Thu. Sep 9, 2021

Room A

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

[2A_PL] Activities and future directions of

Generation IV International Forum (GIF)
chair: Yurugi Kanzaki (MHI)
1:00 PM - 2:30 PM Room A

[2A_PLO1] Activities and future directions of
Generation IV International Forum (GIF)
*Hideki Kamide' (1. JAEA)

Planning Lecture | Board and Committee | Fukushima Support Project

[2B_PL] For the recovery and regeneration of

Fukushima
chair: Reiko Fujita (Fukushima Support PJ)
1:00 PM - 2:30 PM Room B

[2B_PLO1] Past and future activities of the Fukushima
Special Project
*Reiko Fujita' (1. Fukushima support PJ)
[2B_PL0O2] Support activities for school education
*Shoko Yashio' (1. Obayashi Corporation)
[2B_PL0O3] National reconstruction assistance and
regional revitalization
*Reiko Nunome’ (1. RWMC)
[2B_PL0O4] Open Discussion

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

[2E_PL] Progress of R&D for the decommissioning

of The Fukushima Daiichi NPP
chair: Naoto Sekimura (UTokyo)
1:00 PM - 2:30 PM Room E

[2E_PLO1] Symposium2021 report
*Hiroyuki Nakano' (1. TEPCO HD)

[2E_PLO2] Efforts of Decommissioning for the Nuclear
Energy Science &Technology and Human
Resource Development Project
*Akihiro Tagawa' (1. JAEA)

[2E_PLO3] Topics on Decommissioning Researches
*Anton Pshenichnikov’ (1. JAEA)

[2E_PL0O4] Overview of IRID R&D
*Naoaki Okuzumi' (1. IRID)
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Planning Lecture | Over view Report | Investigation Committee on
Nuclear Data[Co-organized by Nuclear Data Division]

[2F_PL] Activity report of research committee
for nuclear data in the fiscal years of

2019 and 2020
chair: Tokio Fukahori (JAEA)
1:00 PM - 2:30 PM Room F

[2F_PLO1] Continuous Survey of Needs for Nuclear
Data
*Nobuhiro Shigyo' (1. Kyushu Univ.)
[2F_PL0O2] Human Resource Development for Nuclear
Data Research
*Tatsuya Katabuchi' (1. Tokyo Tech)
[2F_PLO3] Progress Report of Roadmap for Nuclear
Data Research
*Shinsuke Nakayama' (1. JAEA)
[2F_PL0O4] Trends of Evaluated Nuclear Data Libraries
*Kenya Suyama® (1. JAEA)

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

[2G_PL] For continuous application of PRA to

future
chair: Yu Maruyama (JAEA)
1:00 PM - 2:30 PM Room G

[2G_PL0O1] Report on ASRAM2020
*Yoshiyuki Narumiya® (1. JANSI)

[2G_PL02] Report on PSAM15
*Jang Sunghyon' (1. UTokyo)

[2G_PL03] Suggestions from Research Committee (1)
*Hitoshi Muta' (1. Tokyo City Univ.)

[2G_PL04] Suggestions from Research Committee (2)
*Takuro Tobo' (1. TOSHIBA ESS)

[2G_PLO5] Status of domestic research bodies'
activities (1)
*Hitoshi Tamaki' (1. JAEA)

[2G_PLO6] Status of domestic research bodies'
activities (2)
*Hiroshi Ujita' (1. AdvanceSoft)

Planning Lecture | Technical division and Network | Thermal Hydraulics




Division
[2J_PL] The latest developments regarding

thermal-hydraulic analysis
chair: Masahiro Furuya (Waseda Univ.)
1:00 PM - 2:30 PM Room J

[2J_PL0O1] Characteristics and challenges of thermal
hydraulic design for high temperature gas-
cooled reactor
*Ken Aoki' (1. JAEA)

[2J_PL0O2] Development status of thermal-hydraulics
evaluation technology in Hitachi's new
reactors (BWRX-300, RBWR, PRISM)

*Kenichi Katono' (1. HGNE)

[2J_PL0O3] Activity and challenge of thermal hydraulics
on development of hydride moderated heat-
pipe cooled microreactor, MoveluX
*Rei Kimura' (1. TOSHIBA ESS)

[2J_PL0O4] Features and issues of thermal-hydraulic
simulation regarding molten core spreading
behavior
*Junichi Takeuchi' (1. MHI)

Planning Lecture | Technical division and Network | Committee on
Nuclear Non-Proliferation, Safeguards and Security

[2K_PL] Toward further contribution of Japan
and success of Japanese in the field of

nuclear non-proliferation and other area

in the international society
chair: Hironobu Unesaki (Kyoto Univ.)
1:00 PM - 2:30 PM Room K

[2K_PLO1] Now and Future of the IAEA and Efforts to
Help Japanese Take Active Roles in the IAEA
*Atsushi Saito' (1. MoFA)

[2K_PL0O2] Activities and experiences in the field of
nuclear nonproliferation in
IAEA (Promotion to apply to IAEA)
*Yusuke Kuno' (1. Former IAEA)

Planning Lecture | Technical division and Network | Fusion Engineering
Division

[2L_PL] Status of JT-60SA Project

chair: Yoshio Ueda (Osaka Univ.)

1:00 PM - 2:30 PM Room L

[2L_PLO1] JT-60SA Project
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*Shinichi Moriyama' (1. QST)

[2L_PLO2] Construction of JT-60SA Tokamak Device
*Yusuke Shibama' (1. QST)

[2L_PLO3] Operation Results of Superconducting
Magnet System and Cryogenic System for
JT-60SA
*Kazuya Hamada' (1.QST)

[2L_PLO4] Coil Power Supply and RF Heating System for
JT-60SA
*Koji Takahashi' (1.QST)

[2L_PLO5] Progress in Integrated Commissioning and
Plan of Machine Enhancement for JT-60SA
*Akihiko Isayama’ (1. QST)
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Planning Lecture | Technical division and Network | International Nuclear Information Network

[2A_PL] Activities and future directions of Generation IV

International Forum (GIF)
chair: Yurugi Kanzaki (MHI)
Thu. Sep 9, 2021 1:00 PM - 2:30 PM Room A

[2A_PLO1] Activities and future directions of Generation IV International Forum
(GIF)
*Hideki Kamide' (1. JAEA)

©Atomic Energy Society of Japan



2A_PLOT
2021 ED K=

BEREREtEY Y
BAHKRFARATLERI A —5 L (GIF) OFBHESEDOARMKE

Activities and future directions of Generation IV International Forum (GIF)
B e
A ARG T FE B TR

1. [XLHIZ

GIF I Generation-IV International Forum OB, HKAR/ZR SR D 13 2FEHE 188 (EU) IR L., 5
4 HRIRFF OB E B BICSINE R %3 5 EE I Th 5, 5 4 AU IIEBUTORAKFE R 3 R
JF. AP1000 72 SR b2 X o 7o R AKIF A3 S 3.5 AR & L MRX D H . R ) ORI OFE IR
O KFERE A E SRR ORI E ATRE L T A RO F AT AR LTV 5,

GIF 13 2000 A28 2 L, 4 R OBIREEE 2 aiiz LI5S 6 58 (7 b o AmEEEF, 85
BT A7 E) i, O — R~y 72 RELZ, GELEBBEEEEZR 1IRT, BABEEXL
MO RIZNA, 77 CEIROA T LHATEBEFEY DRI 72 E IR 713 2T L ORHGERIFI A3 2 e
R L 2o TRY, BF VAT LAEBICSMENEE Y, BB NI EZED TWD, Eo, P AT AE2MEE L
Te B RMEORR 7 & ORREITKT L WG <0 TF Z ik L TE ORIk Z > T\ 5, GIF IX[EE S 7/ T
1F72 <0 2018 4EITITH LS A=A FZ U TRBIML TS, BIFo— R~ v 7 2002 DO ER. 2013 48
WCHEENTAICES>TWD, S4ED 3 HIZIZEN O GIF #RE2SSE L TF 4 HUF 04 % & GIF OiEF#EhNC
DWTERAZAZD LTz 20 A4S Webinar[1]% BAfE L 7=,

#%1 GIF Goals

B Sustainability

® Long term fuel supply
® Minimize waste and long term stewardship burden

B Safety & Reliability
® Very low likelihood and degree of core damage
® Eliminate need for offsite emergency response
B Economics
® Life cycle cost advantage over other energy sources
® Financial risk comparable to other energy projects
B Proliferation Resistance & Physical Protection

® Unattractive materials diversion pathway
® Enhanced physical protection against terrorism

2. B4HRIF

GIF 2HEHET 2555 4 HAUF D 6 8 L B NEZ % 2 177, @SEOPEFEZRAT 5T b Y o L5 EEE
JF(SFR). $nia HIE#F (LFR), H A HE 7 (GFR), &R 2152 LR 2R 28 al RE 2R B IR 4 A 07
(VHTR), & HIZHBEEFUKGHIF(SCWR), AR (MSR)D 6 57 A 5t R ICBASE W 11 24T > T\ b, midfa i
EHAPEFZ RS2 2 & T, U7 RO AR R B MR FEY OIS 72 E DR E A LT
%o 2013 FRICHE SN2 6 FRLOBAR 1 — R~ » 7&K 1 1TR T, EFEBRERT £ COWFER% 1 /) % GIF T
DEREH I ORI G E L TW5D,

*Kamide Hideki'
1Japan Atomic Energy Agency (JAEA).
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# 2 Six Reactor Systems and Member Countries
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1 GIF Roadmap 2013

3. GIF DiE®h

GIF OFWF L AT AT, B% EOIBOFEICK T2 E&EOT 7o —F R a2 F R T L LB
FHETFIEDO R F =7 2 M TN TS, Bz 1E SFR Tk, HHRBEIBAZ W Ok & LT SER Fuel
Handbook % 3 L, AR T 2 ¥l 2 D T\ 5, FARIEERT O WG IEEh O] & LT, Risk and Safety WG Tl
BAF S AT D DLEENE EO R % B4HE | 7= System Safety Assessment % Webpage TAB LT\ %, & 5IZ SFR

TIXL RO & 2 O WFUEREL B Lo 2kt A (BF) L 20U A FE%E TAEA ORAKWE I
¥#Th D SSR2/1 ERET LA RF 2 A2 MAZZBITRE L, FEOBIHIBEE. TIAEA =° OECD/NEA @
WGSAR (BBUFZ2ME WG) 123 A2 MERIE L 2 A > b XCAR[2]% Webpage TAB LT\ 5, Z OIEHE
I LFR, VHTR ZEDMOF L AT JMZHIER L TNDH EZATH D,

ZOLIRE A HRIFORRE S B nx, FHOHNAELAD & L CHRE~OEW - Hhhx155 LT,
Education and Training WG T, 2 4 HAUFOHFFEBAFEIZ-DU T Webinar & H (2 1 BlDO~X— X THifE L Tk
V. & D Web streaming |37 P Z VERE L L TASFIHTE S KD YouTube THAM L TV 5, FIEMEZ E 0
DEMRT, B il A RIS 5 & & 124 Webinar G OB\ EN L& DT 7oA R[31% H55E
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H /K35 C Presentation File & & & 12480 LT\ %, YouTube TIIHGED H B FHE = LIERE L FIHAIRETH D |
RFETOFRFITIEHHET LN TH D,

b9 V& D GIF OEER{EE) & L THEOBUF L, BORNLZ L~V TH 4 AR B %E 0O HEHE

BT 2 IEHRBEEIT > TV D, — 2D Clean Energy Ministerial (CEM) =& @ FIZF%IT Hav, BKMN
395 NICE Future Initiative (Nuclear Innovation for Clean Energy) ~DZ )1 Cdh %, GIF 1% CEM10 =4 (2019
. N7 —/s3—) T{TH 417z Breakthrough Event (T2 L TH 4 AR DR - T HENZOWTHHET D & &

H1Z, FELE 9 HIZ%81T S 47z NICE Future D745 3E [Flexible Nuclear Energy for Clean Energy Systems| [4]

(25 4 AR OO ERRIREE 2 752 UKREGEPJE ) 72 E R AE rTRE = kL — L ] L T O ENE -
TEREMEIC KR CHEKT 2 S WRRMEE O L 2 L T D, 54D 6 AITiX [Pathways to net zero using
nuclear innovation] [5]& L CH4T & 417z Booklet (2% IAEA X° IEA, OECD/NEA & F A THFEL T\ 5,

4. HLLOMYBH

A MROIREF /B & A7 & & SMRUNUSF) 3B 2 b L KL 72> T %, SMR 1 NuScale X° BWRX-
300 7 EHEARIF S A THIAT L TN D03, EiRA ZAIE, F B Y U NG EIEEE R e Sk x 2 E T o BY
%ﬁ%Mﬁ%ﬁb’%l?ﬁmﬁmé ZHUSHIE LT IAEA THRBEAITH T 5 SMR OEEIL L2
DIEY FIZOWTiEm B ED 5T\ 5D, GIF TiX, I E TH/MUFZ BRI RICE D TH AN THN T
KTNDN, FRCHIEA =T L D12 E#HR L O OFA AR R LX — L O SMR OERLIZHIT T
BHERT —~v & U TEBSCKFMIEE G TeIEE/IFIH  (Non Electric Application of Nuclear Heat, NEaNH) & %
B, R - fRSF 3 A DO CHEE RO ROEHIT & HA B (Advanced Manufacturing and Material
Engineering, AMME) (Z-DW\W T, #1 L < TF M7 % & & bICRFER¥EE AL/ 4 — 772 Workshop, Forum
DB ZIRD TV D, FEF 2 AIZ13/3Y T GIF 2 L7oiFJEBS I IRt L & 612 AMME 27 —~< & L
7= Workshop[6]Z Bt L. i1/ A —, 1, HHIBEES ., BFEERE O O INA S THRIGESoRE =2 —7
4V7@E%Lw%3&ﬁ&%®£éﬁ% WEET — 2 OIAT 72 R 2 72N T O 1 O 728 O 247 -
2o BHD 6 HIZIXZ IAEA & Of#T Interface Meeting %17V Fijuk ¢ NEaNH I ONZ A TE1RE A & T AMME %
LW e L LTHX@ EFBZETHEE L, [8]

5. F¥&O

GIF I%, 225 21 FHIZAY ZOTEBOE % Ext E OWF7esgb 2 il & L2 EES W /1. TAEA & &l
HlRERE & OEHES 5 | World Nuclear Association (WNA)“‘?DJ??jj A =173 E R & ORI W SIS 5D
b, ZDOXH P TIAL GIF DIFEZH->TH 6 9 Z EIXEETH Y GIF20 A4 % 2212 Website S° Logo
7 EERMET Lz, A AT GIF O HAGEY A M71EH B, ENTOREEX > TW\W5, Aiko
Webinar (22T b AFRHO AAGER~— P OFEE, FUTWIZ OV T O B AGERIRO 8B 72 &R H
W7 7 8ATEDLLH)LRLTNWD, HROHE 4 HARUFAREEIMZMD ECHBRBIZLTHITLEBEXET
DT, BOBMHBAED L EEW,

B3 H

[1]1 https://gif.jaea.go.jp/event/2021_20th_Anniversary/index.html

[2] https://gif.jaea.go.jp/methodology/sdctf/index.html

[3] https://gif.jaea.go.jp/webinar/index.html

[4] https://gif.jaea.go.jp/event/2020_NICE_Future_Flexibility Report/index.htmi

[5] https://www.nice-future.org/sites/default/files/document/NICEFuture_Pathways_June2021_final.pdf

[6] https://www.gen-4.org/gif/jcms/c_82829/workshops

[7]1 https://gif.jaea.go.jp/

[8] https://www.iaea.org/newscenter/news/iaea-and-gif-to-cooperate-on-integrated-energy-systems-
nuclear-heat-applications-and-advanced-manufacturing
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Planning Lecture | Board and Committee | Fukushima Support Project

[2B_PL] For the recovery and regeneration of Fukushima
Activities of Fukushima Support Project

chair: Reiko Fujita (Fukushima Support PJ)

Thu. Sep 9, 2021 1:00 PM - 2:30 PM Room B

[2B_PLO1] Past and future activities of the Fukushima Special Project
*Reiko Fujita' (1. Fukushima support PJ)

[2B_PL0O2] Support activities for school education
*Shoko Yashio' (1. Obayashi Corporation)

[2B_PLO3] National reconstruction assistance and regional revitalization
*Reiko Nunome' (1. RWMC)

[2B_PL0O4] Open Discussion
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For the recovery and regeneration of Fukushima
-Activities of Fukushima Support Project-
ﬁﬁﬁ?K’UVﬁﬁ?z*ﬁH%¥3
UEER T 0 Y = 7 b PR, IR T DRI - EeE R X —

1. LIS

EER T e 7 M, REREFHIC LR FAKRFEOERIZHIZY . B ORI > TREOD
) 2 FEEE L CHRTe 7212 2012 42 6 AICRNL S 4L, WEDOERDOF 2 B3P L TCHRIERTE L L9,
FROF A2 LERCBREA L OMOA v 2 —7 2 — ADEEFE TR AERONHICN S, LERER
EIRTHOFMFEME L TERTH»ODOMIRLT S RELTEL,

BRIIE, BEEERR ETEROFZIZHLESML TV &, BREEE., TITH, EREGRERE %
?wfm%ﬁmﬁ\%%\%%i@%%ﬁ%@ﬁﬁﬁ%\ﬁ%%m@ﬂﬂﬁk_ WTDY LRI T LD
B HI E R D 5 2 L B 2R GhiE 8 72 E AT C& 2, F72, TRETHERL 000 L EZBLZTWD
WETTNOBRERAET 7 (HBREEHR T 7 ) STl ~OFAZIRE, BHEE T OKB Tl EE >~
T LDOFE~DOBATHER bk L TIT > TV D, FEEEN G, R R 2 il » DA - (7B~
D). WEBRICBT 2 FREE~DOW ) » KESCEDED T2 BRI K 5 ilddEMEbiz DT
TR 2 FEPE L HOT ORI A HHRIZE DO TV DH & ZATH D,

A a Tk, ZHE CTOMEEOREE & FEFEN G H7ICH D ML Z 4G O T IFBRR DL DV T

L., MEEF 7Yz b)) & UCTEMCRIOFRE - HEROE &I L OB OMREZ X2 72D OGS
DB Ji, HHIZONT, AKX BB L BERARZBETHNENEEZTWET,

2. BERHINTACII FOChETOFHLSE

A$3ﬂ11a’$A“*mLkvyfV¢L‘Wmmm%0—$&%%@LD$%%ﬁﬁzéj—ﬁﬁ
SR SIREITES S 10 F 22 T— T IR DX LA O BEEE DN RBR S AU72 2017 4 3
ARECOBEBRH T 0¥ =7 hOTFENZO VT%E%%%LKONNE4EMM\ i i R B Xm0 Ry
TEAE B AR LA IR CIEBRYe - 4 > 7 T HED LTV D, ZNLSOKIEOFAE - HHIZ DN T
FRETHD, Y7rv=7 he LT, TSN DOKEOBA - HEUTHEmBAIZH I L T\, £, &
S5 — R JIFEFT D ALIRARK DT DN T, HOTOEERBRECHEROERNP KBS D K 5 B & T
DIEEZBHIAT 5, A% bIRBY OFAE - HHIZH T XEROERZHEE | ERR~ZOELZLZ(R
2. FROBEANPKMTE 5 X5 RIFE 2D T <,

3. FREEFEAOHA - XIRER

RERH T 0 Y =27 FRREFAOEMREE LTREO T ICHEBKTE 2 5EO—>2L LT, ZAbHE
BORKEEHEA> TS FAELDIL, BES IR I3EIT OB BREEEE S OfF Sk, wik
iR 2 Z L THEE AR T AEH MG L, ROOMYMAL LT, WhEHIZH DmEs LHEEF
AR > A T A TR R MEER (RSSHRIEHE, By MRS, BEF L5 TS e-learning
B OIERARIZHOW T, BEBF 7Y =2 NS ORZBOB N B THGELIZE ZATH D,

4. EOERNTEICK SHbEFEHEL
HFE. BADKENSOBEER - A IZHT, BRETNSESERBVIALZIToTEY ., ¥iZ
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Il 0 T, RN A R &1 & A & Ok TREEEHR R MR Sy, (RO IFIE O ATEBREE O F i
FESTETNDHLE LTS, SHIITIE, MEREEXEICIW TS, FrEE B AR Ol 2 Bt L .
BRI AT 2R MR ER L TWA & LTS, —J, HETFNER L TV ARk Ak
i CWEERT, KRERT, ERET, JRYCET, JIMRET) 2B 2ERBEMRAEIC L DIMER N CiE, B ED
FEROF 208 TRLRW] EEELTWD, ¥7av=y T, ERED D HERMEROAETFICHD IR
ST bDERSTNWDLDONEHE, FROG2#OFLZRITHZELE LT, (EROFT A LEHEDOHDOA %
— 72— ADHEENERIZLTEWEBZ TS, Ky a ik, HETZF.0E LIZEORER ORI &
ZICKTTAERO LT 2 ~D7 v — MNREMRRERET 5,

5. &

BERN 70 Y27 bTIE. ZRETHRFDOHEME L LT, ERONVSHICL L, FRM/LE LT
WERETHI 2P LITIEH LT o TE L, WERMBFUND 10 F2l, EROAETFIZER LIzt
DI B3 JEIOHIESC . ZE 78 SRIA WSS o 7o iF B 2 B L T &7 EeEX T, Kty
T a VTR T 2EEHRLI HIAT > T ANEZFIHICOWTRERMO ZTERZB Y 720 EEZTVD,

YLk

*Reiko Fuyjital, *Shoko Yashio?, *Reiko Nunome3
1Fukushima support PJ, 20bayashi, *RWMC
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For the recovery and regeneration of Fukushima
-Activities of Fukushima Support Project-
ﬁﬁﬁ?K’UVﬁﬁ?z*ﬁH%¥3
UEER T 0 Y = 7 b PR, IR T DRI - EeE R X —

1. LIS

EER T e 7 M, REREFHIC LR FAKRFEOERIZHIZY . B ORI > TREOD
) 2 FEEE L CHRTe 7212 2012 42 6 AICRNL S 4L, WEDOERDOF 2 B3P L TCHRIERTE L L9,
FROF A2 LERCBREA L OMOA v 2 —7 2 — ADEEFE TR AERONHICN S, LERER
EIRTHOFMFEME L TERTH»ODOMIRLT S RELTEL,

BRIIE, BEEERR ETEROFZIZHLESML TV &, BREEE., TITH, EREGRERE %
?wfm%ﬁmﬁ\%%\%%i@%%ﬁ%@ﬁﬁﬁ%\ﬁ%%m@ﬂﬂﬁk_ WTDY LRI T LD
B HI E R D 5 2 L B 2R GhiE 8 72 E AT C& 2, F72, TRETHERL 000 L EZBLZTWD
WETTNOBRERAET 7 (HBREEHR T 7 ) STl ~OFAZIRE, BHEE T OKB Tl EE >~
T LDOFE~DOBATHER bk L TIT > TV D, FEEEN G, R R 2 il » DA - (7B~
D). WEBRICBT 2 FREE~DOW ) » KESCEDED T2 BRI K 5 ilddEMEbiz DT
TR 2 FEPE L HOT ORI A HHRIZE DO TV DH & ZATH D,

A a Tk, ZHE CTOMEEOREE & FEFEN G H7ICH D ML Z 4G O T IFBRR DL DV T

L., MEEF 7Yz b)) & UCTEMCRIOFRE - HEROE &I L OB OMREZ X2 72D OGS
DB Ji, HHIZONT, AKX BB L BERARZBETHNENEEZTWET,

2. BERHINTACII FOChETOFHLSE

A$3ﬂ11a’$A“*mLkvyfV¢L‘Wmmm%0—$&%%@LD$%%ﬁﬁzéj—ﬁﬁ
SR SIREITES S 10 F 22 T— T IR DX LA O BEEE DN RBR S AU72 2017 4 3
ARECOBEBRH T 0¥ =7 hOTFENZO VT%E%%%LKONNE4EMM\ i i R B Xm0 Ry
TEAE B AR LA IR CIEBRYe - 4 > 7 T HED LTV D, ZNLSOKIEOFAE - HHIZ DN T
FRETHD, Y7rv=7 he LT, TSN DOKEOBA - HEUTHEmBAIZH I L T\, £, &
S5 — R JIFEFT D ALIRARK DT DN T, HOTOEERBRECHEROERNP KBS D K 5 B & T
DIEEZBHIAT 5, A% bIRBY OFAE - HHIZH T XEROERZHEE | ERR~ZOELZLZ(R
2. FROBEANPKMTE 5 X5 RIFE 2D T <,

3. FREEFEAOHA - XIRER

RERH T 0 Y =27 FRREFAOEMREE LTREO T ICHEBKTE 2 5EO—>2L LT, ZAbHE
BORKEEHEA> TS FAELDIL, BES IR I3EIT OB BREEEE S OfF Sk, wik
iR 2 Z L THEE AR T AEH MG L, ROOMYMAL LT, WhEHIZH DmEs LHEEF
AR > A T A TR R MEER (RSSHRIEHE, By MRS, BEF L5 TS e-learning
B OIERARIZHOW T, BEBF 7Y =2 NS ORZBOB N B THGELIZE ZATH D,

4. EOERNTEICK SHbEFEHEL
HFE. BADKENSOBEER - A IZHT, BRETNSESERBVIALZIToTEY ., ¥iZ

2021 FRKRFEFNER -2B_PL02-
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Il 0 T, RN A R &1 & A & Ok TREEEHR R MR Sy, (RO IFIE O ATEBREE O F i
FESTETNDHLE LTS, SHIITIE, MEREEXEICIW TS, FrEE B AR Ol 2 Bt L .
BRI AT 2R MR ER L TWA & LTS, —J, HETFNER L TV ARk Ak
i CWEERT, KRERT, ERET, JRYCET, JIMRET) 2B 2ERBEMRAEIC L DIMER N CiE, B ED
FEROF 208 TRLRW] EEELTWD, ¥7av=y T, ERED D HERMEROAETFICHD IR
ST bDERSTNWDLDONEHE, FROG2#OFLZRITHZELE LT, (EROFT A LEHEDOHDOA %
— 72— ADHEENERIZLTEWEBZ TS, Ky a ik, HETZF.0E LIZEORER ORI &
ZICKTTAERO LT 2 ~D7 v — MNREMRRERET 5,

5. &

BERN 70 Y27 bTIE. ZRETHRFDOHEME L LT, ERONVSHICL L, FRM/LE LT
WERETHI 2P LITIEH LT o TE L, WERMBFUND 10 F2l, EROAETFIZER LIzt
DI B3 JEIOHIESC . ZE 78 SRIA WSS o 7o iF B 2 B L T &7 EeEX T, Kty
T a VTR T 2EEHRLI HIAT > T ANEZFIHICOWTRERMO ZTERZB Y 720 EEZTVD,
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Planning Lecture of Review Committee on Decommissioning of the Fukushima Daiichi NPS
Progress of R&D for the decommissioning of The Fukushima Daiichi NPP
(3) Topics on Decommissioning Researches:
Analysis of sim-debris of the bundle degradation tests
* Anton Pshenichnikov', Yuji Nagae' and Masaki Kurata'
Japan Atomic Energy Agency

1. Introduction

This year was a 10 years memorial date after large-scale severe nuclear accidents at the TEPCO HD (Tokyo
Electric Power Company Holdings Inc.) Fukushima Dai-Ichi Nuclear Power Station (further referred to as 1F) had
happened. A cooling function of the Unit 1 got out of control after the tsunami strike and ended up by an explosion the
next day. Increased dose rate and continuing aftershocks of high magnitude exacerbated by a questionable accident
management [1] resulted in a cascade of three meltdowns occurred in the units 1, 2 and 3 and three explosions destroyed
buildings of the units 1, 3, 4, even though the Unit 4 was shut down (under maintenance) [2]. This scale of the accident
was beyond all assumptions made by promoters and antagonists of nuclear energy.

Now TEPCO is facing a challenge of a complete decommissioning of the 1F as a measure of the recovery of
the lands of the Fukushima prefecture and prevention of the further leaking of radioactive substances out of the damaged
reactors. However, decommissioning of 1F is an extremely difficult task, since a gap in understanding of the accidents
propagation does not allow us to get the knowledge on the fuel debris final distribution and properties in the damaged
units. The direct investigations were also minimal because of the harsh radioactive environment in the reactor buildings.

Collaborative Laboratories for Advanced Decommissioning Science (CLADS) was established in
JAEA based on the acceleration plan for the 1F decommissioning to assist it by making R&D on the current challenging
problems. The main objective of the studies was the investigation of a boiling water reactor (BWR) bundle degradation
mechanisms in various atmospheres. Present test programme was focused on an early stage of a severe accident before
melting of fuel materials such as UO,-ZrO,. Analysis of an accumulated data is going to be an input data for development

of a multi-scale severe accident (SA) model.

2. Experiments
2-1. LEISAN facility

Large-scale control blade and bundle degradation tests were performed using a Large-scale Equipment for
Investigation of Severe Accidents in Nuclear reactors (LEISAN) [3,4]. The facility was capable of going up to 1800 °C
only in pure Ar firstly [5]. The heaters were placed in the upper furnace part making a gradient roughly 500 °C/m. Large-
scale bundles of approximately 1.2 m-long with 20 claddings surrounded by channel boxes and one control blade were
tested in Ar. An option of adding a steam+Ar mixture was added [6]. For this, a muffle capable to resist high temperatures
in steam was developed. Outside of the muffle were heaters in Ar, inside was hot steam-argon mixture and a bundle.

In recent years, the facility had become additional thermocouples, which allowed measuring the temperature
filed more precisely and a quadrupole mass-spectrometer for exhaust gas measurement [3,7]. One of the key features of
the facility was the possibility of making in situ video, which helped to follow the features of melt progression (especially
local exothermic reactions) and debris formation and relocation in situ right on the monitor. There is a further plan to
equip the facility with an electronic low-pressure impactor for enhancement of aerosol study.

2-2. CR and CRFCB tests

One of the first tests CR-1 (CR stands for Control Rod) was performed with only one control blade rod [5]. In
that case melting occurred without an influence of Zr. It was necessary to understand the pure behaviour of the control
blade melting as a starting point of the bundle degradation. On the video the first place of the blade’s sheath melt-through
happened in the direct contact of the inner tubes, filled with B4C granules, with the sheath of the control blade. No serious
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exothermic heat release was detected by the thermocouples (due to small number of them), only a small temperature
increase was visible on the video. It gave the idea, that the energy of the Fe-B eutectic interaction is rather small to induce
excessive heating damage. Oxidation of the Fe-rich melt was negligible because of Ar environment. That is why, in the
next tests, Zircaloy-4 channel boxes together with one control blade were tested in CRFCB test (Control Rod Fuel Channel
Box). The tests using the simple bundles revealed an impact of Zr on the melt formation and debris shape and relocation
ability. It was clear that the debris chemical composition is important. Moreover, the degradation happened with a large
exothermic energy release, even though the atmosphere was pure Ar, which was observed on in situ video [5].

2-3. CRFCBEF tests

Control Rod Fuel Channel Box Fuel rod (CRFCBF) tests were performed in Ar and in steam atmosphere to
grasp the differences of the bundle behaviour under steam-rich and under steam-starved conditions [6]. The tests showed
a severe degradation of the channel boxes under pure Ar and steam-starved conditions. It happened because the oxidation
layer on the surface of channel boxes tend to self-dissolve in the bulk of alloy by oxygen diffusion into the bulk. In the
absence of the oxide layer, nothing prevented low-temperature Zr-Fe eutectic formation. Relocating melt solidified and
created a blockage in the lower half of the bundle. Due to such mechanism of relocation and solidification, it could not
penetrate far in the lateral direction. Probably, to propagate laterally two special conditions should be fulfilled: a secondary
liquefaction should happen and the way down should be blocked completely.

In the framework of CRFCBEF tests, only two kinds of debris were analyzed. The first material emerged in the
region of high temperatures from the top to the middle of the bundle. The second material was able to relocate right to
the bottom of the furnace, though the temperature there was low to expect any molten material. For Zr-Fe containing melt
agglomerates it was easier to relocate in the axial direction so deep. Steam-rich conditions, according to the conclusion,
may significantly change the course of the accident, however starting from which threshold of preoxidation and steam
flow rate, was not clear.

2-4 CLADS-MADE

The recent tests in the framework of the CLADS Mock-up Assembly
DEgradation (CLADS-MADE) programme were developed in close connection to
the situation in the units of 1F. The test scenarios were developed taking into account
the plant data widely published by TEPCO [8,9], IAEA [10], INPO [11] and the
others. For the Unit 2 the developed scenario included a transient phase with 0.4 K/s
followed by a steam starvation phase. For the Unit 3 there was a constant oxidation
during transient heating with 0.6 K/s. For the Unit 1 a scenario had a constant steam
flow rate and 1 K/s heating rate. More details on the scenarios can be found in [4].

A series of complementary post-test investigations favorably

distinguished CLADS-MADE work from the previous preliminary studies. Such

methods as optical microscopy, scanning electron microscopy (SEM) with energy-

dispersive X-ray spectroscopy (EDS), X-ray diffraction analysis (XRD) and Raman
spectroscopy were used. These investigations advanced our understanding of the
accident progression at the beginning phase of the 1F accidents. Let us discuss the

main findings of the post-test analysis of the sim debris.

It was established that an oxide layer significantly influenced the

Figure 1. Scheme of a model
bundle degradation: a — fully
boxes. It prevented lateral melt propagation and promoted individual blockage oxidized claddings, b — remaining

formation in each bypass channel. Melt-through of the channel box do not occur control blade debris, ¢ — remaining
sheath, d — melt created blockage,

e — relocated oxidized debris, f —
damage to the oxide layer a local melt-through may easily occur involving materials relocated melt, g — relocated

under oxide layer into formation of eutectics [12]. control blade debris.

interaction of molten Fe-rich control blade melt with Zircaloy-4 of the channel

until the zirconium oxide surface layer is dissolved in the bulk. In case of local
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The investigation by SEM EDS gave the first ideas on the phase compositions of the degraded materials at
different elevations. Debris were consisting of oxidized materials, and still unchanged B4C, surrounded and protected
from direct contact with environment by a metallic part. The metallic part of debris consisted of two major volume
fractions — Fe+C-rich and Cr+B-rich. The metallic part at the hottest elevations contained mostly solid solutions of B in
(Fe,Ni) and borides of mixed composition (Fe,Cr)B. At the elevations where the reaction of B and C with melt was lower
due to lower temperature, logically borides with higher Fe content (Fe,Cr),B were identified. In the colder areas of
blockage, almost unchanged stainless steel (SS) composition was detected with very small amount of dissolved B (<0.5
wt.% overall). However, this very small B concentration may play a crucial role as it makes Fe-rich materials extremely
robust by precipitation of a small-scale B-rich domains. Those domains had local B enrichment up to 2.8 wt.% and was
always assotiated with locally high Cr content. Obviously, Cr compounds with B were favourably stabilized in the
liquefied melt [7].

Unfortunately, C was a material, which was difficult to detect by SEM/EDS. The investigation by XRD
uncovered, that the debris contained not only Fe, Ni solid solutions with B and Fe, Cr borides, but also some small amount
of mixed carboborides of (Fe,Cr)23(B,C)s [3]. Raman spectroscopy was used to understand B and C compounds, which
formed in the debris after reaction of SS melt and B4C. It turned out that much of C after degradation and dissolution of
B4C remained unused. The traces of C, surrounding the reacted granules were detected by Raman spectroscopy.

Regarding the data obtained by the above-mentioned methods, a new mechanism of B4C granules degradation
by a graphitization was identified both under steam-starved and steam-rich conditions. In an oxidative environment
remaining graphite was consumed by oxygen and C escaped from the melt in the form of carbon oxide gases (bubbles on
the liquefied metal surface were confirmed in situ). In the case of steam-starved conditions C remained in the structure,
which promoted (Fe, Cr)»3(B, C)s carboboride mixed phases formation.

2-5. Possibility of three types of debris

Let us try to find the analogue debris on the video of
the PCV internal investigation performed by TEPCO [13]. A lot
of stone-like debris was observed on the video. Visual
appearance and post-test investigation data plus data provided by
TEPCO on the primary containment vessel (PCV) investigation
suggested that after an accident, debris can be divided into three
general types: a) metallic, b) oxidic, and c) original parts,
degraded by partial melting, mechanically slumped [14].

Metallic debris are forming especially in large
amounts under reducing conditions. Having the lowest melting
temperature among the core materials, they tend to relocate
deeper into the lower elevations and block the water supply

channels, thus making local conditions steam-starved. Metallic

melt, depending on composition and temperature, had different ‘ Tooh-BEA RSN
ability to be oxidized on the way down. Fe, Cr, Ni - bearing melt Figure 2. Three types of debris
has lower affinity to oxygen, thus less oxidizes during relocation. Additional to that, the temperature at which this melt
becomes liquid is decreasing fast by addition of B and C. Zr-bearing melts have the highest possibility to be oxidized
during relocation. But at the same time, Zr-bearing melts have tendency to relocate as big agglomerates, which make the
ratio of surface to volume small. Having a bigger volume, cooling of the big agglomerates are slower. Thus, big
agglomerates can reach deeper elevations of the core and can be the first in the lower head of the reactor.

After all alloys and eutectics had already relocated to colder elevations, there is a turn of oxides to start melting
and creating a large pool of oxidized materials. Usually it is a mixture of UO; and ZrO». For example, there is no doubt

that when a part of the oxidic pool in TMI-2 accident reached the RPV lower head, there was some layer of debris already
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there. It was not confirmed what kind of debris were there, but considering our observations it may be metallic debris.

Before the accident at 1F it was assumed, that no materials could survive such high temperatures as exist during
the UO, molten pool relocation. A molten pool was considered to be uniform and no possibility for initial core materials
survival was assumed. But a temperature gradient is absolutely normal situation even during severe accident inside of
RPV. As a result, the PCV investigation in the Unit 2 had detected a top tie-plate came out of the RPV (Reactor Pressure
Vessel) only partially melted. Such surprize was not predicted by any expert worldwide. However, in CLADS-MADE
tests an upper part of the control blade had relocated in the same way to the bottom of the furnace. After this finding it
became clear, that sim-debris from SA tests can be helpful in interpreting the real debris origin, ways of their relocation
sometimes may give a rough idea about their chemical composition. Such attempt was made in [14].
2-6. Comparison with the internal investigation by TEPCO

In CLADS-MADE-01 test, control blade melt solidified on the surface of a channel box. Then, it was easily
detached from it. One of the surfaces of such stone-like piece was flat. This process seemed to take place in the case of
stone-like debris of the Unit 2. As soon as hot metallic melt came out of RPV through minor breaches, it solidified on the
massive metallic beams of CRD supporting structures. No damage to those structures was possible because of the volume
of melt. However, the mass of the accumulated solidified material would gradually increase, and finally some of
agglomerates may simply fall down. Thus, stone-like debris is a result of the gradual process of the melted material
coming out from the minor breaches, solidifying on the CRD massive stainless steels structures and then falling from
above to the bottom of the pedestal [14].

The partially destroyed top tie plate was found lying on the top of the debris in the lower part of the PCV [14].
There is no guarantee that the other core parts like channel box or a control blade or even highly radioactive fuel pellets,
did not relocate to the PCV. Indeed, some features of the observed debris remained on the round-shaped part of a control
blade, 90° walls of the channel box with flat surfaces. Unfortunately, the opposite side of the debris was not investigated.
That is why we cannot confidently conclude, that it was a part of a channel box or just a melt agglomerate solidified at a
90° angle in the corner between two massive CRD supporting beams. Additional investigations of the PCV of all units is
a key factor of increasing our knowledge on the materials remaining there.

Solidified melt was found in the PCV, which looked much like the investigated debris of CLADS-MADE-01.
In the test they were consisting of only metallic debris due to relatively low maximum temperature of the test. In the case
of the Unit 2 debris, they can be a layered mixture of both: poured metallic and oxidic melt. In both cases, a large amount
of the poured melt would have enough ability to propagate along the platforms and relocate to the lower elevations. In
contact with platform, there was no deformation of the underlying platform beams. Cooling was obviously fast, probably
the melt was nearly quenched by the difference in temperatures. It happened in the test as well. The melt in the test could
not penetrate even through a thin 1 mm grating, because it had immediately solidified on it without any reaction occurring.
After the test, it was easily detached. Probably, it can be expected in the case of Unit 2 PCV debris. The only concern is
how to cut them into small pieces for withdrawal. The latest update of withdrawal technology was published in [15].

The presence of the large amount of accumulated molten material suggests two RPV-PCV relocation paths in
BWRs — a) minor breaches near CRD joints with the gradual melt release in small amounts but in many places
simultaneously and b) one major breach with the release of a large amount of melt and the top tie plate. The former
mechanism was the cause for the stone-like debris; the latter explains the molten debris, which TEPCO was not able to
move by the robot during PCV inspection. The top tie plate could penetrate obviously through a major breach. That is
why if the major breach exist, degraded assembly parts can be observed on the top of the debris. From the author’s point
of view, such degraded assembly parts should be the first large-scale sample for a thorough investigation in the laboratory.
It is going to give ideas on the accident progression of a particular unit by detection of changes in microstructure in this
debris. Special interest is the molten edge of the degraded part. It may give the idea on the core composition at the moment

of contact with this debris.
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3. Conclusion

The work on analysis of metallic sim-debris have shown similarity between the test and real debris, which

allowed the interpretation of the Unit 2 PCV debris origin and uncovered control blade degradation mechanism with

formation of boron compounds in the metallic part of melt. Though the information was surely lacking, a rough estimation

of the chemical composition of metallic debris and the place of the first solidification was made [14]. This can be a

justification for the future accurate application of sim-tests for the understanding of the real situation inside the damaged

reactors of 1F, which is expected to be an important method for the 1F forensics.
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Activity report of research committee for nuclear data in the fiscal years of 2019 and 2020
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(1) Continuous Survey of Needs for Nuclear Data
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(2) Human Resource Development for Nuclear Data Research
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(3) Progress Report of Roadmap for Nuclear Data Research
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(4) Trends of Evaluated Nuclear Data Libraries
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T, IRSN TH > TH JEFF OIS TV D b T &) AN RSNz, £ LT, RIS
— B EBEZDROEDLAEZOHBEZMINT S FX a2 A FEELTHRLWVWE WS U 7 =R R RS,
RN CTIXRFIZH > T JEF-2.2 DERICH > TERA T CHEHIN TV D7D h, HILWET — X 28 AT
L2 D= FRMEIENDTE, KREHILT2F74 77 VR 52T ICEDEDOIEBOBEHRMFICE LA TND
EbHE XD,

— T — Z Ol 24T 5 FEA R D HEMAZE O TR T — 2 FHliRe ) OMERFIZ KT 5 M bk
HIR S IR SHUIZJEFF BIRE N E 2 B2 TNDH DN E b BITEDOT — X 30 7 N 28 » [Ed 5 & JEFF
MG N —TE2/ICEBML T D DR LNZED 10-15 ARE T, DB CEEHLZE-> CREETHT
TATIRBEMEE LS EROEND Z EBKMNCBNTHET —FDaa=T 428 50> THERF L T <
DOPPRELREICR D S2OH LT L 2R L TWRWVWTEA D D,

BRTHIUITCA T — X DI OFEMER N L DT TERY, BRELTHEEOAYOTHD
KACBW TR T N~OISHE IR Z WL & 5 5 DT — % ORIl 2 WRetki3 Ry, £ LT, 2
DTOEIRIFD X 9 0T — & OUGTIZ T 723U ENEZ 52 DR NS 725 TN DDORBUR 2 DD
L2, ZNTHo THRBRAEFT LT —F DSBS AL T 2B W ILH L DMES Th o7,
P BN EIEFEONZELTHETDHMNT, JEFF OFRKII N> TV D,
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Ll BT —ZI3E X2 < aWiT E BRI 2T — % OFHEE ) Z Rk e < 2 A DI 5 &9
DIFNPRVFIE LT =—AThHbH, LINVDENHDH L LTS JENDL TH[FE TR TIZZRWEA 9 03, FAIE
Z ZIZ JEFF & JENDL O I O#ER 5 5 L 5B - T, BT — 2 OFHIICH#ED 2 NI EIC 5
WD Z AT 5700 ZOIAETOZER=— X2 BT LNV ETH D, £ OV ool a1k
DI N OEFH R EE Z OB AN, TLTHEO=—XOFBRIIELASNTZOaIa=T 1 %
BTCTWL LEME L, HRAFMLTHS>TH DR L HRERMNTIIEDLY 2B HDE, ZTDWHIIOH
F%1Z JENDL % {& % | JENDL BE£R#& 23 JEFF & & b7 —Z D aia =7 4 ZHITE TN Z LI hEiE
ST LM, HAITIZ JENDL ORRICEN D LEZ D,

2. JENDL D%k & EXFOR DEEH

JEFF OBHRE N Z RSN TN D0 E 5 idil e LT, BIROAEb E B2 2LIZRKENT TWHD
M IEFF Th 5,7 — % /307 OFtER EICHESE LTz GitLab % ~X— A |Z NDEC (Nuclear Data Evaluation Cycle)
EWVWI VAT ALK o TET —Z il @O Validation ORI EZERL LS E LTS, £iHE=—F
TALYS 2 X 5 FliA5 R OE KR TH H TENDL Z KIEICERHAT 2 TEL LTWD, T7hbb, aia=7 ¢
DN 1T Bt & 3HRRE I O B2 X2 BEME & R KIC L > TRV BZ 5 K 1P CIEEh 2 LT 5,

PO BEMEAET — 2 D a2 =7 4128 > THEEIBMZFORETH 5 LIT-E XV, EFED
TERETOMESR L FHE OB EXRET — 2 O FICH LW EEY 2odH 5 Z L3N Th 5,
NSC/WPEC |23k D FHIiiEE) 2 AR 2 T EXFOR D7 4 —~ v MIOWTHHT 5 7V —7 N Hski-0ix %
OEhE D272, T EXFOR % E#ET 5 IAEA O NRDC »HAFE7ZEH O TiE72 < EXFOR O —H—
Td % ENDF [E3 Y — N U CHR 2T — % O il /) O~ Téd %5 NSC/WPEC OHITITH 9 & L
TWVWDHZ ELGMIIEE B> TR TV,

EXFOR |27 7 © A L TSN T — ¥ Z it U CRHMBCRI A9 2 OFBETH S @I Thh T\ D
W OFMIEE CH 5, fHiEDY — L ELTEI Vo re A2 HLBEAEEL TN Z EFTTIZ
TONTND EEI N, ZAN S SICHEDITIMO 7 ot 2 HENEHIE SN T D TRV, DR
(2 AL B OB PNICH SN D E 2R 5055 fHiEDEET o v AZ O LD EI Y AN T-1E%
ZEHEREDS BEIICIT O £ 91 o T2 RO SR AREEIZHE B2 O TIX R0V, TOEMEZRE LT
FTA T 7V MEPS TS CRIEO T A 77V EREOMRED T A 77 Y # BAHMI/ES FITKD) LT
5, HHROET — 2l O R G % ERICEZ, FHE OEENEEAREMICEZ TRIHRO Y —4—L 722
Db LAV, B R N FIEE CRBUZR O 21T 9 O JENDL O L E 2 bR TNDEN, £ 9\ o285
LWHEIRFOBEANTL~LDE )Rl Z1T 9 Z L2 JENDL O 9 —2DRKNH DD TIXRWTES I b,

Z OB (CBEH L, EXFOR O EEM 2 N Tide 22V E2 AR L2\, 5 — & JIE o EEMIELL
HINBED GV, fHMiOMGEE S b HAALRBSNTVD, ZDO 2L DIL EXFOR THh 5, Al
REROBET — ZFMICEB W TUIAN T — 4 2 52 2 EHEORmWT — ZICEIICT 78 A T& 52 &, #F
MHAD Al VAT ACRFTOT—F 2 F R 52052 ENRUNCRD, BBEIETT -4 07 %@ LT
EXFOR [ZE L TV A28, A% THHE L7210 > Th 9 — EXFOR OHUR AT L., BRIKAVBLS IR
- T EXFOR DFERBIZXT 5 it & B Z HEREIZIATICE L T R&ETH D,

3. ¥&LO

NEA 7 —# N 7 EMEORBRN G MR OET — 2 OBURE Z 20 bR 56O, EUT-FAED L H L5
W TCHIT, T—H NI ~OEMETH > 72728 JEFF ORI 5 Bz L & &> CF 2 5725, ENDF FfiE
OEANIH G RTZ LI EE 2 2 &L TE oz, By a VIZRWTENDF EIZE L2 EDdH 550
DA LTy iR DZ EITHFFL TS,

*Kenya Suyama'

Japan Atomic Energy Agency
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[2G_PL] For continuous application of PRA to future
Suggestions from Research committee of Risk application and reseach trend in future
chair: Yu Maruyama (JAEA)

Thu. Sep 9, 2021 1:00 PM - 2:30 PM Room G

[2G_PLO1] Report on ASRAM2020
*Yoshiyuki Narumiya' (1. JANSI)

[2G_PLO2] Report on PSAM15
*Jang Sunghyon’ (1. UTokyo)

[2G_PLO3] Suggestions from Research Committee (1)
*Hitoshi Muta' (1. Tokyo City Univ.)

[2G_PL0O4] Suggestions from Research Committee (2)
*Takuro Tobo' (1. TOSHIBA ESS)

[2G_PLO5] Status of domestic research bodies' activities (1)
*Hitoshi Tamaki' (1. JAEA)

[2G_PL06] Status of domestic research bodies' activities (2)
*Hiroshi Ujita' (1. AdvanceSoft)
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YRSty 3>
FEIZhT-5EERW) RVFHmDERD-0HIZ

SRV ERARREMZESHOORE, BVICSEOHARBRIZDONT-
For continuous application of PRA to future
- Suggestions from Research committee of Risk application and research trend in future -

(1) ASRAM2020 DEIRHKE

(1) Report on ASRAM?2020
RCE R
VR e e e

1. [FC®IC

UR7FEAN - FEICET 57 V7 v KT 7 A(ASRAM : Asian Symposium on Risk Assessment and
Management)iE, HE, #E, HA, £ L7 V7 OREFIHBEN O OBIMNE 25727 U7l > Ry
UL TH D, ASRAM2020 (X, A T A VBETH o723 127 L OS5 Cilsam MR S 417z, 3 DEO R
F NI DRDUT R D03, JRF LR LDl Y A7 FHRIEM. PRA FEO®E/IZ RIS 72478,
FHEHOIEENZHOWT, BFEREDN R ENTo, AR TIX, ZOMWRRERNS T U7 HIRIZIBIT 5 /%D PRA
DR A7) 2 4 5,

2. ASRAM D##
2-1. &%

2017 A (ASRAM2017) ., 2018 4EICPIEE ] (ASRAM2018) . 2019 4EIZHEE B (ASRAM2019) &
BEMME L ERQTE TEY ., 2020 T 7KH L LT, HATHMES S Z L25 ASRAM2019 (2 TRE ST,
ENTIE, JRFHFERPTEMERVBEREN Y A7 Lhole, YHNIIRHES TORMELZ TEL T\
73, COVID-19 DREGGLR NG, A2 T A VRICAE Lz,

2-2. RBOME

SHNEL 20204211 H30 A, 12 1 A, 2 BD 2 AT, Webex (&% Webinar & L7z, 2181345 127
ey ERIONRIZ, AART8 4, #E 364, MEH 104, ¥ 34 Tholo, FhEya eI
DTHAESINEIL 26 412 b K AT,

SR RIZ AT, 2B FEEYy v a X T ThoTe, WIRIL, BAR 21 (5 6574 5 ), w#E 18
fE OBFAEIME) ., PETH (OBFE IR, #4311 Thote, EMRARERN 1, $—/ — Ml
AR SN O oY 4 W
2-3. FAT S5 L4
(1)  FBFFekE

F—HH (11 A308) OFFNZ, V77 VX S0 OlERKNS TREE - HifE Do D Y A7 a3 a=
r—vary] CELERFEER o, THEEPEO Y A7 ERIEHICBNW T R ala=b—va
VOEEMENPELTWDLZENLBEWV L, HFEAW_THIAT LIV A A=V EEZD T ENHET
oD, EOBARBEPEICZRTLV A7 aia=r—va VORBICHERZ L THo T,

(2) F—/— Ml

FHHE (12 H 1 H) OFRENC 3 FOEEI TOILZ, WTLh U X7 HFRIERICBE L7 Th -7,

« JAEA ®HZ LK New Initiative of Risk-informed Applications in JAEA |

- ##[E] KAERI Joon-Eon Yang X [ A Way toward RIDM: Korean Experiences and Future Plan ]

"1 [E Nuclear Power Engineering Company Deng X [Some Practices and Considerations in Risk-informed

application in China |

2021 FRKRFEFNER -2G_PLO1-
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2021 FMDKR=

HH#EE L ¢ PRA FIEBIREEZR CEDOREEZIEHT DRI ASTNDZ EN I DB R D,

#1 ASRAM2020 7w Z'J A
Day Time Room1 Room?2 Room3
Nov.30 | 09:00~09:30 Opening Remark
(Mon.) | 09:30~10:15 Invited Lecture
10:15~10:30 Break
10:30~12:00 Advanced PRA Severe Accidents Emergency
Technologies 1 Preparedness &
Response and
Resilience
12:00~13:00 Lunch
13:00~15:00 Advanced PRA Risk Assessment for | Risk Management
Technologies 2 External Events and Risk-informed
Decision Making
15:00~15:15 Break
15:15~16:45 Advanced PRA Offsite Consequence | Risk Assessment for
Technologies 3 Analysis Nuclear Fuel
Facilities & Risk
Communication
Dec.1 09:15~10:00 Keynote Lecture 1
(Tue.) | 10:00~10:45 | Keynote Lecture 2
10:45~11:00 Break
11:00~11:45 Keynote Lecture 3
11:45~13:00 Lunch
13:00~14:50 Student Session 1
14:50~15:00 Break
15:00~16:50 Student Session 2
Dec.2 09:00~11:00 Risk Assessment for | PRA Applications Human Reliability
(Wed.) Internal Events and Insights Analysis & Human
and Organizational
Factors
11:00~11:10 Break
11:10~12:00 Closing Remark

(3) —tvar
F—HHOFRI, FhEFE-HEH (BEH) OFHII 3 DDN—F v )LL— ATy Tt v v

a T, Ait12otyrarMibhic, By a7 —~<id, &E PRA H7ff, RIDM, SA (v &7

T T M) NIER, AAES ANMEEMEMNT 2 & C, &7 —~ O LR SLOREITKRD &

B ThHL,

- B PRA Hif7 : 87 LW FIEDBARIZ D3R D72 4Tz, L2PRA & L3PRA OF — X A V¥ — T =
A ZABFE, Er~ L a 7BEBREEC T I LE c _RA DT ok NU— T BV L TF YA o=y
U R 7 EHIEORFE, ki~ L 7ERE L T ARk LS T T o MR T L A2,
SFP (i ABREL 7 — V) &2 2=y AT AZHOWT, BRESICL 5 EE2EE LY
A TR 2 %%, b a s — M ET A E RO HEAMNKETECET 2878, 2=y FOIREE

(Hph = b, =y bl o=y MED) 21T 2 KER 2R R FL O L FEIC
425~/ F =y s PRAWIZER EDRREREI N,

2021 FRKRFEFNER -2G_PLO1-
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C YT T YTy MBI LTI, SA RROHFIKIE D BBE OB - AHED SFHMRS, ISLOCA (o » ¥
— 7 = A AMHEAM ISR FEOBREE IS O7- O SA XIRED E B 72 LRl & Vo 72 5EH
SOVE B NRWFED TR ST,

- AMERICBI LTI, HI5E PRA (2T 5 ARMEREMEAR-T, A =T D U 273, BRGFHEEZE
J& L72 FLEX (Diverse and Flexible Coping Strategies, Z54Rk1MED DMk 2 3 2 S ELRFIEERS) D%
K. REBFERINI,

c IRAF LUV D URCETIRE, TUOXVIKC GHERIE) OV R 7FEEiE L TARBE S &
¥ 7= STPA (System-theoretic process analysis) (ZBHT 2 RENH -7,

* RIDM (U A7 1@ AT LB ERE) I2BI L TIE, PRA 7> D OEH A FERRAYIZ B IE I 5 D i
ZEDFAI S ATz, L0 AERAY R FIEZ SR LT A iF%E & LT, RISMC (Risk Informed Safety Margin
Characterization, PRA & BEPU (Best Estimate Plus Uncertainty) Z 5 L72 % D) & PRA & O Lk
IR I NI,

4 FEBvvav

BEOT—~ L LT, %ﬁiﬁ%@ﬂ“7‘ﬁ‘4’ ]\%@5 I DWFEREAMAS 3 1, AAER O U R 7 5Hllid3
2, AFIEH T T > b @ PRA RIS D NHYIERR DSBS | F, FHALEE R ) 2 7 5FEA 11, &%
BRThoT,

F7 WA MR TIE, SEE U F—0Rem L JERIZANT xR R S &, 1§80 N7 A N— &
FNEDOEEN 2 A DEND SA (BT 77 V7 v b)) BEEENA RICORNB L8798, 4791 kb
D NI DN RIE T I TG T 5 Z e b RO 2 727 7 —F DT VSGEE
RUTERgE, £ LT3 DHIL, HERAER O )3 EI OB AR S OMEREm 2 By E L, HES)
DONLFRFRE, RIE, BIERFFEIC LY, BT BSOS HEZ R LI TH o7,

SMIHEGUCE LT, B FER L KB OMA G DRI HO N TEY T ey Ialb—va V&
V7= DQFM(Direct Quantification of Fault Tree using Monte Carlo Simulation){Z & ¥ | #f% 72>+ U 4D
HESE S ~DOXIE & ARSI L7AFZE, 2 D RIE, HI5E PRA (2R 2 E 0 MHBIICEEF 2478 Th o 7,

PWR D15 ILIKF PRA 12831} % POSS (R0 X » RL—7TEER) OBhIEHEDMHTRE RO | 5 1EKFY
A= NFa=y N RAZDOWMFITBNWT, ba—~<r 7774 —RNEETHDHZ L Zx LI,
65 FH A BB AR AL PR 5% LS SRGEm A U X 2 Gl & P E R Y R O A G bR T SRR T e —F
AT T FEHREDN D -T2,

3. ASRAM2020 O F RG]

H o 3 2 EIC BV TIEL PRA OFERSE, EHEM S Z 0 20 F£HFE Y TH#A TE Y , ASRAM2020

IZRWTH, 1ERFIEDET T MBI E 2R TIERL ., AR OPEMIR L Bis L0980 B AL
o7, ¥V F =y k PRA DT2ODFEDKE, RERINTFIE L OMAE D, FEIF LSO F Tk
KDY R 772 EIZ KA TND, A MIEBOT 7 o FARE S TV LEETIE~v /v Fa=y k
PRA 73, %< OFHLT T > b3 EERZ BlAA L T2 ETIZH LW ISR OHZE, SMyFRIZED Y 2
7 BBCRY 72 AR TR PRA O R & FEOFE S K S TO DA A bV,
4.E5hYIc

IO T D WEB 2 CEEENEIE L ITRERN O F 2R 272, D7 7 a—F OERZ <,
TR 72U A7 SHlFIEO AL, U 27 E8EE A OYERITHIFR 23R Tz, ASRAM [ZHTS O H i
PSA U —7 > a v T OR5M & ST/ T, B OBRERRI 2858, B FOME L2 EIT 2 [EHERESHEICE -
TWD, 2021 410 A 24 B~27 BIZ, 4> 71 12 K% ASRAM2021 28 HIE S TR S LD, %<
DBINFEDENEIE 72 B RN TS 2 & 2R L7,

*Yoshiyuki Narumiya!

1Japan Nuclear Safety Institute
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YRSty 3>
HFEIZhT-5EERW) RVFHmDERD-0HIZ
)R ERAMEREMEZEESHLDRE, T VIZSEOHEEIRIZ DT

For continuous application of PRA to future
- Suggestions from Research committee of Risk Application and research trend in future -

(2) PSAM15 DEIMEHE

(2) Report on PSAMI15
iR OKE
AR

ARG TIL, 2020 4F 11 H 2-5 BIZBME L7=% 15 8] H Probabilistic Safety Assessment and Management (PSAM15)
2B 1T DGR Y A 2 S5 B O FEEN I DWW TR 5.

F—"J— F : Probabilistic Safety Assessment and Management (PSAM). ¢ H1 DA EEN 7]

1. PSAM15-ESREL2020 Dt E

Probabilistic Safety Assessment and Management (PSAM)IFHEZGRAT Y A 7 3l 73 BF 12V C 30 FiC b2 5 K
WEHZRD, RO AZELFERTHY, 2HEITLITHIND,

A E1 0> PSAM 1355 15 [B1H & LT, 2020 4F 11 H 2-5 HA # U 7 _R=ATORETE T L7223, Covid-19 IZ
K DBYNER DT DA T A4 VBIMEIZ 72 5 7=, PSAM I, 8 4F Z & (TR TRAME X425 A3, BN T ORI 72
54546 1%. ESREL (European Safety and Reliability Conference) & I:FIBAEDIZ 725, A8l 4 £ H @ ESREL
EDIMRIZ T2 o T2, D7D IER 24 Fld ESREL2020 PSAM15 T > 7=, ESREL & ILFRIBIEIZ 722 D51,
JRA 1B DT B AR, BRE. AR EPE SIS D HERGRA Y R 7 IS B S BFSE OFR
NR%L IR DFHEN B 5,

A A PSAM TiX, 55 O M > 7 31 OJEHSENSE 728 O C OB N H > 7-, #ilald PSAM14
TIE39D My I bR o7 Z LT T 5 & L0 ORENLDOIIERENDH -7 Z L2
B CT& 2,

FLI0DOT VLI —L I Fr— 5ODRXFLEyar, 1l DAy /Ly aryBirh, 47
A VBMED T DT D 20 B DX A LY —2 D 763 NS LT,

2.PSAMI5 D705 5 LR
2-1 FLFV—LIFr—BLUPRRY v LYY aYy

7L U —L 7 F ¥ —TiE, Covid-19 X New normal FfR D3 U A7 =R A v b0, i, Al - A
FE¥ET a2 7B DH Y AT <wRxY AL b, Industry 4.0 X° 5G 2 AT A Machin Learning 72 & 24% 7277 B
WZBITDY AL R XA MZOWTRIT R HoTe, VT =L Fr—07 —~<([FRO@EY T
5,

e  Hybrid Threats and Disaster Risk Management: Changing Paradigm in Security

e  Risk Mitigation - A Shared Responsibility in the 5G Ecosystem

e  Living Out Zero Harm Under the New Normal

e Decision Programming for Optimizing Multi-Stage Decision Problems under Uncertainty

e  People, Infrastructure, Stakeholders: Sustainable Risk Mitigation in Power Grids

e  Risk management in the Covid-19 era

e  Realtime Damage Decision Support System for ship recovery

2021 FRKRFEFNER -2G_PL02-
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e  Maintenance in an Industry 4.0 World Transforming Maintenance through Data Science
e  Industrial risk management in oil and gas construction and drilling project - Saipem experience
e  Overcoming Regulatory Barriers to the Application of Machine Learning in Safety and Security Critical

Applications

Fo, 11 DAY Ly a Tk, ARUEEMRIN, 171V AT ADOZ BN E 2R DOEFEMEEW ST/
B DT —<=0, Al B2 E . _AY T Ry N — VBT OV AT~ 1 A My BB HIE AR E DT —~
BT, AT ¥ty arDF—<&PL FITRT,

Reinforcement Learning For Industry 4.0

e  Advanced Diagnosis and Prognosis in Bio-medical Engineering

e  Human Reliability Analysis today: data and other challenges

e  Text Mining applied to Risk Analysis, Maintenance and Safety

e  Reliability of Passive Systems in Nuclear Power Plants Perspectives and Challenges
e  Human Performance in Resilience, Risk and Safety Assessments

e  Natural Language Processing, Knowledge Graphs and Ontologies

e Artificial Intelligence for Maintenance Decision Support

e  Bayesian Network Modeling for Risk Assessment in the Oil&Gas Industry

e  Fault-Tolerant and Attack-Resilient Cyber-Physical Systems

e Life Cycle-Based Resilience Assessment and Management of Structural and Infrastructural Assets

22, RFA5EICBT H45EEM
AT 57—~ & LT, BREEBHEMNEL D~ 7= D1, Human Factor and Human Reliability (29 £4) .

Dynamic Reliability/Risk Assessment (24 ), Nuclear Industry (21 #4:) . Risk-Based Decision Making (19 ) %
TV, External Hazards Risk Assessment (9 f4:) . Computational Reliability/Risk Assessment (8 1) (2B 9%
HBROULEZ AN, —FH, TFE Y A7 5B OFETREN S D - 72 Multi-Unit (Multi-source %5 2p) U A
7 S BE DRFZEIE, 6 & DIV RILTH o 72,

%72, Machine Learning For Reliability, Maintenance and Safety (19 f4:) &\ o9& v o 3 > Tk, HETE OB
J& S E BN A IO T2 HLERBIT T LW T —~ OIFERRRE Do D bR Th o7, R hnBoty i s
LIRS,

e Human Factors and Human Reliability (3&3%56 0% 2914)

e Dynamic Reliability / Risk Assessment (24{4)

e Nuclear Industry (2114)

e Machine Learning For Reliability, Maintenance and Safety (19{f)
e  Risk-Based Decision Making (1914)

e External Hazards Risk Assessment (91f)

e Computational Reliability/Risk Assessment (8ff)

e Risk Informed Applications  (5{F)

e Multi-Unit Nuclear Plant PSA (4{4)

e  Site Level Multi-unit Multi-Source Risk Assessment (2{4)

4[F]®> PSAM Tl% Human Reliability, Dynamic Risk Assessment Risk-Based Decision & Vo> 72 fciliiE B 15

ST ORENEL RN, BIEIO PSAMI4 TIEART ¥y Lty aryTHRbNAIEY., BEFEB SN
DL T D Multi-unit U A 7 FHIIZOWTIL, iR EEEKIT D2 boTmb 0D, TAV I, 75

2021 FRKRFEFNER -2G_PL02-



2G_PLO2
2021 ED K=

A HRE 7R E LSRRI E D D O EHT O S e S 4172, F7- Machine Learning, Deep Learning DAR72
HEIROIEN BT S22 L, BEEIROF B ToRELHGFTED

3. PSAM16 [ZDLVT
WIalD PSAM16 12022 46 A 26 H2 57 A 1 HORM, KENTVA R VILVTRETDTETH D, £
ESREL2021 /X, 2021 4E9 A 19 H» 5 23 HOM 7 Z 2 A D Angers DBETETH D,

*Sunghyon Jang
The University of Tokyo
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2G_PLO3, 04 [£F VRO BEREYVAY

RRICH-5HHEREH) XV FEDERDI=IZ
SRV ERARREMZESHOORE, BVICSEOHRBRIZDONT-
For continuous application of PRA to future
- Suggestions from Research committee of Risk application and research trend in future -

MREMEREDRERE ) Q)
Suggestions from Research Committee (1) (2)
RE T, YEE
RO TR, PHRET RNV F =V AT LK

BRI BT O FS LR, EEREEHO—2L LT, [V A7 | FHREZEH LB ERE
WS TRHRMIZREMOMN EEZ DI AR I TETWD. RO Y 273l (PRA) 13JF1
JIMER DEREED B BE IR E IR D B BEFEIZ B W T ERILIZ D72 2GR FIRE R BT TH D, 1990 FFRLRE, 3
FEORZEN ITON, BIIXT 7T h~F VA b, HILOWEFDLZERHOE 2T, VA7 IEHRE
ERLEBEICESh &

PRA IZ X 2RO FEBH~OICHIZIE, @R T —20R7 A =205k, HIIZAELIZEED - By
IRFEAT - B TIE O, e S OFHESE, 1EEVES - B oM A LETHY, £< OWREE,
BEWENZNOELG L TV OMERSD S, £z, BAARZERICEHE - IGH L, 557215 #H % PRA O
WFSE - BRFS. FEH AT O ENRTIAHET L2 LI1E, 2hR8 - 2037 PRA FIEOREIZMIT -HER AT v/
b,

YL EOBLRIZHEE S, BUED DIERIZEB N T Y A7 EROTENICS R E D PRAICHE L 2 D HIRBRFE O F
FHORTITET D Z &, WONT PRA IZH#ED 5B WEROIFTEE - HiEOBERIC O HETLHZ L2 HAE L,
BRICEEIS THeRGmm U A 7 FHEOISH R OF LA FAEEMEESERE L.

AFEETIE, Btz L~ 1 PRA (MG REEARHT/HE IR i 5/ e 7 — & (BT LA O FEIR) , L
~L 1 PRA (N MG REME AT A I B i W7 — & [ ROFRAT), L ~L 2 B8 JXTV3PRA D 3 DD 7 L—7 1253
L, #Eama 7. FrC LUV 1 PRA X, T4 O ST ELE N2 0 o 7o NMEREPEMENT (HRA), T¢Il
b, BRI EAEE MYy 7 & LTIV HY, oMok & 35EICRY Ho7z. Z o/, £ o
BROBHN S, OL%DOREMEIES, OAMERTHO 2 SOBENOREEE LD

1. PRADESBOSHROBRLIEE
1-1. LRJL1PRA (ARIEEMEREMN /RS T— 2 BB R <) ITBT51RE

WHIFSR L~L 1 PRA (NG S IEREAT/DE S8 b/l B 7 — & /BhAORRAT & R <) ORI, —ARAVIC i )iE
HRHE &2 I EFFOEEDIRAEZ [XBI L C PRA NI NTWD L OO0, FEOFRNG L 725 FROFHEICL U T,
HEY AT DOWNER TR & 2 H R & A BYIERR 2 EONBERITER LT, FMid 2 HEEOHME LT
SRR SRS £ CAFHMIT 2 BIZB WL, HEIICIEEA R L TN EE X HND.
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Status of domestic research bodies’ activities (1)
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Status of domestic research bodies’ activities (2)
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temperature gas-cooled reactor
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The latest developments regarding thermal-hydraulic analysis
(1) BEARFICE T HRESRE DO ERE

(1) Characteristics and challenges of thermal hydraulic design for high temperature gas-cooled reactor
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TCBAMEE R A 2 & T, BREEROIRENMZTMT 5. ¥ v v TN CTIIUE N O RS &40 -0l B
DAFEITHESE | PP RACEIIRIC X 5 RS OE T &4 -0 L. IRV O REHM S5 12 )
WS 2, @i ZIFRA ORI OE I, FEBRIZ XV BEE L 24w H 5,
2-3. FRRERS ORER

HTTR CTIEmiLit &2 L, BN+ it & 2 R T 5720, EICL T ORFREREIT-> TV D, (1)
FND T DO HED KL, Q)BTRS ER~D T —/LVEFORKE . G)F ORI L 5 E S A
DJET5 10 D EBHE e OYF DI IR DR (4)F — & F —1 & AW /A IS X D BEERNEED (b, (5%
BTG U7 Nt &Rl /. HTTR i ERLRREHRIRIZ L D | 950 CIEfRmF IR B O AN -3 Hiii & e L
TERMEDK 88%E Mk L, MEtZ + It TE 5 2 L 2B L1211,
3. ERAEET R FOBWREREFHIBIT DHE

FERER A ZUF OFE T OB BT, a7 AL IV F L AT EDNMEICRFFT D, L
L, a7 NUVTEERSERZ BT RICBET 2 2N TET, a7 NUVEBRKOBIZE L E > T, @
ERFE—a 7 RV AR a T RN VVERE OB T AR OIRAVEES R L, RELOE R 2 ENC & 55
HFEPMEIRT D, 5o T, P /VEROIBFHE O T e D IRV EAKEOR 2 & D i atsiic L - T BN
MRy 7 ek 3 5 2 ENBETH D,

*Takeshi Aoki!
Japan Atomic Energy Agency
[1] FLLUh, JAERI-M 88-255 (1988)
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The latest developments regarding thermal-hydraulic analysis

(2) BIIOHFHIFE (BWRX-300, RBWR, PRISM) [ZH+5

R TU R ET (B 17 D BAFE IR R

(2) Development status of thermal-hydraulics evaluation technology
in Hitachi's new reactors (BWRX-300, RBWR, PRISM)
Y REE !
'"HYMGE=a2—2 U7 » =) V— K&t

1. BIORFAHED 3 > LHBFR

HAZlL, #II&EE Y 27 ORI, RHINZRLEEBROMMR, BRI OREEEOER LR
TarELTHEIFTEY, L EEBTIHTF L LT, BWR (Boiling Water Reactor : i /K B /K 7 )
TEERARER & RBE A 7 VER A R, NRAE - SR I K0 Rt L REMEO WIS A2 D S U I kAR VIR
K47 BWRX-300, FEAGEHE 2B KA HELAN & JHV 72 @dF RBWR (Resource-renewable BWR 8 5 1] 11 Y
BWR), [EfAZeMEHT52eBREEZRMH Lo/ NVERIRS B M EIE#E PRISM (Power Reactor Innovative
Small Module : FHH/NUE D o — VEAHF) O ZODFRNZONWT, =T A /) R— 3 VEFEH LIZE
FEALFRIBR R 2 D TV B[], 5%, 7 r— L= )L X — B~ OfRRIR 2 #2032 72 O B BH % & S it
L, 26 =20FREZRMIZERELL T FETH S,
2. RHK/NEEKEFE BWRX-300
2-1. BWRX-300 i &

=R =a— s INEREBTLEDICHFIBENRICT I ENTELEENIRE S, RFERE VI
B A DO =—ZANEE->TEY, HIIFKED GE Hitachi Nuclear Energy (UL T, TGEHJ &529,) fH&
L, EERZEMEEHRF L) 2 TREMZ M E L, W/ NERAKSE O BREFEBS 2D T 5,
BWRX-300 D&M & E R HARZ K 1 IR, BWRIE, JRFIF CHAELAREEEY — L likd v
WIREEEY A 7 NV AF Tl 5, BWRX-300 TiE, JRFFENERICBBERZEMNT T2 LT, FiF
JFCHESIND EERF TH D LOCA (Loss of Coolant Accident : M EIMHEIF i) DI AMeR & UK
BT 5, BREEfs—ARRR OS2 L, 28R, Zettzmooo, EFHFLGBHRR T
7o EORAMBEIRZHILT 5 & & b, RAFERER X ORFFEMA R 2 KIEIZ/NYE L, 1% 720 )R
TRy &L KNEFFORSBREICHM CE 2 RBLTHD, 77 v M AT LAOMF TR S HH
U K D EEMEOM B, BEFROBEFEMEOIRBIC S DR1 D5, £z, BEMESHESWZBEOBLEND,
HAOBEAZ M2 52 & TIRNOBEEME O EZD b DAY SE20, FNLEREHIC L 2ERAED
EMmE e FORE A2 £ LT, EPZ (Emergency Planning Zone : BRI X)) #E/MIOWTHRF2ED
TWb,
2-2. RRBEEB T ORMFREKR

BWRX-300 TIEFEERA - 7 &R T TN, Lo EEFICTF L= LMo MERZEM AT T, BARTER
DOHTHFLEGRAT LR EZEA LTS, TALA=OBEMIEIT A=NOKIR MR E X T v I ~NOEFHD
KeEDBEAZIE )& L THAMOHARERRELZHRT 22 THY, FL=HNORA FRITHRMEER

RIS BT D,

“Kenichi Katono'

"Hitachi-GE Nuclear Energy, Ltd.
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X 1 AR/ NESKE BWRX-300 OIS & =720 4%

ZHETICH BT, BWR OEREOEER ) - IR T, AR EKEZ UG T & 5 R HE RO T
5% HHZRRIRABRHE (HUSTLE: Hitachi Utility Steam Test Leading facility) [2]Z& 75 L, K HESENEFTEE
W@, BWR BUK I RFIZE T 2 50K FRENEC AR A RREHEZ R T 5 720 O3 2 1 T & 72[3],
212 0.31 m & IE S MR TERE 2 x5 & LC, JE£717.17 MPa, ZKiftf&28 50 tth DEAICB T 94 Y A v a
£ (WMS: Wire-Mesh Sensor) {55 (30 A X30 &) 75 K L72A A REOKLIEE CT (Time-Domain
Computed Tomography) % 759, 2 DERWEIRAK, AOEMNEK TH Y, IKEOFEBIT WMS TIEiE 2
DALY, BHBE10 ~ F 100 um O EFIFELIZRRTH D, 20X 5 3Ry — 4 23 L, &
AT LM — KX 3 kot FA¥ CFD (Computational Fluid Dynamics) = — R[4]0 & EE{LCMRE % 1 6D T
%o B 3FNZHRBTHWZ WMS, KO, fEFTHE R & RN U 7 RER -5 i i el AR 4 R3R53 41 D b
WA oY, BREBR, FENT & BICRA FESAIE, AR E 11 th TIHRE P RAMAITIZE— 27 2R o iikizimny
AR, ARRUEE 27 th TIPS R0 L fe oz, 2D DM T, RABRE & ML Y 1 v
Ay ¥ at Y OREBREOFHPENT—H L TEY, 3Rt _FHiE CFD =— RAANK O£ « 5T it 5 (4
RICHATE 2 L2 Lz, 20 X 9I5BT — % Cull HME 2 i L7z 3 ot 8 CFD = — K%
R—=2 L LT, FRPF— RN AT AOBBLED TV D, X 30T &Rk M E AL b KRR 147
(ESBWR: Economic Simplified BWR) # %4t & L7z, BT —{KfiEHr o A7 A2 X% ESBWR F A=A A
RESHRNTRERZRT, ZO L I ITERREZFEMICET ML TE DIRFIF — KT o A7 L& TEHT 5
LT, FLAOMEORFR, BARMERIREDSRE TN TH D,

BWRX-300 “C & i JEHARF « FHRFIZI 1T 2 70PN B ARTE R e 2 K B L S BRI 3 2 LD b 5, FHMI
T =B N_N— ZDOPLFER 3 ot ARG CFD 22— RO ®ERIE, 77 & MRSIHEIZ & > THERRBEE 2> Tk
V, GEH ft& & 12, MBRCET = — RO ZED TW S EHETH 5.

Void fraction Visualized 6m
[ line
0.0 1.0 12 ‘ ] Separator

7 inlet
(Porous)
—_ joJe¥o)
T 10} 0%09?0000 *%o
B ¢ © ooo Whole
§ 08 [ Jo} AMA;AA‘AAAAMA O¢ chlmpey
= o »n N 0| region
T | # 4
% 06 a @\ Evaluated 2 Partitioned
1s 8 2 line chimney
3 Dome pressure: 6.6 MPa 7m
% 04} Waterflow rate: 50 th
1 Steam |Experimental Analvtical Water gap
e flow rate | (Wire-mesh) alytica in a core
021 57th ° o (Porous)
A A
V= : Z el B2 0.0 ! Vh. - - Void fraction
Steam 7th  11th 19th 23th 38th Yo 05 0.0 05 10 og. 110
Water flow rate: 50 th Normalized distance from flow path center[-] :
2 WMS | X %t R 3 3ot _AHYE CFD 2 & 2 b hs R
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3. BAKGHEEF RBWR
3-1. RBWR # %

HYZiX BWR 772 M A= & LT, BIROGEFIA & REARE OBRBEARIKRICH ST L %20
L, BKHAEET RBWR OIS A#D T X 7-[5], RBWR L, JE AN THEIKA T 5 BWR OFfR
EIEATH L LB, BREBRAEICEE L, WAKE OFEZRIC X 25 1 OReE 2 Ml L C= L ¥ — 214
K BWR LV b@HdZ e T, BHEAMREHCE £, BERHRENAEMMBER L WERE 2> TS 7L R
ST AR AT =T 7 F= R VY T 563 (TRU : Trans-uranium) O¥KEE L COEFHEZAREL + 5,

RBWR (2B W TR BEE IS 2 00, BREHF A 7 WV ETBIF OIS A D CEBERNZBAR 2
TWLEFHETH S, K412 RBWR DEAT ¢ V3 &R T, REUIZIINAK T RBWRIZE D, TRUDZ
FBU YA 7 NEIT) @HEIFY A 7 VDOFEREZDETH, T b= LR LB 28 U, 3BT
OB M & MR, R DREOHECH G T D22 AME L, BEEIFICHL Ny 7 7 0 v bOATREZR I
Ak RBWR OFFE HHED T 5,

3-2. BRBIEAR B D BERAR L

PO F 7 138AT BWR X0 & KIEMME RIS <, BATOEIK TN FE O A2 g 5 BN b
D, Fiz, NAKTOEEIE, WHT 707y NEEET 2 2 & Tl RIS IER - /2R & 72 5 2 L1
eV, RFTHNCBIR AR 3G < 72 D 2 & RN ) 00 Ol M Z LB R E < 725 2 &~ P DR TFE
DOEEICRBETH D, FEBREHESERERRICH L TL, BEICER - FERBRLITON TR, BREWE
HOMINZIZE->TE LT, F£72, BREWERE~DRENR K Z WA= 23R R 1 ORISR EHER [ Ok
BN RIT T B A B SR O LR L 72 X2 E e 0,

ZOXIBRYEEND, WAKT - WBEBREHERIZXT 2 R 7 b7 v 7 22700, @EER T2k
2 REHER RN O OWRTEREBCE 7 L[6], KOV, FEM MR I = b— a3 U IEH L iiEmn e A~
— VBT IVORZ[TE, ENOFZEER L & HicED WD, TO—fFlE LT, K5ICRKRKIESME T TK-22
K& AW T RGN TR O BB S5 b Wb ghER, KO, AIEMERE R Z R T, HERAIEGR AR AT
(@) TIE, MENE EIZAKTEBFIE LR WD, R BAEL TV eWnWZ ERbnd, LoT, ZOMEKTIE
SRR DN LB R BYREA D= AL TH Y, £, ZOFMETITERBERBEEHES A EAEL TN &
N5, (b)TIE, EEE EICRRIBNFEL TS, 2O Enb, HEARBURE A B = X L)@ %
WD ICER L WD Z bbb, BN L 85 &, AKIEMMERBER mICEIE L CHRET S
BRICTERL S VD IRIED 7 4 T A b OWrRIZ X DR RBER A AL TV D, ZOBGIIBGRR D =S
i Lo, ERENDIEZOENSLVEETRAEL, ERT DM OBERMEO A =L LD HRE N,
ZTD, T 4T A2 NOWIENT X DO EGERE 2B - Bl 5 2 EMRIE R T A 7w Rz L
THETHD, WEICL DRI EA N =X LM, MBI OERFEIZ DN TEEE 0 ICHAETE T
BOT, 5% OWHMMRKEO T EMNZ2FHE L A, AW =X LOERLOHBEXOREEZITIETH D,

2000
AAIRFRBWR
YIRS
BRI
1000
B
mEFREBWR Z .
PuF F{RE = 600 R Forced convective |
BARMEPURE > 500 Efilvlmfn'ﬁa evaporation
400 [ |
TWH= IO EO]N 300 F i Nucleate
Pumm VER AN IAS/LEE { : boiling
200 Y AV A
1 2 3 4 5 6 7 8910
T W-T sat [K]
X 4 RBWR DEAT T3 B 5 GRS IR I O i g iR i S
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4. /PR ES B G HIR BT PRISM
4-1. PRISM B2

BAIFIZ L DR T IIENFERL S Io—F, FEROBIRFHEIEDOBLRN G, RE L 72 DB R E %
THE L7223 AT 2 @ P E IR O LM & <, S E TR B HED ST %, PRISM O f)
DOFEFHT 1980 FR1C GE fhic L v 1Tbi, BIEIX GEH 12 X 0 BRI 5, SiErc R Mo
SR HIBE ) S LB 72 FAEENBR 550 ICBRH S LT D EE R BT Cd 5 Z B 2R 3% RVACS (Reactor
Vessel Auxiliary Cooling System : JL 7R AR BHAEI L AT &) 1L, BRI OEEGERIEZ LE ST, &8
BRELE BT 5 2 L TRV EG LN - (FEEEA L, PIHEREEIHTE 5T 2 — L MU U A
HEEF2EH LTS, BH—DR T Y 2 —LOBKENTIELET 31T MWe TH Y, RETIHFFE
Va— VOB Ko TERMARFET 7 MERE FREE LTWAH, HAZIE 2018 4F 12 AICRFEEAICLY
RIE STz Endf AR m— R~y 7O Ed A8 A #HIREV, R & L eVE% il 2 72 PRISM % 2040
FRICHANEATAHZEZHEL LTV A,
4-2. BIRBIEAR B D BERAR L

WA RIREL NI R U U AR EIEEIFICEA S VA A S R—v 3 VHElfO—>TH D RVACS 1F, ZE
RO ERIGERC L0 BREVT D8R O A CRERR L 1ZBREV 2T A ThH D (K 6), Fiid 3 Ron G Ehfg
BrY — V% RO TR ERIRATIZ L 0, 8212 T2l S AL 72 BB AT O R B 9248 2 JEIZR%EE S 7z RVACS 723, BR
BAELRICx L CHEUIZRHEEZ A LTS Z & a2ERT 5 &3k, fEkoxy hU— 7 BT CIXREETH -
7 RFTR e BB 2 A L, R RAICRET T R EFREOMHICE T 5 2 L 2O S LB ZED T D,

RVACS DOFEHTE 7 VI, JRFFEZIMUDOZKRIMIEIININ Z T, JRFFE RN OREY & — R R
ZHEXIFR 907 BT/ E U TERR LT, fNTET MITHMEREEEZ LTV D T, ERCRIEE, HO0E,
BASHARS, TERGAR L T DK 2 DBEMEEEMRHA LT, TO%, ToMmoEEhEAbeCakeT v i
ERRT 2 FIEE Lz, X712 2,000 5 A > ¥ 2 B0 CFD 2 X 5 2 T BT Eh E SR it S & m 3, AT
FEREY, FAFRZBN (Y oLa) LIREFESRN (ZER) OBRIEER CHREERFREN AR TH Y, RVACS
MEMTHDHZ &% CFD 226 bR CT& 72, RFTZRBGRENIZE & L ClE, XK 7 LT L TO R Z
WOFEAERIRIT, R FIFEIRN TOMEM OIRERIED X 5 721y T — 7 BUREHT Tl 0% A 7 56 E)
Z CFD Z1EMT 2 Z &L TR C& 1o, £72, BEMT ORI LY, RVACS IREVEICH T 558X, 2 ¥ v 7
B SO A BEIRE (ERARE) ORISR, S<HBOEBIRNE N L 2R L, RVACS
OIEHEMEMRICET D52 LR TE R, 4%, CFD OfFREZBE X T, S<HRBRT — 2 OEHEIC L HEH
PEOMefRNEE L 125,

X) AIR INLET ARy
(2 ;_?_‘c II:H D) Temperature (C) 7h Vi |~
RvACS ; | Nl 4% AR OUTLET 680.0 B J—)L
FLOW UPPER CONFINEMENT: [ —
"'"“5& =l : MAINTENANCE AREA | % A Z vy .550.0
al: : sTack (ZERAD)
GRADE 640.0
e g BN P
2 ] Bl =
CONTANMENT N [ ERREE 6200 TR
i A
A
_ il Z'U:l_n ‘:;6 AV N 600.0 ~7|_$>j)
o || BRERERRE
INLET 11 560.0
ELENM T "‘-’-'!_‘."-"\'fx-"\_\"\{_’.‘f'\l_‘\‘.":'r":‘f' 5400
SEISMIC : —
ISOLATOR OVERFLOW PATH =TIRy
COLLECTOR CYLINDER ; NORMAL FLOW PATH 520.0 - E51k
; KR 500.0 =
CONTAINMENT VESSEL § E AHERMAL -
& I o
REACTOR VESSEL . f _:| —JLK
" SRR RN j| X - j_ v
REACTOR SILO
ELEVATION
REACTORVESSEL);, a. ﬁg *ﬁ ES 7_—")[, b. ﬁg *ﬁ ﬁ %
CONTAINMENT VESSEL (ﬁ;(\j-ﬁﬂ/4) (J:%;%qu)

COLLECTOR CYLINDER

6 RVACS #&X 7 RVACS 2 IRFRHT#E S 41
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BREFHERMICE (T &I EM

The latest developments regarding thermal-hydraulic analysis

(3) KFIEVRZEE — b1 TAHB/PMEER MoveluX™ 25115
BRenFOmME L FEE

(3) Activity and challenge of thermal hydraulics on development of hydride moderated heat-pipe cooled
microreactor, MoveluX™
RA ALY, AW BET!
THE TR X = 2T L AR S 4

1. MoveluX [SDLYT

BUE, RETRAF—U AT AATEN 1B LK 2 IR REDEE E — b A T AN R
MoveluX™ (Mobile-Very-small reactor for Local Utility in X-mark) D BHF %2 1T7> T\ 5. MoveluX™ (X7 )T
B ATREZR A XD 1MWt BREEDJR 7/ AT A TH Y, TOMRITIE U THRE - VLS - i KA B
(2 XD RFRGE R Uik & B REO T RV —

%ﬁ?f%ﬁ‘ %i i B - - ’!\ ’!\ R Energ;l
RIFTFHF T AT N3 By & R E 01T I Power Supply

SPNTEY, H B IZITZEESCEFI, K
FMIE T & o 0 20— 2 R O B 25 K&
END. —HT, WFEICIFRFE S AT A
DD B, PRGSO PITITF L - & — (L, Hydrogen

o o, 754 Ba N production
AT BTHARR IR EDNRIEIND. Hydrogen Station |Heat Supplvﬁ Chemical Plant

ﬁﬁ%iﬁ@iﬁlmiliﬂﬁ%*i@ﬁ/ﬁ%ﬁ'ﬁﬂﬁ 'WE*JM’ Heat Hydrogen Power Supply

—_—

1 : MoveluX™ OIEFRD A A —
R PR

—_—

Area Heating o

Toshiba vSMR

“MoveluX™" Isolated Small Community

Heat Supply

Mine
PRy N ORI, ZE L RO m B E o
HETAKRFELA VT L (CaHy) 23BUEM & L
TEHRHASINTEL, MxTe— kA FE2HH
THETREGEEZ D DB 2 2 JEbk L
TWA . FLD E— b3 FITBAT LB
b — RS Tl —IR{b U 7 AR A B (T 5 X

On-ground facility

Heat Exchanger

n, “IRBHR EBSZEEITD . Heat Pipe
Cor
2. TELENEE Yt ' ¢
RIFFIF S 2T W ORFEITAR D LB A Hf e

P L L CIEOF DB & AR I & X2 : MoveluX™ D[

BIRAE, QWM I, ORUSEREREMTE, @t — b A FHSHRBHERESRT bNS. T DO
LT — 5 PE R ERT — & OS, MEMIET — 4, BGRBEIE O 2 & LRI 7 A SRS <
BENTHY, KEOWINE L QM EIE L 725,

3. RAEBDHFOME
KIFEFIF L AT DB T DBGME B OV A L LTI MY UL — b3 A 7/ B HAER DBHIE 8 5
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Fohns. b— S AT 2T 0 v 7 Db
DOTEHESK 3R TH—FH A 7+ KE L, K
FOWmBENEERNEOMETSHZ & TRIRDIHR
& 2 o BlE U C AN A RE ) O B A X o 72

F7-, KFE TS AT LTI 2 R
FHTUL D D %, HNLARFE & 72 V) BASHL B OO KIE 72 1A
BRSO BIND. F 2T 4 O BHITTEE 2 H
Teay Ry NEGHEEEHAT EE L.

4. BB BOXLHRE

EiE O F/R#EE LT, itk — hoXA
7/ ER N O T N U AN TR O AR B B R
P, FRCEEMEEMR RO T T MU ERF O EE 2
BETH D . BRHINOET v o RV 72
BLipoTEY, 2O LX) RIEKENIZBITS T MY
U L DEHEFEOCBMBIEROT — X B E L, Bl
WCIERGEHRF 21T 5 FA DR .

Z 2T, 7 M U LORERREE N O R s
FNERHETDHZ L2 B, TN ORRERE) %
R 5 7o D FBR A FHE L7z, 2 E TICFATR
MELT, A A=V TICL DT 4 VLD
A DT R RERBR 2TV, I — A L
DA FET X2 HE 73 =R A B L 7.

FESE, BRI - A RSk D R R O K AEE
DIFERR S, BRI 1L O JE SJIEN TRE T &
%R LA BT, — T CTET I e
T ERICITE R R EREALETHLHED
RREINTEY, S%EBGEROBEAEHRED R
SERVEDPERR 7 EOL R A D T <.

5. B8

MoveluX™ OFFE DB & LTk — k3o 7/E
REIHZOWTEREZ I L, 7 N Y 7 SO EEEEL
BRI BN T — X ORERMLETHD =
EEOMNI L. o, KT —2 OWETIEZR

Heat pipe

titt

Neutrons

T Condensation
! section
|l—
Im =
Outer pipe I l
Inner
pipe
\ Heating section

M3 :V—FA 750X —F" AT

Vapor sodium

Sodium condensation

Hest pipe Helium gas
4 0 2Ny MRS DA A=

300

450

Neutron transmissi

60° 75°

ion(-] 0

1

Results of the neutron imaging

BI5 : T A A= 71T K D HRIEE S HlE

AL, WERTREME A RaEd & & bICE MM B EZRF Lz, 4%, WEROURZED D L LIS
U 7 AORIEZELT D 72 O TOF(Time of Flight, F1YEORATHREM 2> & k=3 L X —HOFREEL T

BRIE DGR EbiED T <.
i

AEEROI L, FHEFA A=V T L TRERE 2 T 2BV KR FEE R 1R A i o
TRER G2, PIRRREUERESR, FHRRI BB LR L P ET. £/, ARERX B EFB IS
D7) A DB R SR ) ORI 2 ET.

“Rei Kimura' and Chikako Iwaki'

1Toshia Energy Systems & Solutions Corporation.
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BREFHERMICE (T &I EM
(4) BRFDOIEA Y EBI R SRR AT D REL & BRRE

(4)Features and issues of thermal-hydraulic simulation regarding molten core spreading behavior
JRoOMEE hE R, EW OEBRA L B0 L, AR i, Al R
T IR OM EER Y, = EE TERGEH,

VR Doy B 2 AR 3 D ARCRE PEA AL OO B 36 & B9~ 2 REAM BT D BRFE (T 18] 1F,  ABIFE TIREABREHIL 23 1
FEOETNVRBEIT o7z, 2V U LEHWNTIEN O EBROMGERT 21TV, J523 0 FE2 fEtks 2 &
RS L7z,

F—T—F : YR30 T, EEEF, BRLESEL CFD, MCCI
1. #8

RO T T 7 2T v MRPRERAE R O 72 DI ITERRF PRS0 288 2 IEfE ISR 2 2 LN EET
HY, IS W TEREIITICS VT 7 4 Vv 7 ABROET NV E WY AL LENH D, BARZIE, (L
BEART vy L EREES - ARSI OO0 AW X DWNG OIS, W RE D ORBE, R~
DIRB LR R, ERIESIC X 2R DAL, MPEEOREKRFEE (ElE &) OFT LA LET
D, ARERTITET VIR Y EBEIM AR L, SH%OMELIRD,

2503 Y FREYT DR

BEAR[1] [2] 31018 Y, ERBRELOHEN 0 FEBEA 795 72912 FLUENT = — R VOF(Volume of Fluid)i%
M, FlbkRERe2EEUb L, 2 -V —EREK L L THAIARL, KM OB AL 53R % 512
PEAS Y R TS EE 2 BREE L T & T,

RFH & LTINS D FARICIERRE 2 FVS, IR IR LR &2 F O 72308 (VULCANO VE-U9) D 1 RiEfi
ProoEss v iz X 112, BEar 2 —2 M 2 17, BB E RERIS, R 5384 U oKD gkt
Ta LA L, WRREIORE 2 Bl 2 2RI T b MR S, U CREBROIL Y Rt FEL S
DT ENMERINT, —FH T, ER VIO S B0 OZEY E | HEA D AFHD DAFIEIZNT ToEEICE
DARBBLHFE RO OTRHEN DD,

1 SRE(K)
0s 2000 KR A
T 60 . O o oo 1750 | mEmEEET
=06 e 1] »xm
i Q 1500 s G
Noa / 1250 ~
= s
# 02 /: cRE || 1000
0 20 I
0 3 6 9 12 15 l 500
=45 [s]
1 VULCANO VE-U9 ® L3V Wz fEAT 2 VEEMREHIEA D BT R 2 —
3.5HRORE

TRERBHIEA O B 2 St RITHEEE L7263 0 B 7 V& IV, BRSPS B O ESEREHIEAS 1 SEBR O R RIEAR
HrCiim v B2 BB D 2 L 2GR 2 & & bIT, TT VORBBYLIZIT 25 %OBEEELZ LTz,
SE X
(1] Jfhse f, o e7 77 o7 MREOIWRE DO Y E7 L OFE ). AARRTFIFE, 2019 FROKRS
[2] Ffbde i, &7 77 7y MO LRE - MCCI R OEHEMER LR D58 (20 6)

VSRR O LARKEME(EAR S DIEAS 0 B OMENT, AR T 1585, 2020 FEHEDORE
[3] BHZE fth, S ET7 727 vF > MREOIERF LM AL « MCCI &3ROS HEME ISR D898 (2D 8)

VAR DR O RN R: (SZBRARAT)
Nobuhide Hara, Takuo Oda, Keisuke Yoshida, Hironori Noguchi, Koichi Tanimoto, Hiroshi Goda, *Junichi Takeuchi and Naoya Hayashi
Mitsubishi Heavy Industries, Ltd.
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Planning Lecture | Technical division and Network | Committee on Nuclear Non-Proliferation, Safeguards and
Security

[2K_PL] Toward further contribution of Japan and success of
Japanese in the field of nuclear non-proliferation and other

area in the international society
chair: Hironobu Unesaki (Kyoto Univ.)
Thu. Sep 9, 2021 1:00 PM - 2:30 PM Room K

[2K_PLO1] Now and Future of the IAEA and Efforts to Help Japanese Take
Active Roles in the IAEA
*Atsushi Saito’ (1. MoFA)

[2K_PLO2] Activities and experiences in the field of nuclear nonproliferation in
IAEA (Promotion to apply to IAEA)
*Yusuke Kuno' (1. Former IAEA)
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Toward further contribution of Japan and success of Japanese in the field of nuclear non-
proliferation and other area in the international society

(1) JAEA QTR MK, £ L THERABRDOFEREIZR T 1-HE

(1) Now and Future of the IAEA and Efforts to Help Japanese Take Active Roles in the IAEA
TRk !

iz

1. IIC®»IC

EBRE R8BI (TAEA) 12, K< TEEOFEAN], #FETH lhuclear watchdog) & FEIENL DAY, £ DEHE &
~ 7 — MIFEFITRIA D, BRI, 10RO BI 2 08 & | 5771203 R F
PO EFROFANCEEA IND Z L 2B IET 22O DREHREO IR ISND N, Ky a Tl %
T TAEA OEGROBUR & Fk D B BRI ITERAIRI 28 Cld, Fiil o e o A L ZARRICHR 2 Bk &
OMHET T AT v 7 kPR Z 8 Uikt vl ae 72 BA% BAE  (SDGs) ZRICIANT 72 Hfil, LB B ik, db
FIfECA T 2 OB~ OBHRLIZOW TN T 5, By a v o%¥ETik, BABREETRYHA TS
H A ANk B O BN} ONF-HE LS [0 1) 72 HHR IO\ T L, TABA ICHB 1T A BRCE A Y FiF 5,

2. TAEA DEHEDOBIR L kDB

AL, BEOHRLS T, (R ER, B BRE BE, EXCHREOSETHHEIINTND, 2
O IEFE B T O OFFRIFIH O & BAFRFRE~OF kT, BiZE EE NPT IR EO K% 5
DAHPTEHEMENE L TETWD, TAEA b, BARE EEA~OEIMH %4175 & & HIT, SDGs ZRIZ AT THL
DHLA TS,

JEEAfEEIE 2002 A5 TAEA OELIE IR E 2185 U CTLABE, TARA I X2 B2 BV ST AL TR0,
TAEA (ZALRAE O RZBAFE ORI 2 B - BRGE L. EHIICHE 21T\, 72 TAEA RS OETH, FFEIRGE L B
RLTWD, BAEZETDEBEAS T, — R E oo THEBZARIIREL ERICEITL TV & L bz, Bk
ELbEELRND, BIEHEX 25 Lz IARA OB NEXHEL TV, A7 4220 T, TAEA 1E, 2016 4 1
AU, Wb b A T U EABDRBITORM « MEEE KT TE T 5D,

3. Efftt=TCIEET D HAAN

TAEA Z & e [EBHEES T, EBEAESHEADORR DT DI L ENT- Mk TH 5, AP DO A x R ERNTES
L. BREZEZTELREFEY OIDIZ, MRx REFEOBENEEZ V. TNENOREIOREZ W L TE
LTV D, EREEREN G A2 M7 L, EES A O S5 %%E 2 01 72 LT 72Tl
HEEAZ A L, HREERORRICEIRT 288 L HEBAZRIME R TEBEF L AMBLETH D, BRI, Z
UG ERBEROMBAE & U CBERIMEBRZAT 9 132, pHESSCWUHE O 217> T\ D, 72, BARAIR
BOIERGIENVERTOAARDEBRE S 2 5, TAEA IZBWTIEL, 2009 4E56 2019 42 £ T, #KEF ZHREA
EFREEGHDT,

BFE, 900 ALL LD BARANDNEMEELL EORRE & L CHHRSEICS 2 FEHEREREE TR L TR0, #x
wZEMmolz, AARNBREORE R 28IN% HEE L. HABUMIL 2025 4 £ CIZ EEBIRER CEI% 4 5 HARA
TE# A 1,000 A& 325 HEZE T THY ., ZOERITAT T, ABEIL. RECERIET. Hik L&
HEEL DD, HRZEEICTHHRE - BT 2 A ORI - Bk - IR EZFHEmAICE R L T\ 5,

TAEA & HARADNER TX 2 [EBEEE O —>Th 5, SEE T, BRAITORIUR, B3 & EHMITERS
AP L, HRIEE O ER T TV A, AFE S A, 1D TORAE LT, TAEA NS5 & 3{# T TTAEA
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WL A L TA T =T ay 7| #ET D% . IABA TOHARARBERMNEZ ZHE L TW\W5,

*SAITO Atsushi!
"Ministry of Foreign Affairs
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Toward further contribution of Japan and success of Japanese in the field of nuclear non-
proliferation and other area in the international society

(2) TIAEA 2B T 5 REREBESFREATLRANOIRY HiH & T DORER
(ERRRFHBEENFE~ DEN)

(2) Activities and experiences in the field of nuclear nonproliferation in ITAEA
(Promotion to apply to IAEA)
WS o
' JC IAEA fREERYE R AT B R

EB KB (JAEA) 1%, 1957 FELISK 64 AEIC 7= 0 RO R & B D 72 DI+ 11 O B R & (e e
T5HEEBIT, RN EFGH SRR OREREZ FEfi§ 5 &) BEEAREEZH-TE T,
—HIETIEH, FEERZERIZEDET e 2B IET 572012 ) 7 4 DWW T HEBRKRA =T
TAT DAL R TS, —RIC TEEARIRHY OMEEIT., IR E D AR H ORI & #EE o JUE
BEZTHERRIC, BEBERTZRWIEEEZN Iy b5, EEEREILER R i)
JFERFHNZ SN TV A2, BLFEICIE, BT LEZOL I RBX HZ2MWET HRIUCE > T D LT ESVE
<\ R, HIBCEIZEE L WEREEIZS 5 W O OIEREGBEN ST IUE, 2O X2 RB X HITRS T
FANFEEN LD Z LT D TAEA OIEENIE T J) O SRR OB - $RBNC BT D #RE & R & 0k
T HIDREEELZEET D L VWO EBOWMBEEZ AT 208, ZOERICT, RKETHLIEEEED T
AYEE HEME & S TROWVER N H D 72, ITAEA BIEBREMER TH LI H L LT, £ 228 Sikm i
WICBUR - BURGRF &> CT& T,

R, 1999 42006 35 L UV 2015-2020 F-DFF 12 12072 0 TAEBA (TR HIREHE ., FCLEME S
rHEMEZEME T2 =T A% v 7 LTEHETHEASICEENTS, ZOM, K EmAH & B REE
W HEBEERIT. RESEML T oz, 1999 FEH LWV 21T, TAEA OREREICBWCTHITZISEA S
NIZBIEEEZICE S R EEEORMPRENNIEE > 2R TH Y | Bz B SR mEHix,
A7 « 472 L CAeiififZe EORBEOMINER S, Hx ofiseiEmz bioo Lz, deiififo X9
IZ IAEA BELEAES LFEE EEEGRAE R —ANH 5 —FH T, 4 7 URIED X 5 1T il w ke
EETHHIZHD LT, IABA BEEZZIT AT 57 —A 6 H Y | IAEA & LTIE, JCPOA A E DKL
WCBIEEFHICET D LAV TOERZFE i L, HEZRE~OWMEDE L 252 OfFREAFL, Y
[ & & BT~ A TE 2, 4 7 U MEBAEE ST ONEFE O 1 [0 B OB BRGOIE
BTHY ., A7 UEAENRNL LIZO0 2015 4, T7bbLEZROE 2 [0 H O IAEA BBV E o722 A4 I v
T ThHoleZl &b, YHI—EOMBEOHRIC/H bEEHHEZETILONE ZTORESZHD T
RS ELNTZbDOTH D, TOH, MRIZANPI IR LR ERHTRONIZbDOD, KT U TBHEOEARE
DD DOFLIE % SR IRPUTE(L, S4EICR VA T U BIOE T 54 AT VR OBMENZNRT 508 F
TEITIHRATEREAREIRTERIC /20 4 T U BRBEITRR OS2 RIS E > TV D, - i &
LT, ZHET IAEA OXfA 7 U REHEICEM TEX 2L W BANRH L 7T, IAEA BEFIT-oTE
72 70 & 085 T 8oL 2 I3 SUTEEERIT 72 2 8%, AR B KOS FEBMEOBIRIC L > TRELLEL S
D EWVIEFEIZONTIE, e bZITANEHNENTH D,

EFIX, 1979 FITERE (BURTI88K8) AFLLOR, B80S & U C oA TH5 1249 20 80 7=
DB IAEA BB 35 2 L Lpoloid, AFRYEHE, A KRFLEARSAREZ M2 K 50K ALY (CYRFTHE
AT DBEE LGOS THY . £ IIC IAEA OBLEENMIEBEZHGT LW I XA I T Thote, A
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FEMERL, RERICO X, 728 IAEA BRENEH O X IS NICA W IAR L < OFEREZ LT < O FEfif
TEJ, JAEA ITH LRV EZELE TV b D TH DM, TR K & Z OEBREBE ~DEFIC N 5 &
ST LD LIIABESNETH D, HATHO AL, &I 40 F4 0 Ot EMFICR VT, ZOEM
FEaBHD &) I ETERERCEREZHR LD I ENTEX LD, 2 FE0MAAx LB L TnE, Z£EOD
BUREBS D =— XK b5 T, TAEA O L) RZEFEREN S 2 D EEE T 1 —/L RIZBWTRT
HEMiE L LTEOEM B2 AT Z &3, ENTORE LI HE-ZRREFHOZ LN TE, HEME
BD=—ADOEAE ZEMOWISCBHRMBRAT 5| & e 2B UK LD Z ENTEL R Y, KV IRWEE T
BN aBZ L THDLEERD,

AFEE TlX, 5oL D IAEA OIEENZ DWW TR E 72 E 2B & VR T2 & & B2, TABA IGFEDO EHEK
o LA, & I EEBEEE T < 2 &I K 5B A IAEA KLY A — 2 TOETFIZOW TR T 5,

* Yusuke Kuno !

! Former Director of IAEA Office of Safeguards Analytical Services
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Planning Lecture | Technical division and Network | Fusion Engineering Division

[2L_PL] Status of JT-60SA Project
chair: Yoshio Ueda (Osaka Univ.)
Thu. Sep 9, 2021 1:00 PM - 2:30 PM Room L

[2L_PLO1] JT-60SA Project
*Shinichi Moriyama' (1. QST)

[2L_PLO2] Construction of JT-60SA Tokamak Device
*Yusuke Shibama' (1. QST)

[2L_PL0O3] Operation Results of Superconducting Magnet System and Cryogenic
System for JT-60SA
*Kazuya Hamada' (1. QST)

[2L_PL0O4] Coil Power Supply and RF Heating System for JT-60SA
*Koji Takahashi' (1. QST)

[2L_PLO5] Progress in Integrated Commissioning and Plan of Machine
Enhancement for JT-60SA
*Akihiko Isayama’ (1. QST)
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Status of JT-60SA Project

(1) JT-60SA AT Y FOBE

(1) JT-60SA Project
*ZRIL fh— 1 JT-60SA F— !
VBT RERHAN A B AR A = L M IR ETRE R AR ST AT

1. FC®HIC

BUR CTHER I R D b 1~ 27 #E (8 JT-60SA 1% 2020 4= 3 AICAIKROMNLZ 52T Lz, BB IOY T 74 kK
A~ 7 &IEWNE R O W5 OALE ST 2 FFORIZEE I, 2008 £ JT-60U FEHRIEEERLIE, &EE. fiF
I, BEEREUE, M. T, R v v a = PO TRER T 124ESD I0EIREZ IS L-, JT-60SA &HEo A
BIIX. (DITER O BIEEERR D72 O OEMIE, Q)FEAUFIZMIT 72 ITER OMTENFIE. Q) Hlizk» T
ITER - JFAUFRH I 2 238925 AMOBER TH D, (1) ITER XEHFZETIX, BHREMH7 7 2A0EMEgE T o7 X
~ A RWEE] (100 PRRE) MEFFJ 2 KB %A ITER 24617 - W4T L CHENE L C, ITER FHHEIA 2hEMICHED 57
DI LB EER TR E ORI A5 5, (ITER fisehFse Tid, JRAE X 0 RWE 2 4080E L TREFS
AUTZ ITER TIT 9 Z & O L WIFAYF T L 2 5 S B EZ e & T D @mEN 7 7 X~ O KRR )
%ZFBL L. ITER & JT-60SA T& 5 L2 A R A2 T, JFURE o i fE & FIE FIE O & BT,
2. Br E DA

IR ORGE, RUE, 2K, AT D BROE 2 T OEWE M) 572012, JE B2 % O T4 Fl
DIROZERZD LT LT eyl "BRAZ— LR, ZOFEIZHETZ> T, TENSOELRDBAETH T
LT, HEBETRERaAI 2= — v a v EBEBISERIERLETh o7, haA X af VEERIEE K
FUEG SR K D 22T Y I N—F 570 & FEORKIN O BB TG 2 IS IR L2V, B EIE[R CEE
DIEAMERRIZOWTAHAE LIZXFE Th 5, Plant Integration Document (PID) % £&1Z, BUH Mikam L CThégs O
A O L AZITV, HEER T L ISR IO EFEATS D 2T BUE, A, BB TThhTE -,

3. BREEMIOER

EORUWE LN TIZEE L CTE, 77 A~ PEMAIE 2> D OERMEEE L LT, BEEME S b oA X RS0
15O VRREICMEIT 2 Z &3k b, £z, THOERE LT, BIRELEE ZRA OBUHE Ot
W), HER EEBE L, MEBRHOEBOMRPEE CTH -T2, HERENENDRUE L 2SR 2 1A G
P, BERHMINTAHEEDIZILCAD, L—H— K7 v W72 EOIE LWEST & . 2O
O BRUWELER OIRBEH T 72 ERERBAR O T 0GR Sz, fER E LT 10 A— MUBEED kB~ 7 ARt
L. A NVORMEEE 1~3I U A— M EFEB L, ZRMEEZM- TN TE T,

4. HEAS VAV DEB LSEDORE

2020 FF 9 HICEZERRE 7 TAF AL v FOEREBLE, 10 HNBIX7 FA4A F VAT L2 BB, Bis
oA NOWHERM LTz, 2021 1 A2 D aA VisERBR 2 Bts, BIEE CICRIRTEEHEOHR %
SETLTWD, (1) &FReA XNV Ik L7 77— A NS T AT+ SkA OEELHDB. 2) o
A ZIaAf D 25TKA EREE L I, (3) ECR 77 A~ &H K, @4) £aA 1Dy oo F#EARE E
fi, (5) FBIEHERERZ 9 OB A X3 oW THEM, (5) HEHEED = AV EFl ~O@ES, 3 A
9 HIZ = A Wi - HEfee il CMHEES L3 A UTe, IR 2 H RO M FE O 1) 245 TITV ., BEFHIHR
Gl & H L OMEINERENFRINTH D Z ENHB LTV D, HoRl B2 L=, #AmBoEes 2 FE
L7z, MU~ 7 77 X~ D7 K7 ERGREBRGEHE O THRICIE, K 2 FHOMEIWEMEEICAY | s
B, BEZERBNEL. FHIROHER AT > - O LA IR T 7 A~ FEBRE G T 25HETH 5.,

*Shinichi Moriyama' and JT-60SA team'
National Institutes for Quantum and Radiological Science and Technology, Naka Fusion Institute
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Status of JT-60SA Project

(2) FEHHFEE

2) Constmction of JT-60SA Tokamak Device
ZH Y, JT-60SA F— 4!
VTR BT SR B A RS kL —E Y IR ETRZ Rl S I ZE T

1. §IE

H%%A%Eﬁ\%élﬁm ﬁ“wm W 2600 koD kB~ 7 REERG R T%é WETF D%
W%%km’ﬂﬁboo EWAITBIRE A VEANDLIWETHY . KINE S L THERLTIELE, &
ZEAS PRI o A L mm%ﬁzébﬁ77%“ ﬁi@vf)ﬁ%%%bf\ﬁmm®ﬁﬁf

ﬁﬁiTKO\WW%TH I%T??&k\%bfiﬁb Bl TS ERIE & 2 Tl L CHUOMEIC £ 10mm
DRFEE L, haA XA VTR, baA XV ORER 104 12T 57212, mRgE BN T L

To BB A EE DR E L CTHULMA T C £ Imm BL R OAZE L LT, &g OEE R OB % T Tkt
P B HEIROREE IS U CHEE L2HATIE, ITER ROVERF OERICHA T 5 L &2 b5,

2. IOV F A

AHASED T F VAT, N T T A F A NEEEMHL T, O LICHZERS, BEREGERUA,
b A XN A NVETHANLTDH, SaA XS A VTS 2 A v, 7 744 A% v B
B, ZREL T IAAFAZy MEF CIEERRZE D, PLY LA RERERIC, BUEHURSE OARIKTE
HOMELZRE, 7 7AFAL Yy bEMIET DL N~ 7 KRB OMNINE T T 5,

b\ A AR A VORI T, BEZER & B2 REGERUA % 340 [ E THAL T, ED haA &
MG aA V| R DEZERER, BERGRIERKEZ —IKE L THRAL, ZnEnad — Kb+ 25X %
BHALE (K1),

3. FHTOXRGHBOBFEEML

ek DR & A O BA L&, IR ORETEL
KW L7 3 kot CAD ET VEERK LT, & T
#ONLE & FWEFENNCHER L GO VT ) 4%
RESE L7, 3 kIt CAD £ 7 /L CHUEF & 5F4M L 7= 3+
REb—P— 7 v h— (ZERSME  15um +64
pm/m) ZFAVCEHRI L, SO EHEORENE %
BEL, SHBOLEISE U EIT) 2 L TR
FEEE DR &2 FEBL LT,

2012 4E 12 H 7~ B B HRE N7 00 e 2 Bl 4G L 7=, ik
L72JT-60U OXEEAFIH LT M~ 7 Z/ANTDH
k&u%%@#@x%%Nm@%ﬁ@&%@@%ﬁ%%ﬂbf;K%*’ﬁﬁ@%@¢®&ﬁ&%ﬁﬁbko

B HEAR OREIEIZ S U N E O ORE R, 10m BUROEZZRIRED M~ 7 gz FERICE I U o
jﬁ%tﬁ@ko%m%ﬁw@%n4w®%ﬁﬁww%tanuTLmMM?QWL FASZHEMEIZ)E LT
A L OEEF LA O T 1.0mm PA R IZHE 2 AT 72,

2004E3 H, 7944 AF v b EEEREL T, b~ 7 AETERIOMNITRT LT,

“Yusuke Shibama!

"National Institutes for Quantum and Radiological Science and Technology
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JT-60SA 7RS4 FOBIK
Status of JT-60SA Project

3) RT3y FAE# AT L

(3) Operation Results of Superconducting Magnet System and Cryogenic System for JT-60SA
M PR, JT-60SA F—2A'!
VTR BT SR B A RS kL S —E T IR ETRZ Rk S ZE T

1. FC®HIC

JT-60SA D~ 7 % v F ¥ AT Ak, 18{HD DAID kv A ZRess (TF) a4 v, 6l FEfikids (EF) =
4W\1@@¢byv/4P($)ﬁ%%ﬁéhTwéG@U HROBEFRD 4SKICHAISiza A L
\CERE T 272010, BUAEERZMHH L7z 26 BRHOMEMR (7 1 —& —) & @i ER Y — 26
$%ﬁmT6JWS4kamﬁh§%m)~bi%M#\HNDHK(3&074 =X H RN REA
Y L7, BEEaA 45K TEET 5720, LilOBEEKEHT, 80K O~V T AN ATHEIS LT-HE
W — N RERTHMBEZERS (V743 A%y b)) RICREINLTND

AU T AT 4.5 K #UE T 9.5kW OWmERE 12 f L. ﬁm%:4w\#~va~wF wmi Y — R
I R 32,2020 4 3 A I B & m HARDMRIRRCE I K o TEER S, AT AR M5ER L,
FAE10 A XD 7 — a0 o Bth Lz, 2021 451 A X0 =4 Lo Bflul BRI Bis S,
2. TTRY RSRTLUEAN)OLEEVAT I

TF. EF (% NbTi K% CS % Nb3Sn E{LZfH L. Fig.1 {Z~9 &Y. TF 1 25.7kA. CS.EF |% 20kA T
IR I NS, B8 A VLT ¢ — & =20, EERBRRFIZITN 1.9kg/s DR~V UL EMET 5, &
BABEER Y — R Bi RS8R 2 L, E%@@W@fimehé

JT-60SA 1 o AT AOFHBIL, TEMEHESC 2 — B IR 2 ZEIEE T 5720, BEE oA L TRAT
% EEEA M X DI ESIRE O LB 215 OE OERFEHENICINE S L 5, BEINICHIEcE 2 L
THD, ~U T LABEY AT AEEROMIE R % Fig. 2 \RT, HEES AT L%, Bk —1L Ry
2 A (Refrigerator Cold Box: RCB) & MG~V 7 A& M4GT DMl 2 —/L KR v 7 A (Auxiliary Cold Box:ACB)
DO END, ~Y T AT AL, 8 AR OEMEIC L > T 1.5MPa £ TIES L, RCBIZELILD, RCB
WNESCIE, WRZER, 3BOX — bt VIR, ZEBEROBGHEZ AT~ 7 AZBH L, ACBIZ5~6K
D~V T L% @IREBEEER Y — R ~50K O~ 7 L% h—~/Li—/L RIZ 1.5MPa lZHI+ L7 80K @
NV UL EERESET 5,

Magnet Nominal current Max. magnetic field
TF 25.7kA 5.65T
[ 20kA 8.9T
EF1,2,5,6 20kA 4.8T
EF3,4 20kA 6.2T

Fig. 1 Superconducting magnet system.
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ACB (3, BV 2 DT T BREDIRIEANY T L2 7 (Fo3—=) BIRE A A VTR~ ¥
LEMIET D200 % —HRAYRIEA~Y 7 AFEER AR > 7 (Cold helium circulator)2 . K OMKIE~Y 7 A EAERE
(Cold helium compressor) ZH LT\, # /73—, aA /VOEBBEAMIZ LV EFET 2~Y 7 LE—FKHY
[ZBALIASD T, RCB ~DRE Y i A il L7223 Ll LT, B Z — B ~ORBL T 2&%E D H
Do THUCED  WEHEEN O X — B U RIRIECIERER DL E LTmEMEZHERFCX 5, B5E 2 A V245K LA
TONY U LERET D720, B COREELZZE L T, ¥ X—NORIE~Y U LADIREL 43K I
THLEND D, ZDH, KR~V U LJEMEHEZ VT, 20 3—N% 0.11 MPa % TRUE L THEXI L T
MAKEZ T T2, aA BT 2 oF LIEGEIIEERZ SEER 228, 2Ok, BEOENN EFHT5
DT, PrEDEINCE LIRS, BAND I 2 F X 72 A% L, BT 5,

(Liquid nitrogen tank 65m® )  He refrigerator cold bO_X_(B(_:E___I Cold Compressor ~ Cold He
Warm Turbines N i 400g/ circulators
il a - : — 7
Compressors < MA AAS. " AMA ! :
Lad A AA YVYVVY AAM AAA W T
(8 units) T | ! !_‘ _ : :43/4"
MA AAAA. MA Al m AN A !
He gas ‘ : Q 1 1 —— :VL - DampegL)
buffer tanks LML E 2 R P= =sakihe E=m) =
(250m3 X 5) *: A | AMAJ | WA AMA A\ AMA A AMA : IEE EE EE I 4.4K 4.4K
A 1 MA vy Iy A Iy A Y A— gt 1
i —I—TSOKl— __?_ M1 :r----_v —@—txl— —@-{xl—
e ey | T AT A
430 |1 IS o 2k Lo
thermal Yo]'d HTS current leads 270
. L sregls X S60al:
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Fig. 2 Helium cryogenic system.
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(4) Coil Power Supply and RF Heating System for JT-60SA
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(5) Progress in Integrated Commissioning and Plan of Machine Enhancement for JT-60SA
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