian Approach to Risk Quantification
*Akira Yamaguchi' (1. Univ. of Tokyo)
[10O_PLO2] Bayesian estimation of reliability
parameters
*Tomoaki Yoshida' (1. CRIEPI)
[10_PLO3] Bayesian Approach for Fragility Estimation
*Takashi Takata' (1. Univ. of Tokyo)
[10_PLO4] Application of Bayesian Statistics to Source
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Term Analysis
*Xiaoyu Zheng' (1. JAEA)

2019 Fall Meeting



Thu. Sep 12, 2019 Planning Lecture

Thu. Sep 12, 2019

Planning Lecture | Invited lecture | Cabinet Office

[2A_PLO1] Human Resource Development and

Nuclear Utilization
Shigeaki Okajima(President of AESJ, JAEA)
9:45 AM - 10:45 AM Room A (Common Education Bildg. 1F
c11)

[2A_PL0O101] Human Resource Development and Nuclear
Utilization
*Yoshiaki Oka' (1. AEC)

Planning Lecture | Board and Committee | Board of Directors[Co-
organized by Social and Environmental Division]

[2A_PLO3] Role of AESJ to Contribute to Solution

of Social Issues
Chair:Yoshitaka Nishino(President of AESJ, JAEA)
1:00 PM - 2:30 PM Room A (Common Education Bildg. 1F C11)

[2A_PL0O301] Topics from 60th Anniversary Symposium
*Shigeaki Okajima1 (1. President of AESJ,
JAEA)

[2A_PL0302] Global Environmental Issues and Nuclear
Energy
*Ryoichi Komiyama' (1. Univ. of Tokyo)

[2A_PL0O303] Perspectives on Future Nuclear - Role and
Contribution of AESJ
*Akira Yamaguchi' (1. Vice President, Univ. of
Tokyo)

[2A_PL0304] Discussion
*Yasuo Komano', *Shoji Tsuchida?, *All
presenters® (1. Ex-President, MHI NSE, 2. K

ansai Univ.)

Planning Lecture | Over view Report | The Special Review Committee on
The NUMO Safety Case[Division of Nuclear Fuel Cycle and Environment]

[2B_PL] Current Status of Peer Review on The
NUMO Safety Case

Chair:Daisuke Sugiyama(CRIEPI)
1:00 PM - 2:30 PM Room B (Common Education Bildg. 1F C12)

[2B_PLO1] Current Status of Peer Review on The NUMO
Safety Case
*Osamu Tochiyama', *Kenji Amano?, *Yasuaki
Ichikawa®, *Keiichiro Wakasugi*, *Yuichi Niibori®
(1.NSRA, 2. JAEA, 3. Okayama Univ., 4. Tokai
Univ., 5. Tohoku Univ.)

©Atomic Energy Society of Japan
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Planning Lecture | Joint Session | Joint Session 1 - Research Committee
for Mechanistic Evaluation of Critical Heat Flux for Nuclear Reactors,
Thermal-Hydraulics Division, Computational Science and Engineering
Division

[2F_PL] Evaluation of Critical Heat Flux of

Nuclear Reactor, Present and Future
Chair:Tomio Okawa(UEC)
1:00 PM - 2:30 PM Room F (Common Education Bildg. 2F C21)

[2F_PL0O1] Outline of Research Committee for
Mechanistic Evaluation of Critical Heat Flux
for Nuclear Reactors
*Hiroyuki Yoshida' (1. JAEA)

[2F_PLO2] Current Evalution Method of CHF in Light
Water Reactor
*Tadakatsu Yodo' (1. MHI)

[2F_PLO3] Current Evalution Method of CHF in Light
Water Reactor
*Yuki Narushima® (1. Hitachi)

[2F_PL0O4] Research for Mechanistic Evaluation Method
of CHF
*Ayako Ono' (1. JAEA)

[2F_PLO5] Research for Mechanistic Evaluation Method
of CHF
*Kenichi Katono' (1. Hitachi)

Planning Lecture | Board and Committee | Standards Committee

[2G_PL] Systematical Application of Standards
for Safety Enhancement against External

Hazards
Chair:Naoto Sekimura(Univ. of Tokyo)
1:00 PM - 2:30 PM Room G (Common Education Bildg. 2F C22)

[2G_PL0O1] Basic Attitude toward Nulcear Safety
against External Hazards
*Takashi Takata' (1. JAEA)

[2G_PLO02] International Discussion on External Hazards
*Koichi Kobayashi' (1. NRA)

[2G_PL03] Status of Response to External Hazards on
the Existing Nuclear Power Plants
*Tetsuro Kobayashi' (1. J-Power)

[2G_PL04] Significant Contents of the External
Hazards Standards
*Yoshiyuki Narumiya' (1. JANSI)

[2G_PLO5] Discussion



Thu. Sep 12, 2019 Planning Lecture

Planning Lecture | Joint Session | Joint Session 2 - International Nuclear
Information Network, Materials Science and Technology Division,
Nuclear Fuel Division

[2H_PL] Energy policy in France and the Jules

Horowitz Reactor (JHR) project
Chair:Hiroaki Abe(Univ. of Tokyo)
1:00 PM - 2:30 PM Room H (Common Education Bildg. 2F B21)

[2H_PLO1] Energy policy in France

*Sunil Felix

(1. French Embassy in Japan, CEA)
[2H_PLO2] The Jules Horowitz Reactor (JHR) project

*Christian Gonnier' (1. CEA)

Room |

Planning Lecture | Technical division and Network | Water Chemistry

Division

[2I_PL] General Picture of the Updated Roadmap
of Reactor Water Chemistry

Chair:Yutaka Watanabe(Tohoku Univ.)
1:00 PM - 2:30 PM Room | (Common Education Bildg. 2F D21)

[21_PLO1] Backgroud, Overview and Relation with
Defense in Depth Concept
*Hirotaka Kawamura' (1. CRIEPI)

[2I_PLO2] Fundamental Study for Nuclear Safety
Improvement (Dose Reduction, SCC
Mitigation, Fuel Integrity)

*Wataru Sugino® (1. JAPC)

[2]_PLO3] Enhancement of Fundamental Knowledge
Base (in relation with Fission Products
Behaviour)

*Junichi Takagi' (1. TOSHIBA ESS)

[21_PLO4] Water Chemistry during and after a Severe
accident

*Makoto Nagase' (1. Hitachi-GE)

Planning Lecture | Technical division and Network | Advanced reactor
division

[2J_PL] Proposition for the future development
of the advanced fast reactor cycle (from

our experience)
Chair:Shoji Kotake(japc)
12:40 PM - 2:30 PM Room J (Common Education Bildg. 2F D22)

[2J_PLO1] Proposition for the nuclear fuel cycle

development
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*Tomio Kawada'

[2J_PLO2] Proposition for the fast reactor
development
*Tsutomu Yanagisawa'

[2J_PLO3] Proposition for the high-temperature gas-
cooled reactor development
*Tatsuo lyoku' (1. JAEA)

[2J_PLO4] Discussion

Planning Lecture | Over view Report | Special Committee for Nuclear
Data[Nuclear data division]

[2M_PL] Activity report of special committee for
nuclear data in the fiscal years of 2017

and 2018
Chair:Satoshi Chiba(Tokyo Tech)
1:00 PM - 2:30 PM Room M (Common Education Bildg. 3F A31)

[2M_PL0O1] Roadmap of nuclear data activities
*Satoshi Kunieda® (1. JAEA)

[2M_PL02] Application of maching learning to radiation
measurement~ examples in nuclear data and
analysis of gamma-ray spectra
*Tadahiro Kin' (1. Kyushu Univ.)

[2M_PLO3] Neutron capture therapy and nuclear data
*Tatsuya Katabuchi ' (1. Tokyo Tech)

[2M_PL04] Work plan of sigma research group
*Tokio Fukahori' (1. JAEA)

Planning Lecture | Technical division and Network | Radiation Science
and Technology

[2N_PL] Current Trends and Future Prospects on
Unfolding Techniques in Radiation

Science and Technology
Chair:Hiroyuki Takahashi(Univ. of Tokyo)
1:00 PM - 2:30 PM Room N (Common Education Bildg. 3F A32)

[2N_PLO1] Unfolding techniques in radiation
measurements - past, present, future?
*Tetsuo Iguchi’ (1. Nagoya Univ)

[2N_PL0O2] Unfolding techniques based on high precision
response function and their applications
*Tetsushi Azuma' (1. Mitsubishi Electric.)

[2N_PLO3] Unfolding methods of radioactivity
distribution using environmental

information
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*Tatsuo Torii' (1. JAEA)

Planning Lecture | Board and Committee | Ethics Committee

[20_PL] Interplay of technology and ethics
Chair:Kyoko Oba(JAEA)
1:00 PM - 2:30 PM Room O (Common Education Bildg. 3F A34)

[20_PLO1] Introduction
*Shin-etsu Sugawara' (1. CRIEPI)
[20_PLO2] Ethics in technological development
*Minao Kukita' (1. Nagoya Univ)
[20_PLO3] Potent applications of artificial intelligence
in maintenance
*Kazuyuki Demachi’ (1. Univ. of Tokyo)
[20_PL0O4] Panel Discussion
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Fri. Sep 13, 2019 Planning Lecture

Fri. Sep 13, 2019

Room C

2019 Fall Meeting

and human resource development
Chair:Tadashi Inoue(CRIEPI)
1:00 PM - 2:30 PM Room | (Common Education Bildg. 2F D21)

Planning Lecture | Board and Committee | Review Committee on
Decommissioning of the Fukushima Daiichi NPS

[3C_PL] Periodical Report from Review
Committee on Decommissioning of the

Fukushima Daiichi NPS
Chair:Naoto Sekimura(Univ. of Tokyo)
1:00 PM - 2:30 PM Room C (Common Education Bildg. 1F C13)

[3C_PLO1] Present status of Fukushima Daiichi nuclear
power plant decommissioning
*Syunichi Onitsuka® (1. TEPCO)

[3C_PL0O2] Remote technology for decommissioning of
Fukushima Daiichi Nuclear Power Station
*Hajime Asama®' (1. Univ. of Tokyo)

[3C_PL0O3] Decommissioning Project and International
Collaboration
*Koji Okamoto' (1. JAEA CLADS)

[3C_PLO4] Activities of Review Committee on
Decommissioning of the Fukushima Daiichi
NPS

*Hiroshi Miyano' (1. Hosei Univ.)

[31_PLO1] Purpose of Establishment and aim of this
committee
*|samu Sato’ (1. TCU)

[31_PLO2] Evaluation of quantities on various nuclear
power generation scenarios
*Kenji Nishihara' (1. JAEA)

[31_PLO3] Evaluation of scenarios with increasing and
no-changing demand for nuclear power
*Koichi Ohta" (1. CRIEPI)

[31_PLO4] Evaluation of scenarios with descending
demand for nuclear power
*Takumi Saito! (1. Univ. of Tokyo)

[31_PLO5] Nuclear demand scenario and the R&D items
*Akira Sato' (1. MHI)

Planning Lecture | Technical division and Network | Fusion Engineering
Division

[3L_PL] Accomplishments of Japan- US Joint

Research Project PHENIX

Chair:Yuji Hatano(Univ. of Toyama)
1:00 PM - 2:30 PM Room L (Common Education Bildg. 2F E22)

Planning Lecture | Technical division and Network | Subcommittee of
Health Physics and Environment Science

[3D_PL] A medium- to long-term direction for

health physics and environmental science
Chair:limoto Takeshi(Univ. of Tokyo)
1:00 PM - 2:30 PM Room D (Common Education Bildg. 1F D12)

[3D_PLO1] Researches on radiation effects and
radiation emergency medicine in National
Institute for Quantum and Radiological
Science and Technology
*Satoshi Yoshida' (1. QST)

[3D_PLO2] The roles of Japan Atomic Energy Agency in
health physics and environmental science
*Yasuhiro Uezu' (1. JAEA)

[3D_PL03] Discussion

Room |

Planning Lecture | Over view Report | Research Committee on
Feasibility of Nuclear Fuel Cycle

[3I_PL] Study status on feasibility of nuclear fuel
cycle by overlooking energy scenario, R&D

©Atomic Energy Society of Japan

[3L_PLO1] Overview of PHENIX project
*Yoshio Ueda' (1. Osaka Univ.)

[3L_PLO2] Effect of neutron irradiation on thermal and
mechanical properties of tungsten materials
*Tatsuya Hinoki' (1. Kyoto Univ.)

[3L_PLO3] Hydrogen isotope behavior in neutron
damaged W
*Yasuhisa Oya' (1. Shizuoka Univ.)

[3L_PLO4] Overall Heat Flow Response in Helium Gas-
cooled Divertor made of Tungsten
*Takehiko Yokomine' (1. Kyoto Univ.)

[3L_PLO5] Next Japan-US Joint Research Project:
FRONTIER
*Yuji Hatano' (1. Univ. of Toyama)

Planning Lecture | Technical division and Network | Atomic Power
Division
[30_PL] Currect Status for Introduction of

Nuclear Regulation Inspection
Chair:Takanori Kitada(Osaka Univ.)




Fri. Sep 13, 2019 Planning Lecture 2019 Fall Meeting

1:00 PM - 2:30 PM Room O (Common Education Bildg. 3F A34)

[30_PLO1] Efforts at Ohi Power Station (KEPCO) for
Introduction of Nuclear Regulation
Inspection
*Shinji Masumoto® (1. KEPCO)

[30_PLO2] Efforts at Kashiwazaki-Kariwa Power
Station (TEPCO) for Introduction of Nuclear
Regulation Inspection

*Hisamoto Fujimagari' (1. TEPCO HD)

©Atomic Energy Society of Japan
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Planning Lecture | Technical division and Network | Division of Nuclear Fuel Cycle and Environment
[1B_PL] Overview of the Results of the Deep Underground Research

Laboratories and Expectation for the Future
Chair:Tamotsu Kozaki(Hokkaido Univ.)
Wed. Sep 11, 2019 1:00 PM - 2:30 PM Room B (Common Education Bildg. 1F C12)

[1B_PLO1] Overview of the Results of JAEA's Underground Research Laboretory
Projects
*Takeshi Semba’ (1. JAEA)
[1B_PLO2] Research and Development at Underground Research Laboratories by
RWMC
*Masato Kobayashi’ (1. RWMC)
[1B_PLO3] Research and Development at Underground Research Laboratories by
CRIEPI
*Ryuta Hataya', Yasuharu Tanaka?, Takuma Hasegawa3 (1. CRIEPI, 2. CRIEPI, 3. CRIEPI)
[1B_PLO4] Overview of International Cooperative Project utilizing Foreign
U.R.L. and Expectations for the Future
*Kiyoshi Fujisaki' (1. NUMO)
[1B_PLO5] Discussion

©Atomic Energy Society of Japan
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Overview of the Results of the Deep Underground Research Laboratories and Expectation for the
Future

(1) RFHEBICH T LRMBEORR R EDRRDOHRE

(1) Overview of the Results of JAEA’s Underground Research Laboratory Projects
i F!
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1. [FL®IC

H AR WP 7eBRFEHERE (LUT . TR JuB8A% 1) 1, Hioo BVRIR & e & kit L, AGifiid - BEERT o

MEAETR B AT ZER I (BAR, THRAERHE ) &R - FiRioo [EEPRHUBHIZERR ) (BUF, TEmRE
i) O 2 S>OEMEOHIE i EE (LLF, TURL 51E)) 2D Tn5, RBEOHIEL KL T DL
AHIEIOM E A2 L 2 D728, BHEREF G CI3HER S 4. SR e bl Tl s S 2 E
FRgE L, B OB MR e ERIZHAT LT 3 1 BERE « H B2 D OFR AN TEBE . 5 2 Bef
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URL FHEICIX, 55 1 BeBED B85 2 BEFIZNT T #L B 6 OFFE - T - FHITFIEO 2L MR, BFZEHT
BN L - MEFF - EEIZBID 2 LA IR OB Z TR L7z DDIDD0, JE-RgIE, 2013 12 [H AR
T IWFFEBA FEREME O U A DSk — D] ~oBab—] ZREL, ZOACLSFEDO B L LT, URL
FIHTIT O MIERE & L CTENEh 3 SOMHDORBERE LTz D, BUE, WIZERFE D 3 BfFE LT,
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ThdHIZ L D0, FRFIEIZB VTR, JUEMEHEOWEOMH CiADEE ) &2 EEEOHUEZ W TRLIZZ
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2019 4 3 H £ TOAGUERIL, BHEDHERANEK 11,000 A, HIROHMIRE ANEH) 21,000 A TH 5,
2-3. B YIc

A IR, MU R RHHNC BRI XL 5. 2O OMRZ BN £ &, %
fEL TV,
BE R
1) =F&lED> (2007), JAEA-Research 2007-043.; 2) ¥FJIE7> (2016), JAEA-Research 2015-026.; 3) KHIE)>
(2007), JAEA-Research 2007-044.; 4) JB& M Z 5> (2007), JAEA-Research 2007-045.; 5) #EEIE A (2017),
JAEA-Research 2016-025.; 6) #1£7>(2015), JAEA-Research 2015-007.; 7) H A1 HHFFEBH TS (2013),
“ B AJFF S SRR RS AE O ORI S < THE AL BN I B 2019838 ) et & — 4 % O FERE
(2D —",; 8) Ishii, E. and Furusawa, A., Engineering (2017), Geology, 228, 158-166.; 9) Iwatsuki, T. et al.
(2017), Applied Geochemistry, 82, 134-145.

*Takeshi Semba'

1Japan Atomic Energy Agency
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Overview of the Results of the Deep Underground Research Laboratories and Expectation for the
Future

(2) RIREVE—ICETHRMBOMERSRZERA L HEREICONT

(2) Research and Development at Underground Research Laboratories by RWMC
UNBRIEANY
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BREE CHRBRICE Z 2 B ORE 1T o 7o, [FREOREBRYUE 4 TEEHONT Y 7 YRR T,
=T VISR T SRR EAT I K B FHET 0 SERERRER 2 FE6E L TV D,
WX EE - BN ET D EFERREHZ B3 5 B 5t 2
WA BB E X - PEM* TR 564 & L7z BIETIC DWW Tk, #F 350m ORBRGTE 2 2781 L= 328
PO FAERBRZ i L T\ 5, RIRBRTIE, —EHOEEEEOTEMRIC L A EINIEE L SFHICE &, PEM-
HUBRIASA 2 U 2 — 720/ WA T 52U & 5 BRI Fe A o i TR, b 7 2wtk 7 Uz X 2 B
TR OBR LB, PR /e = LA a7 =7 X7 U 7 RO EEEEIC L D PEM O[RIEER % 5
fiiH T %5, *PEM: Prefabricated Engineered barrier system Module
USRS 5 e

> Sl
TS T IR g
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N TIRUPHEHREZBADIER : 7 BB (H26~)
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Witk - [N ATREMERR A - BN EEALBRYE (K 27 4R ~SFRK 30 ) | ORRO—ETH D,
230K
1) BT Z—, P25 B~ Wy AT LTRGBS S, 2014~2018.
2) R v Z— SRR 27 SEFE~B0 4EFE ik - [N ATREMERAL - Bl B LBRRE W, 2016~2019.
*Masato Kobayashi'
'Radioactive Waste Management Funding and Research Center
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Overview of the Results of the Deep Underground Research Laboratories and Expectation for the
Future

(1) BHRRIZHETHRBEOARERZZFR L-HRFAREIZONT

(1) Research and development at underground research laboratories by CRIEPI
e R, HH R BRI KB
L ) Hh B ST

1. [FC®HIZ

— A N PR geRT (LR, TFEFFAF)) ik, 2002 465 L 0 . AR HAFZER s (LLF,
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Future
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(4) Overview of International Cooperation at Foreign URL and Its Future Development
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Fig. 3: Concept of the CIM in-situ test. :
Note the smaller diameter borehole inside
TR - the cement backfilled borehole within the \\
. a radiation-controlled zone of the GTS.
e —— [PO— N The concrete backfill was emplaced in 2005.
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Issues on Source Term Evaluations and Future Researches & Development
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(1) Analysis of Accident Progressions and Source Terms for Severe Accident Conditions
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DY ORUET LV | SIBEEAIC X D i oS & L FEDOIEE 2 L T\ 5,

(1) 1F Ei#z b 5 EEEIL M5

OECD/NEA D Jii-1-fist & 22 B2 (CSND I 1IF B %2 5, HEATHIRHIG 21T 5 S0t & B Y
—% 7 7 N—T(WGAMA) Z .0, FE MR OINEE R ZZ Ak R m T 723 o R & BARE ORETHC
B2 T X T2 FRIZ IR FlR O 2 2 EEHc B3 2 B 7L — 7 (SARER) & 2013 - RIC 6 BT,
1F F D G 6 3L 2 B FERRE K O IF O LR BEF (LB R MFFERE Ofi Y & AL & 2016 4R3212
ITolee —J, 2012 FERIZFM DR A SA 22— N TN 5 1IF Fi_ v F~— 7 fififf BSAF 7'm o=
N (8 [E, F:{#:JAEA) Z 4G L. 2015~ 18 FFITITFEMAZSN Y — A F — L& G BSAF-2 7 n v =7 | (11
TE, FEIAE) ZFEM Lz, ZHOIEASE 1 AICHEEE —H 7 R EF O IR R X OMHE N
THEHROIHTIARC-F 71 ¥ = 7~ (EEJAEA) IS E kI, 1) SA =2 — FENTIC X 2 1IF Sl & ik
FHEWE OBATEE O X 0 57 HEE, 2) T FERECHEMARONT RSN SR T — & - [FRO%E
FIEEHL 3) FRIFAREDO AL L RO R 7o Y = 7 O E A L7-, £72. CSNI iX ARC-F (2%
1T L THREFS 7 U DT B9 5 TRAIFZE IPreADES 7122 = 7 b %, NEA R+ R Z B4 (NSC)I
& B 5 — I 13 BT O FHGER > U AR IS REFT 7V & B B4 5 O BT SRR O fi B
kDM 7 ey =7 FTCOFF 7Y u =7 N, &% Eii LT\ 5 (FET, E1#:JAEA),

2019 FRARREFNER -1G_PLO3-



1G_PLO3
2019FEMD K=

(2) OECD/NEA [E B FIRf 2

OECD/NEA Ti% TMI HiltLIRe, SA RRICEBRIEIMN &1 5 Y — A Z — LAFHIZ 381 5 A HED & O A X
L7, PWR OHEIF.LH D O FP i & fiF L7 OECD-LOFT ' = 7 | (1983-'89) # U1V 1o, vV —
A K — BZDONTE L OEBEILFEFIEAI T T X 7o, REFNE, T4 AECL IZ L 5 = 7 FEEhEER RTF
(23S 7= BIP(2007-14) ., BIP Li#BI L CTfrbi/=7 7 > A IRSN (2 X 5 EPICUR B2 FIH L= ¥
FONT =0 AOZFEEHNZEET H STEM(2011-19) . KA Y GRS %I L 2 KMR AN D L IR TLKFRZEB S
— AKX — NEIZET D THAI(2007-19) 047y =27 hTh Y, % 2 L B Sh T 5,

OECD/NEA TIEZ DN, FETIT O e AR ERITK T 50 F~— 7 IHEY | [EEREERE (1SP)
ELTITOILT & Iz, V— A X — NIHOWTIEHI % 1F, SA 455 PHEBUS FPT-1 (2 X % ISP-46, TOSQAN,
MISTRA, THAI DJEAREE D Fi7p 5 AN FAREELE B D Z IR K R BB EBRE(Z K D I1SP-47 035 5,
(3) FEZ2W L EC 1T X 5 [EBRELFIHFZE

77 Z IRSN IE,EC KN EdF & 4512 PWR #E AR THE L 72 IS 3 AR B & O FP AT E) 2B
% PHEBUS 3Bt % £ L 7= PHEBUS FP fiff7E 7' 11 77/ 4 (1988-2010) % Efiti L 7=, SIZ, =T v HEbLH, &
bR U 3% BC HlfEDREE, EHh COMREEOMEN, Hik CORKREN GO FP A, @ 4 FEE O]
R FERRIC L AERE Y — A X — A7 1 75 A ISTP(2005-'10) % 2 L 7=,

AA A PSI IE, PWR ZRKFEAEL (SGEEVE D SA FFOEIR « &)L THHE L2 FP 28235 H L
ARTIST S8~ v~ = 7 bk (2003-'11) % 5Efti L 7=,

EC TlE. FEFBI%A IRSN & 3% SARNET 23 2004 4E A Todv, KE, B 4&, #E, 1 K&t
18 W [E 43BN ZIML T\ 5S, ZZTi, IRSN & FA Y GRS 234:[F LT SA =— K ASTEC Z ¥ L,
W TOIENT 7" Z » N7 4 — & U THITEREDSCEEN Y AL EN TV D, E7o. SABFIEICET 2N L
B2 —%2i% ERMSAR DBRE TR S, YV —A X — L& G L BOMRRENMTOI TV D, 2019 42
X, REHREGEEE R, PHEBUS EBRENT, I URD A7 T VERE, WA S PEY RN o R HEe
M, Cs DILF W AE JAEA) 5 1L R Y — A X — LFEORF E L TRE SN, 723, SARNET iX 2013
2, Gen-ll -1 OFEERELCTH# D EU 7' 17 Z A NUGENIA IZFLAA F 7,

3-4. RFNFERXTOERE

AARREAIIFE TR, Y —AZ — L5 OMEE OB RN R o4, 2017 Il v 7 7 7 o7 v
MOy S R 2R B TR R B AR ST, FP EBR, X F~— 7 il Bt o 3
SO WG %l U-iEE Z2BtE LTz, MEAS2ITET. 7T X IRSN TD PHEBUSFP 711 ¥ = 7 D%
WEFIZEDSNWIEE L FP EE3CBT 2 EROIAE LD Z & T, Hil BB EROMEL HiF LT,
HIZ, 1F FEFED FP 2 E3hz oW T, RERER T PIICE 22> 72 b OO R & 72 7 HifiR s o S B
Zikdr Tz, PHEBUS FP EBR DR F~ — 7 RATIEENIE OB RIE 2018 4 10 A, TESRF ORZ oy WA %
TR ~OPkEL) & U TR raisiciefi s, B, H&EEHE IR 75 EI OB EERICHE T
TR R DFEFAM A3, 1IF TO FP 3 OMFTORF L L CREEICHE#E SN D TETH D,

3-5. Y—REA—LWHROEHERE

SARED Y — AL — KIZHOWTIHBEIZE S OfERH LN TWDL Z &b A% OMIREEE 77 4 4 Y
T4 ORFPTONTEY , I BB AR5,

(1) SARNET TOH

SARNET Tl 2013 FEIZHKINDEEFHZE 7 v —712 L 0 IF FROBRET 21TV, =— X EBEREDOF v »
TS N2 SARP LRI D SA BFZERREOIEIL L 7T A 4 ) T 4 £+ A OECD/NEA & WGAMA
SEE BB OTEEY & B LoofThbiuz, EIZ, 2017 4EICFFON NUGENIA TA2/SARNET @ 15 O iR
MHEMZE 7 N — 7 P SFL, 2013-SARP O RLUE UK iz, MEtstgd, RN O H kR,
FH R OB ORINEZRAR O U A 7 FP it & AT E), (A7 — v ToFH, JFRtE, BU)
FT AR BRETH D, FERICKEREEZRLS, SABROE ~x YA MIET 540
FRENINZ DT RRE Th o 7o, FERIEL 2019 420 ERMSAR ([ZRFE I N7z, VY —A X —LITtR D B4Rk 72
AR & LT FP OUHOBATICAR D BLRIZ DWW T, VY — A Z — LD (BRI OB % 2 L %) IB{b5x
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PR OFE, SR LFEOFE, KINERNLZOEBED 8 1EREIT LN T 5D,

() BT HESTOBRNOH

JRF 1T, BUiEhils, BRERT S, KMeFERESA e — R~y 72 LT D, 20955
BB Tl 2013 FI2 SA BT 28R i~ » 7 &R FER L, RO AR — L —2 L0 [BUK %2
AFTAN AR BN LG ~ ~ 7 2017 (BUKk ) RM 2017) 28 4EE#REE O E LTARBR STV
(http://www.aesj.or.jp/~thd/committee/TH-RM/TH-RM_r.pdf) , SA DHERIZ - THN D8R % 72 SA Bi5 % FHEil
FRICHMLTRL, ZRHICHET DM ORISR, it 2 — FRoE T VBB FEOBUIR & =— XARED 7y
HHZHEAWET T A F T T 4 fHFERMTOR TS, Ar— K< v FI380E, 2020 FOFEDERNE HiE L
THEEENED SN TN D,

4. BHYIZ ~ V—RE—LBARDORE

V=2 L= AADLBEOREL | XV HERFNICE T L Em AR T 2 eI, ARICHRIT
L7oBRIZ SA TR L RIE—(R T, MOSZRITED DI TE T, TMIFENS 40 FEERT, VYV —AX — AN
BMb2HSOMIA LT b biED bz, IIARICL Y AT RSN IF FCTORMHAEED 5 b,
SRR DD U EM B (L PR, BEh%E), S/IC ® DF BRYMFE~A 27 T 7128 D) I
ONTHEY AN TONTEY, SH%OEENIFHFIND,

—J7C, OECD/NEA @ BSAF 7' ¥ =7 hTid, BAFEZMR/I1TT D SA 22— FIT K D 1F FHDOMEHTHRE R
WCRERELDEVNALNZ, Zhud, BEERSGMETEL D SA BGOBEMITITEKAR L L TR mn
%< FRITRER O ARRED S 27l « RIET 2 FERHL SN TV RWRLTHEH D, JHUTK L, 1IF Fik
BN S DM AIEN LT7- OECDINEAARK-F 70 =7 ha XU 7 +u—7 v 7O LY 5% b
SA BB DT 73 5 BF-CRNTRE EE OUGER D b D, 7272 L IRA G BRTRRIZZE T TV D Z25HlN, %
fEm ERHi, B, Ze A% e EOBEERBFOEOR TN LT, Zefstam U THREICE
BEAERKOND ZENRA L FTHY, Fr Lo U sn5,

BB, AROERIZH 720 | WFFEOWNELFHE, ERRBUZOWT, B TOEMIFHRZ FE TV
2N SA &Y — R — LB OMRE DT 2~ DX VEHEZBR L BT 5.
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[11_PLO1] Current Status of International Safequards for Nuclear Fuel Cycle and
R&Ds Needs
*Masato Hori' (1. JAEA)

[11_PLO2] R&Ds for Nuclear Non-proliferation and Safegurads on future
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BAILE - RIEHE - BEF2) T EREEY YD
RIEHECEYT SEMBARDER ESRORE

Status and Future Challenges on R&Ds for International Safeguards

(1) BBEY A I IVIZET 2 REREOERRRA & EZFAR=-—X

(1) Current Status of International Safeguards for Nuclear Fuel Cycle and R&Ds Needs
i AL
YA AR - AR B A

1 8=

IAEA {RIEHE 2 B0 & < ERRESIE, Z ZHFERESEL TS, 2016 4£ L V| IAEA |3 JCPOA (T
ESTEEZ A 7 0 CTHEML TV D23, KE D JICPOA BESLIZ LV | Z D3R ARE A 2RI e T D,
F7-. 2018 4F 6 H DOFESE A2 kel i iR S W CHREIRE D IERZARIC BT Sigim 3 T, kTl h
% BEFE - MGEICHE 2. |AEA IXIRFEHEE RNIC DPRK 47 ¢ A &5, BGHEBIOHE(F 2 #Ed CT\ 5,

KEOFAA DRI L TX, RPN ENLDOT7 2 — X7 U b, sk o B PHEH 77— 2 234
LTHEY, INZ T, EHFE B OV ORE fiR S AT LT\ 5, 55 3 AR 147 OB A [
ByT Ay FEOEZREIFHL TWD =T, /MEEY 2T —fF (SMR) OFHHIASE THEA TN D,

IAEA 13, Zh b DT DEEER DR T, BAYLHUT A3 2 F A Z R 2 5 7201
HEORRIERE 2 - MERFT O MENDH D,

Z D72 IAEA 1T, IAEA {RIERSE ORI - BB/ LDV M 21T > TRV | 2018 I PRIEHE D
R&D FHEOUEZITV, REEEHINHBO=— X R T TA AV T 4 OEWSHEZHRL TN D, K
HE T, 2D OAFIC OV THET S,

2. REREOREL, EEARL
2-1. RERFEORE

IAEA L, MO RSB Z A - MR 2720, XIREOBRENY 1 7 VBN SEA2 5B L, HEA
I T D RbEREE (SLA) OBA¥E - % 2014 4F X 0 BRAA L., PREEFRSE & OFPHN T, PRI E O
WLZITV, IRENTZIAEA O U Y — 2D i kA D TV 5,

2-2. IAEA REEHERENALE

IAEA NRIEREZ FEhiT 212 mo 5 2 &2 AL LT, ECAS (Enhancing the Capability of the
Safeguards Analytical Laboratories) & MOSAIC (Modernization of Safeguards Information Technology) @ —->
DT Y el N ERERLTET,

-ECAS 13, BRENELORRICINE LoV v 7 st LT, MNLIZEEMEO @O — E‘x@iﬁ%ﬁt@“é
2O YA N=Z RV T OB ZEHT 570227 FThH D, MUEEDNS ORHIFLIHIC

B Lb"%ﬁFﬁ@@@z EMEITV, 2SRV IREGE BT O ME & R EO [ RS Eirb’Cb\é
-MOSAIC 1%, REHEDOEFEHRSIICHNTWIZAAL T L—LEEIEL, ALV T L—A DT 7Y r—
vary, TARN=2BEETHLE L LI, SV =L, Rt X2 YT o —of{k (Integrated
Safeguards Environment (ISE)) #[X| 5 7w = 7k, INEEE D O OFEBHLI T2 A 7 ABHFS « BHRE 21T,
TR REFREOTZDOOF LT T v M7+ — L &L AFROITHRE O EAK AT D,
3. REHEEENRAZE

IAEA O LRFEFEE BANBHIE O AR 72 8T W PR 26 - 72BN 21707, HilFbsIE. MRE
DIFIZEVFERT DL VI DO THD, IAEA [T, TDw, 12 £ FTRE L, REREDO PRYIY
TR e =— X% % L 7= R&D FH#i (Research and Development Plan : STR-385) . K O, 2 A= D Hiff HFE -
~ANVA N EE DT B ENE S EFHE (Development and Implementation Support Programme for Nuclear
Verification 2018-2019) & W\ 72 SCEZERK L TV 5,
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IEEIE,. OO XLECENN TS IAEA D=— & 2 T & LMY ELEE (MSSP) @
T CEANBHFE 21TV, R % IAEA ICRREE L T 5,

R&D FHEZDOWTIE, 2012 FFIHER L7cb D% | (EBE(LFE LB E 2 SUEZITV, 2018 AT InEIC
B LTS, ZOXETIE, FR=—XDm\\ 4 [Top priority R&D needs] & L TE &, ZHUITIE,
TEWIEE - ATRE M B, BRSSO BED 1A b, INEE RO SHTREE B B2 2R A 7 Bk K
OBEIEHFELZ T T O, ALt O IERALE DB I RRGE~OHERENREZ ENTEBY . ZhbDRHD
BB 2 M E O SR 2 15oo, O T\ D,

*HORI Masato?!
1 Japan Atomic Energy Agency
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BRI - RERE - ZtXa) T8y Y3y

RIEHEICE T 2 RMHAREDTRIKE SROFE

Status and Future Challenges on R&Ds for International Safeguards

(1) RRF, KRB VIVICET HRERE - fFEEBERRRAR

(1) R&Ds for Nuclear Non-proliferation and Safeguards on future reactors and nuclear fuel cycle
“FEZS ¥ Sunil Chirayath™?
VRO LERT, 27 XY 2 AGM K%

1. Pl

T, HEROZEREFHF I H 2 2 B E LcH/NE D o 7 — BRI 58 O RFFEER 38 A3 K [H % 4k O RK
KA EHEHOITIERICED b TR Y | FEEERRAFHET 577 FHBNL TS, £, KPR 2 3K
Mgl U7esg 2, B3R T2 AT A DM - etk - Rl aTRENE - BEILBARPIME 2 A U EE 2
T 28 4 AT T T AT A(GIF)DORFFERGE b A FEICHD DT D, (REEREICBET 2 EEES AR YT A
IAEA Safeguards Symposium 2018 % #]& & 3 % [EFE ik CTIIAR D I BT D IE R R e R 1 HE S 7z,
ARETIE, RO A T AT 2 134 < B 2 H/ R LU HEAR R A7 O PR B E O EE B, o8
X 2T 4 G DA EOBE B O OWTTIBLT D, E0. KRESTED DHFFRIC OV TR
T 5,

2. FUNENR, RERBRFHIVRATLICE T HEFHEEEHEOBRER
2-1. H/NEIE

U NRE O F 2, EEREF ORI A E CRMB DO A T A7 U —% o7y 7 ) —RID 747
R, BEIRRHAET 2000, HHERNICEZ K DR E Ry r— V% LY AT A& f#F b LR 2 KR
DT Eic k), BEIR TR OEGIKRE LTRRARES - 2XNVX—FRICHIET 244 T E £
BRIRT AT 4 7 HRHEN TN D, BIE L, B ORI e < ZAVE TITRWEREHE BRO it & 72
L7290, B LWRRTFIERE UIAOERZ 3 O IR ERE RGPS LI L 720 | GIF JEBIRTIERHn 572 &
Z i UTeBESR AR 2823 % < i SN T D, —HBEIZHOWTUE, 1ROy T TA T LKL L
TR RE S, RO EHT 6 2 5 UiAw - BRI X 2 REHENEATH L EEZOND, £
WF L BICZELEMEEZ LMD AND ZEICXVRZeE—tXa U T A HEDREPAIAEND 2D, 5%F
T D I T & T BRI 72 RATHEE 2272 © OFXGHERE 2B 2 2 BRIk T D MR LA If SN D, BT
KT, BKFETOVET T 7 o7 v MO Z RIEIZIE S 5 FHIHEREMER O N, &7 A {LIRERS
L EMERL B2 Z X Material Attractiveness (B242/8E O AN IEF AME) A8BEZ IV BRBFER A B TR
D¥RFCHHER U X 7 & T F, Safety-Security-Safeguards by Design (2 L % & FEH) 72 -5 br sk s HiF 98 217 -
Wb,

2-2. KERIEF AT RT A

BRI 2 HAg & U720 20 4 SRR 7 /13 27 A0 B RRGHE « 24 - Bt v REM: - B2hnictyiv: %
WA LEHMEEZH 925 GIF & LT, HAGAREHF (GFR)., samAlEEF (LFR), &Rl (MSR). 7k
U U LmHEIEEF (SFR)  BERSOKGENF (SCWR) ., BEIRAT Z4F (VHTR) OWFERFFERED 5T 5,
T ETIE SFR, VHTR Z A0k % 72 F5EBR R 23t oD STV D08, AR CIIRFEHE EOMFZeiEE 42 7%
F 2T A RIS - FRALER AT 5 MSRIZOWTHA T 5, MSR &1, BRI VARIE 2 W\ 2 5745 C,
WHERAIE LT HIEAENME DN G032V, BT Z2FHT2 b0, @l ~BYF 7 2RI H T 55T
WA E CEARRBREHER D R SN TV D, A7 BT BHIES M OV R A 1T 5 2 L 3BT d 2 i b FEEAY
ThHY ., BOVREFRIRZE, 727 F ) A4 NEEBRENHIFFTE 2, EEAIREMEOBLE D B I, HEE Pu <
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BRMED 7 &R T ., Th A 7 0Tl 220-28U FEfEMELZ L D Material Attractiveness  (B29'2 o> R IEF F Al
) PMENZ ERFFENTH D, — T TRIBIEOBUE DI, EROTT7 A4 BNy F | TAT hxkk
AL LT EEBREIIRRY, LI HRERDTEDA T A TORME - BB ROHND, 112K E
EPRI {2 L W #2% X3 CW 5 Liquid-Fluoride Thorium Reactor(LFTR O#E DAY Z x5, fiE « MRS T
FEICLY, KENOEYWERZFEIFT=4—9 53 AT ARBICLY ., WEAHE (MUF) 0FORHED
E (o MUF) ZEvMET D ZENROBND, Fio, X2 VT 0 OBLED D, BIREE AR H3FE—T
o BHEIR AT DHERN D | W EREEAT 2 2k DRl AN B T o 5, Ik Material Attractiveness (Z &
DV ATEREIER LR 6, WS 217 2 72 &, A% OB RENHIRIN S, RITKTIE, XK
Texas A&M K7 & LR CRARIE A1 2 2T L DAL R 2 D T 5,

€O [2fu,myfu)
Fuel salt {£/u)
Offsite power [5fu)

Intermediate
Salt Loop

Electricity (to grid)

Reactor

Blanket salt {fu)

N (sald)

Kr [storage)

Remaining FPs
[storage) Water

FBi, He HF {fu,m/u)
Th [s/u,mju) it + water vapor

1 LFTRIZBIT2WE 7 a—2

K-y )

AETIL, WEROFT ) AT b &34 < B 2 H/NRIE U AR 707 O PR S E O R B, F /-
Blxa T 4 280 AR EORE E BFEghiic W T L 72, ADBITR e s - Bexa )
T PREEHNE 2 5 TR - BURNC BIGR L7287 7 22 S0 BHI6 & 032 & 3 %, Safety, Security Safeguards by Design
DIEICHETH Y, FEE, BHIEWE O OMFESMA IR En5,

BER
[1] Proc. IAEA Safeguards Symposium 2018, [2] Program on Technology Innovation: Technology Assessment of a Molten Salt Reactor
Design, EPRI 2015 Technical Report.

ATE
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Research, Tokyo Institute of Technology

*Hiroshi Sagara® and Sunil Chirayath??

Tokyo Institute of Technology, *Texas A&M University.
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[1J_PL] Situation and issues concerning Small Modular Reactor (SMR)
Chair:Akito Qizumi(JAEA)

Wed. Sep 11, 2019 1:00 PM - 2:30 PM Room J (Common Education Bildg. 2F D22)

[1J_PLO1] Reactor physics in SMR development
*Toru Obara' (1. Tokyo Tech)
[1J_PLO2] SMR development overview

*Kazuaki Kito', Yoshitaka Kimura2, Kazuhito Asano® (1. Hitachi-GE, 2. MHI, 3. TOSHIBA
ESS)
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FYESEty a3y

SMR(Small Modular Reactor) % & < 51K & iR 78
Situation and Issues Concerning Small Modular Reactor (SMR)

SMREARIZE T HFMBL TSV FA—D—IZE T MY BHKR

Reactor Physics and Development Overview in SMR
UNECORCY, KRR FnBA 2, KRR D5 &k fifs
YRR TR, 2HVLGE =a2—72 V7 « = U— &,
S E T MR, S T L F— 2 AT A XA R AL

1. [FCBHIC

WENE Y 2T —F(SMRICELAEE > TWD, —ICENFIT/NVEIZ /2 % L ERAM A < R 572
D, BEIANETTLDIRFFERAEL —EHTE VO N ERELSTDHIENINETITOILTX
oo —HT/NROEIFIX, ERFEOIERD NS TTAEE Y XA 7 2/ TE D, ZEZ MR
DEWEFFZRFTTE D, EEIX MREL R 2ERM TORMITE T 5, gD B & o 72 g o
== RZHEDETEZ RV F—HERFTREE W o e R EFf o TS, ANEENFEOE 2 2 ~ O i+
572D )EE LT SMR EWIHEENER STz, SMR OBE&IT, JRTIF Ok & Bk b L TRAGR T %
LY, RIUREFORTIFEZ T TEEEE L, SOICERY A N TO TR TP T5Z LT,
BEFIC LD B R o XA P ETELET/NSLEI ET2HDTHD, SMR OB A RIZLLATA D
FAELT2R, Bl OB ORHE L LT, WA DORU F v —R¥EMNME O SMR ZEHES AR L, 7148 X
EHRAG LI ECHGRALEYRALE LTHIISE LY ELTWAHZ bbb, AeEityra T
X, X U DI SMR BIFEIC BT 2L OEENZ DWW TS L 7-%, BIED T > b XA — B —IZ X 2 B A4k
ORI 24T 9. BUEDBFIRIZ B E 2 SMR BHFEIZI1T DI EROEENZ DOV T OIER 2R & m M T
L EEHIFLTN D,

(IR )

2. SMR BASEIZE 1+ 2 (FipiE

SMR % & e/ NMUJF AR OMFSEIEL 30 AELL BRI BT TV e, 1991 AFIZIT A T2 KT International
Specialists’ Meeting on Potential of Small Nuclear Reactors for Future Clean and Safe Energy Sources (SR/TIT)23Bi /g
ENTWAH[L,2], /MUFIZE L LIZEES#E LCTEEAENTIELOD TOLDOTH T2, RO 71—
T4 T AR YUIHTIED X ) BN e SN TV R iR THIZ, T —F 4 V7 ADFE 1
MO 3 EIT/NFE OB A DO EFRSEAGHEIZET 2530 10 fHfeil ST 5, MR NREEAIZEI LT
EDEOBRHERPINTWENEREET S Z LIFBIED SMR BIREE 22 ETHIRENEDRH L3, 4
ENIFDEICF L LIty a v ThHImd L b diThwn, ok, ZOETII/NIEEER ORGSR b1
IRSNTWD, B 4 B/ N KIFIZ B S5m0 (4 1F) CTELD A TRIGA 47, /M PWR, /M BWR Ok e+
BOME SN TWD, 5 BN EEFEICBE T 25310 R B s Tk Y . mEAMIZ T N U Am
HEIIEh - BEAT A, BREHIED S L X2 TER TV F =0 A5EIZ LD KSR Z E 1T
FALZBREHC L DB L RSN TW D, 3 6 Tik, /U AGBEFG 1) T/ Y X ARER T AJF
SN Ty FREERR T ZIF OSSR STV 5, 5 7 B INFE ORI AICE 3 25307 ) T, /MR
ORI & L TRt T o= 31ouF — G G2, HugEVEG | rEiin i, WIE), ERFHRRZT 5T 5,
T D O/NUFEORREIZOWTIL, FiOH FICRE T OME IR RIN TN D, FLHEE S WS BENS
INHLOMEERD D & ERMEF 2RV T, XTI E B2 W8I « Sl & 2 WO I gdiet
B2 AW BEEIEF CTh 0 . EARNICERL ST H D WITEAIZE VB & TR S e RAEUFE O
SRS & 22D VX720 PO FIEIZ DWW TIEREICRESE SN TV VRIS H 208, KEFE OGO
T DIZHFE SN RERIE T 2 — R T2 L R b b, 2O NG TV R BLFIEIT A
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BICKRAEFE DD LRI THoTm W2 b,
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OKiE FaB)

3-2. ZBETEKASHOMYEH

BrkiE, 50 FLL Bl 7z 2 IMEABEKIF(PWR) D BH%E, #kdt, BE, &k, i - fRTFOMRERZE U
T, JRFNZELPWRIEE T T o MR D EA 2 keI C R ST, 7o, mudlrsicsT 2
ME < THhALwl, WA AFBRREICRT 2 @il TR e (HTTRYE R ~ DS EiZe & B% A
R0, et WEIRDF—HT &ML T, 4%, Lo/, HiizX—2L LT, & BE=
—AREOBRENN B E 2 25 RA IR OV A EED D, LT T, 4t SMR BEFE O
FeH & U TROKNEYFE (PWR), Bl AT A4A, /NI B U o ASEIE P B OB FHAZ DN TR
el
1)  BAK/NEFEPWR)

YDA NYFIL, JRF I T2eo] 1T OJRFIFBAR I IR &
D, EETIEEFER /N RE Y 2 T — 8 KIE O BASE & 32 L T
o, ZOMBRATENL DD, Bt PWR EiF 2L L, @V«
B & BRI A A DR RO HTRY 2RO/ NV PWR Z BT 5, 8%
AN PWR G, TR — AR AR 2) &L 972 2 & T K
LOCA HDOFHFG 2 b3 5 & & bio, NRUFREA O xR
(FREIBREN « IREIR, WFNEEREA DORER. HERWNE) 0TV a2 —
JVRRETE 2 AIRICIS U TR LU, JEEH DO 272 b3 s & fis
2Ty ) —XRBAEM D Z & T, 2R EREITIG 2 2 PR
ORI E BT,

(2 mEiRAT AR

A OLZENEZAT 5 mET AL, PO CLRICFIHEETH Y . 7o, 900°CLL LD mEiE DO
DI 2 72D IEE BT ~DOEMN 23 D E R BRI M 2 /R T 2R Th D, Hitid, HTTR T
FRESNTE 2T 1y VAR L EIR T AR O 2~ — A OKFERE L REBA NN T 5377 M
RERAFET D, MIBATAF L =277 ME, FHO—EEERO  £ENTFELMA~OBIENRETH
V. BAEFTRET XX — & OIIET S FTMIIKHETE D, MA T, BEETRAZ - A 7 M KD &=

X 2 — B O
(%7K /15 PWRY)
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TR U U ARRCHEGT DB OB A RAET S & &b, KIS T > TS AETE /M R Y
U LMEIEEE T o MEREEE T2 Z LIk @mWEeN - FEEROREEOERZ BIEL T 5,

(KK &)
33 HEIRLX—VRTLAB%KESHORMY HH
(1) @R AF

N2 et s 2 BRI IS 255 IR & U CEiR T AP OS2 D T\ 5, EiRT AP I33EE
72T TR KRBREHERET T o NG 72 E~OHBICHIG AR AR T Uy VBB T H, HihEH AR
T IR BRSO Bl TR R R P (HTTR) O G, Bk /e EIC X 0 G o7 i 2 IR g Gk & &
AR A 7oA RFE OB A D TR Y | A2 & N E LB S, R kA %
EEHE L, 2030 AR BT A HAE L T OMESRREHEBI A D TV 5, EiR AT A4F 1L 750°CLL EOBMIEE 23 BT
BETHHIEND, BUIRERS AT AZMAAEbED Z L THAETNRET XL X —DBNEREZINIT 5
BN LIE_R—20— NEHRE LTORET 7> 2R TE D, ENERE U CHSL LZ@iRY A5
L ARKIEEHANIC, BBED B 2 HB T AT LEAEE D 2 & T, REIEMM & HSREEEITIG 2 5 600MWE
HOERT AIFOREEBE L WD, ZeMIicBE U TSN AFER ORZEEDOERKIEOIEH & &#im
FUCEES L ZaMom EARKY | LLUFOERIC X 0 #ES iz 530 & o miNL 2 BT,
® R IRIESIRGR L AR B AR OBEE A E R & L CaatT 5 7 v Ay v/ Ui A« BEfse & il

(2 K DT F o AT RENE % R IR
®  EWTRITIN X WRRFIBEER DB« —RANT U B OWMEM IR Z W R OZERUR A D R
® HARTEBRIC K DIFAARI AN O - B 7 FA R 25
®  WEAEIRI FDOE W LIADSRE L A b a7 7 A v A v MM R IR 2R O HI B

L#1% 2030 EMRICEHTREE EX ONAEAEIEN AF 77 N ROERS AT LAOFGEIEOKG %
WU CTRIRV AT MEROBREEED D & & HIT, BT AFORE AR E 2 7222 F U AR
B U A7 G — L O 238 U C L RN X 2 ZeVEREmIC i 7= AR S #HOREEHED DT ETH D,
(2) #/NRYE

A/ RX=a rEBRLERFNT 7 MHBEO—RE LT, ZERZRAF R EIFT D 10MWE )
% BB/ NRUF OB R D T D, A7 T2 Mib— b3 TS X DR EIR OB EsHE
Bris K OYF L OZEIRBREAO EEL, hPEFRGRIIIOKFE L ST L EOERBOEM O MIZ LV SR T
SRS L S ATRE 2R A L A T2 2R E L TR Y. K 700°COEMERE 2N ATRE 22 £ B 2> Al 12
BN CHD, VAT A A= L FEMKEER 3 ITRT,

PR & T DRRFEMEICONWTIEL, B — MRS TORMICE DR T VAR FIFE VAT AOFBLE U
IRFIF L AT LOfHE - MU ZH D &L BT, RIEEE SW%LL TO T T REEZ VWD Z &I K58
Bha 2 MEJZe EA28 U TR A AT AOKE - is=a 2 hOREE BT 8L LT b, 5% ITEH
DEFLFRELAOTA « B L 2D AT AR, JFL - BREB LR AT A - FIF A6
MBHERIEE 72 EIRFAF & 27 L EIRORSEATRENE, /A HIE FIRRE A ORI - X2V 7 ¢ - REEHE
FoOE, BETSORELZEDL TETH D,

2019 FRARREFNER -1J_PLO2-



1J_PLO2

2019 DKRE
05 (RERRE) _=8 B
FLERET) TOMW

IR 108 F
SIS FRIILE — N T
oAt KFEALAILSIL (CaH,)
R R 5 WOk
» E— N T LIRS0
=% A 2
I SERRERR ot
TG (BETER) e . RORE OKZERREL Z
'k_t\ MUT EABHIESENIFELE LR A
PiL R BIREEBE I O5H B
AT TLFF2ONIREE, N—FTHIXE
RIS TR LB TSR/ ML

2.5m

3 mHIT XL L TORB/NUFFIF S 2T b A— VK & FEAAR
(&2 )
4. £&EH
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RERBENMEERD, FHILWHEHTZID AN=—XZH ST LDERHNPERICTED L2 ICT 5D DMT
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(N
BEXH
[1] BIA . VNIFEDORT v v VMRS A7 77257, Vol. 34, No.2, pp.135-136 (1992).
[2] /NE M. TSRITIT 32 LWEREEZSF 0 LR ZIRIET 572D O/NFEAIF DR T 2 v M T 5
FEFR M F - 2m O L EE OEGE . YOG, % 41 5, 41 JH-44 T, AARF PP e
23, 1992 43 H.
[3] Hiroshi Sekimoto (Editor), Proc. of the International Specialists’ Meeting on Potential of Small Nuclear Reactors for
Future Clean and Safe Energy Sources, SR/TIT, Tokyo, Japan, 23-35 October, 1991.
[4] T. DebRoy, H.L. Wei, J.S. Zuback, et al., “Additive manufacturing of metallic components — Process, structure and
properties,” Progress in Materials Science, Vol.92, pp.112-224 (2018).
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(1) Y2al—2a vDERERREVTFENMNEDER

(1) Simulation Credibility and Uncertainty Quantification
R I N
'HE ESS

(2) #EHHZEFMIZE T HEEEERRRVUTENSDFER

(2) Ensuring Credibility of Statistical Safety Evaluation by utilizing Uncertainty Quantification
Tk 6817
P HULE ) HD

(3) MHROEE SFHICE TS EREERARRUVFEN S DEHR

(3) Simulation Credibility using Uncertainty Quantification for Effective Source Height Evaluation
>

B E EBTovIal—ya VOREEHERLKOENE XX HET IV V&V 1, THE» S OEER
W E B TR B O R, R R OEERISE T SN DB SBEOY I 2L —v g it o THE
BT —<Thb, Aty g TlE, T/ V&V RORENSORFVEEE LIz 22— 3
ORI D A BHLAICBE LT, A FERNORITSN TWDIERE (T4 K71 2) ZRFEEH
ELT, RO TA KT A NZBITDET IV V&V ~OEBIRIL, 5% OBHA, I a2l —va itk
% S R OE MR DO T2 DI R T 7 3 3 LI EIZOWT, TNENDOARHEN S OBk % dill 2 FH A
DOBIR HHEPE L CRBT OB A i#im T 5.

(1) YTalL—YarOEEMERRUSENINSDFR
a. TP TA NI A4 0 DIEH)

Vo lb—va COREMEERIIEEZBR O TS TH Y, 2016 47 HICHARF T 1FEND
(Va2 b—ya OREEICET 0L K742 :2015) JRTFIFEETA RT7A42) OE3IT LI,
AABRTFHEEE LTHRVMA TS Y S 2 L—1 g UEEMEMERIC BT DL DTGB 2 VSN JE
BTo28iF. ¥ ab—a rOEEEERICET 2EENRESZEET L L L bicEao L
BUAMEIZHE DN D, ZHICETH1OIL, JRTFIIFETA BT A4 T 25 OO0RERIR®
DIRITEHED TND, T2, B NFENA RTA4 0%, R ABEERICB T 5ET U v 7&V 2 =
L—ya VOB Z R T D720 DR REZ 2R THOTH Y, FiHIR 2R & ORI
DA E SFHE & DOHFE & DR, WNCET Y v 7& VS 2 b—3 3 ZET D RFEmn0 %
RETHELEEDIT, A RTA L OWEICHNT im0 ZED TV 5,

b. JRTFIFEERTA T A 2 TORKMEN G

FAFNFERTA RTA L TiE, Y2 b—2a CORBEREROZODEZ T L LT, Mi&eT v
DBFS ), [HeFTE T L), THEATET A KON TV 2 b—3 3 VBT A0 FRIVERHIK ) ol
DOHEFHRE, WIS [RHENS 2B Lo THEHE), B~ 2t 2X030F ) KO TEEH] 0=->

Kotaro Nakada', Yoshiro Kudo?, Koichi Sada’
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DEFREMxT-FIEEZ R LT, R NFRITARTA U TRLIEZYI2b—va Y ORHEES X, &
2 b=y a TR DEEMRD, TR 2 BTl ORI A B AN U 72 IR E O NI &
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BT D AR SN ERIE SN, WEE T UL CIXZ SR EROESROMED 2\ VNI TE L,
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I, TV 7&VIalb—varaD7 4 — KRNy I ROEHEERT H72DDEETH), v
2l —a rOFTRIMROIEEL 25D TH D,

(2) MMENRLEFMICH 5 EELERRRUTEN,SDER

PRI AR FIEIL, sl = — N2 HOWRHEN S Z2FE LT, R HE B R4 e 5% 0 JEHRIRE O
B TR IRPE AL K ORGSO Z 2 21T 5 FIETH D,

BT 2RI ORGSR (LLF, “WEHILESFHNE" Lo ,) OEEMEZHERT 272012, 7, A
L EaE Al 2 — ROZY R+ 3ITHER S, BIEET VR EORMENIDEEIL SN TWDILENRD D,
AL RIS W T, AMEDNS ZHEERZE S 7 V0 X LI A NS LI & 0T 2T CEE L,
BUKJaBREERE, T IR T 2R L OERIC X D YR A B U T, EET LOZENEND
AN SR ERILI LD,

728, RHENZIZOWT, BRI NFERTA KT A4 2 TIHHEERRZE & R & L ZESRITRR L TREER
DS EFERFR L THRD o> TV DAY, SR L AR TIE AN S O bHEERRZEZ sy & LT
HL, O E2T X LRARHENS E LTS 2T LT SRR > T D,

HEERAE N ONT v X D7 RS (LR, BN “RENE” L) ,) OEBICYST-»>TiE, 240
FERRIC W 23RBS Rkt LT, ZRfloxgR &35 FH4UTxt)n 7 5 PIRT (Phenomena Identification and
Ranking Table) #ERk L CEHELRBSZFE L, FE SN EERRGIIH L CRIRT — % 2 B IE
T5, TOXICLTERILEINIZEEET VT L ORI L, FEHNLEFHIEEIZIBS W TIE “A
TR S OERE FIEICHI> TENENDOEIEET VORI Z s iz — RO A7 —42 & L TH
DI, HEOFERIIH L THEOBIEETND T Z DI AN S 2RI T H LR DE ST v
HEER T —ADDEEr— AL L, ZOMEEEARL U CREFmHRE RO RIS DA Z Mk L,
B 21X 95%IE MK IE 95% A A SR ITHR Y 9~ 5 FFAME & FeF U2 2R FAm e & - 5,

IO XL, FERHZEFHIIIREEMI 2 — FZ2 H, Fa— RPEOET /VORMED S Z KB L CRHihiRs
RO ST BT 5 BEPU (Best Estimate Plus Uncertainty) FVEICHE 9 ZE2FHMITIETH D0, FE AR
KBRAIFRIER, & DORPBIRER, KRR EDEARKF R EDOZLAMELZFHMIT 2D THY, K%
2 FEBELRFETHL Z 0D, EORHEREROEENMEOMERIZEET 2 B, ISR OEMEME, #50%)
KR, REDFEARL EOREBHLFHBROEEEICB T 5RO E TG, A7 —n17T v IMEREREDE
BEIoxH 2R omE M &, ZaFHn & VO TRNTI T 2 NN S DILR 2T 5 HE R AN S K1
WX LTI e < BT 6N ERH 5,

AN, BUEETT T ORGHIZ IR EDOYEFEDOT T, LELORFIIZL 2RHIE OE M Z S 5
72D A2 ENE R E 2 OISR EN S OIEROE 2 H 2/ T 5,
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SILBAHEET D20 DAIRFERZ £ 5 Z E B3RO SN TWD, Zhid, #0E < HREFHE O 72 12 )
EN b REIEHRIC, BHHROA R E S LEEN D FH T XA — 2 Z AW T, ME & O RS KRR K
ETHEBEEET LD THD, ZOMHEOAE S 2R 57200 RIAER CIX, BARF /5T
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— 07, RSN E L B TIEEOEMAMEAKN TV D EMEY R 2 L— 3 U RIEIC LY IR
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() Yalb—va rORFEEMHRIZET DA K742 2015, BARF 5 (2015) .

(2) K. Nakada, “Activity on the guide for credibility assessment of nuclear simulations in AESJ”, Panel 1-3. Motivations
for Verification & Validation Activities in Thermal-Hydraulic Analysis in Nuclear System, The 27th International
Conference on Nuclear Engineering (ICONE-27), May 19-24, 2019. Tsukuba, Japan.

(3) M. Tanaka, Y. Kudo, K. Nakada, and S. Koshizuka,” Establishment of Guideline for Credibility Assessment of
Nuclear Simulations in the Atomic Energy Society of Japan,” 18th International Topical Meeting on Nuclear Reactor
Thermal Hydraulics (NURETH-18), August 19-20, 2019, Portland, USA.

(4) AES]J, “AESJ Guide for the Assessment of Nuclear Simulation Credibility”, AESJ, (to be published).

(5) BlziE, wE, #0. &8, L4, PR, “Advanced BWR + MOX 4%7.0» MCNP 2 FREIERL & % D BWR
kit a— RO =2 — =7 23 EHEEICRT 2 V&V ~Om A", B AR -1 /152 SGR3CGE, 2019
18 & 2 5 p. 81-109.

(6) FEEMIAFI MR DL BT 55858, R xweZAR (1982) .
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(1) Y2al—2a vDERERREVTFENMNEDER

(1) Simulation Credibility and Uncertainty Quantification
R I N
'HE ESS

(2) #EHHZEFMIZE T HEEEERRRVUTENSDFER

(2) Ensuring Credibility of Statistical Safety Evaluation by utilizing Uncertainty Quantification
Tk 6817
P HULE ) HD

(3) MHROEE SFHICE TS EREERARRUVFEN S DEHR

(3) Simulation Credibility using Uncertainty Quantification for Effective Source Height Evaluation
>
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b. JRTFIFEERTA T A 2 TORKMEN G

FAFNFERTA RTA L TiE, Y2 b—2a CORBEREROZODEZ T L LT, Mi&eT v
DBFS ), [HeFTE T L), THEATET A KON TV 2 b—3 3 VBT A0 FRIVERHIK ) ol
DOHEFHRE, WIS [RHENS 2B Lo THEHE), B~ 2t 2X030F ) KO TEEH] 0=->

Kotaro Nakada', Yoshiro Kudo?, Koichi Sada’
IToshiba ESS. 2TEPCO. 3CRIEPI

2019 FRARREFNER -1K_PLO2-



1K_PLO2
2019FEMDKE

DEFREMxT-FIEEZ R LT, R NFRITARTA U TRLIEZYI2b—va Y ORHEES X, &
2 b=y a TR DEEMRD, TR 2 BTl ORI A B AN U 72 IR E O NI &
HZETHY, 24P (validation) (X, (WIHIOFIH BTS2 2 2 L—3 3 O FPHIPERIC
BT 2 EROBENS, XL THEAREZWHE CTEHWETTRTELZ 2RI HFEMT oA
LEFRLTVD, NMENSOFHET 7 A L LT, BFEHET /b0 DITEMRRZE « AJjfazE - T v
BT D AR SN ERIE SN, WEE T UL CIXZ SR EROESROMED 2\ VNI TE L,
BERRZE TR EMFICER T 2R 7 G, WtER L) R EDLOLRIEN S OREZIT I LER D 5,
VI ab—ya w7 O TRIPEREDHIE Tl T UL R OB T M D% 7 1 XA TD
R & HALAA DR THRAL L. P ORI BICKT 5ET VO TRIMEREDHIM &2 17 - 7= |,
RN S B BB LT PRI EZ ElT 5, a2l —3 3 A2 X AHERER L EREEE L o -lgic &
0. BT O TREEENYIOFIH B ZM =T ENERET T2 Z EBRkO LN TN D, RS
I, TV 7&VIalb—varaD7 4 — KRNy I ROEHEERT H72DDEETH), v
2l —a rOFTRIMROIEEL 25D TH D,

(2) MMENRLEFMICH 5 EELERRRUTEN,SDER

PRI AR FIEIL, sl = — N2 HOWRHEN S Z2FE LT, R HE B R4 e 5% 0 JEHRIRE O
B TR IRPE AL K ORGSO Z 2 21T 5 FIETH D,

BT 2RI ORGSR (LLF, “WEHILESFHNE" Lo ,) OEEMEZHERT 272012, 7, A
L EaE Al 2 — ROZY R+ 3ITHER S, BIEET VR EORMENIDEEIL SN TWDILENRD D,
AL RIS W T, AMEDNS ZHEERZE S 7 V0 X LI A NS LI & 0T 2T CEE L,
BUKJaBREERE, T IR T 2R L OERIC X D YR A B U T, EET LOZENEND
AN SR ERILI LD,

728, RHENZIZOWT, BRI NFERTA KT A4 2 TIHHEERRZE & R & L ZESRITRR L TREER
DS EFERFR L THRD o> TV DAY, SR L AR TIE AN S O bHEERRZEZ sy & LT
HL, O E2T X LRARHENS E LTS 2T LT SRR > T D,

HEERAE N ONT v X D7 RS (LR, BN “RENE” L) ,) OEBICYST-»>TiE, 240
FERRIC W 23RBS Rkt LT, ZRfloxgR &35 FH4UTxt)n 7 5 PIRT (Phenomena Identification and
Ranking Table) #ERk L CEHELRBSZFE L, FE SN EERRGIIH L CRIRT — % 2 B IE
T5, TOXICLTERILEINIZEEET VT L ORI L, FEHNLEFHIEEIZIBS W TIE “A
TR S OERE FIEICHI> TENENDOEIEET VORI Z s iz — RO A7 —42 & L TH
DI, HEOFERIIH L THEOBIEETND T Z DI AN S 2RI T H LR DE ST v
HEER T —ADDEEr— AL L, ZOMEEEARL U CREFmHRE RO RIS DA Z Mk L,
B 21X 95%IE MK IE 95% A A SR ITHR Y 9~ 5 FFAME & FeF U2 2R FAm e & - 5,

IO XL, FERHZEFHIIIREEMI 2 — FZ2 H, Fa— RPEOET /VORMED S Z KB L CRHihiRs
RO ST BT 5 BEPU (Best Estimate Plus Uncertainty) FVEICHE 9 ZE2FHMITIETH D0, FE AR
KBRAIFRIER, & DORPBIRER, KRR EDEARKF R EDOZLAMELZFHMIT 2D THY, K%
2 FEBELRFETHL Z 0D, EORHEREROEENMEOMERIZEET 2 B, ISR OEMEME, #50%)
KR, REDFEARL EOREBHLFHBROEEEICB T 5RO E TG, A7 —n17T v IMEREREDE
BEIoxH 2R omE M &, ZaFHn & VO TRNTI T 2 NN S DILR 2T 5 HE R AN S K1
WX LTI e < BT 6N ERH 5,

AN, BUEETT T ORGHIZ IR EDOYEFEDOT T, LELORFIIZL 2RHIE OE M Z S 5
72D A2 ENE R E 2 OISR EN S OIEROE 2 H 2/ T 5,

2019 FRARREFNER -1K_PLO2-



1K_PLO2
2019FEMD K=

(3) MEROBME SFHMICH I+ 5 EEMBRRRUREN S DFER

H 8 IR T HP B s D2 R MRHTIZ 31T 2 KRR - 9713 < G-I o FME X T3 FE R 74P 5% 22 2T 1o B3
DRI S, HIENEMERGECRBEORENE L E THISNDGE2E. BERTEMEOK
SILBAHEET D20 DAIRFERZ £ 5 Z E B3RO SN TWD, Zhid, #0E < HREFHE O 72 12 )
EN b REIEHRIC, BHHROA R E S LEEN D FH T XA — 2 Z AW T, ME & O RS KRR K
ETHEBEEET LD THD, ZOMHEOAE S 2R 57200 RIAER CIX, BARF /5T
1T ST T E R T IF Rk O 22 AT IC BT 2 IR O A 08 & 2R 5 723 o R S5k S HE £ 4E < 2009
MZHE SN DRIEE X OIERORRE 21T o 1216, HE & OV BT T OHEA A O M2 S dhi o5 Ah %
HE UHHHIR OB 2h e & 23l 5,

— 07, RSN E L B TIEEOEMAMEAKN TV D EMEY R 2 L— 3 U RIEIC LY IR
DEESZRDD ZENPHEIND L IR TETCND, TDD, MHHROFDE S 2RO D DD
BiEY I 2L —va CFEOMEMIZE T 2 FIEe & &2 #ET 2 38 E R R -TF sk O ST I3 5
RDOAE R S %R D720 OBEE T NV FHRIEMIENE - 2011) (LLT, T T VAR EmIELE) O HARK
THFETRITENTZ, ZOHEET VIR EMBEEDOREIT Y- > T, BARTHERVIalb—va
YOS A7) (4K Lo LI LY | BHROE S SFHEEZ T ORI B L L, BiEET L
OWFEL YRR ELHE L (K1 51),

BAEE T VERBENRE SN h, BT HEETA RTA URRIT S, B ORGESCZ 4 MRl O &
W HEEDYIab—a VOERHEEHRROTZOOERNRBEZ TR ERRY bbb, TOH, 5
BIIKF D “JRTNFEETA RTA ~O%E B)” 1TREND L HIC, FAiEOERSLEKZETL AL hONLE
STFEED, BHREOENE S OFMED T DIZR T NFERHA RTA L TOBEZ T L OB EHRT 52
ERMETHA D, Fio, BUTOEMEE T VEHE R TIEA O TWO 7 WECEERIE 7 b &k O PREY
ETMLIZB T 2 KNS OERL, U U TRIFHE~OxS (FRIFHTOH D 7)) biged 505
BHbD, UEDRTNFETA KT A o ~OXNIIN A, BFIZ “Fomoxtis” & LTrRT L1,
EDOAFBhE S OFM % KD 2 A FEER 72 & TOF ORI A BN S 2 B0 b, BEE L 224 Mmoo
MEMTIIRFTRETH D, o, RN IDFHORA B KIETREESVEBRL, BEBOKE
RTINS ZERMICRFI T2 2 10 b 9, ZORENZ ZBRE LIz TRIRHEOBIZ I, it T L EH
FREFIEIREND L RYEED Y R 2 b— 3 U ERTOMREICIR U CREIEHGH S R 2 (RSFIC RT3

RFAREHA ESA~ADHIE B) —

(Jﬁ" —Ti_Hé__ = =3
ﬁh~w$yQTQEQEW%%Wm  (GHEERERR 7= 0 DRI 7% 2 77 & O AR
HEGERL RYADISRITH SN G e SRILAY N OWEST &HEORR, Y
< b - RHED & O5ERAL AT D & % B L 7 T RIF~ DRI
B —¥eE = 7 Al &Py Tk, it &
TMPERE 1 (A (AR R) AT SRS e &
SR RS 0 Fk A e R
P —  [ZOthOXE REITKL)
T UPERER 2 GRER - HuaH50) - RIS &SR BRI GILAE 2 DI
RO A% X OFH AR A R —FHAD R E 1< 35  RAE&T YRR 7 & o fir
—— ‘ g (Rl X ERL DA &) MIEQ LT, =&
BEETIHARHES CHEAIRLIC & b 7 5 7 I T F A DA
SHEORFNET L, (hoa— FORIE), &
cYlal—va YFEROFEERA~
B EROEM,. FilEr» ILKoERL, &

1 BUTORAEE T NV EITRERMIEEDHRL L RF ERTA BT A o ~DOxE (B

2019 FRARREFNER -1K_PLO2-



1K_PLO2

2019FEMDKE

HI2ODOMEDOH Y THMFSNOILERHL DL, Bx bbb, EHIT, ¥ al—va UEiiTodEsk
IZH EDX | FEOEWET LWEFIE T MEOBFEIRIMO bR T 2 2 L1225 5, 5%, [EEMES MR
SNTZHHFEOFRERED Y I 2 b—r g Y REOFEAICHT, ERT —2 R EWES (RET 2560
Eie) ~OuEMH HHIFICANAHERE ZILROERLR EOTFIELRFT2HLERH A,

BE Xk

() Yalb—va rORFEEMHRIZET DA K742 2015, BARF 5 (2015) .

(2) K. Nakada, “Activity on the guide for credibility assessment of nuclear simulations in AESJ”, Panel 1-3. Motivations
for Verification & Validation Activities in Thermal-Hydraulic Analysis in Nuclear System, The 27th International
Conference on Nuclear Engineering (ICONE-27), May 19-24, 2019. Tsukuba, Japan.

(3) M. Tanaka, Y. Kudo, K. Nakada, and S. Koshizuka,” Establishment of Guideline for Credibility Assessment of
Nuclear Simulations in the Atomic Energy Society of Japan,” 18th International Topical Meeting on Nuclear Reactor
Thermal Hydraulics (NURETH-18), August 19-20, 2019, Portland, USA.

(4) AES]J, “AESJ Guide for the Assessment of Nuclear Simulation Credibility”, AESJ, (to be published).

(5) BlziE, wE, #0. &8, L4, PR, “Advanced BWR + MOX 4%7.0» MCNP 2 FREIERL & % D BWR
kit a— RO =2 — =7 23 EHEEICRT 2 V&V ~Om A", B AR -1 /152 SGR3CGE, 2019
18 & 2 5 p. 81-109.

(6) FEEMIAFI MR DL BT 55858, R xweZAR (1982) .

(7) FEEMRFI R O 2 BRI T 2 BUHIRO A Zhm S 4 Kb 2 72 8 o0 B\ S5 FE i £ 1 2009, H AR
152 (2010) [aET R FIRHES .

(8) FEEMIF s DL BT I 2 IR DA% S 2R 2 720 OFUEE 7V EHE E ALY 2011,

HARET D5 (2012)
9) /NEF. W, “BHTRO ARG S 2RO 572D OBAEE T N D@ EAL -LES % HV 72 JBH FEER R B EE O

m_E-7 BTSRRI ST RS 018009 (2019) .

2019 FRARREFNER -1K_PLO2-



1K_PLO3
019D K=

AERFREMHREY YAy

THENSOEMNERICELELI2L—2 3 VOEEEER
Simulation Credibility Built by the Best Use of Uncertainty
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Monte Carlo Simulation and Particle Accelerator
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(1) Introduction to Geant4 and its application developments
“PrgE =t
Ve LI

1. [FLC®HIC

Geantd! (X, Wi & WE L DMAENEZEL TN BIEICIVEET LV I2b—va Y —LF%y N Th
%o BUE, M- X—WRrORl BT ORI 6T FHWEE Y 8 Ok & 72578 TR < F
MENTWL, 77—y a7 b =ToRETREIN MO I 2 b—vara—NERRD
Geantd I3 FEBRLE DO HBCHARIISLEMAD 7 L — AU — 7 TR Z ¢ 2 BEL, V7 MU =Tl
Rt 2y —xy M LTS, BEABREN TS, 1998 FEORONM%G, 47V =7 Mamidio
AT HIEMIC K DRI EE LD ZR L, HIZIE. YU TFL—ra VROBIMEOWELE T /L OHILER,
DNA A X COMEEIHE %17 9 Geantd-DNA 71 P =7 F 2R Y, ZOHEREO R S HNEFES TN
Do V—Fy MELTORMEL, WEITE VX 2 L —F OUE - Kb 03RRI T 2 KREUBLIER D 5
BB TE, FHRBFEOEMFICL DV I 2 L— X OMR% - dE L. ZORMMHE L L TWBRIT 217 5 B
JEE L DOERHIDHESL LTzl EFWICHTHERE LTz, L L—FL T, +0RY 7 U =T
EEZEBLTNDZ N Geantd 77U r— a VB ORHE TH > 7ol [EFR0 LT E D438 T Geantd
ZRMT DO L SOERE bRo TS, TI T, FIHFIZL D Geantd 7 7Y r— a VR DI N %
BT 28AE D, TV —va VERBOEFIC DN TR T b,
2.Geantd OF TV r— 3 U BAFHI

PTSIM(Particle therapy system simulation framework)® (%, JST-CREST #fF9%(2003-2009, X3 KEK &4 AK#H#%)
(AL RER DT DD I 2 b— a VEORTE] *ORSRY TH U | KL FRIBHRIEE & BE TR
DSLHESHHAEELZITO VI 2L —FThD, FIAFIZED CH+a— REREZEOL L, 2—F (¥ —7
TAAATYRICED VI ab—va URIFREN AR L 72> TV D, BN ORL B HRIERIIC BN S
TIRWFHEEEE ORG-S ICRI A SN TR Y . Geantd EFIEHFEESOEM & LTHFIHIA TV,
Galet(Geant4 application templet for primer) (%, /N7 Geantd 77V &r—3 2 VT EAT O T O O~
077 LhThD, FIAEZTIAA MR LR HIYHEDOTLRORLEZITH) LT, ¥YIalb—rvark
HEET 5 Z LN TE 2D, 2016 4R 6 Fhi L T2 i H-KEK Jdids « FHARF YA 7 —r vy 7 (KEK K5
EOBHE AR FEE) ICBWTC, mEAD Geantd v 2 L—v g UREEEE CHM L LTI L TV 5,
3. F{ED

A TCIX, Geantd X 2L —a Y — Xy NeEOT Y r—a VEFEIZOW T, PTSIM X Galet
TORFBEFERI L, ZOMHEIT) TETH D,
ZE 3R
[1]S. Agostinelli et al., Nucl. Instrum. and Meth. A 506(3), (2003) 250-303; J.Alison et al., IEEE Trans. on Nucl. Sci. 53(1), (2006)270-
278; J.Allison et al., Nucl. Instrum. and Meth. A835, (2016)186-225.; [2] S. Incerti et al., Med. Phys. 45, (2018) €722-e737; S. Incerti
et al., Med. Phys. 37 (2010) 4692-4708; S. Incerti et al., Int. J. Model. Simul. Sci. Comput. 1, (2010)157-178.; [3] T. Akagi et al., Prog.
in Nucl. Sci. and Technol. 4, (2014) 896-900.; [4] =% AHifh, HAT I 2 L — a3 V%8, v Iab— 3 28(1), (2009).;
[5] T. Aso et al., Nagaoka Univ, Trans. on GIGAKU 6(1), (2019) 06005/1-12.

*Tsukasa Aso!

INational Institute of Technology, Toyama College
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Monte Carlo Simulation and Particle Accelerator

(2) J-PARC IERF/IZHEFHEVTHLODZaAL—2a3VDFHA

(2) Application of Monte Carlo simulation in J-PARC accelerator system
LA R
VAR AR SRR RS J-PARC £ & —

1. [FLC®HIC

KR 5 I 2 i % J-PARC  (Japan Proton Accelerator Research Complex) 1%, B K 1MW &9 KIRFERS
FE—LnbHET, Jady, =a— )/, K FMFREDEZER KK FE—L2EYV IHL, ZH%
ER7e B IR D S & MRS HEE 2 H ) & - D IF4EHiRR C & 5, J-PARC Jifi g | LRSI R 0 B AR 1 TR 4t
FAFEHENE (JAEA) JRT- B AP FEFT iR PN IZ @k S 41, FIHERSBI4E 226 10 425880 L T\ %, J-PARC 1%
400 MeV DFEARE Y =7 > 7, 25Hz &5 B0 IK Lo 3GeV + > 7 1 k1  (Rapid Cycling Synchrotron,
RCS), 30GeV £Th#T5FY 77 ma brr (MainRing, MR) @ 3 BOi#E#E, RCSOE— L%
o T a4 B LOHFMFERZIT 5 WHEAMFL 325X (Material and Life science experimental Facility,
MLF), MROE—ALZHWTA—N—=H IA D TIZAT C=a— M) V7 Z2RIXL, BERERICMTH=
2 — bV 2 EBMiFE, MR & — A THRE A2 AR L EICBRWAREAEICBT 5 32217 5~ B o o EZBR iR,
D 3 DOFEBRMFE ) DR STV D,

J-PARC D & 5 =L —, S OB FINERSE Tl, EiEh o v — A 2 X0 EERP B2 2
& THIBESRAY B3 0, PRASFEERICEEZ P IES T FITR D, ZHICKY, BE—LmExInll ke
WIET D LNEEFEDOWIT BEDRFTARTE LD, LWOWLTHIREZZTHZ &b, DD, 1MW
EWVIRIBAZEERT DT E— L0 ZAOXENLETH Y, -PARC I CIIRFHEMEN S I 2 L
—a rEAWTCHERERRF L C& 7, AR TIZEICRCS OFGF28ME LT, T ThrnyIal—v
g ORABNZHSOWTHRET 5,

2. MEREHER S ZaL—>3Y

RCS TOEMKHREL T AN m Y I a2 Lb— g VORMBIORNS, F£FIMEGRORFHIBNTHN LD
A — R oWnW Tk~ 5%, b2 b IEETIE, BRMEAIEREZ BV CHERL 22> e —/L UI#E
T 5, Oz, NMEFROFFTTIX 1) MER OB CHEE L TWARERPIE L& EET 5 2 &0,
IEEZ L > TEREICNMNETE D Z L2 MRBT D720 T v X7, 2) ZRORERIEEZHED
720D, BRASCINEE NMEDL MY, BHOFM, O SOFEEZETITHLEND D,

1) WL TE, va—v> Y hazit siiEkOEE RO 2L TRODLZENTE D,
Z=qE+vxB) -0
HARM 72 —kREY - SO ORI THIUR, TSR EZ RO D Z LN TEDLN, —RITITED X 5 sk
RIIED Z N TET, EFLRME Y — A TIIERN R LOZEMEMOEELERT H2HENTTL D,
ZD=%, FEB EITORULHFE % V- Runge-Kutta 2 OFUEE D 2 FATT5H 2 & TR Z Lk b,

2) ICBALTIE, BUEFEICHWD X 5 Z2BMER B - 135 O S0 EBR O BRA NS N O B
DA BT D728, Maxwell TR A& 26 OIRE Kb 35 2 L7 d, 2HHICEALTY, FEE
(LB ARSI WV A A R D 7o DI2IY, ERAOINEE ORNEHE e D70, TR 5
T, AREREZHNZY I 2L —va r2F 055281005, VDR OEERCERS O3 I,
W) - RERRII R KRS W FRATRE SN D 720, MEGHEORFHIBWTEL T ey
L2 b=y a I ZOBEEETIIHV LR,

m
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— 5T, BRWIEORHNOD X LRBEBOHBBEREL PORMEERZICL > T, E—AIFEE Lo#E)
6%%1?%%% WZHEZELE—2n R e D, HDHWE, EFHBVICIEINZE— 22O T, K&
s ﬁM%%iﬁﬁét@@&—fy%’Aﬁﬁé’& 2725, Zhh, BE—ALWEEOMAEEROR
DWCEHMlIT A72D120%, TErT s Ialb—1 g 0Bl -TL b, RCS T, E—A X%

%ﬁmféﬂ)%%y@mﬁ@ﬂ@ HoHE— ADXﬁE®xT$ﬁLKME ;L DR F T I
YFAuYalb—ya YPEREINTND, DU, 208K EZ R~
3.J-PARCRCS TOEVTALOL I 2 L—Y a3 v DOFIAH
2-1. O A—HEER

IXU®IZ, THIRR7ZL ST, RCSOE I RAZFINAX—DF 17 hue T, #EiEPor—Lan
AR O A S| SR ZTHK & 720, HIRCTEHE—LMEIXZOE—hn A &2 L > THIBRZ 51
bo DD, 1MW & WD KR ZFERT 572912, RCS TIXaREHERED b b2 T R0 K+ 5
T OkEARRIEEFHLTEBY, Z20—2L LT —An R RIHELTEX AL IICT A—F v 2 D=2 Y R
— X HHEANL TS, RCS DV A—X %, MY 3%Dr ANRAET L EWVHIEDHRKID, B — L% FE
T X TOYHERTHEN SN Z—7 > MTHYT2K 97 4kW L0 ) REETRHEI LI, Z0D=
U A —HX OFFHE, 7 =/ 2 ESIHFZERT TR &7z STRUCT 22— KRB L UIMARS 22— R &2 W TiT > 7=,
STRUCT =t— RIZHREA T iéﬁ%h7/%/7%ﬁw Bt D X, Z JEREDRERE ST B Ham DT /3
—F ¥ DELYREL ROTZBRITITEERHRECHEZE LI b O LWL, £ OREBOITMICET, A
T, 7 — v U ZEEELIZ OV TIE Moliere 754f, =3¢ /L¥—n A2 L T Landau 0/ ICE> o & LT,
BB Z W CTHELAE L = L X — %R, RO RV —NFiEDEU Il ozl T —2An
AL L, ZOBEAZH 7 7 A 0ELTHT, 2O STRUCT 2— RIZk-T, o 7rmbhrr )i
FFAMICEZTRATEIONTHITE D728, 2 A—FIIaARERTBH LI T A =X Ot E1T-
776

)5 MARS =2 — Ri%, WEF TONRB Y EBMAOAr—REvIal—valrT5a— KT, TORK
ELTHEMRICHT 2T 5OREINTRLF =R T FEIC OV TELRMICY 7Y 79 54715 (Leading
Particle Biasing) Z#t-> T\ 5, F7z, FE & OMAFEHOFHETIX, BN A — R« ZFBET MTHES
< EENIBFEOFEMEE Tid/e ERBRAE AW CW A 720, FHEBENIEFICHL, BRI —oRES
WEHEICHEATH D, 2D MARS 22— REHNT, 22U A=W E— AN Y7o B0 A+ DK
BB DM ATV, RSFEENTRER L VLT E 2 2 5 12 DI B R R i O 5 F 21T
ST,

2 Y A—HOFEFHIOW T, FEEEO B — NEERE OMENA & IR EITH 2 & T, TORFOZSME
ML, PTEDOMREAZRMEL TWDHZ LA mER LT,
2-2. ERERET, FrEANIEE

IERICHRAET 2 =2 X2 LTI, 23720 OFSITATRO 2 ) A =X TEFTEX 50, 1%RE T =
U A= NBIRIVHTE THOKBIHCE R T 5, Fiz, E— A AFRCHMNFIZRAET 22 AL, 23U A—
WRAHET 5 Z S X TE PAHSHESICET TS5, 2o, 2 A—=X B LS bED, ks
HEER IS N ROV RO 5 FH & 7e 0, BEXIE & L COMBICHE R RN 20 & 9 12 h
VANV DIERGREF AT O MERH D, RCS TIE, b FVIRIREF OBIZIE MARS =t — R % W Clfkic
FRESERE L, £, BSHREAER L U CIRBATHEEITo 1203, TOBRORREIC imm33~b
Je OV MCNPX =2 — R & W CHEIEET 2 £ L T\ D, AL OFEIE, RO —2Au 2ED R TIFEIT
L7e 1) ABESTLIkW, 2) V=77 TIBELZHPLE - HEHEEY, B IcfEE# L T RCS
AT 208, ZOBRELN LR 572 HO HORL 7 & FEFE T 2 A4 o 7' C 4kW, 3) 4T 100
W, 4) 22U A—XT4kW, 7272 L1 A|Z STRUCT 22— R TRDE=0MTa U A —ZF LU OMINE %
T HEDOET S, 5) BE—AT7A4 0 1mbic LW O—kEkea X, 6) HEEHICE— AT
T 5 MR A 7 8 kW,

Fio, AFHH I LTI, MARS 22— RCHELNREVGAZ S L1, IEDa 7 ) — hORE
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DHREMRTZE 2960 CETEALRWE D& 21T o7,
2-3. AFIETRE L-OXORERE

RCS IZHW\T, Hifge b — A FERE B AA ST DRI E WA ES B S - 0iX, AFHAREL R
THAANED EMBETRD, X7 E—LT7A 0 EEARBWLEZDIET 720057 ~, BXY, O T
Thole, ZOX L TE—LT A NIAFRHCE FICER LBRZ HS H %2, BEEAO X > 7 E Tlhikd 5
TeODLEDTH D, FAFEUEL, T DREFEE—LDNREOIZ, Sy 7 Mtk 77 NEl A
RAOVEND L7280, ZOHZOBEZERGZOORIL, BLLY /NS RoTND, 74+ AV TOEELOE
BZOWT, GEANT4 W TR L7 & 2 A, 10° FREDOEIG CRAEICHELEN DRI T BFEL, TD
BERI AN Z O ORPIEE > - BATICET L TY 2o TWA Z & EZEX b, F7-, HBABEA /NS
VRLFIE, ORI A @R LT, EOFHOE—AMIEE=XI2H 7D 2 & SR O#EFHR D> & f]
STz, ZORRERIZ, SO X 7 MZa ) A—F zflAiite Z & THELRL 2202 ) A—XIZ/HE
L, EDICHEL 7 hea ) A=A TEI Z L L L, ZORIEER=a ) A —% LIERIAORGFTH
STRUCT =— RIB L UNMARS = — RZFIH L, FEMICZDOa ) A—2 25 ET 52 & T, BEIEDOR
BEMZ D Z LTI LT,

4. FLo

J-PARC D k. 9 7 KERFERG T I 2BV T, B — A k- THI & 2 S5 MBI HivZen
METHY, REEE O, SEEmPIAEICERE LZREOMIRICB N T, T T vy I al—y g
VIIRERERHERI-LCE T, 4%, SORLIRMENEZEDD S ZTYH, TOEELEREE, =—FL
V74 OmEIEETHLEEZ LD,

*Kazami Yamamoto
1J-PARC center, JAEA

2019 FRARREFNER —-IM_PLO2-



1M_PLO3
2019FEMD K=

InEEE - E—LREHEtEYI 3 Y

EVTAILASIaAL—arEMES
Monte Carlo Simulation and Particle Accelerator

(3) T aFtrmmEDIEE

(3) Muon accelerator
NESHEES
W LR — L 2T A R

1. #E

INFET 2 A VBRFIETIR, =X —250 MeV L EIZHE U 7257 & £ RAERIC Y TR AT 53
FTUORETHEOLND I 24 & FHEBRI 2 VPFHINTE L GIE DI 24 O R F— (3 MeV
~%¥t+ MeV TH VY, SAIZITER 108~10°0 O 24 BB LN TS, —F THREDOFHERI 24
T GeV #— 7 LT HIENWT RIAX =54 % L TCWAD, 7T v 7 A5 1 Elem? SR, T4E, T8
M 2 A BV ESA 7 TRESLa T T AX v T RFERCEEIC A > TWD A, IR TRAESHE
caArELVEERAF IR LTCHAT 295 2 & T, HERHEMECRE R EN2EH 5, MEER
THAEIHIZ I 2 3 TR S =RV =M B IRR > TWDH 7o, TV E CIIIERTIC B — A mHT
D EPET SN TELEN, BHEEO R 2 4 VHRENE D 570 EOMEE 2 T,
2. SAaXVMERDEVTALADSaAL—aY

KEETIE, E—2BHEZET I a4V Z2EES Y ET 4 ICANINET 5
REMEOETH VY 2 —Ya TR EITo7-, M1y 21—
Va v ERERLEND, MR EIToT2 KT 78 7% v A o 4 Nk el i
DrE—RTERSOE—RF¥YET &, FYET 4 ZIDE AL TH
N TWD, 2R LIZEIZFR vy BT 4 EDEVWVKB K TIL, nE—F
VB O0E—ROFPHEEITHMTH S, v ET 1L RFQ MHZRD X 5
N F U T — RTHEDIRAIDNEE— FIZMHEZE L TSR E 72>
TEY, 24V E—A0ORBUI A WS CTMA 5, v BT 1 Oi%Fh= 3 ~0
F—IDbENWZ R =D I 2 F UNE MEREG > TRV RF IZEDE =
I ZIE, W IT B e TH Y | RHZRFAXF Ry FLEF Y ET 4ITAD
X IO ENRIENBIEE D, T ORI LY, IR E o R V¥ —
TIRv T AEFEBTED,

VIab—TaE, S F L OERWIERE[L] 2 IS A B RAESE, A .
BLTTEEIaA 2R TF v EF (108 £% 1 ©F ¢ OB & S
AL SBRT R T v X 7T oML o TS, 0F—R¥vbEr ore N2 0F-Fert—RO
DTFAX—H%, WELLEENTHY . BIZIEx v ©F 1 BEEAREN 2/~ G le

U LTATHIE LIERAEDT I v X AWEDRRELRND LN TE B,
V3al—vailkbrd, K778 TH A 2 U INEERIC I D E 100MeV D =" 2 oA VR
PRETE, o, FRAME~DEME LTI aAdradf ¥ —L=a— ) 75727 M) —[2] CTitHE &
NTVH300MICHERSA V278 —4210mDI 2 A4V I CTEE ML 52 L bliHTE 5,
BEH

[1] D.R.F. Cochran et al., Phys. Rev. D6 (1972) 3085. [2] J.S. Berg et al, Phys. Rev. ST-AB, 9, 011001 (2006).

M1 IaArinExy s g

- - X
o W o

P, MW, at 100% duty

w

SR

*Haruo Miyadera

Toshiba Energy Systems & Solutions Corporation
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L—H—0REEFALE-HRRERE IV
Research developments using excellent properties of Lasers IV

(1) kW # CW L—HF—Z2HWVEREY )V —= VT RITORSE &R BRADOREH

(1) kW-class laser cleaning for steel structure maintenance and decontamination
R, BB 2, EEMGA 2, FRIEEDE 8, B T 4, Y, ILHEIER 4,
TR —
UCPERERIBR FRE RS, 2 b3 a—, HEE )3, AARBREHAENIET 4

1. #E

KW #% CW GEfil) L —V —HO@EAF v AL D, FEIERE OB RERRYEAN (L —T—FRY) OHF
ZEBHFEICHUD FLA TV D, ZORAREANE, 1 v 7 FHRFEBEZ BN E LTHEL WL ——2 ) —=
YIHEMTHY, TONEE, BRYEHA ORI OWNTHHENT S,
2. AV ISHBEREANE LIZL—Y—H U—=V JHI (1]
2-1. REEYOHFEE

B R RIS SR S A 7 T OEFMEARBIC SIILO TALL, EdERCgkE R &
ERZ DGR, BB, AiEERREORM Y 7k Y, fiiEEm L ORETH D, EHNIC60 HEBZD
BT IR > TO UL, DD ORI BR OB S 5 S, SIS L DBROBIEPRE L /o> T 5,
BROFMESOND 50 FE2 D2 5EE 2 m U EOERIL, 2023 4FI2IZ2RD 43%, 2033 41T 67%,
EFLICHEVBITHRE DS B 2162 (15mPlE) 132013 12 1,381 16 H W EE A2 BN L T\ %, FRIRENDL T
Bifk4:, 74 7% A 70 ax MEBICE T DHEFRFE P FIEN AR I DICHEEL R D,
222 BUBZRETEICHIT2RBARDEE

PREIEY) DIEMGICIE, SR E §NRIET 2 EMRTEIZBWNT, TAbLEEWICREL, B8
FHROMAMEE 52 b D FHIGAELZ FE L, SIS E2E»OF 2 0ERD D, L LB BIERITT «
AP o=t Wo B TRICLAREMN R G LY) 2L EEoTERY, BHM ORI HE
Thole, 77AMNILIEICED 1T VAEES, Z<MEHT 2B OFRHPI L34 - FEFE= X &, &
O BB NI DS SICHRERH Y, I LV TENRRD LT,
2:3. L—Y—=Hy—=4

Z WV TLiEAE FFO b 3 3 — DR EE AR B R & I [F TRH%E L 72 D23 CoolLaser® (27— L —H—
®) VAT LATHD, EHEIHZKWHEDO CW L—H—E— L% HERICEEA S ¥ &8, BEHOMEY
ZGREENZAINEA L, TR - 780 - BUC KV BRET D H D TH D,

PE——
——————

—

—

Laser face shield

M1 L=V =2 V== T AT 2008 K2 #HRE0H ()b) BRERL () BRrEk
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112 CoolLaser > A7 L& 7T, WRIumHED 7 7 A N—L—HF—%NJHL L, 774 /3—I2kb
100m DfEEZAEE L, ThOEHBHLEZ T v 7 @ICEVIBROBVEZ THFICHIELTNWD, 77
A N—DFEER IR OFEIEA X ¥ &2 ATRRIZT 5 L —HF—~y F@ZBTHT, ZaIChlE S 7o 205 %
FLoTERENTFICH > TEETE X 9ITLTWAH(D), BIE, BIBICTEMMENEA TS,

K 2 [Z8 O TV ORK IR OFELZ T, BB LAETIILHAA, 77 A hTIEIZEW T HHFHEIM
DRZINLRACILNOMEIAREECH 50, L—F —OLEI13 68 R T ITAER R TH 5, JEIFIIZ X
DT D70, EHEAOHHIM O G RETH Y, MERECEREHEICOWTHLAMTHD, B
HOTHERNTH LI DOREICHAFITH LD,  RiEOHE IR 50 mg/m2 LU T OEERAER TIEX V&
5 CTh D WD HREEY OMEFFE LIS & o TRIR &L STV D,

3. R ERDOHA

2ETIHARIZ L —Y—7 V—=2 ZHM 2RI LT, BEIERE OB RERRYEAN (L ——BRYe) 2@
L1 ORFRFEIC, FEE S & O H KRB IE T b > CTHRV A TEY, b2 lEl+ 2,
3-1. MEEEDHTE [2]

& A DIGY T VD DS Rl O BRI A B T2 2 TAEL DD, L—P —FRY D MLEEE
FEIX, B ENE ENHRS T TORBREICKLERZ RV —ZBRALRND, MM EEHEEET D
HE L L CRMECTX 5,

ZZ T, CW500W D Yb 77 A N\—L—HF—%MIG0 316 A7 > L AREIZEAIRICER LS HEL
R L L= —TNT o AENRTRA—H L LTCAT UV L ARBORERBLZIE LI, TOT—X &4 L1,
WET 7 f N L — P — TR I ST ThH 7= 10kW L—F—Dffi i 28T L. S EMEOEGES % 10
um EARGE L. Sl R SR 381 DB E A HEE T H & 1m2dhTe v 16 el oT, BRUSIGMIZ L -
THERIRE TR D b 0D, +IisH il T 2ETH Y | ERIO ATREMESHIFF T X 5,

3-2. MEFRERS LB OREREE (3]

KFWZBT D L= =2 V== FFEIOWTRE LTz, KTIZBIT 5 L —F—JenaE, FBAEREY
(2 X DN, TR R EAREIL, X 3 ITRT LD RO v oKkFIZEIT A7 U —=r 7
BRI LT\ %,

l.-

3-3. REMEOFHIEE (4
- o> ﬁ~; {*"

L — W —RYe CRAT D GHEWE 2 S e BE - A DAL
3 KHERER

¥ \
—

BT SV TR % 7230, @RHA~O L —F— R TR
T DIE - AN DR RE T o1, 205 b,
R 4 R EORENATH Y, SGMIT L - TR DN
BRURYA 7 B A—SREUT Th S ERbol,
4. £EH

A7 FHERERBT OV == ) —= Tl % » AL 1 g o~
DY I SV T OBEE &b, KRETHE, BIILY ° s
ARy FRBRIZOWTORERETO TETHD (L—F — B EHDH

BREHWOR TN T T o ~OH I 7= FF 72 (4) ST
b RFETEY) % VN T- Rk ER) , ——

006 013 022 033 052 076 125 250 390 570 850 1200

%%iﬁ K pm

1] BEMFIA M, L ——H]F5E, 45, 7, 418-422, (2017). .

L TR " oD B4 SARIEOR R

[2] fedE e fth, A% a 12015 FHEDFS] BAL

[3] BEEFOA fh, BARR T /%S 12015 EFkO R4 ) E15. [4] FRdEMtfh, BARR T /154 12018 £k KL 2L17.
*Kazuhisa Fujital, Kazuaki Toyosawa?, Kazuhiro Takahara?, Hiromitsu Inagaki®, Takayuki Utsushikawa® Hiroe Fujita®, Masaaki

Yamada®#, and Shin-ichiro Okihara®

@

FEH . mg
2

1The Graduate school for the Creation of New Photonics Industries, TOYOKOH Inc., 3Chubu Electric Power Co., 4 Japan Environment

Research Co.
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Research developments using excellent properties of Lasers IV

(2) BEFRIRT TOEMR L —Y—5 ki

(2) Remote laser analysis technique in severe environments
Ry LAY EART WY Al BRACM, BB B, ERE BERE CEHE RE
LRI, 2R R, S ERITRR BE, 4 B SR AE

FERBHE L RET (1F) OFEFIZBWTE, R THHEIORWEEIF S OWERIRENT 7 ) %0
LRPOMEZRIY HLARD G TWD. ZHETIE, R IHEICIBW TR S 50 m OB #RIEL 7 7
AN—ZIEH LTI L—Y—3F 77 X<=Ft5t (BLF LIBS @ Laser-induced breakdown spectroscopy &\ %)
HAMER I TEY, REFOEAIC L AT  SERINE R COBELT 7 1 2 O8R5 4T Al ek 0 &
WIZEPRENTND D L LR s, BHIOL—F =27 7 A N—ICEATHEEICITEOREIITK
XBENGFET D, L—Y —HBET 7 A X—LIBS i T, MO L —¥F—%K7 7 4 S—ITEAL
THRIGO T 7T 0 —7 £ TREESEDA, 1F BEFHEICST 2FNRWHRAETIE, AMBI IR B &R
oT%A’W¥ﬁT%éiUTﬁ%%ﬁ%ﬁ%FT@ﬁﬁ%if®E%imomuiﬁﬁiéﬂé F7,

ST~y RIS COEBEFR IR AZ ERT 570103 —F—H %2 LT3 0ERH Y, BAL—F—ko
aspalkil &oft774ﬂ~ﬂﬁﬁﬁ®ﬁ%ﬁfﬁ%&_ﬁmﬁé ZH Lz Enn, BUERREH O
7 7 A 3—LIBS LW AT L CTREHAN OB LIHED D Z ERARAIRTHD.

Z ZTHAIL, BEOERE LT, BkOESH A SNV A L= —HE T 7 A N—rik T D HE (K1 EX)
TIERL, KT 7 A N— DRI L — = RIEHREE R 5 2 L2 kY, L0 REEEEOOHHER ~D R
WIZFAX—Z AL CEBED T T X< EAREL L, EMEHREREE T COFNT 7' U PRRE o m i e
INTHER EBR L. TNEERT L0, ¥T7Iv s~ runF v L—F—Fifi29%EMA LT, EK
RAUIZ X D2 @E LIBS ofr Fik (M1 TX) OBRFRICEF Lz, ZhiE, PX¥ AT bV As A7 nFy
TL—P— LT~ A7uFy T L—F=Ln)5) BN H LT, BRI K D EEE LIBS i Fikx
BAZE L, SO T~ RS a2 FIH L CEMESSTRERE T o~ A 7 aF v 7 L—F—0i ]
REMEICOWTEHE T2 6D TH 5.

—z £

2&?&%“@1 %#%7 7/])/\\——@:5@@— — @ ' «A u—b‘—ﬂmf AR AT T A i~ j j h*
B SRR T2 BMtE>V\W T, = HHW *:rx @

NETCICHREINTZFHFEOL E 2 —

ATV W TRERML 7 7 A /S—LIBS #

1 2 S B U C AT & i o 7o Bk E % B F@g;
L, EESEREE FICBL Gtz o
B30T % 55 L 7= iR B B A kR, T
~A 7 nF v 7L —F—LIBS HilFB%

OBEE « EPRRDBUZ DN TR T 5.

ABET, XBRFPAEORMEHELLLRE T OB FEN  AMERMEEFR IV RSN ELED e ENOLE N
e LN 7 )MKERTOSB SO mERTRE] OXRE &% 7.

XHR

1) M. Saeki, et al., J. Nucl. Sci. Technol. 51 (2014) 930.,

2) H. Sakai, et al., Opt. Express 16 (2008) 19891.

3) L. Zheng, et al., Opt. Express 7 (2017) 3214.
*Hironori Ohba?, Koji Tamural-?, Morihisa Saeki'?, Tomitsugu Taguchi?, Ikuo Wakaida?, Takunori Taira®*
1QST, ZJAEA, °RIKEN, “NINS,

= 1

s ML *f—-umjﬂ —

?f;‘u?’J
ks

(2 ./:H.r* )

1 FREET 74 /3—LIBS ZEOHBE REEOHERZMHER
LT, LYBRETREZMOEVFERNELLIBS 70— J 7 {#
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Research developments using excellent properties of Lasers IV

(3) L—HY—&KIT& 2 RFIFERMM LI HE R ORISR

(3) Development of Laser cutting technology of thick steel plates for nuclear facilities
CHAS VRN L 2 M REZ S Ak BEER S, iR PR
LRI, 2T R,

1. [ZL®HIZ

IR AR T LR <, ERBEIEHE M T D, 2 OB, TR FIPisEy O UM R 23 3 & X
N5, HERNPOLFEEOHHUIWETH DT T X~ T — 7 OB EINE L R LT, L—Y =2 B R &
T 5L —P =L, BERHEEAE LS, 7 L— R EOZHI S O SLEMER 2 e ERENE L R R
BIZHEATE DR DITAERBRILE 720 52 WIS TWD, L L, BEFEIZENEZRL £ 100mm %
B2 DREDRE WM TRER SN TV A 2D, L—P —EOFEIEFEEHICIZZ 0 X 5 2R IEREM oWk
MDREEEND, LL, L=V —{EIIZO X5 2R TR L T3 ROEFICZ LS 20w
PERLHIMEDREZIZE L TEs T L L BHEMR L OIEDY Tl o Tz,

A TIE, RIS LN D X 5 ZRERE O L — —9Ir i OB %, ZORFHREENZ B
L 725l OEANBAFE DRRIZE L THRE T 2,

2. BREAM T OB
2-1. EiRSAM 0 L——Y) ek

B 1 L—Y — Ul oA E 2R3, 2R & L
TKE IPG 7+ h=7 AT 7 A R— L —H—
DIEBIE AN, L=V —HE T 7 A —TiE Workpiece
ML~y FNO L ZTEN L, SHHBRA I e
W L7, BT L e B AR E T s 0Ty FEEEES ] /\\\ =
AN A%, ==L RERIZES LT 5, ALmea j —
RGO R B LT, Lo RE A,
M DR BN HT AMEHE ) 72 Bk x Te SR R
AL C, Ut 21T o 72 [1, 2],

B2 XA 7 > VRS (AR OENE ) EARR
FH (KA DI Z A D - Hib 55k A
O L —H—HIEEATRE R TH D [2], EE L, Wb
KA () EAEARIL (b) JF7-IF OO ) 75 g % A5
LT\ %, HULE O BIWHE AN BRI AR O
v RED >S40 (HESRBED ([cHd TR ., Uikt
NER SN REZ R LTS, 20X 5 2Rk
RN, ENWRBOWREE L THESND
300mm FEE DM (REHFLAT LA oL
— YN AEETH D L ER LT,

7. BB ~Om A THRE SN LDEMRIEREZ AT 2HED, KRS 28 L7-8ipcB L T bR
BaiTolz, K317 — ST O ~O@ BT, J AN SRS Lz L —F—kicL v, ST
BHERTERIC K ST UM ARETH D Z L VRS NIz, THHRERIT, L — W —OIAE S R e B 515

Wall of bricks

Translator

Laser Head Video Camera

B1 L—Y R E

M2, EHBHRERBELEEREM OUMER
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D& T2 GAEED DU A P RETH 5 Z 2R L TRV b
— P — U OB IL RN EIZ IS 1T D PR A FSRET DR R TH D,

2-2. YIEREHDEHT

— 7, BIWHC LB e f e iz ST &L 20 K5 7o UIMn SRR X
AR, RSN WA, mH 10 b— W — 2 R — D3R G T
PICHE L, IWEE B2 RE R L2 BERONRRKE S 2SOV RLR
70T 5, iUt EELEREOES FHThDH, £ T, D LD
PRGN DR AE DH TYIMI A FIEE & 72 2 DO NRIHRNT 21T o 12, X4
@)-(OIT T 217 - I O i O fl 2~ 9, Fio, AT %
ST AR H O — T WL T A N AFRETEHE L, Ul (O, X)
EFEEOTEREX 4QIrT, ZICX Y, BB X EYWRrgESH: — :
A, HIE S — T WE & T ARRO B S EERENTERcE T 2 e B3 BEVOUEIBEG)LE
PR TE2[3], ZOfERICHESE TR M AEHOMMAE S TIETHER )
DOIFEEEEEZ R L7z (K5). ZOfENG ., YIRS - TR
BERVPBENTE D L) RATAENDHEFFCEXHGEICUIMN AR 25, B2 D AN L ZHH T
HZENbhole, TOXI RN ZITH 2 LI2X 0, BEFEGICBIT RN Lv—Y—IC X 5 Uliiio
WHZ, KOLRCTH - HE L TITZ2 L2 TE b0 e HifF s,
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B4 mHERH@DERTULR, NDOUIMTERITR DA ] R . ;
B RURAAEREO, OONEN—TEE A2 pE B0 PTIRBOARENOHFE
LIZEREED () Fe

2-3. YIEBRHRRFEDRRE

L—PF—gIEEiiEm = Rf X — O L—F =Rk - RSN TW A 720, 20Uk vt X DEEBILE
WEIERE S CldmnoT, T2 T, FERAET AN AT & AT EE2 M7 FiEzsBE L, e uknE5
OB ZEBLL72[4], K61, ZOHECIVBEINIZAETER L W DiE@eE@) L £ DET /()T
B, Tz, (O)ITIEEAENSBRERE 2 TR BE) URKIICBRES N ET2E LTS, ZOHEICK
DEIBNERRDFEMAZ U TV E A A TBIETH 2 L NHRETH B,

F LB AT ST ER TERVIBRICOWT OB TH -T2, ZOUA . I wmE
GETHEL, L—F—= L XF—BEEZH Y . CIFETICK 7@ICKREITRT XL 2 RS AT 256
DD, ZOLIRBILOEREZBE LK T (b,o), @il L —F—OBEFESGEA T, a7 nt
ZEBRNARFR T DHD, KAFEZL, e AR, GRARRREZ REICMR T2 FEL LTHLAEDTH
D, L= UL ERT A2 b0 L MFFTE 5,
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Z  mmp Gas flow
(a) | 47— Fume (b) t(sec) (a) (b) y u 0
/J[%-%‘rf o 0 ‘ s
10mm - 24
005 : ,
. = A e T -

z
= Gas flow @ . ;
| . 0.08 . 30
0.1
(C) e (C) 5.4
"“:::: 0.15 Nozzle | Side face A N
=5 fume ~ 6.0
- 0.18 .E'
D ==p E 3 rod-like hump ’
7.0
0.21
(”fume’:' 025 89
rod-like hump 0.29

X7 ATEROAEGR) AEOZEFLERBED

X6 k=MD AIEEZ(a,b)EET IL(C) E52(b) BIEDET ()

3. L—Y—UI R TLOBE
Lo X9 72 300 mm JE O SHE DIk
5 % ERE O BN R TRIA T % 72 91C =y [ g
X, VAT A0/ N R R R E O R
B NLETH D, ZOEDICHESH
7o U —H—OlraliR s 2 7 L OEEK
X 8IRT[5], AT A, BEHG §
HCRE LR R Ry b T — A% \j
HE L, 7 A TIC Lo THWTT B0
AR EFER LoD, T —LDIRHEE R
Y aZFEoR L, HEEEFTREBNE To
HEEZHE L CRBI 2O+ 2 2 L 2/REE LTS, KRVATAIZED, 553 m oo EE TiE 6 mm £
TOUIMTEE T, S ED Trddk 10 mm A>5 300 mm £ TN FRE L 72> TN 5,
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X 8 VI AT LDAA—D

4. BBbHYIZ

JERERR D L — W —GIEEEANTBR S I T 2 R 2 e Lz, TN O ORFEIZ LD L—F —kITkk 4 7ext
S ~OEALCERREIC L AT NS LIRS, BFERG~0BEAZII U, mEFERINE, EH+
PRED =D DEFHIERFEXEA 7 T ORI ExEA RIS A~OFRRENE L7200 5560 LS b,

o
KEBARBIFE DERITEAROBIL DS L/ HNIZb D TH Y | BREESALIEF N L E T,

BE IR

[1] K. Tamura, R. Ishigami and R. Yamagishi, J. Nucl. Sci. Technol., 53, 916-920, 2016.
[2] K. Tamura, and R. Yamagishi, Mech. Eng. J. 3, 15-00590, 2016.

[3] K. Tamura and S. Toyama, J. Nucl. Sci. Technol., 54, 1011-1017, 2017.

[4] K. Tamura and R. Yamagishi, J. Nucl. Sci. Technol., 54, 655-661, 2017.

[5] =il fih— IR S, T2 v v a = JEGR, 56, 55-65, 2017

*Koji Tamura®?, Shin’ichi Toyama?, Haruhiko Kadowaki®, Ryoya Ishigami®, and Ryuichiro Yamagishi®
1QST, 2JAEA, 3The Wakasa wan Energy Research Center.
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Bayesian Approach to Risk Quantification
(1) RAZRRT7TA—F D) XY FHE~DIEH

(1) Bayesian Approach to Risk Quantification
A
FORR

U A7 DOIERADOHAE, VAZICHEASHWTEBRREEZ LTHL LWV MENEFTRVWEWVWI STHD,
FD XD RRMEORNIARA, ADOFDOT 7 e —FBEHTH D & ORHILZ. WERLEEFLIZEE>TEW
Th A9, KETITZOEZEZFIZONTiEim L7V, XA AXILU T LIt RSN D,

ARCRR 0D 1% fife == oc AR D FRTAE =R X BRI, & 5 W MEp(HIE) o« p(H)L(E|H)

ZZT, HiZb D, ElZb 288 TH D, HHIZOWTHR A Db O RMATERS 5 WIITHEE L LT
p(H)EFET, A ITRMNIEL W L2 HRTH-0ICT =2 2B LIV RIEEZIT->720 35 Th
59, BIEENSEONDWRE RELSWL(EIH)TERT, LELITFHRXY ORMEBEREEDNSIT D,
BIEOHERET NV EE-oTHRY, THREBEYOBENGONR L, T LHAMPESTWVDH D
EEREHR LW B TR ONTZERERMAIL, OB IE & EEIE~DOEU) R KRITIEH <5,
BRI L D2HMAEGEROT A O RMOMERD D VIIMEE L 70D, MO HikHEFp(H|E) T
»H5,

DX SRR S EWRIEEZET O, FHT OB TIE, MEDD\VITREFE DO/ WL
GERIDETHY, HoFx ORD DHEEDOKETENND TH D, HEOBERDOL ITLEIT
MERRNWZ L2 EMST DD THHIEA I D, TIUILEOHEFITITER LV, RODLMEED
KENETEHDTH D, RMOIFEZ AT HIII KM A2 R EIE LW, K202 & 2ET
DATIIR KD 5 /e W E 2 BIRICHE T 72 T e B e, X ARk, ERARKERSH D & &
IZZDIMENBIN D HEE (ZOFROMEIT/NE W) & KO IERBI T & X ICEKR KM
T DR (Forx DAY T20ER) BT D2 HETH D, ERBRRERH D Eoho ThiEEn
WZXHLT 5, oz ITRTE OMRERDT-VOTIERW, JRENBINT & ZICEKRRREN S 5 HER%
YT WDTh D, Bz, R REBHITOWREEMDO Y A7 Tk, TEXZ2XM % EET 2 Al§E
MRS LWE) CEEXHZTEZZL VG Lz, S Kaplan & J. Garrick(1981) 1%, #taFixsEE
BT 2ERENIET 25, T72bbT — 25RO WI OORFETHD, —J, WRIET—XD
RIEEAROBFETHD LD, TRV OHEREZAND Z LIXTE RV E WV I fiEe
SOBMETHY, 7T —2BR0nE XL, EREHWVDIUSNOTFIEIIAFIE LR, XA X7 7
O —F I+ T — 2NN E &, Fex ARG I WVERICETAERE ST LOTHD S
25,

LIZUIREER SN D _A X7 7 a—F OREIL, Fx 0o b /25 Ep(H) &9 EEM &%
AnsZEThd, M AHELFEBNTHLEEZLNNRETHD, ST, Matl7 7 r—F T
REEDMEREND, T— X OBED FMER/MNIT HHENRKBENS LWEETHLE NI b
DTHD, FBEICIT, FRMEREZ EOMBELE L, WET —Z BE WIS T, RAZEOERER N
—ETHDLEEIE, XA A{WT 7 —F LHFMNT 7o —F 32 FAUERE 525, <A |7
Ta—F LiE, MENT e —F kR x R A BB KT 5 T TH Y . oA ERET S
ZEIZ K VI OMER M BT D LD FHEOEEE Z IS BRI E w5 HIETH B,

*Akira Yamaguchi
University of Tokyo
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Bayesian Approach to Risk Assessment

(2) RA XWFHIC & B/ NS5 A — 2 5 H

(2) Bayesian estimation of reliability parameters
TEE R
) R FE AT

1 FEDLEDRBELE L TOMRSH &AM XEHFE

KGRI Y A 7 5 (probabilistic risk assessment, PRA) X, RS 2 E BT 5 Z 12k - T, RHgD
IR E 0 BSERT 2 HIETHD, 22 TWH IREENS ] 1IZE, —RIC2HEHD (R 23d
HEIhTWa

ZDHbLO—oF, WIKORHEN S (aleatory uncertainty) & FREN S, BIRICHAET 2 HR D2, T DK
RIAIVIDBELODVWTHRETERNEWV) IR NS Thd, AL 10HOY A anz&H Tl
0 1OHEBHLH. JRFIFEITCE T 2 BEFEZOFRER, HFEHT + —ELREEROEET ~
> Ral%E 10000 [ENZ 31T S EB) RIS, 72 S1%, BITORRE 50\ 5 7 —F BB S 40 5 DT RN T
HD, ZNHOT—2IL, MFHNITMESRBEREICHE > TERT 2MREK L L lbh s, EioflTix
P A avedBOERIHFT ¢+ — B EMRO LB LM BIL B ICE> T, £72, u/ﬁ$%®$%\é
AEREIEART ) BRI - TERT DHERERTH D,

RHENS O ) —FEHIL, RO ARHED S (epistemic uncertainty) & IMEENL D, ERMERO RN &2 L
D XD IR RE T NV TCRELT 20, £, RELSNTEOMERBRRET VEFHED T LR (/3T A
—Z)IEED VI EEIRD DPNRHEETE RV, &) IRENS) Thd, Iz, 10O A ansk
BT EEITHD LOROHE K 28 “HIlE P(K) =1 Cep“(1—p)'0 12989, L oxTMkz Lz
&, TOTIHREORE TH LpDMEIL. 0<p < 1O CEEOME & 2 AlREMENH D &V ) R S
O, HAHWTER., BEFEROERERBNNRT Y BFEP(N) = AWNexp(=A)/NIUIHED &V HEF L
bz Ll &, ZORT Y BEORETHHART YV UL (FEFRRAESE) OEITA > 0D T
BOfiz & DAREMEN 8 5 &0 9 RIS & FFo,

ZAVDAHEN S AR O FEETTEIII R U TR AT FIE & A ARG FIE L Db DA, BERHET
TIRIFRTRO L B0 | BRICEAET LT X DXL X E KRNI L L, ZOT7 — X ZHFEREICL 4
T DHERERE LTI D FETH D, 727121, BRORMEN S, TH 2 OMFRMRICIE> TT — M
IEHONTWVWAIRY , F—F 2L THZDIELSEXOENELLEZD, FLTRME-720 560
TiI7Zev,

—J7 . A ZREHFEIL, MERREEE TV O R A MRER L U CE DR S Z R0 CREL
L. BT — 4% 2R CEOMERSHOMWEE TS, 7 —% 2 ERBT IR OIS 2, £0
AT T D, ZDOX D7, FEEHEEE T 55 2 FI3HEERG G FEIZIIFELRY, U R

72T O BT, BB TE AR, A and 1 OHOEEAERT D ZHEBROETH DHp .
WEFERE A AR T HRT Y VBEORBE THHAE Vo T ERIBEE T VOO RN S 2W 25
ZEREBETHY, EoT, VAZFMOIZDOFEFIEITIEASA AFEFIEBS S DL,

2. R XHHFZEDEB/E/NS A — 2 HE~DIGH
2-1. RA XK FEIZ L I2BHEETDIHE

VTR 13 TRHER ) OBWRISEAISND Z L NZ VA, IEL IR E RS 537 A—
ZDZELETHD,
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—RIZ, BDREG TR ST b DMERIBEN BT — 2D E o= &, T—XDRELN D
RITHERMNZP(D|P) R END, — 7, BAIMTWTZWDIXT —HDES TR HETHZ &L T72
bbb, P(pID)eRODHZETHD, 22T, I —RIRSEMHAFE RO

P(¢, D) = P(¢) P(DI$) = P(D)P(|D) &)
THNWD &
P(p)P(D
poID) = (¢;U§)|¢)

x P(¢)P(D|) @

BRI, A ZFEFFIEIC L DRI OHEIL, RQOBFRAFIH LI bDIZTE e, 2oz
BWT, HUOP(P)E. T—XDEBET HHIOPIZET DA HBERSMATELIZBDOT, ¢O [FHiisy
il EWVD, TR T —ZDOIEHRP(D|P) & MT 5 Z L2 X > TodD [F%RNA | P(PIDICEFH SND,
EHIETMATH L T =2 B3 G0UE, ZOFEESMESEITFEMIME LTHONTH LW —# TH
B, HEDHEND LEZED TN ZENTE D, 22T, POIPIE. T—F AT 2iRiEREOK
WZBEE T —#DERA LT L DT, lZBT 5 LEREE WS, BEEREIL DR R Tld a3,
BT — 20 DEZHNDH0OWY 5 2HHEZRE L TND,

BEEERRAC R FIEIC X D RS ClL, REBBARRE T H00ME | TRbOLEAMEEE DA
HWEME TR, —RKICT —ZBRD RS EITEARDIL S DE N RENWZOIT, mLHEEMIEBLER
IRERAERTZENEZD 95, ZHUTH LT, XA AREHFETIE, BERBRKTRINDOHIFHEZ, &
A3 TR S D pDOFEIPHTHIIR T 5 L 72 272 BLIER22p OFEIPA % T R FIER & HEEICRF DALy 2
LIZEoT, TR0 RWGEAETH > THEURRAREOHEENTE L Z LT D, Ik, #HULHE
AR, RO Z EO X 9 ISR SNTHERORMN D D, BED D WIIHMAT O RO T - HEE IR,
TNHEBZEBEIZHWDZENTE D, TDO LX) REBZHERD LD LRWGEITIE, D TIRWEHIPH CTo %
ERTED EERENOM PHVONDZ L H D0, O IXIELEBENHEEM IO T T
L0 95,

2-2. EEEREENRTA =IO R FEDOERA
PRA HOEHEME AT A —2121Z, BILTTFROL IR b OB H S -

O LERFHEAR O T ~ > PR B R R X ]
@ HEERFE S O RFRISREARN], N G R Y]
@ LRI ORI 1% OffCEi AR [ UOT]  (EEH R I T CHEREEERIZ AT D)
@ RERNMBHOT T A Z VT ¢ [HERTT] (BRI TRMAE T E 2RV EFHR OFIE)
© KRR T A —F [ERIT] (BRSO 5 B s KR FET D EIE)
©® AR RAHEER [T
R DO NHNBRRFER Z R E | Wb SRS R R FRE OBLI 7T — 2 2 W T2 6 O 'DSE © iRt

BRORMBEEHET S &V BEICRET 5,

ERRUANOOFIE LT, IEFAT 4 —BALREMEDG OF v NEBIRKEE X 5, £T, h—1
Z U ARER7 ECZ O EDG IINEIOEE) T~ > REnT - & S EBIRBMBKEIH -7, L0 )T —H M1
LbNTWDETDH, —MRICED LD BT — 2 AT DiEFmfeix, EBERMEEp (0<p < DZRHL
T5H HWBETRITE S, 37200 EBRNHEpD L X LT — X OGN 5 MRITRATREIND,

P(K|p) =y Ckp*(1 —p)N 7K ©)]

REONCBEIT — 2 KZ# XA LTe b DI, REIFREp D LEREIZ /b, ZOXREREEICpDFRIDAP () %
FLCTIESIL LI DRpDFZGAPIK) D, Thbb,
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P(p|K) « p*(1 = p)"%P(p) 4)

Z 2T, FRIOAP (p) DR EILM . CIX 22 WA, B 2 K EF - DHHZE B S NRC 23 (ENLAFFERTIC
Fta L Q) /M LT\ % EDG BB E DORMIEFE R EAHNWH Z & b TE D, pld0 <p < 1OEERD
T, AHROMEE L, FEASMOSMIBIC, BERKEFRBEORE LS 2_X—2 514 P(p) =p* (11—
p)E1/B(a,B) (B(a, T —ZE. a. BIXiEE or O RICEIDZbDETE) ZHNEZ L
Db, ZO%E, R@G)OFELSMAITIRO X 5 REHLBICRY . HTLOT — 2 DG LNIUEWN, K)IZE
NHZEMZ TN T THEERSMOEFHRFRE L 72D,

P(plK) o pK+a=1(1 — p)N-K+6-1 4)

BB, EERENOMI. a==1/2 LBV ELOTHD, ZONMIE. 0<p < 1OHFFHDOKERDIC
BWT—HRARIBIZR D,

B RRAC R FIETIE. LERE (RQ@)Zp DBtk & 7= b D) ZHEKRICT 5P = K/N ZpD i EE (5
THEEME) &9 508, AL TpAIEFITNESRETH > Th, DRV TN TlkE N 4§ 2 /et &
D, ZOLXpORAHEMITEME Y LRI L 7225 3 20X 2 GE. A AFEFHFIE TR, S0
THEIZ LD pOME DAL SN THHIE, F L EKFHEZ 2 2 & ITET b,

FDOMQLIEED /8T A= ZIZOWTIEFER L2V Ay, Fikims L CTiTO L [Rgk, LR & i T
b5,

@Iz HOWTIE, IR O TR £ 72 1 3FE QBRI O NI K IR AR AT D &0 DIRBUTRT VY
WEEP(K | 1) = (AT)Xexp(—AT)/K! Titik &b, Z 2 CTUX VR ORILE RSB TH D, RO A
T L, ADBREHEMIZIA = K/TTH D, ~A AEFTFIHRICL 5FESMORIE, KB)Lb,

P(AIK) o« AX*@=Lexp(—=A(T + B)) (5)
ZITC, FHIRMIEIART Y ORI T o~ 3 AP(A) < A% texp(—AB) BTV D, ZHICKT D
ISR ERI ML, a=1/2, B=0EBV LD THD,

®. @, ®IzHOVTIED., DITHAREHITIR Y VR EE LT 20T, FiEROZEMTIO. ObEHT
CHER[A]. [21% ZTBRWEEE D, @, @ITHOWTIZ TN THL, iR as o L Eh#% i lsikiss L 72 B
BLO REOFHERINEMZ T — 2 & LTIE L, TN O O E S 2 5, BT — X tOMERRFEIL,
WU A TNGHPE) = (m/n)(E/m)™ texp(—(t/n)™) TRT Z LNRZWV, ©OITEFREEIZ DOV T,
BETUREERIZ OV T, BEERO 5 b 2 UL EOEENE CoH 2 LB REEED £ D < bW 0BG FEE
ToENERLIENRTA—H T, XR=EN5MESB&IIBELIZL 97T 0 V7 VSR bILS,

2-3. RA X FEOREEL

AIEE T, BEMR—oTH D Z & 2R E LI BEGEE D FiEICHOW T2, FEEICiE, EX
A NTT7 2 NERENDOESORERZE L 77 » MEBNCFREN RS W HEDIF D D3,
EVBREITEWEEZDND, 2O XD REGEITIE. BEASA XFE (CLEINT 2 BERESA X LA TUVE)
LW ET LD FIERH D, EDG EENIRKOFI TW 21X, ZOBEET L TIE, %77 v MMEBNICE
R, (=1,2,M, MIZENTZ > ML) 28D, ZOpBENEKTH 2 R4 population
variability curve pZ 723, L WVWOEEZ L TWD, IHF, FHEMEINFEEL, T 7 WV iEDOFRNE
DBl ol Z b, BEEET LD X D REMERFICTORERERIMIA BB TR o7o, HEmOFHMIL
BT D0, FEBEOIEL N IFHEFEOISHICE Y . T A—=FHEFEICBWT L0 BLEISE VAR
MIFHERTE DL LHITR>TETND,

220X leERiiAiE [3EFERTOAG ) conjugate prior &9,

S Bz iEp =1.0x 103D & & 100 [ADOFRIT T 1 Db H D HERITHFI 9% TH Y LT E/h s 7
W, 1 OB & & B HEEMEIE = 1/100 = 1.0 x 1072 L 720 . EOE L Y 7372 0l K & 7
%
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3. FED

R DR TFIEITRBROARHENZ 2| D FIETHLZ D, VATFHMEZIT O DICSIHO LWFET
b5, AFETIL, F5lZ PRA FIEHEMENT A —F ORFEN S 2 E0RHEEIZ OV T, XA XE O A 2 8
L7,

BEXH
[1] NUREG/CR-6823, “Handbook of Parameter Estimation for Probabilistic Risk Assessment,” Sandia National

Laboratories, U.S.NRC, 2003.
[2] NUREG/CR-5485, “Guidelines on Modeling Common-Cause Failures in Probabilistic Risk Assessment,”
U.S.NRC, 1998.

*Tomoaki Yoshida

Central Research Institute of Electric Power Industry
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RO FHBIZE T HRA AFEFRICONT
Basian Approach to Risk Assessment

() RAXFEZRAVE-BBISDU T« 5l

(3) Bayesian Approach for Fragility Estimation
“EHE o FE!
HORR

1. [FC®HIZ

ERARY A7 FMIE, BT MR ORI & MEstE A BB T A A kL LT, FEEOH
FER e eMEm BISE), KON ZOFHEOEH - fEEl, 2020 FEIE AL TE LTV D FTRASIE Cofi
ERLIERSh->oH 5, TAETIEL, EPHFNRRC, FEEER. JAEA, K74 L THE., BHOFIESR
T Z 2B B SR SCHFEBRSE DS kI i STV R Y A 7 GO R - R A 8
Z DR H AT 2 E BRI B, oD b O % BEe LTS « BlEd 5 2 & 2kt L TIT-o T\ 2 &30
HCThD,

TR ) A7 FHIICB N TIE, a2 T A =2 2T 508, "I A—FEHICBN T+ T—
AEED LN —ABFET D, T—LERNDRNGEDRT A =2 OMENL LI E@EDDLTELE L
TR, AFEOBH N L2 0B TR SN TWD, AT, #7720V 7 43 - lilcBs T 5314 XF
EOW RISV TR 5,

2. BEOSOU)T«

T7IVVT 4 R THEZBNIAER L~V LT, B - WY, TG & OWES - BlE R 0ME
BT LEEN] [A]THY, 77TV T ¢ #lifE, ER LUV (R BRE (D) 282 2 & O
(M1 L TUTFToORXTEREND[2,

Fe)= [, L0)(]] felaxddx)i = [ fo (o))" £, x)0x o, @

HEREED o DEZD
BRI B DT (0, X)

BIEHG IS DREFR G [ (x)

X
FEETFH DT x
B1 735305« 84 *—2[2]

ZITHEBLORIFZENZIISIE LM OMEREERBEETH Y . x ITFHEHERE OEESE) Th o,
BARR 2 B L LT, BLEMM ) L BIENIEE 2 AW b b o, BIEMIM D) LIREREERCD O
72 5 ONTIR AR 5L L IR B AR S A 0D 7R d 5[2), 22T IBIEM) IMERELE LTRIN DL &
EEWT D, BIZIE, MRS IREREE AWiziE . HE (B K(LEE, PGA) IZXtd 57720
T4 BRRIILLT & 72 B,

()

mm/A9+®1%}

F(a)=®
(a) { 5
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Z 2 COIEMEIE R R AMBAEE | AnlZI O P REZBL L A, RIZENENRHGAOHEES ROV
(ZABSRAY AR T2 ST 9 D RHBUSEHER 22 TH 5,
3. 79V UT 4 R_A XAFHE

77V VT AT BN TE, ISEBLOMAZNEIICAREFEEIRH Y, FrLWERE KL L0 B
T TARIERES Z RS ED Z E VAR A AFEOHEAITA b, FIAIIMET 7V T 1 08
AL BT A R XD BARR e ias O BEONIR BRI X A HEER ORI 72 £ IRBE D EE ST EETO
MANCBT 57 — % OERBPFRETH Y | JEICBET 5 R HEFE S DIRBICAE L 8D, —#lé LT, )X
R ORI RT L, FRIOA (=) & LT, An=2.0g, fu=0.4 % 5 -2, INESM: 2.0g TH
WPHEE L EREREZ T VAL Lo ZEHHI A K 2 1277 T, 2 2 CRIMIIICEET 2 A s

Th D,
1| i)
f(C)_ﬂp’UceXp[ 2{ A, ” ®

N RZEHH T, T T AINEEANEY T T ERWDEER S L ZOMBEREESMIINLT L
HE)R EFEERIE L 72 B2, £ 2T dHlifERIC OV T A 5% SR L OV RE, B: 5% /03 KON
95% /i, C: SEER LUk, D: B LiEERWEEEbE1T-> T\ 5,

0.6

---- RIS
5 02 [ — LT
% 04 L ! ——modelA
] ! —mode|B
203 / \  ——modelC
3 02 W ——modelD
= -
£

Seismic Capacity(g)
B2 fit hd~N 4 XEH B
7TV VT 4l TONA XN E T 5 — oD L LT, iR R 2 B Tl 2356 O RaiE{t
MBS, 215K 9107 711 TN Ly, IBESEE]IE - OfIBT IS5 L s
7 =475 (KL) BRI S T TRERIED RA (L2 RE LT, 21051 38710 F49%f
B ZRT,
F 1 &F T )L O8O

TR
model A -1.197
model B -1.193
model C -1.192
model D -1.190

K LITRT LI, HHREEEL LTl model A 23 bW, K2 12773 X 912, model A 1T KA E TD
BRI OE T AR S BV, TRUBETOTIARE IFRELUEL LTONRT 20 EIREE
Lo TND, A% INOOIEREERENR, EOREOEEMELZA T 20MRFET 2HLEITH L DD, T
Ll BB 2 HEIX L 0 AERET L OBIRICAFI R TH D L\ 2D,
4. &YEBBENET—FOWMBICONT

77V T A ONA ZAFEE A WTEAEESRBICBWT, =7 AR5 EREFRITEZE L
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%, fEk, EBRICET 2R ENIHESR OBGRA OIS EIRDPENND 2 EDBL VD, XA ZAFE~D
WHZAEET256. LT LLINETOERDOE X GNP KE L3057, €2 TINEREMELZ /T A
—z &L, FERE 1 E%ERL ORI G LGS LHRELR» o IoGE TR 5 ZE T~ %
DEALZ LD Z & T, TOMERMTOEROEEE IOV TR 2T, ZOHE, EREFEOBEO
AL DENEEL 25720, ey bov— (DCHEEEOWIFHE) 2 EEESE L4],
DAMERS (fu) OZEALIEL D E1T-7= (X 3),

0.5 0.1

0.4 0.08 - —
=~ (Prior condition)
L‘% 03 0.06 —a— Information entropy (4, =2.0g, 5,=0.4)

=)
E % —<¢— Information entropy (4, = 1.0g, £,=0.4)
§0'2 0.04 —_— A3, at posterior (4, =2.0g, 5,=0.4)
=
. Af, at posterior (4,, = 1.0g, 5,=0.4
0.1 002 LC Saatp ( g, f=0.4)
0.0 ¢ 0
0.0 1.0 20 30 4.0
Test PGA(g)

K3 FHRIY FOE—EFEEIEILEDER

B 31T & DI, TS TOHFRIE (Am) FHETOEBRP RO AHEESOEIENRRE L, Eid b
FRL L TOEREREENEV, ZEFR CEARERT FrE—THLNATEY, EREEEORFIEL LT
B THDHEBEZ LD,
5 BHYIC

7TV T 4TI 5N AFEOMAICE L, HEET 72U 7 1123800 DI O e FE B~
OB OWTHERR LTz, A A FIEOIERITAENTH D0, LWHE OMEA4 # BEFFEICERT 57
DIZIZEBOELAMETH Y, EENLFMEEEDHENI N SR OBETH DL EEXLND, iz, <A
AFEIZBT H 2R E LTHO LD ERIFICONTS, 77V U7 1 & LD BENTRiEFES
PRSI E LB A CORMMRENEETHY . BEFOMER (FEREEBEKSE) 21 &2k 0 2R 5ER
ZIRET DO DIEREFEEDOMHESINFRRICAZOPEIC R D LEZX BND,
SEXH
[1] BARK T H%EE, BIEERIIKT 5 U A 7 5l & TR 2%t iR 5, 2017.
[2] AR+ )7 UEE: B 2%, AESI-SC-P006:2015, 2015
[3] JnfEfs, 5524 2009 4E8k D K4, E34, 2009.
[4] M. Kato, et al., NTHAS6, N6P1036, Okinawa, Japan, Nov. 24-27, 2008.

*Takashi Takata!
tUniv. of Tokyo
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Risk Subcommittee Session
Bayesian Approach to Risk Assessment
(4) Application of Bayesian Statistics to Source Term Analysis
*Xiaoyu Zheng?*, Tomoyuki Sugiyama® and Yu Maruyama®
LJapan Atomic Energy Agency

1. Introduction

Bayesian statistical methods use Bayes’ theorem to compute or update probabilities after obtaining new data. The
methods are widely used in nuclear probabilistic risk assessment for updating, for example, failure probabilities of
system or components.

Bayesian methods are also powerful to build predictive models. If there is an unknown model M with a set of
input variables x, we need to find the best set of parameters @, which map the input variables x to output results y.
The model can be written as: M:y = £(8,x). The predictive Bayesian model aims to find an appropriate model M,
which fits best to the observed data D. When the form of the model is clear, we compute the Maximum a Posteriori
Estimation (MAP) of all parameters (@), and this process is known as the Bayesian parametric approach. When the
form of the model is unclear, we need to find a best-fitted model for the data, which is based on a prior distribution of
all possible models p(M). If the prior of unrestricted shapes is constructed on the space of functions, this process is
known as the Bayesian nonparametric approach [1].

Bayesian predictive models are useful in some traditional nuclear research fields such as nuclear reactor severe
accident. Even though most models in severe accident simulation are deterministic and physical/chemical-rule-based,
statistical models can still help to reduce modeling complexity and give us insights from a probabilistic perspective.
At JAEA, we applied Bayesian approaches to severe accident source term simulation, including efforts on uncertainty
and sensitivity analyses, optimization analysis and prediction of chemical forms of fission products (FP). The key
step is that we build statistical surrogate models to assist numerical simulations, which are generally performed using
mechanistic codes, for example, MELCOR [2] and THALES2/KICHE [3], etc. The scientific simulation of source
terms reveals the consequence of a severe accident, and Bayesian statistics provides supports by creating more
simplified predictive models.

2. Bayesian Statistics and Surrogate Model

The best model fitting the available database D is the one which maximizes the posterior distribution p(M|D),

and the computation of the posterior distribution can be written in the form of Bayes’ rule [4].
p(M|D) « p(D|M)p(M) = [ p(D|0)p(8]M)p(M)de 1)

By choosing an appropriate form of the prior distribution of possible models (may be an infinite number of
models) and a likelihood function, an optimal model can always be found. Equation (1) explains the Bayes’ rule from
the perspective of models (instead of parameters), and all parameters @ of each model are integrated out for the
model selection process. We use this method to find surrogate models (or reduced order models) for mechanistic
severe accident codes.

Figure 1 illustrates the process of how to train and validate a statistical surrogate model. A surrogate model is
equivalent to a mechanistic model regarding to the mapping between inputs and outputs. The main difference
between two models is that a surrogate model is statistical and there is no physical/chemical rule inside. The
advantage allows us to build a much simpler model and such a model is generally fast-running. At first, we perform
multiple computation of the mechanistic modes based on random sampled inputs (A). The according input/output
database is used for training a surrogate model, with the aid of Bayesian methods. The correctness of the surrogate
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model can be validated by comparing with the original code against new inputs.

'd Ry
[nput B |
A S
‘ Input ‘ Mechanistic | Database | Bayesian W Surrogate
i A Codes A Analysis ll  Model
i Iteratively i
o Model training e R
£ — Output |, Compare ,| Output ‘
3 B B’
j v

Figure 1 Training of a surrogate model using Bayesian approaches
3. Application of Bayesian Statistics to Severe Accident Source Term at JAEA

At JAEA, we apply Bayesian approaches to source term analysis. Source term is evaluated using integrated codes
such as MELCOR and THALES2/KICHE. Execution of such codes is time-consuming, and because a model of a
whole nuclear power plant includes too many sub-models, the relationship between inputs (plant parameters) and
outputs (source term) is extremely unclear. Bayesian approaches help us optimize a statistical model to predict the
outputs and then avoid direct execution of the severe accident codes. As the previous work, we introduce three fields
of application in Table 1.

(1) Uncertainty and sensitivity analyses [5]: a Bayesian nonparametric method (Dirichlet process [6]) is used for
training a surrogate model to predict the simulation results of MELCOR and also to plot the probability
density function of uncertainty analysis results.

(2) Optimization analysis [7]: another Bayesian nonparametric method (Gaussian process [8]) is used for
predicting the probable optimum for the timing of containment venting.

(3) Prediction of FP chemical forms [9]: to simplify the models in severe accident codes, we applied both
Bayesian and non-Bayesian methods to train surrogate models of VICTORIA [10] and CHEMKEgq [11]. The
statistical models are integrated into severe accident code, THELAS2/KICHE.

To perform the Bayesian analysis, there are open-sourced libraries for programming languages such as R
(DPpackage for Dirichlet process) and Python (scikit-learn for most of Bayesian approaches including Gaussian
process, Dirichlet process, etc.).

Table 1 Previous efforts at JAEA relating to Bayesian analysis

Research Topic

Statistical Algorithms

Mechanistic Codes

Usage

Surrogate model,

Source term  uncertainty and | Dirichlet process . )
1 . . . MELCOR (SNL) Probability density
sensitivity analyses (Bayesian nonparametric) L
estimation
) Optimization of severe accident | Gaussian process THALES2/KICHE | Surrogate model,

consequence-mitigation measures

(Bayesian nonparametric)

(JAEA)

Global optimization

3 | Prediction of chemical forms of FP

K-nearest-neighbors
regression (nonparametric)
Dirichlet process
(Bayesian nonparametric)

VICTORIA (SNL)
CHEMKE(Q (JAEA)

Surrogate model

3-1. Example: source term uncertainty and sensitivity analyses
MELCOR is widely used for source term analysis, but it is still necessary to estimate the uncertainties during

simulation, and when try to reduce the uncertainties, it is also required to estimate the sensitivity of input parameters.
Random sampling is an effective way to observe the parametric uncertainties in simulation, and it usually needs only
hundreds of code executions to generate a stable probability density function (according to Wilks’ formula). The
sensitivity analysis (e.g. Sobol’ global sensitivity index), however, needs a great number of code executions to reach
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reasonable results, because the sensitivity of a parameter will be affected by the setting of other parameters. It is
laborious to run MELCOR directly for thousands of times. Instead, we train a surrogate model, run the surrogate with
new inputs for numerous times, and evaluate the global sensitivity of all uncertain inputs. The detailed process is
shown in Figure 2. After a raw screening of parameters, we use random sampling (Monte-Carlo or LHS) to generate
inputs for MELCOR simulation. A probability density function of source term can be concluded based on the
simulation data. Then, a surrogate model is trained based on the database. If the predictability of the surrogate model
is not good enough, we execute MELCOR more until the prediction shows agreement with the real simulation. At last,
we run the surrogate model to obtain the quantitative sensitivity measure of all uncertain inputs from the viewpoint of
uncertainty reduction. Figure 2 shows the example results of (a) the predictability of a surrogate model and (b) global
sensitivity analysis using Sobol’ index. Evaluated via the surrogate model, the probability density function predicts
the most probable released amount of Csl to the environment, which agrees with the MELCOR simulation result (the
red dot). By iteratively running the surrogate model, as an example, all three uncertain input parameters can be
ranked according to their contribution to the source term uncertainties.

No L
P
1. Factor 1. Sampling -1 //Untlgr_timt:\ Yes [ II-3. ]
screening ’ phng L Simulation  |—+<__ distribution / - Uncertaimnty
2 (SA codes) ~~— smbi]it_\.-/__..-f" | analysis results |
T

(IV-4 ] V-3 IV-1.
Sensitivity analysis Sensitivity Surrogate |«
) results analysis model

V-2,
Cross-
validation

Figure 2 The process uncertainty and sensitivity analyses of severe accident source term

(a) (b)
CI

e

(%))

o
|

Prediction using
surrogate model
* MELCOR result

100 - B

L

0 4

000 002 004
Release fraction of Csl to environment
of the intial core inventory

(%)
o
1

Probability density function

Figure 3 Sensitivity analysis results: (a) the validation of surrogate model by comparing with MELCOR simulation
(b) global sensitivity measure of parameters A, B and C
4. Conclusions
We are applying machine learning, especially Bayesian approaches, to severe accident analysis. The predictive
Bayesian models greatly saved computational costs, and Bayesian approaches also show the potential to other
on-going researches at JAEA, for example, simulation-based risk assessment.
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Role of AES Japan for Contributing to Social Issues  -From 60th Anniversary Symposium-

(1) 60 AFEL VROV LIS
(1) Topics from 60th Anniversary Symposium
“REAUE Rl
HARRT5a 2K JAEA

A (2019 4F) 60 JE4FEA M R 7o B AR 1P, Farlok, 7+ 0 fmf B 5 7Ep s o
REIZTHET 5L L b, REMAOKERIZED T, ZOF T, 201143 H 11 BIZHE Lo A E S
BE R HREFTOERICEI Y, BBEOHETHREHT HEHEIEIREELE, KEOEHICHL KX
IR 2 -, 60 JAEATA LIV URY YA (20194 4 H 25 HERAME) TiX. ZoHREE T2 5L &
BT, E B OHERE & A ) ORISR T 2 E B OEIE & il E~DREN RSN, T 2 T,
VURT T LAOWEL VR AOFRTEN c BN LT o — MEREHENT D E L BT, EEERIC
T 72 B OFEBN OB D, 4% 10 F0 [FHEEM] 2T 7258 o i# 2k~ 5,

1. 60 AES VRSO LOBE

VURT T AL 2T E L, B LTI, BRI RN AR O 60 FEFEEROFE L BE-SI T
WOiKD L L bz, BRBEOREGEI L FEFHEEIC X T 2 A0 MADOBUREZRE L, RO 10 % [
MEEW ) & L TARSP I flTe N EBBEZ RS Lz, fiW\ T Frnlint 218 2d 0 i R OBEK
FESEBLOBUR E A BOFREICONT, /7 4 7 ¥ a2 ERO LRI R R O 22 BE 2B fi
BRSOV CE)E A 22 2 CHRBLUCHTN I T BB A B L, 82 Tk, =% F—JHELTD
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“Shigeaki Okajima
President of Atomic Energy Society of Japan, Japan Atomic Energy Agency
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Role of AESJ to Contribute to Solution of Social Issues - from 60th Anniversary Symposium -
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(2) Global Environmental Issues and Nuclear Energy
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The Univ. of Tokyo
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Role of AESJ to Contribute to Solution of Social Issues - from 60th Anniversary Symposium -
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(3) Perspectives on Future Nuclear - Role and Contribution of AESJ
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“Akira Yamaguchi, Vice president of the AESJ, The Univ. of Tokyo

2019 FRARREFNER -2A_PL0303-



2019 Fall Meeting

(Thu. Sep 12, 2019 1:00 PM - 2:30 PM Room A)
[2A_PL0O304] Discussion

*Yasuo Komano', *Shoji Tsuchida?, *All presenters® (1. Ex-President, MHI NSE, 2. Kansai Univ.)
HARFAZREGISFRII0AFZ MR E Uz, 48258ICIF60EFEY YRIITLZEREL. RRENREESE—
FRFNEBAIOEHANOWILE SCEREFHEIRDIRD L LEIC. BRFNOFEMRAICHT SEBEFCLERE
NDREZEHRLSEHIC. BRBHSERBREEZVCLETI LR, AV I3 VT Y VRIDLTODERPT
VT—FDEEBIXT. SBOZREFEHOHDAICTA—NIALTERRIBELI T, ZENSEI10E (7T0EF
FTIC) BISEFNIAREEHEAFE. (1) BRILEE OHEKBRERBEANDRFNINEMTEBIRTVIvIL

P, (2) BOIRIVF-—BERTORFADMUED T EEZROEELEDRIEEZOH TERLE I,
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2019 Fall Meeting

Planning Lecture | Over view Report | The Special Review Committee on The NUMO Safety Case[Division of Nuclear
Fuel Cycle and Environment]

[2B_PL] Current Status of Peer Review on The NUMO Safety Case
Chair:Daisuke Sugiyama(CRIEPI)

Thu. Sep 12, 2019 1:00 PM - 2:30 PM Room B (Common Education Bildg. 1F C12)

[2B_PLO1] Current Status of Peer Review on The NUMO Safety Case
*Osamu Tochiyama', *Kenji Amano?, *Yasuaki Ichikawa®, *Keiichiro Wakasugi®, *Yuichi
Niibori®> (1. NSRA, 2. JAEA, 3. Okayama Univ., 4. Tokai Univ., 5. Tohoku Univ.)
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A Current Status of Peer Review on the NUMO Safety Case
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*Osamu Tochiyama!, *Kenji Amano?, “Yasuaki Ichikawa?, "Keiichiro Wakasugi*, and *Yuichi Niiborii’®

"Nuclear Safety Research Association, 2Japan Atomic Energy Agency, *Okayama Univ., “Tokai Univ. and *Tohoku Univ.
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2019 Fall Meeting

Planning Lecture | Joint Session | Joint Session 1 - Research Committee for Mechanistic Evaluation of Critical Heat
Flux for Nuclear Reactors, Thermal-Hydraulics Division, Computational Science and Engineering Division

[2F _PL] Evaluation of Critical Heat Flux of Nuclear Reactor, Present

and Future
Chair:Tomio Okawa(UEC)
Thu. Sep 12, 2019 1:00 PM - 2:30 PM Room F (Common Education Bildg. 2F C21)

[2F_PLO1] Outline of Research Committee for Mechanistic Evaluation of Critical
Heat Flux for Nuclear Reactors
*Hiroyuki Yoshida' (1. JAEA)

[2F_PLO2] Current Evalution Method of CHF in Light Water Reactor
*Tadakatsu Yodo' (1. MHI)

[2F_PLO3] Current Evalution Method of CHF in Light Water Reactor
*Yuki Narushima' (1. Hitachi)

[2F _PLO4] Research for Mechanistic Evaluation Method of CHF
*Ayako Ono' (1. JAEA)

[2F_PLO5] Research for Mechanistic Evaluation Method of CHF
*Kenichi Katono' (1. Hitachi)
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Evaluation of Critical Heat Flux of Nuclear Reactor, Present and Future

[RFIFIZE T S ERIRARERHEF ] HREMZRIOBE

Outline of Research Committee for Mechanistic Evaluation of Critical Heat Flux for Nuclear Reactors
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biCnd, AERMZESIE, EEFOEEEDO S LISEM TR TERY | < OEFEENEBOH.LE 72>
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Evaluation of Critical Heat Flux of Nuclear Reactor, Present and Future
BKIREREHICH 1+ 5 CHF FHMEFEZDHRIR (1) CHF EE X

Current Evaluation Method of CHF in Light Water Reactors (1) CHF correlations
TE R
VEZEE T
1 [FC®HIZ

BERIFOBOKITRREHT ., 10 AR L S 72 R ACIRFZ 3 1T 2 IRBHEE A O BABR % 2 428 (T HERF
LHExZ AL LTS, WK BWR Tid, BREHEFEE JE PH O TR EN 23 BRI D B IR TE J KRR (2
T2 TRIA7 T N O BOK G OHBEED —DIZ LTS, —J7, IIEASO PWR TiL, &
PRIEIRAED O IR B 1255 [DNB (Departure from Nucleate Boiling) | DB} ik & | FEHED —o|
LTW2, RZA47 U MDNB 234 U % & IREME RS i D BURZEN AR +57 & 72 0 BREHED M EGEGIZE 5
AR D DT, R A7 D MDNB Z@UNC THRIT 52 Z ENEE LR D, BAFE TIXZOTFRIOZHIT
i 2 DEERT — ZTES < CHF MR Z W5, AR Tk, EWBERRIE CEM LT\ 2 CHF FHBIRIC
DWTRRITT %,
2.BWR®D K547 FPRIFE

BWR Tix. RZ7A4 7 U hOTROIZDIZ, WIEEEIE L LR NTE LIZIBEORA 7 AV 7 4 &
WS BAAG S0 D OIEEECH 2 Wb K CHRET 2 FIENTRRH S Tn5, BIfEO BWR TIXRIA4 7D T
HIZHW STV S GEXL AHBIAME K O s ERZ FHEAEN L, [RABGEHR Z BN THI$ 25 2 L8 A[HET
b5, K1@)IcfFEE LT, GEXL #HREAD FRIK Z <7,

3. PWR @ DNB T RIFi%

PWR TiE, JEAZMEITIE U T DNB FHlO 72D CHF FIEIR A2V 1) T 5, EARKE T g /e &
DI OAREFLROLZ NI D W-3 FH BT HE DNB BT — Z IZHES W TR S, 2 D%,
ERAER C 2B E L CTEBICEN SN TV 5, B IERRZ S Lem BRI rTaE72 NFI-1 FHESE
MIRC-1 FHBE=CO S, W-3 FHBEZC L 0 & @ks 72 DNB Tl & H I i DNB 3R 7 — Z 1T SV TR &
N TH S, KAL) ~@)IIRTEY . PWR @ CHF AHRE =I5B E i 2 B U TR FTEETH 5,

BEXH
[1] BSE8ERT,  TUpS KBS DRERT R OREHEREGE (GETAB) 12U TJ , HLR-007 7T 4, -k 9 4F.
[2] 3%, THbEEAKBE T /3880 GETAB OHIZE] |, TLR-009 3T 4, Ak 10 4.

[3] RN T2, [BWR OBAMEHHTEIC OV T, NLR-04 27T 2, ik 10 4E.

[4] =& . TDNBHEZIZSW T , MAPI-1029 4 3, “FRE 16 4E.

[5] kT2, TR T8 DNB FHEIZC (NFI-1) 122\ T, NFK-8087 &z 2, “F-ik 19 4F.
[6] =2E®E L%, [=2# DNB HEIR (MIRC-1) 12>\ TJ , MAPI-1075 &k 4, 5% 18 4E.

VAR

N

& Lost N
.-‘_‘._:‘f& o "’f ° 3 J
.r. i 5 w* iom ol _ . : :; V/ —
(2) GEXL 1B (b) W-3 B2 () NFI-1 FH = (d) MIRC-1 fE B
2 1. % FHBISO TR & SBR I E i 00 Fie
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Evaluation of Critical Heat Flux of Nuclear Reactor, Present and Future
BKIFERETICHB (T 5 CHF FHEFZDTRK (2) YT F v U RILEEHT

Current Evaluation Method of CHF in Light Water Reactors (2) Subchannel analysis
W BA
LR SRR
1L IIC®HIT

BIKIF DEOKITREEHE, 1 FEHERRE X O 7l 2RI 36 1T D RBHIE S DR E 2 e IR T2 F
ZHIE LTS, HEAKILO BWR Tid, REHIEE 8 FHOJREN AN BRI ) GRS IR BICER 5 TR T
AT 7 N INEATLO PWR Tl OIS IREED b IEHBIS IR AE I 3B+ 2 TDNB (Departure from Nucleate Boiling) |
DRI ZHETEED—DIZ LT 5, BIKIFOEVK I3 EH CEE R CHF sHlIE, F LN OfE & OREHRZ x5
WZFEMT 2 MERH Y | ZOTDITIT TN OBREWEZ I T[T 72 m A SRR EL E D, BKIF
TIXZ OWEM KT 7 F v o REHTIZ K- TEHl3 21,

2. BT Fx U RIVHENT

T T TF v RN, KEE(TF ¥ RV E IO /NNKEE(T T T v RS HEIL T, BT T RV
RN EZBE LR L, MEAMOE &, #Ei#iE, =X —IZT RFAZM 2 & T, Al KUBEHMES
RND 3 WITHI R I HIM 28 2 51l 5 FETH 5,
3.BWR D R4 7Y MNPRIFE

BWR D7 F v o R UIRHT Tl X 1 Ol 0 REHE S RIS W TR 4 KT EN T2/ VK Z 7 F ¥
AL E LT, K- KO g, b U< UTHERE - 7R - KR O RIS OWTRERIZ iR E . RI9A T U M E
T 5, RIA4 70 FOHIEIIT, FV 7 F ¥ o2t LT CHF MR A AW B FiE, RO=FEET L
TIHEIEDOTERE & > T, TN T4 7 U M &I 2 FERHW LS,

4. PWR @ DNB FH#l|F:

PWR D% 7 F ¥ U /UEHTCIE, X2 O 0 JFLARR A REHE SR BN CREE T 255 1 B, miRES RN
Z UM ZHEIUCHE T D5 2 i, @il V4 SEAERNE Y7 F v o RVEALCHE T 558 3 BERED 3 DD ELRE
(2T TR AT 5, DNB OHIEIZIX, &V 7 F ¥ st LT CHF MR E AW, Y7 F ¥ > RUfifHT
2— RiZ, PWR OSARIRG 25 AR F1504r 2 Fidie L 7= 5x5 B RERBRIC 6 L, H DR EEIE S & A2 B < —
B4 Z PRI NTWD,

BE R

[k ILsF, BEIERE, B LWRIR AHEEART - ZWROCIRENENT -) , = v )4k, 2002 47,
[2] A AR IR BB TR A O EfEeT) | A E)L, 1998 4.
BIZZEETLYE, [WRHHBGRETFIEIZOVLT] |, MHI-NES-1009 2 2, 5% 21 £,
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Evaluation of Critical Heat Flux of Nuclear Reactor, Present and Future
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(1) DNB
Review of Studies on the Mechanism of Critical Heat Flux
(1) DNB
NG fET L
LT i

1 IFCHIC

WAL, FEF TR WVEBREEHEZ H T 5720, BAKFZIX L0 &3 2 & Em 2t d s O mEHIC AV S
WTEY . PHEOEWREIEANN CTh 203, BROBBIIBRERABNFET 5L 09 2 & Th D, 1934 F,
HINIRZEO R 7 — VI BV TERIBMR A BEVER & L2 ERIZ L0 | BRI 2 MR o K i
WENE ORISR Z A, PR O E A ST 5 & L i, WIBREICERELO R (RAEEH, Critical
Heat Flux: CHF) 23MFET 5 Z & &R LT-, CHF 22 % & &0 @SS~ & BERFZFEIT L (Departure
from Nucleate Boiling: DNB) . FEMADIRE X Z Ol 2B 4, AR - HE (=270 8 L85, AR¥EER
TiX, DNB D CHF (ZOWT, £D AN = A LT 2B EONTE 2R L, 4 &I e~ X FEIZS
Wit D,

2. R#LRAREHA

X 10%, B8 mmoD ki & RENEICE T DA ORE TH 5, DNBICESERTE T, iz B ) nh
i & [FIFRFE DZE IR R & Bl 2 4 0 33, & LC, (MoRifilind 72 <, 22X DNBIZE D, 2T, %<
DOWFFEF DBAKIL T OKIROZEH) )Y DNB OFAEIZE G LT\ 5b LB x| B8N Z BFEORIREEIZ SN
THRD L Do 7o, ZREKBEEEDL L7213, Bum OF ¥ © 7 (REVE R EOMA2 L Th 0 Kindnk
DEEE R D) MBRAIOEN (—IREH) NEEL, TRHREWIEST S Z L T, BOR cm OFRKILN
RENE BIOER SN D, Z ORGSO T tum OIRICEATBN S5 Z E ARSI TWHE, K
T@w&ﬁ%i WRIADFIAFIIRE S WBINDH -0, OB 2 L DNB O34 KK & fi#i 4
BH72I2iE, Foms LT d L um A — 4 — @mLﬂoﬁﬁﬁﬂﬂé@%ﬁ15ﬁﬂ$&#Z§&éﬂé ES
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L ORI G T 2MEEDS SN, BHEICDTZY DNB 5| & 2 T HGOMAE LA T /-,
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3. SETICRESN-ZEEHLEETL
(1) fafn7— L PBI&IZI31T 5 DNB B R FRICEE T 255

DNB Z\ii sk 2 T3 2 0 OmHEE T /L L LT ZuberBliz L > CTIRESNEZETARSD D, ZOTTILT
I, BEVE B om A — X —DERKORENTFET D 2 L 2608 L, BB B LAl ~m h 5 785 & ik
7> SARENE L[] 9> 5 WK OFRRERE DN & HEFFUEZ 2 5 & DNB ICED EWHIET A THY | ZAKDRER
73 DNB BUR IR 270 5 L W) TRIC > TV D, ZDOFET /UL, DNB DMEENH A & BEAL - (7 B T ORIk S
;L H->TELD Z s, "Farfieldmodel”t ¥ N5, ZOFET/VIE, fafio 7 — Lo DNB 2\ il
LIS TRITELZH00, M1 TREIND LI RGNS | AKBEOFEDHER STV £X°, DNB
I B WD TREVENTIR G T 5 & O 22 2N+ 2 Z & T DNB i a3 a) | & 2 FEERF I HAREL
i CHRAET DEKEIZBAN RN E DRI, BT VORE BIRICEMNF 25,

Zuber IZ £ 2 E T NVOREDH Al Z  SEFEOHum OKIRETNICE B L2 ThiL s L 51270
FEE BT, (BEE RICTER S 278 B0 Z B 2 3R/ TR L. 285U T ISHR S AV IR IR 3 75 S OO BfE b
I 2L TDNBICED L THETARBE L, ZOFT /ML (=7 0igEARARET V) EFEIN., (5EA
TR DORWZZEEN A DNB O kU Hi272 5 Z & )25, “Near field model” & 3% &5, £7-. %% 100~1000nm
DEITa—7 1 7 LTAZEE EOBISARIE 2 B2 O R TR L. — KRR ICIEA
ENDRIFINCHN R (K74 ARy F) ADNB 25| & 238k % & & X2 7oiF9Ele, fmEha Bics
BT D KT A ARy NORENEREMBIIREZ#BZ 52 LT DNB 5| &I INDH LWV ETANEE
HENTWHI LU AsBm OEIR) S OB FEBIEE TlX, @BESY 7 7 A4 Y7 ARFEEE LT
HondZ en% | ABEORERER 7 v v 7 E 2 HWTZIIEBLSR & OBEEEIZ L DBIROENN
BRI Tnb, 20T T, mEmEER ETOKHEEE ) DNB 05| & 41272 % Z & /5 0nsurface
model” & A3 S5, BLEDET /L TIEL, DNB #5| &l Z THMIGEWNTIH 2 b DD, A HNDOBRNG] &
G L7p b BEbigkE DNB LUEOER S CIMsBmE G ORKFEIEVWIBIND Z LTk b, —F
T, EZHhIE) D DNB 2\ RS 4 R CEBIE E THER Lo FR L & b 2, EE O RITH > (mEVETE &
(=B L ORI RIC K DB 64 U2 BRI O KA DNB 2k Tdh 5 & L, DNB DA J1 =
ALEBATETVHIMBEINTNDE, DX 512, DNB OFAEICK L TEEOET ANRRE I N T
HH00, EOFTIINRIE LW OMNIONWT, fEO 7 — Vil E W) BEFT RE T XX DDy
TR RICB W T E 2, RECHRNS AW TZ ST,

(2) PWRIZEIT 5 DNB FHI~DRE

PWR §:{4:123317 %5 DNB % Tl 95 72 d12iE, (1) Tl /=fafn 7 — Vil O G412 T iR ot
(AR DO, B 77— K 58, RIET, BEEIR (ERER - 7 v NE) OBEK
VIAERLS TERBRN,

SR TEEN B IZ 31T D DNB I 2WTIE, v 7 BRI ET WK DSW T TRED WS ORI T
WHEIO - = g (D) TR LT ED O~ 7 miRIEZRRE T VICB W T, ARG L > T
BT 2R EEEVIAATZLOTHD, ZNHDET/VIC KD DNB B R OFAM Tl RXBLD FITHE
THWKDE X | ZZKHLO R & & A DNB B R &2 ko> 2 HE R M BRE L 72 D08, KET /L OHF Tl X
NEENLOMEIITAEWVICRKRERIESSE N H D, Ziud, WERHTE TOMBERRIZBW T, BEE <
FHFORMEEFEINCET 25T — 2 BERETH Y, L<EBILTWaWnWZ LIERT 5, S5, EHick
JOERERRSZ Y v REEZBET S L RRSIERROZR SN0 | BUROET LV THEZEH Z LB T
ERVOIFEATH S, £o. V77— ¥l Tk, FRRIZH T 28yl L v & DNB 24k d A m L3 2
EWV)EBRTRENTFHEIZONT, (1) THENMLEE Y e, BERESRTWAIFEAEDET LTI
AT 5 Z ERTE TR, S HIT, PWRIEIEFRFD L 9 @BV TIE, DNB O X ) = X LITHE
H U7 Bt 22 mr el 33E i ICBR H TR 0 R (KR E SIS A ENC LT TR EILE T b v TWn e
&L PWR & T?D DNB A 1 = X L DfEH] & FRIET LV ORE~TZL < OFPENE SN TN D,
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4. BREWMODEHAEN. BFFE~OHF

1934 4FZ CHF 2338 L 34 85 AE 3l L7z, Z OMICEZFEZARLRFHAIEAN N IRE S C& 218 72|
THEDI L Ea—F—vIalb—ya UEom BIZARE LS, BREEHOXNAER R EOEMRHS %
EEEEY I 21— a3 TEDH L9107 - TE M8 JFp4apREHZ I 1T DSBS X, um 4 — & —)»
bmA—F—DvLF Ay —VEETHY, BUR T RKIBORE» LREHES RN O E T E#E Y
Lalb—arT5 2 EIEARARRICEWNS OO, FREES T EFENED @O RN FIE, %%Tiﬁﬁ#%b
WASHL T OREEECRIAESOBBEEZ A O LT A AMREMEZ D TR Y . BT UBEO KX 2B
HEEZBND,

Z DX D IR EH O EBREMTCHATHAN 2 A G D 2 & T, |, 77— BRI EISHE S
BHEZR RIS IR RIZH T, DNB BRI & 2 O THIFIEREGE~O T L — 7 ZL—NHIR S D, £DT-DIC
ﬁ\#ﬁﬁ%ﬁ%%%Tékb@ﬁbf%%%ﬁﬂm&w<0#®Ef%ﬁﬁAbﬁé L CHAEERZM
ROBERBRBMETH D, Fo, BRI TS 2 55 FIE 2155 72 OIIE TR 7 LI &
BETHY, KF, WEEE, A — T —0OEEFOEEEL K Z LT TE R0,

SEXMk [1] k1L, ¥, 37-206, p.367 (HZ 9). [2] A.Ono et al., Int. J. Heat Mass Transf. Vol.50, Issures17-18, p.3481 (2007). [3]
N. Zuber, Trans. ASME, 80-3 (1968), p345. [4] S. Mori et al., J. Nuc. Sci. and Tech., 53-7, (2016). [5] FE, 8%, Him, 34-258

(7 43), p345.[6]T. G. Theofanous, et al., Exp. Thermal and Fluid Science, 26, (2002), p793. [7] C. Unal, et al., Trans. ASME, 114,
p972. [8] V. K. Dhir, et al., Trans. ASME, 111, p.739. [9] C. Leg, et al., Int. J. Multiphase Flow, 14, p.711 (1988). [10] G.P. Celata,
Int. J. Heat Mass Transf., 37-237 [11] Y. Katto, Int. J. Heat Mass Transf, 33, p.611(1990). [12] H.Sakashita, J. Thermo. Sci. Tech., 11-
2, (2016). [13] H. A. Hashimi et al., J. Heat Transf., 140-3, (2017). [14] E. Wagner et al., J. Heat Transf., 131-12, (2009). [15] Y.
Ose et al., J. Comp. Multiphase Flows, 6-4, p.419, (2014). [16] Y. Sato et al., Int. J. Heat Mass Transf., 125, p.876, (2018).
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Evaluation of Critical Heat Flux of Nuclear Reactor, Present and Future
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Review of Studies on the Mechanism of Critical Heat Flux (2) Liquid Film Dryout
* By 1t
YA S RUERT

1. [FC®HIZ

WIS ANIIER ([CE O BRERHEZ G T 5720, BAKIFZIIU D &3 2K MEEWEaeRom IV
TEY, WHEOEWBEERCTH 5, HHOFE &L OIIEAEGE RS & IZ KOG EICB W T, it
BENIZEBWT, FLEICHERE 2 & ARSI D —F, BEm BRI TE R S LD BRIREZER & 720,
TR B S AL T NS » TRBIZHAD L, WRERESMIZIEFRICEVIREE, T72bbRIERT A4 77 MZE
STHEEROG EFZEULDZ &0, EBRMICEISMON TN, ARETIE, WERNTA 7D Mo CHF
IZDNWT, ZOAD=ALIETHE - BUEOFEEZHH L, 5% M RZFEICO N TN S,

2. BERBETILOHME

W RZ A7 7 NOFEA T =X LT, KD DEE~OWEOFTZE, WIE D OWREOREHE, KO, N
B L DWEDZFE D LB TH H Z &3, 1960 LD Hewitt HORERPIC X > TH LNz &N, Fiz,
1970 FARUTIE, IR A « MR TR - IR L A E Bt B & EB 8T 2 IRBEREIE 7 L R EB S,
W KT A4 7 7 F3%AT 5 CHF ORI TR I ThIL T & -, WERET T LTI, IR0 E &R
U T ICHEAZbN5,

dG:; p,
d_zfzjq(md_me_mv) (1)

Z 2T, GO B (kg/m?/s), mg, me, my XTI BT A, W EL, RS X DRI
H(kg/m¥s), z IXHhST EINLE (M), pg lTINEVEEm), A XK HAI(Mm) THh 5, EEREIET L TiE, 7,
BRI ZEI BB T DKM - OB G 2RO HBRIRIES 7 AV T ¢ &, WA O « REEIE D 5 H)
BT DRIEOE BER R Z 5T 2 0 ER™NH 5, ZnonEkENE, )RS X W EREITH > TOWRETE
DEALERD, G=0, b L<IE, RINEBEESET MCESERE R T4 7 U bRz EiEGR0cko s =2 &
WAMRETH D203, £ DT OITITRIE O ZESCRENC BT 2 AR NETH 5, (2) BRIREZ R OHIREL R
HE2ET LY, (b) @HOMNESCTREERET2ET LY, BERRR EOERERRT — ¥ 258 U7-
KTHY, PSR E L TOBERZRLHSBIG LT, WURET Ly NERETDHZENEETHD,

Subchannel analysis Liquid film flow model
fl—" §‘”:- = Dryout
\\:\/ Vapor N
Droplet]:.* Annular bubble \.Deposmon
: flow
. Fuel Entrainment
7] rod /.
*: Bubbly and —~ Vaporization
Fuel rod: slug flow
e
]

Liquid film

Flow direction

1 Y7 F ¥ o FET L IEETEE 7 S KD R T A 7 0 N
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RIERENE T WIC L AIRE KT A4 7 7 FBLRIE, WSSO AN—F R EOET V2 E)IC SRR T
& THEAIRE B <, TR FRITTRE TH S Z L AVR SN TV A, BUROEIEREIT T /1L, EBREE R
\ZEED XM BIG e~ 7 2 |ZID 9 BT LR —HITH D03, Fealt O FHIE T 00 %8 mEsIansl z fu s,
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*Kenichi Katono!
IHitachi, Ltd.
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(1) S Ep Y — FIZHT BRFHAREOEFNERS

(1) Basic Attitude toward Nuclear Safety against External Hazards
EHOFEL ORE R R e
Y H AR IR TEBR A, 2R ) e e 2, S EEIR B

1. [FC®HIZ

BB RS — R IR EITEROEINN G, FNBAT — RS0 2 B S O L & 2SS
DI DOXRESNITOILTND, BEEBEINTZT T ME, A FERICH L TE2EITEWEE
bD, UL, +o7eqflikiE Tikal LICiRIERRIZ T Tl SN — ROBEZ B2 2582, HrL
WA A — ROFAE, 728 FIFOBLIZRIETE 720, JR I3 EH AN~ — Rkt L TEWE
EMEERERITDI D HERF L T 7212, FATARECAEMNR U A7 IERETEH L2 A IR &~
RTAVDN) BDRETHD, £ TRITTEZDHEMEFF LA 2HEBIOMIEDE RS, £ LT, Rk
FEIOREVINEAY — R T 2 LZERBDOE 27, 12OV THER 728U R OKERIZ D72 23 2 #amnd
METHY, ZNH0E 22 BEBL L T L ZH RGO KN EETH 5,

R BRF T LSRG T, HETPSOMELZ2RAFAIEZE S & ) L THEL2IT)
MDEEARIE 2 7 L RE~DT 7 u—F Zigin (MUEZ AR R4, 2016.5~20183) LTW\WH Z &
ZEE 2. MBS TR, MMOINBAF— RIZONTEH, BRI DD EANEZ HFE2E LD, FHa
FRG I A 2 ORI T« SR B O EBI R OERIZO N DI-E ZMHT L TV D U FREZ RS
2018.3~), A TIL, T E TOMF Tl S AN AT — Rk 2R A NE RO EARNE 2 HIZHo
W T 5,

2. BRNEZRA

SN AN — ROR X 7R8I, BT Z OB LN I D RENT & F2ZERIMIC SRR
BN b IREPIC R D ATREME RN H D Z L Th D, ZDD, U A7 2RISR EANCEB S5 Z &
NEELRD, IRE TR SNTEARNRE X 2K 1ITRT,

BEME
DATLERE

BRBM wrramicamina

pd [////Ltuﬁémmuxbﬁﬁ
B\ R REE DT }
* AT LERE (AMTELD)
5 - _
Lap wEQEn J
— Ql E_l
HEE 5 R0EhHG #

(REIDMAEE)
* Accident Management

1 RN — FIZH T 2 REERD-ODERNLEERS

B —MHI RN Y — PR 2 BE L ZOREHELZ R LSO THY . ZOMRICHEN -5
WMOREENY AT ORESITHET D, U AT IRBUSH T D EARR 2250 & LTk, EARG, VAT
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%%ﬁ&Lr\%Kaﬁk/XTAmﬁk%%ﬁ #@~d‘%ﬂ%ﬂ@ﬁﬁf@ﬁéﬂ%#@ﬂéhé
L LR, AR A7 A HNARR S & 2 8L CIEERGHEEIIX 2T 97, eI IR
FToHZ e, BAMIZY A7 2 EKBESEDZENEEEEZOND, £, U AT ZRANICER S
512 OITITBERFO KRG & LT®B)5)< ﬁk%a&)é EVNEETHD, FFNE AT — RTIL, 20

HENRANIEEIMCORIETL T DHEAENRKRELS, TORELEOTMRICHB N THIST OHEE &
@i??ﬁi@fﬁiﬁxf’ééﬁ %%H%ET%% %152 k75>$£&7‘£6

U A7 Z A BINTIRIT 2 72 0121%, S8 O @O E CIE AR Ik (P o & oK) ICES %,
%@F@mwﬁﬁfi%@®ﬁﬂwl¢@Eﬁ%@%m)K$ﬁ%%<:&ﬁﬁ@?%é&wokiim\
ZNENOFEL CHRADE L & EBOREM & GEHAR DRI Z AN EE L 725, TODIZIX
U2 7E®R QRER., G Y 27z &) ZIEH LeBERRET R (VR XT A B)
2 HNT, ERORIEE T TiEZe <. ARIHEB I OEN LD R T Ay MEEOTZREINR Y AT I
WCEVZREMARTHZENEETHDH, I, UV AZHERETEH L BERE Y 7 & R 3R 7 7138 BT
DFTRTODT =—ATITONDHREXTHD,

Fo, REMELEEBRT L LOTIERWD, EARFHIBWUILZRRHTZ T Tt B 1%
BT O EE 2 LA R IC kI c R a3 2 & (BRAMOMR) 2B E Lok EtoBlR b E
P05 2D ST,

3. SNBANT— FOREE

BRMRDOIERNE X2 FTIEY AV IERERANEZE L 250, ZHULT R TOIB AT — RIZBW T
T Y 27 FHMEAT O BN D 2 D1 TlEle <\ SMBAT— ROBABELEORFEISIE U2 Y X 75
izAT O RETHY, I —FOBEZIB IR H) ZENEEL 2D, INFAF— ROBEEICE L T
FREWE[ BB, FHETRENEAT—F (HEELET) ORE L HEMOEIRNEEL 2D,

4, BhYIC

EWREZBRF T RS TRE SN RS MELSEAFASH S, SMIERLEMER)
Difgama b &2, T E TOMFCigim S AN — Rk 2R 7+ 12RO EARNE 2 12O T
F Lo, WL TIE, SN — FICER 2 EERE A, EWNS O BARR 22 hiR I 25 L7212, i
SNTERNEBE R &b LICABRTFHRHMEIEZ D XNEFHIZOWTHRET D,

BE 30
[1] BARFE /S ERER B2, AESI-SC-RK008:2014, 2014.

*Takashi Takata?, Yoshiyuki Narumiya?, Tetsuro Kobayashi®
1Japan Atomic Energy Agency, 2Japan Nuclear Safety Institute, 3Electric Power Development Co., Ltd. (J-POWER)
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(2) SEBANY— FIZR 2 ERREIM

(2) International Discussion on External Hazards

PR fE
R B T

1. [FC®HIZ

gk 25 42 7 H 8 HICHUE R -FFEHIHNE 3 1T S 4L, fERTOHEAE L ik L <, ERFEKELHIET S
T O DORRGHEEN RIS D & & b, BERFHERT 2 BRAE LILGE ST 5 72D O K UED BT
niz, o, HREBENMREE T HIREBFTEFROHKITHZ TBERERIGERT 2 IBERICL DK
BHEREDTER ] ZHEE 2 T, HRIZHOWT DEERIEET 2 alREMED & 5 Wi E % OFEM 1. HIFRIZ >V T T
JeE L 0O B fE SO T AEIE ORI K D HIE - HIERBIHULOME ), ERICOWT TEEREC KT A YA
N EEOHHZR OB ) FEOREIFEED FLE L A1T o7, F7o, HiE - RSO BRFLR L L TR -
KILEEOHR A AL U757 A R&HIE Lz,

IO XD ICHAREREEOBHIEED LB L R OBE3M Thon /e 2 & 2B E 2. ARG — R
DO BHLEKAY— REFub, BSOS O RIEFE B3 2 HHIHFE O E B A s OV T
T B, Flm. SSCPDT TV T 4 A EDT- Y AT ARIKD RO 72 O HIRERITIR HIER H H]
HT 5,

. AWEIT. BT OREE - BRSP4 Y — RIZET 2 [EERZER > b Al
L7=bDTHY, JRFIRRERS « R JEET OAXAM I <, EHEEBIm 23X CRBENICHRE
L7ebOTIERY, o, Zh 6 OEBEEMIIEANOBRSMHRA A -T2 6D TH %,

2. NEBNY— F(ERANTF— F)ICRIERSMAIZDONT
2-1. BREBIMORESE
JET-JIRHIZE B S Tl B ORMER « BATE0 5 RIZ 3D < BRI R HE Ot E D 7=, IAEA FEHED
SLE U EhIa 57 & B R 2 ke A I dGE T D R A D TV B,
BAANAY— NIZEAT 2 EEBHMICONT S, ERROEBXFIZESE, FIZLLTDO 4 5OFEIZ LY B
HEEIT-> TS,
1) IAEA B
- |1AEA 724 FEVE (& 2 B (Safety Requirements), Z24fia$t(Safety Guides)) @ NZ 7 M RO
« IAEA 724 FEHE(2 A i (Safety Requirements), 724 f5#t(Safety Guides) . il C#E (Tecdoc) . 224
Y8 (Safety Report) & T0)I2 B9 2 AT =& (TM) I ZE 2 G (CS)~D BN
- IAEA/EESS(External Events Safety Section)/EBP (3! H 475 8)) T D Working Area
2) OECD/NEA/CNSI®R;H#
*WGIAGE(Working Group on Integrity and Aging of Components and Structures)® Seismic sub-Group ~® 21,
BRELE H D ATF I L OHER
- WGEV(Working Group on External Events)~DZ i, BHEEHRO AT-B L OEiw
3) NRC/RES!& D1 i 25 Ha

A BREME . BRI K R AR OBIRNC B3 5 A
b System Structure Component

¢ Organization for Economic Co-operation and Development Nuclear Energy Agency Committee on the Safety of Nuclear
Installations

2019 FRARREFNER -2G_PLO2-



2G_PL02
2019FEMD K=
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4) ENS O TR ST AT K 2 Mkfe it 72 %0 RUUE
c BNV — B L OO REICET 2L OWE L BFATV., A7 Y —= 0 7 % FEfi,

2-2. BANYT— FIZRSEREA

RIS R E B A B 2 5 AR — RE LT, #IEHESRICHET 5B LAERBRICE D, KR,
INETOMBWEREZEE 25 &, OMEIC X 2 BN RFHEIC KRS L, @SSCicdkim L Tz
LFdmiERFELETH L I &, QHIEICHE O MfkES (B Y | BROIF: - B - £TE, RIkME) 723
FETHZ LD, ZNHIZOWVWTORES DN HREL TITbhTE T,

CHUE - HEBARICKERRHEESZA LTS Z &0 D, HERHHE AN — REHh & a2 00858
ML HBILD,

UK G ZE ) I2OW TR, HEDOWRIZERERINZ L ORmWE A AT — K TH Y | 4l 21X OECD/NEA
D WGEV 1%, Bhis#kat 2z & etk ¥ — FOFEBIFHA 2 i L T 5,

< MR dok kA ETe,) LSO BHKRAT — RIZHoOWTH, WGEV XA EH OB Y #A 2 1A LT\ 5,
F72. |IAEA OLZARHNMENS-G-1.5 [T /1FEITOKFHIIB T 2 HEZBR AMFESR) 1, 2 b DR
LE{T>TW5,

3. F&

WP —RD 55, BRAY— Rz ERBIAICET DRAEZIT o 7ofR, B 5 weiho

TZDIZIZL T O & 9 R ENE 2 b5,

1) BRAY— FiE, HERBESREAMEFICRE KRB SN O T, FERS O BN — FA KO &
CZENSITHT DR ROBA 2D Z EBNEETH L, FriZ, BT — FICBET 2R 200m AT, A
T ORI BERIENDT, FEpe, FHEE . HflE Oz TR IESL T OBEEEZHA > TV D,
WA D B RN — R ORHEZ o f LB BT 2 7201213, FHST AR — Rl of¥7a (AR
HIRFRUY %) L OBURE LT X,

2) REETRELTWDL T T borattm bid, SSCO7 7YV 7 4 i iz &0 A 7 GFmaimm L
BHEACIEINIAT O T DIZEM T 72D DA R EZ T THLN NP — FAROARHIZES 2 E X5
A AN — ROFHIOREEE R B2 72 B0 A2 B TR &,

3) HBNREE I IR ETFRORREIEE 2 D & HESCHEEFEO BHRANY — FIZon T, %
FRORHE (FREFESE) 27l U7c b OB 2R - 72 BRI R Z 45 R A 1T 9 R&E Th 5, KT, &
BRPE CHURAN KR & e BRI B 2 B2 im s b v 207 8 MERBLORE) . e 7L
AW REBEE TR FEOBEAME, vy 7Y ) —OfHll (B2 R OEMEDOELTOEZT) . R
T3 & ORI SF O MR RATHIER Y — NRHl O BETSEICATZEH 13 B TH 208, RBRICH O HEOR
92 S %2 ST 2 12 0 OB L TR NEIEITEIR Y T~ & TIXZ0 D,

<ZE 3>
[1] LFARHR - #ERF LR, AARKT 55, Vol.6l, No.3, 2019

*Koichi Kobayashi!

'Nuclear Regulation Authority, Japan

4 The U. S. Nuclear Regulatory Commission, Office of Nuclear Regulatory Research
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(3) HENF— FIZHRSERN ORI

(3) Status of Response to External Hazards on the Existing Nuclear Power Plants
AR Y, mE 2 ORE AR
VEIRBRFE, 2 B AR T EBR SR, R T et e

1. [ZC®IZ

HERT B RR T hEemats M ERE2SRE] Tk, MY —F (BANY—FEOEIZ X
S5RWANZ AT —R) IZT DR T I OREMMSE « 10 EOT-OOFERNREZ FEREt LT\ b, AT
L. RS TIHAE LEERNAOHBIEMFEOBLR 2/ L, 26 OO L 01562 DT
kD,

2. BERORFHARERMORRK
2-1. REEHF
ENOHBNCIW T, mEE R REFEl (T, MEBEE—F &vo,) OFEIIEEEZ
“RR 24 4F 6 H ORI ERHTNESOEIZ B W T, SN — FIZBE L T, MBEREEZ 7267 HR
BREIRLIBEEDORIERRE L & ZI 3 2R oMb B Kbz, £ 112, EHERRFF
L O Ot @R ONE, i Ok AE O EAEICBI T 2 BRI (LT RREFF Al EERHT & v 5, ) DoFMERA
P RICBIRT D5 E R, R E A EERL 2 5 Tl IS B 1T D4 — RO e T BL
ToEEL,
- REHEEMERI ek . B R F ARG & b B RN — RORH - PR E LT 5,
« BRI XHALMER D 5 O R BRI S e AR 12 1, FEVERR S 2 — ERR O 2 2 HUROE I 1T
LU THEMEAZ®mD D Z L E2RDTND, £z, HFHF ¥ A Z7IZHO0TIE, BEWELZELR O NE D
MR E S IVDALED WA 00 B THIETr T 2 72 DI W 2 HRICE O bV #iE )% 618 T
x5,
< BRETELME T d 2 L EH R B ERE 4 0RE T 2 BRI, MR e Y — RRHmIC -5 < AR
R L CEEETCEEREN DL IR L _NICHEONEBRTHZERROENTEY .,
FEHEHTE S CH NI ISR 104~10° Th 5 Z & DEHI REEE G EFREIC THRER STV S,
- REHEMEL I 2 D AN Y — RO BRI R AREICAR D HEIL VWA, BREHEE & KIRITE 2 2 K
7 ARG IR X D KA ZE OB 222 Do T v U X L2 X 538 E R -7 sk 0 KR E
S RAE LT A BT 2T E 217 © R OFAHICRE T 2 HE 2 KO T 5,
72¥, BROFFERRI oM, FTFERENE TED DL Latkn ERHMESIERH V. FEED, EH
BN H BRIk O Z BV OWTH BRHME L. K EZRES~OEH, ARTL2LLanT
WD, AT — RITOWTIL, M HESRITAR Dl (RN RIS D < BREMRVE LB U B 5 O RHIm) |
I ERITSR D PRA R OVZEMEFMZITO Z L &SN TWD, 7272 L, Z OFEmHRE RICKkT 2 EHEED
HEIL 2\,
2-2. [RF/1BER BT 5 i
il BEEE G MRS OR SN ERRHGBILIIEEL T & B0,
(@) 1 5=
RN EEBE LT, BFORVFRY « HAMTHE R A B E 2 | o X OB ELD OV - MU g
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DD ELBIT, BEMEPBRLDNRNWI L 2R L T\ 5, ol EEMETNIC L 2B )ICH
HEbELERRAR L DMEIIESWE, BEMEFELE L TND,

(b) #

R, HT Y REAEZOMOBERKR RO OMAERICL 2 b0 EEREL., SN %
B L CHAEREZRE L, TR T E2ED D & & biT, BIRFEOXREMA T ETLerk
REAEZRDONRN L AR L TV D,

(c) HUEE - HELISL O BRBIR K NN A FS:

FEIPA O FELUEC SRS D HRBRZ R U, WA OBERAEL B [E O b FEFEHT OB K O
JA D BAREREE & JEZ | KR DR SIS B L KT LS5 BARBE LM L TWD, [FERIC,
LM DL EEEICHEE KFLGD AnER (MEICE2b0zER) 2L TnD, £z,
M L7 ARBAR K PABFRITK LT, BEITS U THRRDIESR » + E&), 7404 (BT
W) | ik OMERKK) SO A M A T2 ECREMENEZRDN RN L 2R L TV D, B,
HARHZOMAEEIZ OV TR, FROUBNE, HEROINKOFEREREEOB RN LFRE L TN D,

Fro, FEHRT, BHIEEESIOMZ T, etk BiZmid 2B ERRBRLAO—B & L TOMBHERIC
K DA - R EAT o TV D, BL RIS atEm EeilE IR Sz Fsbisfi[2] 2 =7,

PRA Tl #15 & OEEE O B HRIF O 7 CAR R CDF, A% 7 S RE SIS CFF & O 137Cs fith
H7Y 100TBq Z A8 X 2 SFH DI ASE 27l L, B RHEEECmE i B O H 2 8 &R itfe L Tr et
FIZBT T2, 7ok, PRA FHEDORBIRDUIIS U, HIERICHE S # (HEHR) %, BRENICILET S
TEELTWD, £, LERERM TIE, HE, Bk, b 0EESCMAEESR, SEREHLRE, £
OfSMEBES (HARBIE) IOk L TRl L, KRG LOME LB 2 2N ERIT3 5 BT O OETE
172 W gg Pk SO EEENE 2 #0248 U CeatEm BICBRT Tn o, b, ZOMAMNBERRIC OV TR, JEUEED
AP— MEPNEHTE 2FRL, FBEBERZIEE R, TOFERPFE LA OB L - E &I
L. ZTHLSMT, Bl R MENFR A IRE . Bt IR SRR K0 BAE L THRENREZY
ZIRVEG WEPMOERICOUK SN L ESR, TREN L ZENEN THILTE 5 FRITHHE LEMER
(R L TV 5,

K1 MY — PSR 2 B ERF T A ER I O 430

BB AT A HE LA SE (5 ST — B (MEIZED D DOEERS)

53 4% BRHEYER Gk O HE BEE S e 3/ HuZR
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3. BADRFHAREMOBRK
3-1. EEHEE%E
(1) EER OB (IAEA)
maxmﬂé%ﬁfﬂﬂﬂf—b BT 5 b oL, SSR-2/1 (113 EFT DL AN 5 BE .

NS-G-1.5 (F%FHcH T DMEEZ R A ESR) . NS-G-1.6 (Ml Ea%at & MEMERERIE) . NS-G-3.1 (52
HEEAT 2 ?5%%A%$2)P@RG(E%ﬁ%%@ﬁ%ﬂﬁ)S%m(iﬁﬁﬁ Bl HHEN
P—FR). SSG-18 (VA FHMIZIIT 2K G KR OKIENY— R) KO SSG-21 (SZHIFHMIZF51F 2 K (L
NYP—=R) FERd D,

(2) MRINJEF LI =#E (WENRA)

WENRA OZ2Z [ L~ (Safety Reference Level) Tik, MUY — RIZOWT, L0 B{RH 70 2
PRENTEY, ZHCE#ET L HO L LTlssue F GREHEE) & Issue T (HRANY— ) 2355,
Issue F Cix, HEIEH#ED—E & L CORGHLESRM (DEC) %, IAEASSR-2/1 LRIFE T ET T 7 &
TV MRS E AL, IRERI R OHERGRI R FHIOM G T oM, TFEAHBc A SERETHE LT
WD,

Issue T 1%, fBISE —FH A E 2 2014 E 9 HIZBIMENTH DT, TOMKIZLLTO LB,

T1 BiZ
T2 AT — FORE
T3#4%@%E%A$ﬁP@Xﬁv~:Vf&Uﬂﬁ
T4 HFIEEFEZOE
T5 XM ENEFS ﬂ#é%é

T6 FXFHEMEAZ B X D LV IRE R ESH OB

RN — ROFEM (T3) 122\ T, EharGETHIUI N — ROEEE (] : 5REE, HkiRs)
EHAEBE ORMRES D Z L HDHRER Z V155 FELOREKO /N — R (Maximum Credible Hazard)
RRETDHEINTEY, REHEEFERORAERE (T4 (2oL, 1044 Kz @ EEMEE LT
Wh, Fo, BREHEEAREZ D LV iEEE R FER (T6) OBREROFHTICOWTIL, OGHEHEZ DT )
BT TYET 77 3T v MZELRWDLOMEE, @F LUV R U RS ik oo w]

REPEICH T 2% 5-0iE, @77 v MEFIHEDRFEI N N2 h R AYE K OB a &7 b Eo
Tbﬁ@%m\#ﬁﬁkéhfwéoit\MWT@ﬁ4ﬁVXI%TH\R@®E%AW_FﬁW%
EhTEY, EMLEL B2 —PSR TOY A MABFHE S RO TV D

(3) ASAMPSA E 7t =7 k
B —Fi A E 2. PRA O ORI - @I K 2 L2Mm E~0F 52 BIZ, BN
FEFEBE A 0 S S 7= ASAMPSA_E (Advanced Safety Assessment Methodologies: extend PSA) 7'z &
=7 T, AT —FU A RE LT, BEOEHZRAY—F (BRO Issue T &R L) KON 24 fEHDO A
Ly P — RRBIRS AL, ENHOMAMEBENREN TN D
3-2. BOREEH

RRINCIE, WENRA ZE2BH L~V EHHIZEZIMVIAALTHRWELH D00, OB 2 N ER
Lo TND, BLTFIZ, WL DD OEZ BN Y — R OFFHEHERGULR D BUE & OISR T 5,
1 747K

i B B — S LA 0 B 7V A 2 — 7 PRACFERBRAVIC I D ML A TV D 72 & Tk b aMkm Bl b
EALTCWABEOOESTH S,

BHREF D& 2T (STUK) OZ4FsEE YVL @ B.7 (NE KOS AY— Ricx4 5x8) Tl
SN AT — ROFRFHEEHERE L & L CZ ORAEMEO P REOFFEE L~ T 1054F A, ma%@<%
#4100 DEC & L C, Z D3RR A 105~ 107/4F (M58 T 1074 e RFE IR 0.2g DR E ) J7)
EHELTWS (WENRA Z4AZHE L ~UL Tld DEC DFRAEMERZ ED TR,

F72. YVL @ A7 (PSA & U AZEH) 1T, FiaxfF %6, COF (L0%4FEAT M) K ORI
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BEJE LERF (5X 107/4FAT) OREF BAEABUE S, sXitEEOHWEHEIC /e > T b,

¥, BUNFED SAFIR 7'v ¥ =7 FClE, KUEZEECHIEKIERLIZOW T, JE, BuE, WE~D

W (FRZL MEOKE EFOFENRRKE), PRA FIEORELENSHFILIN TN D,
(2 » [H

JE- 1R (ONR) D22 A7 M SAP Tk, Mgk O AMIZE R e 8% T & 720 TR A
FEM 10THERTE DI AT — RIIBRILCcE D L L TR Y, SV — RORGHEERGIL, AR —
RT1HEICLIEEL L, A& AP —RT10 FEICLEL EOBRB#EREZAT2HOEHEL TN D,

Fio. BATRHm A A4 K TAG @ NS-TAST-GD-013 (UM ¥ — R) i, SN — KRR s s &
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3 k H

- 1ZEES (NRC) @ 10CFR Part 50 [fffll A O —fkakFHES GDC-2 @ [ BTG xHd 2B
ORI (21X, HE, BB N Tr—r WKEOXMR LR L BRARSCZOREBOMAY, B2
WREO EHEEDEES %, GDC-4 O [MHBREL & OB BORRGHEYE] 121X, MBI VA L OREDS
BEHEL TN,

ARETEMER SR & L CTld. NUREG-0800 (fEVEZATEEN) (o, BEAIHIE < 3B ZME (GEEE XI5
BT 2 RIS SZ T 2 FERARE Y )8 25rem &R 2 /W) BB R D RHRRDOIRAEMERN 10 HELBZ 5%
5 SUTFARERITE T 2 EPERIRHN & GBI e R 2 A GO e e FR O EMEN 10FE 4B 25
FLREHEL TS, F7-, Reg. Guide ZITi%, HiIFE, ok, E&, NI Fr—r MZEEE N OR AR
REWEEIE Z T RBHIEAENERICED b TN D,

728, NRC TliX, MBI D 7T v N OBTER 2 UaE B, #iEE CDF (104200 F) & UMIEE LERF
(QOAELLR) ZIEM L TRV, o, MEFH —FBIRICEA I FLEX Bif OMEGEHIWIC I35
[EHE LIRS MR 1E  (HCLPF: High Confidence of Low Probability of Failure) {5 L T\ 5,

4. RO

ENOBURE LT, AT — RO Y R N7 v 7 LGl G L 3 5985 — FOREE, HFHEEZ K
R 2 2 K72 B AR SEEIT K 2 KHIBHREEA~ O IREIZ OV TR, 8k & Bk L TREAEIZZRWE DD
SAER AN — R ORREHEYER G OEBIEHEER, CDF, LERF Z0O%GH HENHEIC S TR b9, wattm b
S I EE 23 K [E] SAR ORI PSR X 0 HARVMIEST T Lo TnAHZ b H 0 MM TY 27 iEHIX
FRERI S D& 7> TN D,

Flo. REHEEZHEZ DIMBELRIZONT, ZONF— RLULDE 2 F &2 OEYIRFHEFIE, Kk
EERSCHERIRIEAL Y — R LAV IR EINC G 2 DB LR T REFELEL N5,

Z DML, T — X OARFERMERE R O KL B OB THRE S HUENE 2 B /8 L T W O di KJEGH
(BEE A r—/L 3 OFKIEAY) (C TR AT 9 B 207, REFFTEERIIEIORIN TSI HOD
FERNZIE LD 5 WORFE B R TS cHLERE O 5E - HEEECH AT ¥ 27 OERISED b/ g
NEEZREETIERLH D,

5. BH YIS

VL b, AR TSNS 2 25 B2 TR O RHIEE SO WD TRl - 00 L7 B2 R AR~ T,
INBEEE 2 A%, SN — RIS T DR TSI OR MR - 10 LT OFARN 2B 2 HE2RE L,
PRGSO, BFZE « HFREOMBESEICRIT L L L Lz,

BE R

[1] Fr Ok EES TBEENIRSSHEREEBEFTOREARFFRELTFATHREE @ 2L 4 5
BEARIFREOEE) (BT 2HEE (BEEWE. B E K ORI O IRHNC B9 2 155
A35D3 D6 LIHEE 25 MR AICRLZ D), B3R OE 4 B88) | (FR 2742 A 12 H)

2019 FRARREFNER -2G_PLO3-



2G_PLO3
2019FEMD K=

[2] Z2thm ERE s HE IR D3 EITE 1 58 CFEk 2947 H 6 B,k 30 43 A 30 H —#BfH1E.
R34 1 AT H)

[38] B HmERS TFEABRERR P IR FBREIEEDE 2 HizonT) (E 30412 A 19 Ak

i)

*Tetsuro Kobayashit, Takashi Takata? and Yoshiyuki Narumiya3

!Electoric Power Development Co., Ltd. (J-POWER), 2Japan Atomic Energy Agency, 3Japan Nuclear Safety Institute

2019 FRARREFNER -2G_PLO3-



2G_PLO4
2019FEMD K=

EEFEStyIa Y

NN — RITHD D EBEREROBEEZESEHLIN?
Systematical Application of Standards for Safety Enhancement against External Hazards

(4) SENT— FERERENRELDINEER

(4) Significant Contents of the External Hazards Standards
RCE PR, mE 2 R e
VR R EE R, 2 BARIR T IR TEEH A, BRI B

1. [ZL®HIZ

JRF N AERER B R O N RZEREFE T, ME TR TRMNBMS S i IEZ 20 A OB
FHT, ) L 2019 FEFE DAL EEAE BIE L TV DA, TOMBLEIIH 1D IEARNE 2 %, MELS
DI AT — RIZPEIRT B 72012, 2018 FEE LV M HERLENRE ] 2T, SMIFEZITH DD JE T
N LT « 10 LT DOREARN LB Z T 2RI L TV D, ARETHE, SMIERLEHFES TORGHER
R EZ THEBRHROBILEZED TV DI, HADREFHEHESTT 5, St vy a T
COFREERITGGHRATEN LG 2R 2 TRETERT 5,

2. M8 — FEBEBRBOEEIL
-1 HEREORK

AT — K (AR — R, A ¥—R) 1T DR ZROTODOFHaBIE, REHI D
B B (BRI MR FHEIT LR JEACA60L/H: 5 & JEAGA4601., ML 3% i BifE JEAC4629,
KL AR AN FE ST JEAGA625, JF 11174 - HifE PRA FEHE ) PRA FEHE. AMHHSR Y A 7 GFfiERE
FEVE ) AHIE - BITSNTWD, ZTLT, BEAREFICBT&FHIHOD L EbIZ, VA
FEA 2 ATV S5 AT O 2 e BTN T D,

UL, VAZIERZIEH L2 FHE S ~OWEIIRZRFT CH YO . #E, HI., KLLS O
A= RIZONW T, ZHEBEOEMEIIRTZTHY . RSF] [T A2 M ZhrDZHEBK LR
B Ch b, BRI — NI, U AZIERETEN LGB TSP A BET 5 2 L5
BThd,

222 FRRBRBELCOBIETE

U AT IERETEH LI aHiG @, (REFIGE), ~ %2 A 2 ME#ZR IR o ekm i, s
ITEZ 7285, PRAICREIND U A ZFHEN BT ) A7 EBITIRFIFEFT O U A 7 K82 iR L
SSC (K&, ZHk, #fH) OMEBMRICED 7T v MRAHEEDEEND, etz m b+~ Hai
BTxD, o, BT — ROXNEREZRD HBE, &5 WTUET HERCE, VA7 FMMRER, 2L x
X PRA & HIW 558 I3 DR GEEE CDF OEUIERE B A I EHZ 5 7210 Tle <, RSRIC B 70 2
A, THEHM, BEROBRREOBELLETH D, TORME BEE - BOARREES, Rk, FH
Retk, JLEER, ERESRERYE) DOINEAY — ROHEITITFITHAN Y 2 7 fF80E A E Bk E
(IRIDM : Integrated Risk-Informed Decision Making) 72 ANANTH D, TOEEIRKRENLETH S L
Ebic, R, BSFR EORBIFBOEHEHRICB N TH Y A7 ERO AV, HIEEE, fkine 7
mt 27 8% IRIDM OIEEZ B TR LT, 2hERAZNRA RN NS — R SR OREZITZ D Z EDNE
FLWEEZD,

WEFE TOERBHRIL, IHENCEDOET TEEEH TV R 73 72 E oS Tnsd, EEE1T 556
BRENENMIL TWDZ &0 D, 2013 BMEMRMEERIZEV, 7272, U 27 FREHOBEIZT S
720121, HHEOEEZWE T RICEIL, O TEICEEZEIMNERD D, BT T5] B
ZRRE LBLEDO—E 2RO OBEIKFET 2 Z LR TE D,

2019 FRARREFNER -2G_PL04-



2G_PLO4
2019FEMD K=

3. MR Y— FEBBRENMER S SHIF
N AP — ROFTHHENS, RO X I RFEEZEALELOTHD EEZT,

1) RHEFEI O« FAEBEN S < Wb DRREHEE B 2 b2 Y — FBEGEE CITEESRMICR
AT D 2L TRAEIIMMRTE DN, BAMENMIS EERRKEWEECIIE LD VTV A0S H
SRR 72 0 RERAIC S 2 LT 2 ATREMED & 2 O THMIZZ 2RI &2 K& < & 2720 TSRS IT T 2
HELDBENRD D, 2 CTEENAAMIESIIT 21T 5 & & BITEERNZRFHE L TE R0WIEEIZB W
TH, FMEREIOEZOIZHIN—=TETWRWAEEED H B Y — FEICK L TS Tl e =4 1
7 w47 D, HHRMICHRIGEFRICER U RS AL A T, RlEEIEL B 72U 4035
A LTS5 B Tl 2 AMER AR & 8 A TEXHB R 2 e L T <, 72 & OIS E O Ziik e stk &2 1E 5 7=
DOHEEFTHHENNLETH D,

2) FEFVAORE : U RATFEDHF LN DINBNAT— ROFK T U AT LGRS, S HIZHE
Rl CREER A T, AR, CREHERBICR D XS OBIENENL, xRkl O AR 72 CRUE L TR < 2
WICHH T U A 2B UEE - HEORANL L — R L TR ZEBNAHTH D,

3) HKOBEL : *SED D WOIEFHE T IEE S BARRICHRET 5 2 1%, EHETHIEHM N E<
RAFE RN AP — RICB L TR L H AL TIE2RW, EER 2RSSR 2T T & & HIcZ b+ 5
SRR AT — RICKIS TE RV, £ 2C MMERBRIHE ) MERRBIBLE ) TR L) TR o X9 ICHk
AL L THRET D Z LIk 0 HEI OBARNES TR B,

4) BT BIE - AR AT — RITHEFTNO SR EE RIETIEN 0 Tiden, RO REZ VL0
2725 & A NELODR Y OIRIBIZB W THERESGE L H D, TR EITOGBY#ER 5 L
JVTIHBERDERDBEEET 2 Z L2z, MBS T T v F~OREFERECHE - NEOWALH D DT,
Bis Iz B HELEE TH S,

5) BEI ORI Ad : SN Y — FITFEESCE B O R E SITHUIEME X H 2 b 0 R TR 4
%o BMOBENCHENKIZ2 WA — R ThoTh, bOWIIHESENE - i Tl &b, 4t
AT — R0 DI HITRERHEIE U, S22 b OO0 « HERRET 21T ) 2 LM ETH D,

6) MR EEEOLHEEEL © 1) Thilk_7zZ & LI@T 53, AP — RIS 250 &2 % 2
DR, SN — R35|E R FHlg s TV AR D Z E D BRUSRO I~ A R e
LT, ®ISROWH, NBRMOSE T EO R 2 F/lAT), ROTEE, MR 74 VA
TRV AY MIBITCEDH I ENEETH D,

7) IR — FERERIET 2B OEEN SN — R34 2 bOREEND, A MK &4
Hp AN AN Y — R &R E L) 22 kSR 2 0 TR MDD TH 528, A7 U —=27 L7 skl
LaRDI-HEBLEETH D,

4 BHYIC

GMER NV — R OFFED B BERSISZE DMK ISR AT 5 2 EBRE SN2 OV Bk, R
PEA R LTz, ZREZERRINEAT — RIS, T3R80 %2 b o BERFETORBDO & H IR IL, —k
FNZIEATRE T Ok T X 20, RENTZY Y —REZZEMIHEL L TLEEeMZ MR EL Tz e Y
AY<FX YA NOEMNTHD, VAZERIEHN, BIZ PRA OFEFRERZMH 5 7200 TlERnZ &b
IRIDM 7t A LD Y > 7K D B EL O SRR 21T - 72,

* Yoshiyuki Narumiya®, Takashi Takata?, and Tetsuro Kobayashi®
LJapan Nuclear Safety Institute, 2Japan Atomic Energy Agency, °Electric Power Development Co., Ltd. (J-POWER)

2019 FRARREFNER -2G_PL04-



2019 Fall Meeting

(Thu. Sep 12, 2019 1:00 PM - 2:30 PM Room G)

[2G_PLO5] Discussion
FEEEE—RINREREHOLENN 5. B BHROFES FHL/ N\ — RICHT ZRLA LD DEH A
25, EEE, AEME. X—NSTHEESSNTE R, FEESDATONNT —RICHL TSE. #46:
MICESMER LIS ETUL 26, FHBOBLREE AR TN X O E5HEER LD EH
(HEEVRIXY ) DRBTH B, EBESEREF. NI\ — RCHHBZREEREROMEFE - i
HERMOMEEROERDZHIC. ARELY Y3 VT, BANLER G, BRAONE/N\Y — REEOERS
M. ZUTRBICHEBELEEBICDODVTERTBEETS,

©Atomic Energy Society of Japan



2019 Fall Meeting

Planning Lecture | Joint Session | Joint Session 2 - International Nuclear Information Network, Materials Science and
Technology Division, Nuclear Fuel Division

[2H_PL] Energy policy in France and the Jules Horowitz Reactor
(JHR) project

Chair:Hiroaki Abe(Univ. of Tokyo)
Thu. Sep 12, 2019 1:00 PM - 2:30 PM Room H (Common Education Bildg. 2F B21)

[2H_PLO1] Energy policy in France
*Sunil Felix' (1. French Embassy in Japan, CEA)
[2H_PLO2] The Jules Horowitz Reactor (JHR) project
*Christian Gonnier' (1. CEA)

©Atomic Energy Society of Japan



2H_PLOT1
019D K&

BERERS., MHBE. BBRNEE SRty a3y
T3 VADIRILF—BERE D a—)LR0 ey U HERSEHERE
MISVRADIRILF—BE
(1) The French Nuclear Sector: Trends and Latest Developments
*Sunil FELIX, Nuclear Counsellor
French Embassy in Japan

Global warming is caused by the production of greenhouse gases, 70% of which come from
ourconsumption of fossil fuels. It is the use of coal, oil and gas that renders our growth model nonsustainable, thus
leading countries to commit to drastically reduce their greenhouse gas emissions, within the Paris Agreement.

The Low-Carbon French National Strategy describes France’s roadmap aimed at reducing its greenhouse
gases by 2050.

In order to reach this target, it will be necessary to reduce our energy consumption, by putting more
emphasis on consumption of the most carbonized energies, and to substitute fossil energies with decarbonized
energies. New technologies will be required in the transport sector, new consumption habits will need to be adopted,
energy saving measures will need to be implemented in buildings. In the industry, energy transition will also need to
preserve competitivity all while ensuring sustainability of activities on the French territory.

Energy production will also change: more based on renewables and more decentralized, it will need to
be produced closer to consumption locations, and be more environment friendly.

In this context, the multiannual energy program (PPE) was set up from the green growth act of August
2015.

This PPE fixes the priority actions in the energy sector, in order to reach carbon neutrality in 2050.

The first PPE was adopted in 2016. The new one is established for the periods 2019-2023 and 2024-2028.
It will be revised in 5 years from now.

The objectives of the new PPE:

According to the new PPE, final energy consumption will need to be reduced by 7% by 2023, as compared
to 2012, set as the reference year, and by 14% by 2028.

In priority, consumption of the most carbonized energy sources will need to be reduced (-80% for coal,
-35% for oil and -19% for natural gas by 2028).

Among the measures adopted, the closure of the last four coal fired plants by 2022, an increase of
renewables to 27% in the final energy consumption in 2023 and 32% in 2028, as well as the shutdown of 14 nuclear
power plants by 2035. The share of nuclear will thus be reduced to 50% by then (versus 71,6% in 2017).

The presentation made during the AESJ Fall meeting aims at providing details about the French unclear
sector in this context.
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(2) Introduction of Jules Horowitz Reactor: construction schedule, reactor capabilities,
irradiation facilities and irradiation plans
*Christian Gonnier, Project Manager and Gilles Bignan, JHR User Facility Interface Manager
CEA (French Atomic Energy and Alternative Energies Commission)

1. Introduction

The Jules Horowitz Material Testing Reactor (JHR) is currently under construction on the CEA Cadarache
site. JHR will be operated as an international user’s facility for materials and fuel irradiations for the nuclear industry
or research institutes but it is also dedicated to the radioisotopes production for medical applications.

The construction is made within an international framework. Consortium members are presently: CEA,
EdF, Framatome, TechnicAtome, Areva-SA (France); EC and JRC (European Commission); CIEMAT (Spain); VTT
(Finland); UJV (Czech Republic); Studsvik (Sweden); NNL (UK); DAE (India); IAEC (lsrael).

The design of this facility allows a large flexibility in order to comply with a broad range of experimental
needs, regarding the type of samples (fuels or materials), neutron flux and spectrum, type of coolants and thermal
hydraulics conditions (LWR, Gen 1V,...), in accordance with the scientific objectives of the programs. The design of
the reactor and the facility allows accounting for the current irradiation needs from the present reactor technologies as
well as future needs from advanced or innovative technologies for the next 60 years.

2. JHR General description

This facility is a 100 MWth pool type reactor with a compact core (60cm fissile length, 70 cm diameter)
cooled by a slightly pressurized primary circuit (about 1MPa, in-core water velocity: 15m/s). The core tank is located
in a reactor pool of 7 m diameter, 12 m height.

The nuclear facility comprises a reactor building with all systems dedicated to the reactor and experimental
devices; and an auxiliary building dedicated to tasks in support for reactor and experimental devices operation (hot
cells, storage pools, laboratories).

The reactor building

Hot cells (non destructive
examinations)

Reactor
block

(see figure 1) is designed to provide
the largest experimental capacity
possible with the largest flexibility.
One-half of this building is dedicated
to the implementation of devices
linked to the in-pile irradiations (for

example, water loops).  This
Core (®60c

R | with
e andBe1 corresponds to 700 m2 over 3 floors

examination benches
Experimental cubicles
and analysis laboratories

Storage
pools

for implementation of experimental
cubicles and 490 m2 over 3 floors for
instrumentation and control systems.

Figure 1. View of the JHR facility.
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The design of the core provides irradiation cavities:

- Located in the core (7 of small diameter — 30mm; 3 of large diameter — 80mm) which are
characterized by a high fast neutron flux (up to 5,5.10%* n.cm2.s* above 1MeV) and therefore by a high ageing rate
(up to 16 dpa/year),

- Located in the Beryllium reflector zone surrounding the core, (about 20, most of them of 100mm
diameter), with a high thermal neutron flux (up to 3,5. 10 n.cm2.s%). Note that material experiments requiring a low
ageing rate (such as the pressure vessel steel) will be installed in the reflector because of the low fast neutron flux
which allows an ageing rate of about 0,1dpa/y,

- Four to six water channels (depending on the core configuration) through the reflector are
equipped with displacement devices to control accurately the distance to the core and therefore the irradiation flux
(for an accurate stable power, for power ramps, or for power cycling...). The velocity (forward: maxi 5 mm/s) makes
possible to reach 700 W.cm™.min even with very high burn-up fuels. The range of displacement allows getting three
orders of magnitude for the neutron flux. Withdrawal velocity of 50mm/s allows going back fast in a safe position for
safety purpose.

The facility is designed to operate 20 experiments simultaneously. CEA targets to operate the reactor at
least 10 cycles of about 1 month per year.

The JHR experimental capacity will also include several non-destructive examination (NDE) benches: A
coupled gamma scanning and X-ray tomography bench located in the reactor pool, a similar bench located in the
storage pool of the Nuclear Auxiliary Building. A neutron imaging system bench located in the reactor pool.

3 STATUS (civil work and reactor components)

Site work started in 2007 when the JHR consortium was set up. The concrete of the first basement has been
poured in 2009. The following figure gives the main milestones. The civil work of the reactor building is presently
almost completed.

02007 Signature of the JHR

Figure 2: main milestones of the civil work

Most of the main components of the reactor are manufactured, some of them are under testing phase, and
the installation in the facility will start in 2019. First criticality is expected by the middle of the next decade.
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Figure 3: some reactor components

4 Description of the fuel and material irradiation devices

Fuel test devices are presently under development, a specific effort is done for the test devices (under
manufacturing process) dedicated to light water reactors (PWR including VVER & BWR)):

- Madison dedicated to the fuel investigations under nominal conditions, (evolution of the fuel
microstructure, clad corrosion, fission gas releases ...),

- Adeline dedicated to off-normal situations, the reference situations for the design of the loop are
the power ramps,

- Lorelei dedicated to accidental situations, the reference situation for the design of the loop is the
LOCA - large break.

Moreover, conceptual design of test devices dedicated to non-water NPP (GEN IV) are in progress.

Similarly, to the fuel, CEA made the decision to develop first new irradiation devices in support of LWR
type reactors, taking benefit of the know-how of the previous reactors (particularly OSIRIS).
Mica and Calipso dedicated to the material studies under high ageing rate with representative
thermal conditions, neutron fluxes and possibly under stresses.
- Occitane dedicated to pressure vessel steel testing (low ageing rate),
- Cloe dedicated to IASCC studies (Irradiation Assisted Stress Corrosion Cracking).

Right now, CEA anticipates the fourth generation research program; a first analysis of the SFR or GFR
irradiation needs for materials and fuels has been performed. Accordingly, some feasibility studies have begun in
order to prepare future irradiations in JHR.

After analysing the needs linked to the fusion technology, three conceptual designs (FUSERO test devices)
are under preparation:

- Thermo-Mechanical Fatigue testing: study of components submitted to both mechanical strain
and thermal strain (from the breeding blanket to divertor tiles).
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- Ceramic testing (for diagnostic windows); samples bi-axially loaded, analysis of optical
properties and sub-critical crack growth.

- Cryogenic testing for the study of electrical and structural properties of superconducting magnet
materials.

Generally speaking, CEA is maintaining significant R&D programs to improve the performances of the
experiments (especially by putting innovation on instrumentation, with a specific effort for on-line measurements and
on NDE technics). With the help of improved modelling, efforts of development are in progress on test devices
designed to match the requirements and to provide around experimental samples accurate, mastered and reproducible
physical and chemical conditions.

5 Start-up test devices

The objectives of the start-up test devices are the verification of the performances of the facility, the
verification of the safety parameters but also the accurate determination of the irradiation parameters in the
experimental cavities. This last point is specifically a challenge because JHR has to be as accurate as the present
MTRs, which started to operate at least 40 years ago...

The preparation of these test devices led to optimize the strategy for the start-up tests (timing of the tests,
accuracy, power level, reactor configuration...) and to analyse the needs in terms of instrumentation:

- Neutron flux and gamma heating mapping, neutron spectra,

- Fissile power, reactivity measurement, in core void effect evaluation,

- Thermal-Hydraulics (flowrate in experimental cavities, in core, in reflector; core under free
convection...),

- Devices dedicated to the thermal mapping of the reactor structural materials.

6 First orientations of the experimental programs
A specific organization has been set up within JHR consortium framework in order to:
- Identify the open issues in the field of nuclear fuel and material development and qualification,
- Define criteria to elaborate ‘ranking grids” abou