Fri. Sep 18, 2020

Room A

Planning Lecture | Joint Session | Health Physics and Environment
Science subcommittee, Radiation Science and Technology subcommittee

[3A_PL] Current activities and future
perspectives of Research Group on
Radiological Aspects of Emergency

Countermeasuresand
Chair:ltsumasa Urabe(Fukuyama Univ.)
1:00 PM - 2:30 PM Room A (Zoom room 1)

[3A_PLO1] Activities of Health Physics and
Environment Science Subcommittee in
connection with Research Group on
Radiological Aspects of Emergency
Countermeasuresand
*Takatoshi Hattori' (1. CRIEPI)

[3A_PLO2] Current situation of environmental
radiation monitoring and activities of
Radiation Science and Technology
Subcommittee
*Yukihisa Sanada' (1. JAEA)

[3A_PLO3] Discussion
*Tetsuo Yasutaka, *Yuzo Mampuku (1. AIST, 2
NARO)

Room B

Planning Lecture | Invited lecture | Cabinet Office

[3B_PL] Grand Challenge of Japanese Nuclear
Chair:Ken Nakajima(President of AESJ)
1:00 PM - 2:00 PM Room B (Zoom room 2)

[3B_PL0O1] Grand Challenge of Japanese Nuclear

*Yoshiaki Oka' (1. Atomic Energy Commission)

Planning Lecture | Board and Committee | Ethics Committee

[3D_PL] Rethinking Code of Ethics and Ethical

Behavior
Chair:Kyoko Oba(JAEA)
1:00 PM - 2:30 PM Room D (Zoom room 4)

[3D_PLO1] Statement of the AESJ Ethics Committee on
the incident of receipt of cash-and-gifts
committed by KEPCO
*Shin-etsu Sugawara’ (1. KANSAI Univ.)

[3D_PLO2] About Draft Revision of AESJ Code of Ethics
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*Masanobu Kamiya' (1. JAPC)

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

[3E_PL] Qutline of joint research projects in the

OECD/NEA after 1F-accident
Chair:Yukinori Hirose(Toshiba ESS)
1:00 PM - 2:30 PM Room E (Zoom room 5)

[3E_PLO1] Qutline of joint research projects in the
OECD/NEA after 1F-accident
*Masaki Kurata' (1. JAEA)

Planning Lecture | Over view Report | Special Committee on Advanced
Hydrogen Safety

[3G_PL] Advancing hydrogen safety for nuclear

plants
Chair:Ken Muramatsu(Tokyo City Univ.)
1:00 PM - 2:30 PM Room G (Zoom room 7)

[3G_PL0O1] Activity report of the special committee on
advanced hydrogen safety
*Ken Muramatsu® (1. Tokyo City University)

[3G_PL02] Validation analysis results on hydrogen
diffusion and combustion by CFD using
existing experimental data
*Masaaki Matsumoto' (1. MRI)

[3G_PLO3] Preliminary CFD analyses on hydrogen
diffusion and combustion in container vessel
of PWR and accumulated knowledge for
advancing hydrogen safety
*Ryo Fukuda® (1. MHI)

[3G_PL04] Public release of the CFD code of hydrogen
behavior

*Atsuhiko Terda'! (1. JAEA)

Planning Lecture | Technical division and Network | Reactor Physics

Division

[3H_PL] R&D status for Fuel Removal on
Fukushima Daiichi Nuclear Power Plants

Chair:Jun Nishiyama(Tokyo Tech)
1:00 PM - 2:30 PM Room H (Zoom room 8)

[3H_PLO1] Current Understanding of Fukushima Daiichi

Accident and Fuel Debris Information



Obtained from Decommissioning Activities
*Shinya Mizokami' (1. TEPCO HD)
[3H_PLO2] Overview of R&D status on Criticality
Control Technique for Fukushima Daiichi
Fuel Debris
*Makoto Nakano™ (1. IRID, 2 MHI)
[3H_PLO3] Important Issues in terms of Criticality
Safety
*Kotaro Tonoike’ (1. JAEA)

Room |

Planning Lecture | Technical division and Network | Advanced Reactor
Division

[31_PL] Status of technology development
recommended for safety standard

demonstration reactor of SFR
Chair:Takaya Ito(MFBR)
1:00 PM - 2:30 PM Room | (Zoom room 9)

[31_PLO1] Overview of safety enhancement
technologies
*Shoji Kotake' (1. JAPC)

[31_PLO2] Recriticality-elimination technology
*Kenji Kamiyama' (1. JAEA)

[31_PLO3] Nanoparticle suspension sodium technology
*Kuniaki Ara' (1. JAEA)

[31_PLO4] Three-dimensional seismic isolation
technology
*Tsuyoshi Fukasawa' (1. MFBR)

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

[3J_PL] 2019 Award Commemorative lecture of

Social and Environmental Division
Chair:Shoji Tsuchida(Kansai Univ.)
1:00 PM - 2:30 PM Room J (Zoom room 10)

[3J_PLO1] Dynamics of Nuclear Power Public Opinion
*Atsuko Kitada' (1. INSS)

[3J_PL0O2] Transition of Nuclear Public Opinion and
Information Acquisition Behavior
*Hiroshi Kimura' (1. Kimura Learning
Consultant)

[3J_PLO3] Public Opinion Concerning Nuclear Energy
and AESJ members’ perception
*Shoji Tsuchida® (1. Kansai Univ.)
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Planning Lecture | Technical division and Network | Nuclear Safety
Division

[3K_PL] Safety of Advanced and Innovative
Nuclear Reactors and the Preparation of

Reqgulatory Infrastructure
Chair:Naoto Sekimura(Univ. of Tokyo)
1:00 PM - 2:30 PM Room K (Zoom room 11)

[3K_PLO1] Pursuing Nuclear Innovation
*Kentaro Funaki' (1. METI)
[3K_PL0O2] Safety design features of innovative
reactors - Case study: NuScale
*Hideji Yoshida' (1. JGC)
[3K_PLO3] The Concept of BWRX-300 and the Feature
of its Safety Design
*Masayoshi Matsuura' (1. Hitachi-GE)
[3K_PLO4] Regulatory Trends on SMRs in other
countries

*Kiyoteru Suzuki' (1. MRI)

Planning Lecture | Technical division and Network | Subcommittee on
Particle Accelerator and Beam Science

[3L_PL] Present status of Accelerator Application

in Fukushima Prefecture
Chair:Kai Masuda(QST)
1:00 PM - 2:30 PM Room L (Zoom room 12)

[3L_PLO1] Boron Neutron Capture Therapy
*Yoshihiro Takai' (1. Southern Tohoku BNCT
Research Center)

[3L_PLO2] Targeted Radionuclide Therapy using
Accelerator-produced Alpha-emitters
*Kohshin Washiyama® (1. Fukushima Med. Univ.)

[3L_PLO3] Nano-Particle Assisted Laser
Desorption/lonization (Nano-PALDI) Mass
Spectrometry

*Shu Taira' (1. Fukushima Univ.)
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Planning Lecture | Joint Session | Health Physics and Environment Science subcommittee, Radiation Science and
Technology subcommittee

[3A_PL] Current activities and future perspectives of Research
Group on Radiological Aspects of Emergency

Countermeasuresand
Chair:ltsumasa Urabe(Fukuyama Univ.)
Fri. Sep 18, 2020 1:00 PM - 2:30 PM Room A (Zoom room 1)

[3A_PLO1] Activities of Health Physics and Environment Science Subcommittee
in connection with Research Group on Radiological Aspects of
Emergency Countermeasuresand
*Takatoshi Hattori' (1. CRIEPI)

[3A_PLO2] Current situation of environmental radiation monitoring and
activities of Radiation Science and Technology Subcommittee
*Yukihisa Sanada' (1. JAEA)

[3A_PLO3] Discussion
*Tetsuo Yasutaka, *Yuzo Mampuku (1. AIST, 2 NARO)
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BMAREZENRRDEHESEDORE
Current activities and future perspectives of Research Group on Radiological Aspects of Emergency
Countermeasures

(1) BRARECESERICEET SRBYME - REMFESOED

(1) Activities of Health Physics and Environment Science Subcommittee in connection with Research Group
on Radiological Aspects of Emergency Countermeasures
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*Takatoshi Hattorit

Central Research Institute of Electric Power Industry
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2020 D A=

REYE - REHFHE AHRIFHR GRtYyYa Y

BMAREZENRRDEHESEDORE
Current activities and future perspectives of Research Group on Radiological Aspects of Emergency
Countermeasures

(2) BEBE-42) VI OBEREBFRIFEHEDES

(2) Current situation of environmental radiation monitoring and activities of Radiation Science and
Technology Subcommittee
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3. MEHRIFEEDEE
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WG, (3) MEBEEMET WG K ON4) [EFEZ &M = — REIREIEMHRGTT WG Th D, T b OIFEINAEIX, %
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- RPRILIRT 7154 2020 FHEROFERLEH TH 5,

*Yukihisa Sanada

LJapan Atomic Energy Agency, Fukushima Environmental Safety Center
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(Fri. Sep 18, 2020 1:00 PM - 2:30 PM Room A)

[3A_PLO3] Discussion

Future perspectives from the view of radiation effects

*Tetsuo Yasutaka, *Yuzo Mampuku (1. AIST, 2 NARO)

PEHEEENRIR(IEESHE. HFEBRRECHDREAERINRICEENDCEERIEL. BEHEHRE< DU X
DEHSBBROBIEE —RDAEDOXWEEMEL TSI Uz, BHOFEDMRZBRICHSUVTE. RIBEEEH
F<HFRREBUCTR. FROBE<IREOBBER. FRBCIDREINZLBEZFCEBEL TEZLDEIN
CHRERHDIT T, AEETEIARRICEADS 38E (2F) TOREVYC—REREFTLE LEBAZHIET S
ceElc, BRENRRBMX TOBENARIEEEATSRULENS, TEEIS KUFEMARBIORIGDIIEHN S{EF
REDHE - ERERICH(TRIFEBICDOVTERE RS, SBODREDHDABICOVTERETULEI T,

©Atomic Energy Society of Japan
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Planning Lecture | Invited lecture | Cabinet Office

[3B_PL] Grand Challenge of Japanese Nuclear
Nuclear Policy and Issues

Chair:Ken Nakajima(President of AESJ)

Fri. Sep 18, 2020 1:00 PM - 2:00 PM Room B (Zoom room 2)

[3B_PLO1] Grand Challenge of Japanese Nuclear

*Yoshiaki Oka' (1. Atomic Energy Commission)

©Atomic Energy Society of Japan
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Grand Challenge of Nuclear Community in Japan
i IFEA Y
NIRRT ZEE R

1. 79V FF¥ LY BRDREFHDORYRE,
ARELEDOR-HERS, 770 RFv L r Y ik, RrhEBE/EIT/BHER/ A —T /A5 %
BB/ KL BN ENTND 7 T RF v L URB 5, RRORBEITBIRE D HE % 587%
TEXLNE I, FFNEERTREFS LARVON, JRFHEGREE2EZ 2 5 51E, RO« ik
HriEm, B REFORM - AARBEINZE 2 2 _XETZ 57011970 4R, wRE O - S RFE
HEEBEEM, BARIL?  BAROET SO 1990 05 OEM ORI & 51K - FTHEORME., 72
W7 RF X L UNRED, REREEETREBET HOHENH DD,

2. RFHZEEOEH
FRFEFHEESERSCE, R AFMICBET 2 EARNE 2 5, HATBIM eI T 55 20 ¢
FEAT = HRNEDORFTREEE, 7V b= DA OIEARNZ 2 J5, @EFEEIz >N T (A
fii) . REBRER A 7V & EENE - PRI IR LER & BB LIS Tl B AR BN IR 722 0 TR
T5) HRPoOD, 77 AOBBREIY A 7 VEBGR, AMERR MR . KPR HEE. R E-S
WORICEZ T 50BN H D - 1 TH, BARFFIAIZONT (RAE) . TM I Fik O KED
JR 156 BRI & FHCRIRE, 72 B B eMEm RS EE )

3. ala=fF—vav
AL IS TERAER O (RfE) aa=r—a D75, BADI I 2=/ — 3
COMEB], A IO TRER? A THSOBEZRD TWRW)N, VAT aIa=b—Ta
V2 RKG TRV, Za (VA7) OFBIIEHI O E

4. WrIEBAREHRREE DRE & ek
JAEAOTHIHEOEHIZONWT CEH) . R AR OMEEEA . B AT A7 B S O 5%
DI, A BRI OESE 7 0 7T L EEET AT ML OBAE i - BEOA A -,

5. BARDREFHBERDOELE
AR T2 RO EEEZ, 2D B TR O EE R TE RV, HFESLZEOFTRY +
T BHIFRIZ, BEEDWRITIUEE TS LW, BEEWEDOTHAZESONR W, AEED &
NI TENTHVLENRD D, ATICREGEOAIT L, £THEORHE

6. RFI0&E
HARDIEDOH], JRF NREORHE E&E, R IR EEDH 55050

*Yoshiaki Okat

LJapan Atomic Energy Commission
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Planning Lecture | Board and Committee | Ethics Committee

[3D_PL] Rethinking Code of Ethics and Ethical Behavior

Draft revision of code of ethics based on incident of receipt of cash-and-gifts and quality assurance
issues e.t.c.

Chair:Kyoko Oba(JAEA)

Fri. Sep 18, 2020 1:00 PM - 2:30 PM Room D (Zoom room 4)

[3D_PLO1] Statement of the AESJ Ethics Committee on the incident of receipt
of cash-and-gifts committed by KEPCO
*Shin-etsu Sugawara' (1. KANSAI Univ.)

[3D_PLO2] About Draft Revision of AESJ Code of Ethics
*Masanobu Kamiya' (1. JAPC)

©Atomic Energy Society of Japan
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Rethinking Code of Ethics and Ethical Behavior
-Draft revision of code of ethics
based on incident of receipt of cash-and-gifts and quality assurance issues e.t.c.
e B, R N 2
YAAGE, 2B KT
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* Masanobu Kamiya! and * Shin-etsu Sugawara 2
LJAPC, 2 Kansai Univ.
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Steering Committee for Nuclear Energy

CSNI CNRA RWMC CRPPH NDC
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Committee Committee Radioactive Committee
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of Nuclear Regulatory Management Protection and Science
Installations Activities Committee Public Health Committee

Studies on Nuclear Law

Nuclear ‘Committee
Energy

Development

and the Fuel
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1 OECD/NEA OZ: B2 DOHERL
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% LI IF B 2R — b5 HAY T 2013 4F 6 A2, IF LI DL T8I BT % v =7 224 (SAREF:
Senior Expert Group on Safety Research Opportunities Post-Fukushima) 73325 B3 - 7=, 1F SEERHTCBELF O
BRTELNDIMAICESNTED X 5 R RIGEI 2D T 2>, 72, NEAIEEICH LH-IcGEon5
A NZEE DD RE EO X IR L T a2 B E Lz T, 2016 IS Ea e
HEn7z[2].

WEE I, FREE RIS & RIS T ORS TV A, EIIRIRREIEL, 1F 2> 5 FEERITR
BT 7 U B EY SN D ETOWEFE RS CHEL & 72 DIFFERAE S BT bivTe, £7o. RUIAUEVEIL, 1F BE
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JFOHER PRIk, 77 VB L, BERE., AMA 77, 2 A NMERIRSBHR) 22512 LoD, #4E
%a BRICEKREm A BT 2 2 L & L, 703 SAREF IIHIHI T ERE 2% LT\ D,
ZORFITEEDSWT, 2017 42 1 AL, EHIRERE O BARMLIC T 7 MRS G 2B S v, B RS HR O
B, BREFT U OB 7 4 — D A LTE E L IF B L0 s ED X 5 R A2 ST L
M7 = A ULTRBEICENSND Z L0 %l 5 fHose 7 e =2  (PreADES, ARC-F) 73
SBENRDZ Lol IF CORET 7 VR LITEEL VBN RiE L Th Y | BITE, PreADES & ARC-
FORBMT O 27 b EDOL ) ICRETANCOVTERALSEBED SN TS EZATH D,

(2) IF BHERICEAT 3RV FI—H W% (BSAF/BSAF2)

1IF FEZR NS K22 €7 T 7 o7 v Mg =2 — F (MAAP, MELCOR, ASTEC, THALES-2, SAMPSON,
SOCRAT %) % H\ 7= FMaE AT 23k % 7o ffkic K 0 Tz, T OfTERA2EE L, Bon7-m
REVSZIHEMMIEN T2 LI, ENENOMN T 2 — ROZERMZRABICEMT 5720, 2012 £
OECD/NEA OIEUMNFIZ LV | 1F FERICEE T 5 X F~— 7 %% (BSAF: NEA Benchmark Study of the
Accident at the Fukushima Daiichi Nuclear Power Station) 723BA#& S #7=, BSAF 7 = — X 1 Tit, FHii% 6 HH
DJEFHFE 1454 (RPV: Reactor Pressure vessel) & Ji 745525 2F (PCV: Primary Container Vessel) PN T d
BUKTIRBOHERIZ 7 +— 0 A LT M T o, fjfr 22— R 2L DTN, 2015 4RI, fiftr ki 4
WA 2 gl th 3 EICIER L, £7o. PCV SO ZERM) (FP) KU OfFHT 5 7= BSAF2 (25| Xk
RFL. 2019 AEITHE T L7, BSAF OEEIZNEA O URL B X 7 m— R4 25 2 LR TX 5[3], BSAF2 D
WMEEIBERDY 2P TH D, BSAFBSAF2 (21X 11 A E OIS L, BSAF [3JF 1 1 D 22 24
gt L # —. BSAF2 |Z R AN E 202 L 7=, BSAF/BSAF2 THE LI, iR ARC-FF 7 ¥ =
7 MIg| SN TR ED ATV D

Q) METITIDOAHICET-E£FERRTOP Y + (PreADES)

Ak SAREF OHEE #5215 T, BT 7 UV B Licmid 7= %> 2 = 7 & (PreADES: Preparatory Study
of Analysis of Fuel Debris) 238D 5T\ 5 (MFITFE L vy =7 M 0 2017.7~2020.7), 2020.2 H %

ATBEWT, ENT 7 U B L OB COVID-19 O E% 2 EF L, u Y s M &2 HERIERE T 5
ZLETHELEL, BUE, ARC-F ey =7 FOER S5O T, IF TOARMEIZRET 7 U B L £ ToHIH
TP OECDINEA IZBIT 5% M7 a7 b XD L9 B THEHD 20 OfimiIThiTnd,

# 112 PreADES O % A 7 1k % /7, Task-1 Tl&, 1IF TR INZBRELT 7'V OREIZ SN T, ZRET
Bonz IFFICO bR, TMIR2 Filg, FxL ) 74 VEKEOMRAEBEIC, FEY A D LD
FLONRHED BN TS, Task-2 Tk, BT 7V OSHHCET 284 = — XD FEE L BT 7 ) b
MBI 2 B WMILH BMTHILT

W5, Task-3 Tlx. “iL5H DK #1 PreADES 7=/ hOX A7 K
FHE RS 1IF B 68721245 | Task-1: Joint study of fuel debris expected properties and characterization
SRS EIC S X 1F BB 1-1: Estimated properties of fuel debris

st . 1-2: Sharing of knowledge base on fuel debris characteristics
VICBS 2 4 %O EE 0 Task-2: Identifying needs and major issues for future fuel debris sampling,

WD OERN{THOND TET retrieval, and analyses

o 2-1: Needs for fuel debris analysis
- %2
b5, Fio. TCOFF /» 5 DS 2-2: Study for safety major issues related to future debris sampling, retrieval,

WX DIFEE AT 74— AN analysis , transport, treatment, storage and disposal

PreADES O Jt T/ TS (14 2-3: Expe.rimental/analy.tical tec.hniques and demands in hot-testing facilities
. - , Task-3: Planning of a future international R&D framework

i)  PreADES O3 (3174 3-1: Development of plan for a future R&D framework for actual fuel debris
KD CLADS 234 LT\ 5, sampled from Fukushima Daiichi NPPs
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(4) IFBELEMBHRI LB ONIBEHROSHT IO Y + (ARC-F)

1IF R AR O OBEONDIERO SN 712 =27 ~ (ARC-F: Analysis of Information from Reactor
Buildings and Containment Vessels of Fukushima Daiichi Nuclear Power Station) 1%, SAREF O = %37 T, 2019
FLHANG 2021412 HETO 3PFEOTETHED 5TV D, ARC-F I, FlulERMIICEE - MAR
N ORBLERR I [0 72 o T VG RO oA R R, Filey U AREe Y — 2 ¥ — L5l & & T
BSAF/BSAF2 O 7 4+ v —7 v 7 T b EANIHED D 72D OEEE R HE & OfFRIEE R RS, &
A E LTS, ZhicHi-3&, ARC-F IZLL T @ 3 {HD Task THERL S LT 5,

Task-1: Refinement of analysis for accident scenarios and associated FP transportation and dispersion

Task-2: Compilation and management of data and information

Task-3: Discussion for future long-term project

Task-1 Tix, Fils 7 U A ORREMHT, HPEEFROFEMABNT, RET=2Y V7HERICESS Y —2
H— DS EDED STV D, Task-2 Tl FP BATRECERRILOHEEIZE T D720 DEE - A
w T VBT D RBIE RO T — Z N 2 LR O BTG U2 i8N 2370 T %, OECDINEA (235
Wi, BUfE, AR PreADES, %3k TCOFF &, Z® ARC-F 3 IF B# 7 m =7 b & &, EHIIC
RN ITHON TS, Task-3 1%, AR L7=LH it vy =2 O EE S KL 2o, S%kikami e
HONDTETHD, ARC-F OIEE IFT DL EMTEE o — NS LT 5,

(6) YEFFILTY FOFENSERICAIT-TAS LY b (ROSAV)

VETT 7T v NEREBORFENS D O L ENRED ORI DR L IR DB O RSN e N
TOIENRY . LT DWE T OB &R L DR ELE 2> 7 U — R o )& (MCCI: Molten Core
Concrete Interaction) ~DF%EE RPV WA THERE L 72BN 7 U O%mHINE, ICEBR LY aA v b oad=y

I (ROSAU: Reduction of Severe Accident Uncertainties) 725 K[E 7 /v = X[ESLHFFERT (ANL) OFEE 2 XD 2019
6 AICBIth ST, AARD DIXFEF BT K OFE ) F RN ST 5 & & b1, HAEIMhA ANL
ZEMTRE LT D,

32.NSC ZHhib & T 57EH
(1) IF BEBABRESEICLERET I E FPOBAZNERMTME IR Y + (TCOFF)

RPN RE LR UE ) (BR) @SS R 1B OB L E SRR OINE 7 - (ERL 26 4)
(2D & AR B IEAIC A) 7 [ERR W D HEdE D — B & L CSURMA 7 & OECDINEA IZAFFE & @ 23 il < 41,
IF FEEATHE R 2 BB LT BET 7 ) & FP ORI FI 72 FetEsili7' v = 7 & (TCOFF; Thermodynamic
Characterization of Fuel Debris and Fission Products based on Scenario Analysis of Severe Accident Progression at
Fukushima-Daiichi Nuclear Power Station) 723325 E23~72 (e Y =2 MM : 2017.6~2020.7), BAIE. #55
EFEOLYFLDOMTON TS (2020 4F 7 AFER), TCOFF TiX, HTIZEMTROBHHFZ T TR, 1
RIZIR A T2 B FEC o > TR WSRO HMFE L LR T2 F U=k BT 7 U O RA R
¥ (FP: Fission Products) (4% 5 WFEERREIZ D W CRICHEHRHE 72T 2 s | 5 B 7501 L% PreADES X°
ARC-F EOHEEET vy =7 MLPENG 1F FEFBIEAFRICIREE L T\ D, TFL: 77 U EHRIREL. KON,
TF2 : FP THERL S 4L, & H - BB TR SN TV A B 7T — 2 X—2 0 @|tkrgb, JRTFIFEIHHENHAO
TRRMREL DR ENAR D BRET, ZR5E FP OB T — X OfEFe, BT 7V 0vBH O FPIZ ., SO RIS
B3 DML TV D,

BREFT 7' ) ORPEIZEE T2 51T, PreADES T LIV TV AIRENT 7 U RE Y A R ORMRFHIN I X T
W5, FTo, AKFEM FP ST AHZT — 41X ARC-FF 7uy =7 hTIER SN TETHD, EHIT,
TCOFF 7% PreADES (Z%f L, 1F THREINLHEREMT O U 7 U EHAWEDER A 71 = X 5O [FRRGFHH H
ZEh, BUE TCOFF A v x—4 b » TR HED 5T 5, TCOFF O3 E 1 NEA HE MY L, JF 1
JIHEHED CLADS 8T 7 =W VT RAA P —L LTHR—FLTWD, /o, 2=—2 ks & LT, TCOFF
e i % Alik U CIRMIEDEBEAEE B e ol-, v 7 OHh 7 hR_XT VT VTINNIKR, AT HD
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TNT RNIRR, 772D tEA 2R, HAROR T REOREZENPERIRI L, HEQIEHET —F DG
N, ZhooiFEIm<iHhisnTED ., ﬁ&'mm$ﬁm%%’%k&fyﬂ—w4y§vanﬂ?
e, B CNLWFZERTE) 2N, 7 = — R 2 [ZT 72 TR a3t A Ty 5, TCOFF 3 g i 7o &
WS AL A e é%kbf\mﬁ#tf1@<\%ﬁ@%*b%&ﬁﬁ%ﬂ@%ﬁﬁ%%&%méﬁéﬂ#
Herm STV D, 7238, TCOFFIZIE, FenEN IR OtE, Bl LRKAZIML TBY, HEEHN
mEAZHEY LTV

(2) BKIFRSMERHICBET 5FEMAREE (EGATFL)

IF FHLIRT LD, O ha A PEE IR, Y ET T 7 U7 0 FRIIZE O TE L < KBS DOFEA D)
Hl S A2 SIC &R & 3 2 Bl E OFIE8 D BTz, IF FHigz2 R L LT, Wb B HHit e
Bt (ATF: Accident Tolerant Fuel) ~®7EH 23NEBERIIZ A E D . OECD/NEA (2B W T HIHFMACHABLE S vz
(2012 & 2013 4FIZ CSNI & NSC A TU—727 v a v 7BfE) . £ ORR, ATF I3k < 2B BN Z &>
Fx 7B BB DEREAN N ZH b H Z L b, £7, ATF H#IFOBURA BT 5 2 LN ETH DL EHE
SN, TNEZIT T, 2014 12, NSC O FiZ, AN F RN B9 2 B ZF 24 (EGATFL: Expert
Group of Accident Tolerant Fuel for Light Water Reactors) 233526 B3 -7, EGATFL X 3HOX A7 7 4 — A
(TFL1: ATF > A7 L5Hli, TF2: R IERE R & OV O OREHE S REM . TF3: JeEkelh) Tk S
Too WEHIZ, AARRKXZBEL L CTRR V — X —%#MY L7, &2IZ, EGATFL CTifi>7-E%7e ATF EHEH;
izEdTRT,

EGATFL TiZ, TFLIZB W THE~ 7Z2BA%E HIU A FFo ATF EEMS (Bi) owEss thaz AT 20IC
BB KTV, ATF BZTTH%?R‘O) 72O DOFREE THAT R #E (TRL: Technology Readiness Level) | % & 0 £ &
Wiz, TF2 & TF3 TiX, EBID ATF EREIFICOWT, FEARICKNER BRI~ v 7 O & ZEREE
HR OB, S OIS, FREMN Z L ICBANMGRAE ORIl 217 > 72, EGATFL 1% 2019 4 1 A IR M= & &7V
T Lz, £ Z COMGHERIZ. OECD/NEA @& E L LTAB SN TWA[4],

EGATFL Dpf%& 317 T, 2018 4 1 JIZ, Enhancing o EGATFL T L 7= ATF S50k
Experimental Support for Advancements in Nuclear Fuels and

Materials SR T DI SAL. ATE SO ATF%J%%; L

B RO ERMLIC AT T R T DRI R, % - 74/7201 2 R Zry

Mo ATF BIEBRAKRE BigoTHWDHZ LN, . SRR

OECD/NEA IZ351F % ATF [24% 5 4 # O E B 1k & 724 . SCyESR

RITh D, YAT LE LTORMZ TCOFF 7 = — - BERIEEM®)

Z 2 T“%Bﬁbi 5L 5%%ﬁzi;tj§u\éo EHBEL L %ﬁfaﬁﬁﬁﬁ[ﬁ e keaakiE
TIE, KA KIT ® QUENCH 3BR#:E % V72 ATF 1 e e S PR

A FARBICHELI Ya Ay b Tr Y= ) - EIITEERE
(QUENCH-ATF) O PR S BUEITHIL T\ D, KIE, . =L

TIUAL AL A, mY T BRSSP A B LT + TRISOR! AR

W5,

(3) ZERHICET IERBNET—2R—XTAC Y b (TAF-ID)

IF FHLAT L D | S ETHIEDIEA TO D IEEREHH OB ) %7 — 2 X— 2T 2 mAE KA L, H
BHEU T — 4 =R L LTEM L LD LV O BRMBHEATE Y . BAD IR T F15HE & EBh s sato 3
FAN—=L 25Tz, IFFHIAEICEID | BlEBREZ T T < BKIFHEREL S h N—T& 57— 4
NR=2 L LCEETDZ L2 AANLIE L, 2013 4EIC TAF-ID 7P =27 b H BN -7z, 2017 4EiC 7
==X 1T L, B I 7z TAF-ID 7 — % ~X— Z BT O SRR 22 oW CRE 2 2238510 TR S
TWb, AARNGIE, BHFRSBRENIRE DL L8 ET — 2 _X— 2% | A1 I VOB EEE Zr DG
WRDET )T — F _N—= R e 2N E NIRRT 5% T, TAF-ID 77— X—AHFBICRE < BB L7,
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2018 LV | TAF-ID 7—H# RXR—ZADa2—HF—JER L =—XOWH R LEZHMIZ 7 =— X 2 BHIBEI
720 728 TAF-ID 7' ¥ = 7 ME iR TCOFF (Z%f L, TAF-ID 7 — & X— 2 OF| ] & & CFrit 55— 7.
TCOFF 1318 b 7= T — % % TAF-ID |22t 3 5 = L THEE L T 5, ok, #E#H 1L, TAF-ID Ve =
7 FORAREZEEZHY LTS,

4. FEOH
1IF Fifg a3 & U Chix R EBE 2 FEIR A3 D 5 Cunbd, 22 TlE, CSNI & NSC D 2 > DEES
AT CTOIEZOWTEEEL L7z, IFBEFICHRLZ 20X REERE e 27 M2 TFABI LTV DIZAARDE
BB LTWD, ENOETF - PEAFAE IS, EESHESE CORIXERLT T 2085 REEER
HOFZ S OB BN 22 & . ARIED PSR Z LT 25 2 L SIIER W EZTUEEWTH 5,
(AFRIE 2020 FEOFE D THED B OfREK)

B3

[1] OECD/NEA, https://www.oecd-nea.org/

[2] SAREF report, https://www.oecd-nea.org/nsd/docs/2016/csni-r2016-19.pdf

[3] BSAF report, http://www.oecd-nea.org/nsd/docs/2015/csni-r2015-18.pdf

[4] EGATFL report, http://www.oecd.org/publications/state-of-the-art-report-on-light-water-reactor-accident-tolerant-
fuels-9789264308343-en.htm

[5] TAF-ID database public version, https://www.oecd-nea.org/science/taf-id/taf-id-public/

*Masaki Kurata®

LJapan Atomic Energy Agency, Collaborative Laboratories for Advanced Decommissioning Science
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MEHERE - HE 2 KFRREAKSELEINEMZES

RFDIZETEHKRREIEDEEIZAEITT
Advancing hydrogen safety for nuclear plants

(1) DKERREHMEEELL] BRIEMZEEXOEBHRE

Activity report of the special committee on advanced hydrogen safety
Fife fdt
LR R

1. [XC&IZ

KFLET, BT NDFORRLTKBA L7 TONHTHLEREZEDTRY, BETEOEER
B & 7o TV 5, FRCIBRARE - IRERZICOVTIEZ, BRICBITA 2B ET 77 o7 v DR
I E 2, ML E2ER EOBAND —EOMEEED D Z EREE LRI N TEY ., ERT-RLFX
—ITCIE, TRF T OREVER FIZE T 2 Sl R O 72D OEABAREE] O—BRE LT [KELELT
KEE L) FEEZEDTVD[, BARTIEETIE, ZOHEENOLOELEZT T KELENKREE
b FrAlSERE R AE L, KBEFRAED DIREE - B8, & BITKERERRIT R 2 BB RT3
2N, ENA#RE DS ORFIER-CHM A ZINE U CEE L, T OBR T Mtk 2 it 5158 %
fToTCTW5b,

2. KRZESELBXOHE
KFLEXIREECEEIL, KBLEXROAEN 72 5 O K TR 2T O F 722 5O Ei2m
JT. ETT 7T MREOKBEILED B IEFEIREE, £ ORI E T 2 MR 5 BUE A7) % CFD (2
L DIRHT S AT L(CFD KEZEENHEAMNT > AT L) EBHET 22 L2 B E L, RO OEH 2k
BL. BRI OTZ O DET NV OYR MM D378 23D TN AT L0l 2 D T 5,

¥, TOFEITVR 24 FEED 27 LT TIE MR AIF 522450 3R @ AL B i B i S Ok B &
BREEER)) ELThanizFzE B 72— 1 OFELIES) ORREEEZ TERINL TN D,
72— R 1 DFEETORHE -HFEOEREIL, KBLEMNIRNV RT7 v 7 RQELTEEDLRTWD, HE
DHEEFZDT7 =—X2THV | V28 FEENLTM 2 FEEETOFETED LN TEY FTRITa—F
VAT LN R T I DFE2RELTELEDLND TETH D,

. SEOREFEEDRL L

AR ZEE S TR, IEEIO—BRE LT, ENAORFMAOEEEXS Z & & BRI AR E
FT—ZWESHBML TRY, ILICERFERTORAHERE L TG HE 217> TE Y, 2019
FRITIZT =— X 2 D 2018 FHEDRR[3])% I HE Z1T o 7o, S RIOKREHECTIL, FlFEMEES®
HEED T, RO AMEOFEEFT D, BIEOTE CTIIREENKKEE L 2D 2 b, AR, BHE
FRCVYNDIEE - IRA - BB BT 2 0is, ZNETIEONTMALESBOTEE L L O THRNTT
HEHIC, BEIETIHRENED LI ITIEATE DN ONTHMEET OIFF-RELZ R, R xHi
SHOBMENOL S AR FETHE KEAFEETORY £EDITIEN LTV EBZTND,

(1) DKkFLE2REE) FrRHEME B S OTEEN RS (RGEH)

(2) CFD (T X D/KFEDHLEL « BREEZEENIZ BE§ 5 BRI Gt

(3) CFD IZ & % 3 PWR-CV W T DK DILH - BREBEZE BN 5] e OV4 7 D K 24w FE AT 72

R
(4) KRFBEEF AT AT DOABIZONT

*Ken Muramatsu !

Tokyo City Univ.
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20205 MD KR

. BT EEOHIEMEERDEE

BFICEEOF B SEFEEEZ R LITrRT, F1ETHEH, INETOREE LT, CFD 22— Ik 5%
BEAGLTE R MR ERAEOIATRE R L L b2, 7273 T v b=V A 2 FOFIEBEF~OE T O Rl LA EE
STz, £z, THUSKT D Tl BIRRZREmIc Nz T, B Lz o — ROABRRIC Y 72 - T, FBR
FRMTCEREA~ O AT O - BBREFIHAT A FELTEEDTEL ZENEE L ORFHC, SH%03%E
FHEBETIE, KFBOBRBE- BRI L DY 27 O—J@OARBUS T T, iz lZ8A Sz ERF S S xR i
EEDIMRIENT 7T hw RV A FFRIERPRIHEEFO L I 2L —2 g UPARELERLHDT, Tk
XETD72ODaA—RORA T ARLEHRI B & 72 D HANHEORET 24T 5 FFEIRHI A LT, &
STFRRN IR SNz, o, BEE -FRICBIT HKBEINCET 2RO OV TE B EZIT,
et L7z,

F2 NI A —LEREE L JAEA FE R JIKBRLRICET 20 —7 v 3 v 7 2019) DR BTz,
I HITH 3 [ENE, A HORAEFHIHOFER T EDIEHA IR OFHNCIEH EOMEIZ DWW Cagim A 1T
ITETHD,

5. #bHYIc

ATEENIRFEEDER RN X =T OZFEFE TR N OReMR EICE T 2 @R o -
ODOFEMBARFE OKBLEZEMNREGENL) | O—RELTEMLIZLDOTHD, 22 L THELET D,
HHE. AEIE 2020 5EFEMSDEETH 5.

S E X

[1] ER= /7, R0t BICE 3 5 Il AR 0O 7o O O HAf B F KRR m L)
https://www.enecho.meti.go.jp/category/electricity_and_gas/nuclear/001/event/180831a/pdf/180903/005.pdf.

[2] H B KESLGE). [ 712 38 2 KBLERER G LN K7 v 7 (8 1 1K) . JAEA-Review 2016-038,
(2016).

[3] MBI TR Sk 1T HRFLESERO M EIZmiT T-(1) KRELERE & ECFRREMZE B S OTRE)
W E0, HARFET- 1% 12009 O KRS TR, (2019).

#z1 HRCHFE DKFLEXREEL] FRHEHZE B S OBRMIRD
EI=ESNELSE T TRMmE FE YT R AT - B RS
;- RNE| o KFERENEAMANTS AT L ORESE ARG & S 4E T SHEET
20194F 12 H 26 H (K) > RSN OBRBE - 1B AT SR o T R YT 7 | (18 EHFE)
= ZERAIFSERT FURYRI AL NDIZO DR OB ER Y, PN
o MEEH IR 2 BHEDRRANEZR D DKFEIRIN & Fhlh Ik 22 26K | (55 RHE)
%5 2 [a] e FE VY —Far Tl R [HENAZELZEICETAY—Y Vg | BER
2020 4£ 2 H 7 H(%) > 7" 2019 DOBERERIZOWT (#Hi) JAEA
A—VEHE L, A > BRIND 54 A5G 45 LB, BEFHHEBRM CoKFELR4Se | (HEREARN)
FOIE & Bo A BHR Y QK ORAY —3FK 20 1E03 B - 72 2 & ORI,
o BROEZTORMEE v a Ly (RAE#EH) OREICONT
%530 o BOEXITBIT DRAHEHIZONT BB TR
2020 4F 2 A 19 H(K) > INFETICEONTMA, SBOIEHAMMREESEICOXER | (R
S ERE TR ZZERRTT
(A7 NETE)
—ZEHE T
(& FHHE)
JAEA
(FF HEE)

2020 FEREFHFS
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Advancing hydrogen safety for nuclear plants

CFD [C &k & KR DHhER - MRAIEEENCRE T S RERB SN

Validation analysis results on hydrogen diffusion and combustion by CFD using existing experimental data
A BHERY fogk AR, WIS EBRY, BRIL AHUD Y AT RURT
—ERATIERT

1. [FC®HIZ

IKRELERREELFEICB VT, JAEA, MHL, MRIIZ, KEOFEAEN HHLEL - BIREEICE 5 %8 %
FRNTREAN S 2 7212, MBS (CFD) 12 X 2 KBZEEH AN AT 2O 2D T\ D, K
AT KEEfFO—B & LT, JBRIRBERNT = — N OB e VKIS K 381 5 /K FEE - IR GHBR O
BfENT 24TV CFD AT = — R ORI HPH ORGE 2 #E T & 7=, AR Cix. CFD f#fT = — RIiC X DkFER
BEZR B O AT ORI, L OFEITAE R X D CFD 22— RO AMEORHlIZ >V T3 5,

2. KRB E B OREEFRM

KFBHEMNT ZITO 2D, A—TF V) —RAa— R TH5 OpenFOAM K ¥ DDT (Deflagration to
Detonation Transition) ZFHEL3 572D Y L3—"Th 5 ddtFoam ZfEH L, FEERT — X 123D < AT
Zo i U CRRAZREPH OMERR A AT o T2, AFZEIT AL 28 FE LV BAAA L TRV | WEFEE £ TITRHE & &
HIZAE B LT, BR& 22500 T COBRBERBR AT e R - IRERBRMIT 2 32 L C& 7z, WEEEE T
ARG R B L BRBERREREAT (2 DU TITIE— KR EE S T T ddtFoam i HIVEICERBEAR D | £ 72,
PEHL - RA TR IZ OV T L 0 KRB Z X E 72 AR 235 1F 5 OpenFOAM O3 FH 1 2 fifeil 9~ 2 o B ME N
ETT=,

Z T AHEIT, R RFIRERME T COMBEMR#NT & L T ENACCEF 3Bt (RUN736) ZitiE L, %f
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*Masaaki Matsumoto!, Fumiya Sato!, Masaki Kawait, Shono Fujiyama?, Keishun Nakamura®

IMitsubishi Research Institute, Inc.
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[1] OECD Nuclear energy agency, “ISP-49 on Hydrogen Combustion”, NEA.CSNI.R(2011)9, OECD, Paris (2011)

[2] MSEATBUEN T F1 L2 RN, WS el S B B 5 Ve SRR (LA A 2R) I2BE+ %
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RFDIZETEHKRREIEDE EIZAEITT
Advancing hydrogen safety for nuclear plants

(3) CFD I &k % 3E## PWR-CV R TO/KFRDILEK - MRIEHBHETES
EUSEROKFRREEELICAT-HR
CFD Analysis of hydrogen behavior in PWR CV and
utilization of CFD code system for improved hydrogen safety

*tEE E!
TSEE T

1. Ztdic
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25D AM R OTEH SR EE L 720 5 2 MU EGUTRIN T 5 K FRAEFEIFOFFMICOVWT S, CFD fi#
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W5 2012-2017
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Advancing hydrogen safety for nuclear plants

(4) KFZHHRESBIN AT LOLRICONT

Public release of the CFD code of hydrogen behavior
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R&D status for Fuel Removal on Fukushima Daiichi Nuclear Power Plants

(1) BEF—RFHAREMELROFEHEBFERISTONLRET T OIFHR

(1) Features of Fukushima Daiichi Nuclear Power Plants Accident and Information on Fuel Debris Obtained
from Decommissioning Works
L Rt
RO
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R&D status for Fuel Removal on Fukushima Daiichi Nuclear Power Plants
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(2) Overview of R&D status on Criticality Control Technique for Fukushima Daiichi Fuel Debris
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R&D status for Fuel Removal on Fukushima Daiichi Nuclear Power Plants
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(3) Important Issues in terms of Criticality Safety
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Status of technology development recommended for safety standard demonstration reactor of SFR
(1) Overview of safety enhancement technologies
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Status of technology development recommended for safety standard demonstration reactor of SFR

(2) FEERSEIEE

(2) Recriticality-elimination technology
LR L AR LR
Y H AT AT E B R A

1. [FLCHIZ

ORI, P ORI A B L 2R W ER AR T D MRS, SO MR BRI W TR BUG EE IR SR I 78
W, F U T ABEEESE (SFR: Sodium-cooled Fast Reactor) (238N Tk, 4700V O EIRIC 81T 2 Bk
[, HBEREOEFENIERSERANZORNVELREEZHRA LTS, ZOZ LICER LT, SFR BAD
WA B PS> S 4P D AR EE . (CDA: Core Disruptive Accident) Z48E L7222zt Tbh CE CTnb, 20D
BEFAZ DN T, BIfRUWICBW TR TS L 91T, REFZREEIC L 0 RAET DHN = 1L ¥
— X U TR OBEEEDNHEFF SN D Z L 2R T 2 NE TOFEICRDY . BN 2L X —DRAEICEDLH
B E O b O & HERT 5 BEE A FERESRFT SN TV D, AFR I, TR EGEREE T2 BE 9~ 5 WF SRR 38 Ok i
EABDEREEFNT 5,

2. BERF BRI

PG S ELRERN & 13, B BOSEEFR ANZBRE) S AL 7o) — L ¥ — O R A Z Bk 5 72O OF%EF. B &
Y, CDA HEERMNT 28 U T OFEMEZGT 25 2. DD, ZOHEMBRIL, FRHEBT
M BB RE 2 9 D T 2 — ROBSS, FRHERB N Lo FEBR G ORBRE I fEH & % O R R Ot =
— FRFEA~ORI, TN HICEDS S EFOLREFMEZRAGDOETITO> DL | FHIORE R, Hrizoik
BEANA TV =2 — FOWE - mE L, REFE LORGHIXM T 5 L WO KA 7 v e b,

CDA DJF I enN O HSHERS ORHT 1T e, Fis —7 v A2 K2 0L ShOBRICHE L TITH, =
UL, FROERL &I SER R ERBIS | RN 2 — FICESR SN AMEE. K OSBRI A A ZEl T 572
W THDH, RENRERFEGTH L IF00 EIERRFE LHRETES: (ULOF : Unprotected Loss Of Flow) 73/E
U OERHER X 1187,

Initiation of CDA b\/ ULOF | Core expansion phase I—\ | Containment response H
P * | Mechanical energy |
S gy o ) Energy release ,&. 7
iz f.r_ﬂ?ﬂ # Fuel-pin disruption | gueto B Z R
) | p L and fuel dispersion | prompt criticality t ‘ t
= il g\ 'aH inside sub-assembly T Sl >
I # SAS4A evaluation f[W
T ubassembly i
— Energy release . — ~ N ~
due tg: 1 ‘ No significant mechanical energy
— I PAMR/PAHR phase |-
ey re-criticality 7 . N
= i | # Relocation of
e st I/ discharged fuel
[ ) 4 Molten-core pool o ] 1T i ged fu
l,_ i} formation \\‘; toward lower plenum
iesszl) @ SIMMER evaluation MH” # Decay-heat removal
i 1
QL% ) e = Achievement of IVR
S

X1 CDA DEHHERE (HB : STER[1])
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DO DOFRFHT, FBE TOXEBRSEOROERE X b0 L2 D, AR TIEH I 150 77 kWe ko L— 71l
JF (JSFR) [21ZFHEixR 77 v b & LImRatfiERIC OV TN T 5,

2.1. BHEBE

LR AR &, EEEECRIEIC B W TR L OM ARSI L, &SI R B A IR R L 72 A 5
FELE WAL DT U ARKE AL, WHM OB E > OFRARAE L, 1) RO KR E VR
BHEA IR BB DHEE A TV < CDA OFIHI OB TH 5,

Z OMBE T, EITHHM OB > CTIEORISEN A SN CTAIRER @i 9 5 2 & = x
NE—DRHICE L WREMENH D, ZHEBRET D720 FO0RA REISES RS 2% 28T %,

Z OFRFFOFET. KB FEARNT O 72 OIZBIRE S 172 SASAA = — RIZKALDIFRN « fF4GRERAIF7E D Bl 5
Z e U[3], JSFRICHEH L7t 217 5 Z & TR & 7=[4],[5). T 72b b, AA RRISEIZ KD IEDKRIG
FERNR DA 72 D AN BF B LD ADSUSEZ RN AE U D 2 & TR ER AU R A3 a8 S D,

2.2. EBRBE

FL R FR I BV CTHIFEER R A 2 eV b OO HFLREFO T OIS £ 5720, IICIE 7R g
R H OB ORI EITT 5, ERIBE TIX, £H8E T v VEIC K0 ERE.OWE O EB) 7 1) 1
FRE A=K LT, BRI TIA DRIk O & & I0RIC K0 BRJ7 10 % & T KL 22 W B R B3 vl hg
LD ZOBENC K o> CRISEEHNEZ 5,

EBRRICB VT, GEM T MY U AT OERENEED DIZIEHEBR SN TW A T2 RS EE B XA
WRELOEBNC L0 ZEL SN DR 2 A L TR Y | RS, BRUREIE S IR 2 & K& RIEDORISENR
BASNDREM NS D, T EERET 5720, B2 IR ENDNEICRERHAOZ 27 b (REZ 27 1)
ZRRiE T DEREHEAIAR (FAIDUS: Fuel Assembly with Inner-Duct Structure) %38 A3~ 55%5F & L, IAREUREI O£
FHafEE & HIRT 5 & &I, BRIRELOIF LA~ O P 2 (e U RIS 2 K08 S & 5 [6].

g . i
Sote el Present approach
Early fuel discharge
Molten fuel=_~
No fuel discharge )
—
9] ==
Compacting motion Avoid large scale
fuel compaction
v SA-can-wally oL SA-can-wall
. g -
Possibility of Elimination of
power excursion power excursion
due to recriticality L
Downward-discharge option Upward-discharge option
(modified FAIDUS)
FAIDUS
N (Fuel Assembly with Inner-Duct Structure) if

B2 WEF 7 MESRBEARE (FAIDUS) I K 2HRUREHEH OMRE (HSR : STER[5]

ZORFOFEIEETUET D720, AV T AZ CHRMEENIR - 2 —E O TERENTE
EAGLE FHHEZfFR S D REHREH 238 & LI PN 1A s akBR[7] 20 U CREBI R 25T 5 & L b,
N E BRI EAEAT O 72 O IZBH%E &7z SIMMER-I =2 — R8I L 7=, SIMMER-III =— K% JSFR (Zji#
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WHER A 7 MRERI SR L, BREHR IS X » TR OIS EME T4 5 2 & CREER A EE S 5[5]. k.
FAIDUS D38 AIZ L 0 IF.DEEL O REIBRE CRBIS N T 5720, 2ol a TR HERE ] & ER L T
KOBEBIWEE & KB4 5,

2.3. BEEATE

FHNREBRRIZ W T, /TR K & ZRRBHE AR b Je TR SRR 3 i H L TR L s R ER A
2720 HAPEHIIK T2 2 & THRODBEIOEIERMELT 5, 20720, FEhL TFE.OAE T
DEREHEIL, P OORIEMEO—H L /D, R R CERNRIEICE - T2REHINE & 7 F &@LU T
W2 Z b, JFDERICERE T 2 BEHI RIRER O B ARREL L 70 2, FRBELEERE Tk, FOREA
B BEEEAC X DR IFDICERAT 2T MU DA K DHHD AT o ZTKAFE L T, BRERE L 2 56
TR 2 B KO EM 3R L THREF O E O BELENSEITT 5, ZOBRIZB N TIE, Koo
ERSERABERNE 2 5ivd, FlziE, BHHEERCS T 2REREHIC X 0 RS OEN PR T 57
D, BRBHES IR LU L TR NF O EEREE & T T L TR O ROREED N LIS 5.
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BY, INEEGEET D72 DR U7 RE O R 2 (2T 2 HERRENE 28 A L, AR L 720 DR e
ZNAVIF DM HE UL JF D ORBZANEMEE 2R S W 5585 L 35,

Z OB OHNEE TN T S 720, 2 kt=2— K TH5H SIMMER-III % 3 kot = — RIZHEHE L 7= SIMMER-
IV % JSFRIZH# A L7 fEHTIC L0 . BRBRARNC AL - CHIBIBRZENE MIERAEE L CRERFEH L TR LG
FEDME T2 2 &0 HERR S N72[9], 728, SIMMER-II/IV 22— RORFEZ WV S 7= i BRI RIS 2 7
FaXxG e LTS 72D, HIEERZENE O L 5 ICNEEE 203 25 208 U7 RERR 2 mhic S T ok
BRI LA B L. SIMMER-II/IV ORRGEC BT 22 KD EIROfERR O Z U EA MR T D LENH D,

R ERBRLE L, WRFE OCHE DR IR RIROEEIC N> CTREIT 2 IO EENLETH D, Al
BIGFBOLELENT 5720121, BEFOWE LR FFERGSENTREET 2 ZEDBEZTHY . HiESE
B &SRR R AR~ O BN B ORI N B L 70 D, FRIZ, PR E R FR AR 3% O 5 2 E D H IS &
725, FEESNTHBEFLDWEEZGH - (REFT 5720, BT PRBERICaT Sy v F v —2&ET D
BEtET D, o, HEBRENENS THT LT ANRET 28BICBW T, a7 %% v F v —23 R O
WEIZX VG LR WGt E T 5,

TV F AERIIY T =V EOS WS N U ATHZSNTEY, ZRETORBRIFIEEZEL T, &
ALF DB RIS T2 EE BT B Y U A L OB EERIC X - TRKIL - BmSihd 2 &3
S, T MY U LRASOFTRASEMHITKT T DR A E CORBEZFAIT 5 Z L8 A[EE & 72> TV 5 [10],
JSFR O T ~7 L ARSI, WREF O E ORI LEREEIZ X L CH ISR TE D 2 & 006, it L2 iadt
FDVEIN T ¥ % v F v —IELET S REEIMR VN E B2 bND, A%, FRERT A U CEEE O
WEOMELEZRB AT L, R FFEASRSOBRBEEN B IND Z L 2R T OLERH D,

2.4, WHIABFE

B EER TR, JDEBIT IR L2 BRB N AR AR U C EICHIERENE 208 U Tt L, POk o
HENL AN ANT 235 ETHEP <, JRFFEAES NG L72FE0CEIXTT N UL L OB A
TERIZ L = TikiAL « 2 S, RirRoE(kY (77 0) LRoTCTFRT VAR ERELaT Xy vF
¥ — RICHERET %, MEBR T, R FFERBNOT N U U AOTE) & AEEBR SR~ OBEREIZ KV fiiE
AT D HREF LDWEORHNAEL D,

a7 dy v Fr— EOT 7Y OHREELPENT D & HEREE TOEARE S 7o BERICED
HDHNE, BEREAIEL THAR EF LHERICE Y | WEREI OEENC L 0 RISEN XL S NG5, 8
B, BHBFESTEFES L0 /SN2, WERRFRIZB WL, 77 U EIMEOMERIZ X0 RERSVR
REOMEFFNATREL 725, Lo T, 77V ZGHBRRE S FICRFT 227Xy v Fr—2EAL, HEE
SNTREI AL EICHH TE DG E T2, ISFROGE, ZEME a7 X v v F v —~0O7 7 U ElE 3 Fie
\ZRDD, FLEREORREN AT Xy v F v — BICHERE L2 LT 2N a2 - AT 5 Z L NWRET
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3. BHYIC
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Status of technology development recommended for safety standard demonstration reactor of SFR

(3) F/ MFHAETF bV LB

(3) Nanoparticle suspension sodium technology
* =1
o HE

RSl i
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(1) RFHhEBEHBDOHE
(1) Dynamics of Public Opinion on Nuclear Power Generation
e T
R Ay AT LSRR

1. IXLC®IC

JRF- s E MR (LT TEREMER ) ICOWTOEFOMIEIC L 2 mAEZRE L, ek L )55 IG5
HIUZH BT D Z L2 B TR DREEMRO 7] 2R L7z, ZORTE, FFEwmoaicov
T, RNT [EE& L LToltim) ot hiE s LTI EIC W T Toxrd— - BREOBRIR) T
DEfEF 2L 2 THRFH LT, Thba5FE X, BEAMRETH L MERFHEIL. BIZEOECHIEMROE CRRACK
KR53 MR OVWTORFHT —2 & LTI DD b OR R BETH D Z L AR THAL L,

2. RRERERETIEHORE - ETILE

BADRTFHREREORERC, FKHD~OEDO G, R IREB R END, JFREMGHZ T
THHERAZLL, UFTO3ERIZEH L, O [V RA7OER] : JT/1IEEORENTTETH D ERIEIC
DOWT ORI, @ FhREDOER | BHMEME L VD BIICIRS L2 R EOMRER O, © THmE
FEFE TP IEEBSLTRNLF— LWV T —IZRE S WEAROMES, MESE2 N2k, VA7 L
BN (BN OB L HIREETII RV E W) BWREZ b o, MEEIX, BOarRss « B8, SR E
Fili & OEAF, BB REE

- . e i Belief factor 1 B i
B & LR TN REA~DE Emofpnal fectr g | UL, 3 EHL LKA |
B OBRESEZT, B ‘%ﬁg gﬁ?f?zgigagiﬁ;
R - 2 . 2A - | APXEYIN [ELJ7 R o !
e L RRIRES - f L REIOKSBAOBRS EH |
o 3ERDONORAZLAD D BT, R ORI S |
-5 5 HE 4 — ShERM RS (VA HER, T 1
(C2AET S LV O BLERE T Functional factor - ICETHIEEREENTH
v (L) BEA, M1 BEEBOEmTFL | S-LEBLDT

3. MERET—2OAH

JRA D24y AT MFSERT (INSS) 73 1993 45~2016 4F\2 320 L 7= ke A (B Ve il o> 18~79 % % x5
Wb, B ELE) oF —2IcEkox, R E 3 BHROLEH) & AR O HRFLHE IR & B
AT TOMT L, FifaE &z, 7 — X ITMIBEORBEGR CARICER TERVWAY AR RLT S,

31 REMBOEH

1880 FARLAFEDOHIAMEI 21X L oo S F S E R OTAEF K2R E Licaric L v Rsiizoix, BAD
JFFMERILT =V ) T A V) FITIIREREBEZT oo, BEFEREEL CIIFRLZ4 VHIZEDE
I TRESELIEZ & ZOBONET TBURHER:) 200 ST ~OBITTHL LI 2L THD,

INSS fifeai s Clx, [FIH &0 E 27220 W) TR AGR Z .0 & T 2R HEEIL. 1990 FFREE 7
FEHEZ T\, mEFEREFEE To 20 FE < O, [ - S0 & BRRFI KRR O R (F 7,
2012) | LW D A & OHBREISH ST 2 RBEMEROEEITIT L A Lo 72, 2000 FFERE TR T
NP AR —v v a w7 ORIFIKKRO TR IR EOWE IR & 2k’ d v . FIAEE
KB T > 7203, WEBREFSIC LY REED Ui, JRIEHERIL, BRI El - FETIIEsH L
W2, BEER S L0, EEFH CIIEME CRESEBILLTEET D LV D,

2020 FRKREFNER -3J_PLO1-



3J_PLOT
20205 MD K=

32. YRIUVDEFRDOEE

fEEEREELLAT S, AXIZT =V 74 VROFEROFAEY A7 REr 2 i3 o Tnvierole, Bk
DHEHRFEMETIE, REECY A7 K, BRSO RBEROBLIZ K Th o7z, T D OFESFE T
OBAEIFIZHIET L, T2/ 74V FEROBMEZ RIBIZCTHL X IR &b, ZNHDMH
KEIANLX DT NEBEOV AV BEBZDLOTIERN-oT2EEZ B, 2000 FETH% YL, FeH Mt
DORAEFZRS &, RF BT 2 ALK SRR Th - 7205, JRFSIRE~O TR B I
BAGIZ 72 o7, BERBIBERIL [ REFEBOEFEORE &) THSHEREEY ) THIRGEG ORI THY |
WTIL BT ORBIUTERT S, 2F 0D, ALEREIHMET LTS, RFIIBEOMERIEIZ DOV TORER
RIIIZ L L T o T bWV D, MEFERBEFR TIX, RLEECY A7 %, RMERENAKRESEHED, 20
BOBEMTERERTFLEZLOD FTIEE-> TS, Fxb /) 74 UEKORME T, th2oEe L
TZDOHOMRITHMA SN TWED, BEFFEFBRICRKRE LT L, BARANDOFFNHIEED Y X714
N, BRHOHKETCHLT =NV ) TAVEENS, VT VT4 ObIBEFRBEFERICEESBDSTEEXD
Nob, VA7 OBEFRIT, FEHSLFHITBURIC SN L TR A m E 208, FMBRIC X 2 45%F%
OFBMEDK TIZHEVEI TR T L, Bt 2HARH 5, 7272 L, WEHEK TIXY A 7N ER SIS,

3-3. DEHOEROES

D REH/BORAE : JF T HEBILE 02T, EXHASNTELEEND L 0ICLEMRBEOH
TOHAME RIS TN DD, Z Ol BIRBEFEZEORIFIEIZE RN T LTV D,
FEROEBENFEITIE R T ETREIN TS =, fBROR DI VW TS LV BREIN TRy, &
BIFREFEZ OB N AR TIIHETENEE Y, A4 FHEBICLZ-oTEVGSZEFEFH LTV, L,
ENEATENIZ OB B A ITIK T L, FHATOKBEIZRE > T\ D, SO FICER T 58 EOE DAL DR
IZh, A IZHEM L 0 FEMOME S L THEZROT L VI RBTE L X AHANALNT, 6
ROMBEIITEEAAE I W ERRIEIND,

Q@ BFEOAE: FFHEEEZIRAFOBROERLBHSNTODEN, HEOBEFRLZBIRT HHEEL L
T, ®BEME (BREEOZX) IHFVERIN TV, BERBEEHEZOEMEIEIC L Y BEXEMEIME
EFENTn, AICHEOBXDE 272 & ORI -1z, EBXEHEIL., HEHESCREEE 88
ERDNH Y, FEHIEHDLIFE RN &6, OISR D EA L-L DEE MRS, A% i
E Rl FFITNEIS LT W EREB IS, R IBELREO TIHAOREREL LT, EXEHEN
FRI DLV EENEEITFERINTNDEIN, 7 afRFE~OREBIHEVRHE I LTV, v/ r b
7OV THOEBEIZONTORMD ., BEEBFLZEOEMIFILICE BRWVKET L, EXEHED L5
WD~ 7 mRE~OREIL, (ML IHECRRK - R EOER O REBEKRT 2720, HEDFERE
PSRV L E o BFHRO B EBEBERRF IREICALHENESEEST 0L,
NIRRT DR T HEBOPAITRH SIS W Z LR E N5,

@ BEOBI®E: HERBREERME~OBLEE < . BB O BEMEDRHR, b 5 FLE O30
B> Th COZHIT & & ORBHITH DS, HIHTEL L URTFARENEDZ L ZHE RSN T
W22, T LAJRTF /IR E ORI S ERE T COBIBUCFEMPIZR2E M A3 8 5, s S ilcg o R HE 1R1IC &
D COBEHEMEN L7- &) FHRITBBE N T, B L LTOR - HIRBEBOADNETMNS & E 57
Nz,

D EFR TH D 3E L, BORIREMD mWVELIA &2 5 2 T2 G EREEIEI O ORE TH 508, Ax
Dz F LD L LT, EREHE EAA~ORE KL | BHOREMIBORIBE~DOKE, COHEHEDO VT 3
BEMN AT KR H%E L OB L B TR, EREOZEIC L DBBEOZLn 4 CIs WA S 5,

34, BiMETROEH

P g ERAOMMES 2 RELVREESL) LWOERTEDRDE, V-~ va vy 7 BROIKRTRER
LD o To3, 2O 23 FRITMEBLOBIT LW D K5 e—Hm~DZ T o7, EORFRIZENTH R
FHREOFRNCHRERRFEE TR L0 BREES) BRI BERA—B L RO b, 272

2020 FRKREFNER -3J_PLO1-



3J_PLOT
20205 MD K=

L. BEELETH-TH, BEOLOOI XA MEABLTEXZ2ERIILTLLE LR TV oTz, &
DORNZEH Lz @ i & A LB E ROV G TR X0 BREES) Zik2S A0 59 ME M 28 &
ST BEFREREOEBEOFTABEICB WO TEEREOIFI MR T HIREBICEEN THS L OFERLELT S,

4, 23 FEHOEBDOERN

1993 4-~2016 DM THRA » 72 b A W REZETLVTRE L (K 2), A8zl L GRx% &L
TOEH1274%  PEEBOERIILEL TS, TOFT, VDRAVDERIT, T/ 74 VIIHEMI
NDIRFTIFEED U A7 BBBRHREIZ L > CTHEERNOEI DY, FESS T TMCED Y~ AR
R E BTN O EMICIK T T 2BEBICH o728 2 A, HEOMESHEKICL > TR SNIREIZH D,
MEEODERIT. ZEWH~OFEMRE P LI, R<HH SN TEFRIZE SO TEEN L HE RN,
R & Ze 2RI K o TR E 5 R 2% T TR 22 IR ARG D72 ) TIR T L7 RBBICH D,

19934 20104 2011% 20155
F1ERE BFhHLFH VR BERRER RBERREHHLIFY
FAERTE BRRERICERFER »HroEbAL ERORERMEL

(U R 7138 FhERMTTE) (V=73EMER) (Y RIEER -HEERR)

s

YRx7

et

2 ETILTRET HEREROBRRINEL

5. SHRORRBIHR

AT/ LN EERMA L LT, FRMGROZEEE | MEFRBERIC L VFIAGEENRRKE IH 2
DBEERITRE > TRV EWD 2 8E STV, BRI, BEFEEFERIC L HRELNED | L5
I R R — [ T R EBONREDERICOWTHTICHERT D RAKD R R Bk L, #
NLBRIZ E A EEN T, T IIREE RIS T 5 2 L~ R kbl T\ d, L, BFLVE
FEEEOMEBNRE >T-OTIERWNWE N Z LIX A%OEREYE 2 5 LT OREOELIEM Z T 720,
BN LR WEE R A VA~OERERHRICT 2 Z LIXTERnEE2 6N, FREEGROLEEDL
FICIE, A7 7OETIFHEH A PPRREL, AMRTRRLUETHETIERNI &, =a—R 7R 5T
WA EE S H IS G S TR TR E S B S NSRS IR B2 0 | MR ERF S hic< W2 e b s &
BEZ D, WEMEOEFEDO IEICE L TE, FELF O L O ICER SN OHRFENREE 5 2 &i3d 700,
BARERLELEED L5 COBEHEDI K2 CMEBIOMEE#R N EE 72 LT, ZNRZFLF—X
BR - BACEETHZ L IXARATH > THRFIHEE OBEIZAI TIIZR <, MRENRT I EITF
EINDHDOTHR, FIANRTIUL, A% MERIORMEZ 1 8 EO VLB 25 2 5 CHRICHE DT
HZEFEELV, —F, DREOERNTFHE D HFROLIZIE, FEMMICIIRESCEEOHINES., -
AETEOE 2 FIFFICHE EZ S 7205072 E ORI EF 0 BEMR U, REREh A SR 13 971% & HE 8 oo AT
REMENEE D, DREOELEZD S DERNRED L I B ONDPBEEILR D, SHOEHMGRICE -
T, BERBEFLCTEHF SN A7 OFEZORFEREBIC L 2K FTOITH L. COHNHE LR iR
NX—DFRE S FE X TR ERZROHRBRDITHNRELEHDLL EEZEZXBND,

SEXH

AbmEF (2019) [ gEMRRmD hFE—Y X7 - g8 - ZiREOTDEEn]  KIECRFEHRS.

*Atsuko Kitadal

L Institute of Nuclear Safety System, Inc.

2020 FRKREFNER -3J_PLO1-



3J_PLO2
2020 D A=

#HE - BEHEEY 3>

2019 FEHAR - RIRMEERERTHE XY HHIREN R —
Division Award 2019 Speech: Trends of Public Opinion to Nuclear Energy

(2) RFHIHROHERS & FHERITE
(2) Changes in Public Opinion and Information Acquisition Behavior Concerning Nuclear Energy
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(3) RFHHRERFHFERDEBH

(3) Public Opinion Concerning Nuclear Energy and AESJ members’ perception
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LDEFHA/ R—= 3 2DiEXR
(1)Pursuing Nuclear Innovation
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(2) B THREPEATVWSIEHFOREZRTDEFHEFIZONT
(Z=HI#BS - NuScale)

(2) Safety design features of innovative reactors - Case study: NuScale

*HHE O, /it KJr 2, Paul Boyadjan®
TH RS AE, 2BkC&4: IHI, NuScale Power, LLC?

1. NuScale power plant
1-1. NuScale power plant current status

Drawing on 60 years’ experience with commercial application of PWR technology, the NuScale SMR is an evolutionary
simple and innovative advancement. NuScale SMR design incorporates unique features that reduce complexity, improve
safety and resilience, enhance operability, and reduce costs.

To date, licensing of the NuScale design within the U.S. has progressed to completion of Phase 4 of NRC review in
Dec. 2019. NuScale is on track to meet the significant milestone of NRC design certification in January 2021.
1-2. NuScale general description

The NPM (NuScale Power Module) is the fundamental building block of NuScale SMR plant. It consists of a reactor
core housed with other primary system components in an integral reactor pressure vessel (RPV) surrounded by a steel
containment vessel, all of which is partially immersed in a large pool of water that also serves as the ultimate heat sink.
As many as 12 NPMs can be co-located in the same pool for scalability. The major NuScale SMR design features and

nominal parameters are provided in Figure 1.

refueling machine  biological shield reactor building crane

STEAM LINE

FEEIMATER LINE

NUSCALE
POWER
MODULE ™

CONTAINMENT VESSEL

REMCTORVESSEL

— spent fuel pool r!“i:::;r.v‘e:;‘el cnn\::w;:nlln :Tssel reactor pool NuS‘:;: ::wer
Plant Parameter or Feature Value
T NuScale gross electrical output (MWe) 720
NPM gross electrical output (MWe) 60
= NPM core thermal output (MWH1) 200
Number of fuel assemblies in NPM 37
Fuel assembly lattice 17x17
_ Effective fuel length (m) 2.00
e Average linear heat rate (kW/m) 10.25
Number of control rod assemblies in NPM 16
Design life (years) 60

Figure 1 : Major NuScale power plant design features

"Hideji Yoshida! and Daisuke Koike?
1JGC JAPAN Corporation, 2IHI Corporation
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2. Safety features
The NuScale design is the safest advanced light-water reactor. No other design has demonstrated the fully passive and

fail-safe core cooling, assured ultimate heat

) i o Table 1 : NuScale Defense-in-Depth approach
sink cooling, and unlimited cool-down

Defense-in-Depth Level

without operator action, electrical power, or

1 - Prevent abnormal operation =  ~20 safety-related systems Only 8 safety-related systems
- . and failures Historical set of design basis required for safe operation
water re-supply. The reactor building is a events Reduction in design basis events
«  Active safety systems that due tP simplified design
seismically robust (Seismic Category 1) o e peamneyicor; R
~1x10%

structure capable of withstanding natural and

man-made events.

2-1. NuScale Defense-in-Depth approach
NuScale’s Defense-in-Depth approach is

compared to a conventional LWR in Table 1,

2 - Control of abnormal
operation and detection of
failures

Multiple active systems required =+

to protect critical assets

3 - Control of accidents within
the design basis

Several design basis events
lead to core damage

4 - Control of severe accident
conditions

Numerous active systems and
operator aclions requiring
power.

5 — Mitigation of consequences  *

of significant radiological

Large early releases

Emergency planning zone = 10 =

Simple, passive systems to protect
assels”

No design basis events lead to core
damage”

Passive systems requiring no power
or operator action

Small delayed releases™
Emergency planning zone << 10 mi*

organized by International Atomic Energy

releases m

Agency (IAEA) defense-in-depth levels. *IAEA DIiD improvement recommendation (INSAG-12, Basic Safety Principles for Nuclear Power Plants)
2-2. Maximizing Simplicity

The use of innovative and simplifying features in NuScale design has a positive cascading effect on plant safety.
Fundamental to NuScale's focus on simplicity is the incorporation of all major reactor coolant systems inside the reactor
pressure vessel.

The innovative design of the NuScale ECCS requires no AC or DC electrical power to cope with design basis events.
All valves are automatically aligned in their safe positions upon loss of power. By simplifying the reactor design and
associated engineered safety features, it is easier to build in safety system diversity, redundancy, and independence. As a
result, the plant's response to design basis and beyond design basis accidents (BDBA) is also simpler. The simplified
response enables levels of automation not achievable in more complex designs.

Individual NPMs are designed to be independent from each other to the greatest extent possible to simplify and
standardize NPM safety and auxiliary systems. NPM independence, from a safety perspective, ensures that upsets in one
NPM do not propagate to others.

Table 2 provides a comparison of safety systems and components required to protect the reactor core for the NuScale

Power Plant versus a typical PWR plant.

Table 2 : Safety systems and components required to protect the NuScale core in the US

Safety System or Component | Typical | NuScale | Safety System or Component | Typical | NuScale
PWR PWR

Reactor Pressure Vessel v v Condensate Storage Tank v

Containment Vessel v v Auxiliary Feedwater System v

Reactor Coolant System v v Emergency Service Water System v

Decay Heat Removal System v v Hydrogen Recombiner or Ignition v
System

Emergency Core Cooling System v v Containment Spray System v

Control Rod Drive System v v Reactor Coolant Pumps v

Containment Isolation System v v Safety-Related Electrical v
Distribution System

Ultimate Heat Sink v v Alternative Off-Site Power v

Residual Heat Removal System v Safety-Related Emergency Diesel v
Generators

Safety Injection System v Safety-Related Class 1E Battery v
System

Refueling Water Storage Tank v ATWS Mitigation System v
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2-3. Design basis accident

The NuScale SMR has its origins in the principle that advanced reactors can be made safer — safer to operate, safer for
the public, and safer during and after accidents. From the elimination of primary coolant pumps to NuScale innovative
passive emergency cooling system, NuScale design maximizes simplicity while providing defense-in-depth through
redundancy, diversity, and independence of safety systems. NuScale risk-informed performance-based (RIPB) design
leverages risk information in early design stages, simultaneously improving safety and reducing cost.

NuScale SMR design enhances plant safety through its deliberate design choices that eliminate or reduce the likelihood
of potential accident initiators. As summarized in Table 3, six of eight traditional design basis accidents applicable to
existing PWRs are eliminated or have reduced risks for NuScale NPMs.

Table 3 : Design basis accidents for NuScale

Design Basis Accident NuScale Response
Steam system pipe break Reduced consequences from lower fuel failure fraction
Feedwater system pipe break No change
Reactor coolant pump shaft failure Eliminated with natural circulation of primary coolant
Spectrum of control rod ejections No change
Steam generator tube rupture Reduced likelihood from tubes in compression (shell-side primary flow)
Large break LOCA Eliminated by use of integral primary system configuration
Small break LOCA Reduced consequences from no fuel heatup
Design basis fuel handling accidents Reduced source term from half-height fuel assemblies and 15.2 m of
water above spent fuel assemblies

2-4. DHRS and ECCS

The NPM are submerged in the reactor pool, which is part of the UHS. Passive heat removal to the UHS using DHRS
and ECCS maintains core cooling without pool inventory makeup or operator action (Figure 2).

The decay heat removal system (DHRS) is used when the main steam isolation valves (MSIVs) and feedwater isolation
valves (FWIVs) are closed. Once a DHRS passive condenser is in service, a closed natural circulation loop is established
transferring core decay heat and sensible heat to the UHS. Emergency core cooling system (ECCS) valves open to
establish natural circulation flow of reactor coolant between the reactor pressure vessel and the CNV. The CNV is
immersed in the UHS, and transfers heat passively to the UHS.

S ETE T =iy WATER COOLING . BOILING X AIR COOLING .
S > I
s 1Viie t it E . * No Pumps - No External Power - No External Water
VOIS g B r ] B &t B P o B
e | 5
P = b4 e
RS Z | ==ih e gt
gfﬁfﬁ ] & ";;’ms‘ o “ W oo
HX § = >
Uh
S
o

SG

n
i
|

1sec hour 1day 3days 30 days Indefinite
TOMWE 2.2 MWR 11 MWe 0.8 MWt 0.4 MWt <0.4 MWt

- MSIV: Main Steam Isolation Valves- FIV: Feedwater Isolation Valves
- DIV: DHRS Isolation Valves - RVV: Reactor Vent Valves
- RRV: Reactor Recirculation Valves P : Close <1 : open

Figure 2 : DHRS and ECCS for NuScale

2-5. EPZ reduction
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The NuScale-specific severe accident and source term analyses provide the technical basis for simplifying emergency
planning and reducing the size of the NuScale plant emergency planning zone (EPZ) compared to traditional PWRs.
Emergency planning is a fundamental part of NuScale defense-in-depth strategy with levels of defense that include
accident prevention, accident mitigation, and protective actions. Based on this methodology and criteria as well as source
term and radiological dose calculations, NuScale calculates that the EPZ can be reduced from the current 10-mile radius
of most U.S. nuclear plants to the site boundary as shown in Figure 3. Reducing the EPZ size to the site boundary is only
possible due to the incredible safety offered by NuScale design, which results in substantial reduction of societal risks to

the public.

y =
Containment / \

Reactor Vessel
Fuel Cladding

[Fosons pw] — § /

Reactor Building —
Reduced EPZ

e

* Passive Safety

+ Additional Fission Product Barriers

* Significant Delay in Release of
Fission Products

Reactor Pool
Containment
Reactor Vessel

Fuel Cladding

NuScale Plant

Figure 3 : NuScale EPZ

3. Regulatory Perspective

The NRC regulations include a process by which applicants can propose an alternative to existing requirements, known
as exemptions. This process ensures that the alternative approach protects public health and safety. NuScale includes some
exemption requests in its design certification application. These exemption requests are necessary to properly address the
passive safety approach inherent in NuScale design. The design certification application provides the justification for the
safety of each alternative sought by NuScale. The following seventeen (17) exemptions in Table 4 has been applied and

approved by NRC.

Table 4 : List of exemptions in the US

No. Regulation or Regulatory Guide Description

1 10 CFR 50, Appendix A, GDC 17 & 18 Electric Power Systems

2 10 CFR 50, Appendix A, GDC 19 Control Systems

3 10 CFR 50, Appendix A, GDC 27 Combined Reactivity Control Systems

4 10 CFR 50, Appendix A, GDC 33 Reactor Coolant Makeup

5 10 CFR 50, Appendix A, GDC 40 Testing of Containment Heat Removal System

6 10 CFR 50, Appendix A, GDC 52 Containment Leakage Rate Testing

7 10 CFR 50, Appendix A, GDC 55, 56, &57 | Containment Isolation

8 10 CFR 50.34(f)(2)(viii) Post-Accident Sampling

9 10 CFR 50.34(f)(2)(xx) Power Supplies for Pressurizer Relief Valves, Block
10 | 10 CFR 50.34(f)(2)(xiii) Pressurizer Heater Power Supplies

11 10 CFR 50.34(f)(2)(xiv)(E) Containment Evacuation System Isolation

12 | 10 CFR 50.46a and 10 CFR 50.34(f)(2)(vi) | Reactor Coolant System Venting

13 | 10 CFR 50.44 Combustible Gas Control

14 | 10 CFR 50.46 Fuel Rod Cladding Material

15 | 10 CFR 50, Appendix K Emergency Core Cooling System Evaluation Model
16 | 10 CFR 50.54(m) Control Room Staffing

17 | 10 CFR 50.62(c)(1) Reduction of Risk from Anticipated Transients Without Scram

4. Summary
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This paper introduced the features and passive safety of NuScale SMR, and the initiatives of regulatory and applicant
in safety review for design certification of NuScale SMR in the United States.

The current Japanese new safety regulations are intended for restarting existing NPPs and are not intended for
application to innovative reactors such as NuScale SMR. In addition, it is hardly reasonable to mechanically apply various
SA measures newly introduced in the new safety regulations to innovative reactors such as SMR. If they do it, it is
expected that the inherent benefits for the innovative reactors will be significantly impaired. In other words, new safety
requirements and safety standards different from existing light water reactors should be considered and established for
innovative reactors such as SMR. It should be understood that the US approach, that the applicant proposes alternatives
to existing regulatory requirements that do not match the SMR and discusses with regulatory body, also illustrates one
approach to such an attempt.

In other words, when considering safety requirements and safety standards suitable for an innovative reactor, the US
approach is helpful, but need not be limited to it, and should be approached from a broader perspective and viewpoint. It
is necessary to aim for the establishment of safety requirements and safety standards that higher safety can be achieved
more rationally. Toward such a large goal, we would like to propose that gathering wisdom from industry, government
and academia, a serious discussion on “What should be the safety requirements and safety standards for innovative
reactors such as SMR?” should be started aggressively and quickly, first of all. We would also like to request sincerely
that a new regulatory framework be applied to innovative reactors such as SMR are created based on the results of such
discussions, and conclude this presentation.

Note that this proceeding is reprinted from the proceeding of 2020 annual meeting.
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Safety of Advanced and Innovative Nuclear Reactors and the Preparation of Regulatory Infrastructure
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(EHHEA : BWRX-300)

(3) The Concept of BWRX-300 and the Feature of its Safety Design
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(4) Regulatory Trends on SMRs in other countries
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9% SMR IZBHT 2R AT XGRS, £ O F Tilam STV D Z BN B3 2 R 22 611 o T
BLL7-, HrRlZ. KENCBIT D SMR ORAHENCT SN TIEL, FEERN S OFRATRFE OB MBI 22 L L,
HE YR EEERTaIa=r—2a 210 RN L—/LOREICE Y A, BEFEOBRBIEROE T IIR
T LD I Cagim Akt L T\ D, ZOX S RETRO T T, SMR OO E S FOREAEE 2 &
BOMRRLY —/VBIEH LT2Hi e R FIEERR LoD, EER LGN RN KLY WFIZE > THE
H7e A Z BfR L QD Z & &R LTz,

KARR T 2020 FE TR D OtisdE (—HFEH) L7220 £,

*Kiyoteru Suzukit

IMitsubishi Research Institute, Inc.
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Present Status of Accelerator Application in Fukushima Prefecture

(1) RORPEFRIERE

R AR ERINERE BNCT ARt >4 —DE K
(1) Boron Neutron Capture Therapy
World’s first Accelerator-based BNCT hospital
TEJERS L EOEpC Y
V(R Brhi e SRR e AL BNCT A28 & o & —

1. [XEHIZ

7 FHPPETPEE  (boron neutron capture therapy: BNCT) (%, 7ERDHSH#RIER & 1342 < B o8
Fafll Ll =— 7 R HEH <, AU LB L OIS TAERT 5 abif (aft) &V F UL
BaFH LIisRETHh 5,

A CIL, BNCT ICBE3 2 sy 5, JRER, Inigs BNCT A7 A, SESHEE I35 55 2 FHEE A
BRfE RIC DWW TR T S,

2. ERAER

BNCT O#E&01%. FHEFIEN DT 4 %D 1936 IS E O Locher IC X WIRE S, R
A DERRRBRIE, 19561 FIKE D T V> 7 ~7 U ESAFEFT OFFEHIRE FE» 65 b 5 k2 T
fThoiv, Z20%., v~ Fa—F oY THRRFR IS ST 10 F1% EftlT bz 0 a5 R BF
ThV ., ZO%KETIE 1994 FFIZH SN D £ TRIKRIFEIIIRIE Sz, —F . BARTIE 1968 4F L v M
MR, 1987 4E L 0 BEMEEANE I L, & 5T, 2001 4EI2i. AR THIO CHEETE (FRE TFIE) (12
% LT BNCT 23 ifT &4, REREN/EOLNLZZ EAME SN TEY ., AANKE S HFUCEBKL T& /2
BIRETH 5, 2000 £ 24 LY BNCT fhndigss 25 L0501
HOE S FAIZEm E D | 2009 4 1 AIZHEKR T &AL AR T3
DOILFRFFERFEIC L 0 . RO P ME TR ALEE R S,
2012 AECiX, TOEBLEAT T 7y —~HERNAKLE
Boronophenylalanine (BPA) Z AW CHERBIME, HX/ BT
SHSERIE L33 2 6 1T FHERIRERER  (3ETE8R) 23 UHl K2R 1P
FBT (KURRI) THiAT Sz, fGrE sALmbe Tik, 2014 4
(CHE B RO NBHIET B 5 EIRESCHR R AR I R g PR ——— e i—
W TR SN AT, A CERAMA L, BiUk BNCT & R EALBNCTHIZE 25—
vE—HZFLT (E1),

2016 4F 1 H W KURRI & L[] CH Mgk 23\ CHRFEIB IR, F38/ R AT 1 TERSEEE 1 kh U 2R L FHER IR
AR (RZEIEHR) MBHAA I3 2018 FFITH T L7z, Z OfER., BESEHHEIZEI LTIk 2020 4F 3 A I3 FAR
. 6 A 1A X0 REuE A SWEBRKSFIES L, 7eds, 2 BNCT itk v & —i%, WEPepakiiak & LT
RGO BNCT iz Tdb 5,

3. RE

BNCT (X, A UHELBFMT L OBMUE (BEMRE) THERT D afft & KBk 77 DS 782 O Bz
REFMALIRECH D, ORI HITAEYTFRINROE VR F#E (5 LET BU#E. LET : Linear Energy
Transfer=fRe R /L X —f15) T, ZORRITH9um & 5um LMD TEHWZD, HEITIEITMIE 1 EICR
bb, T, BNCT 3Mila 1 N TR Z 24 ROIEFIZE N, R RIGKESH LN TE D,
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Weo T, RURENAMIIOERAICIRY IAEED Z N TEX, BET 2 EFMR~DEED DR
AR A 2 IR IR DS AT RE & 72 % (R 2)

TEREERTHH SNTA  @BNCTIC&BDDAEBDA X— ®
T EIEANTIFE E AL BSH &
BPA O 2 FE¥HCd 5 3, BITE P

12 BPA 2N AW Y s /
EE ?E LT IMEI Mwﬁﬂﬁ ceon | B 01+ > (8>
%, BPA I AMIRRIZ 2 < 3 . M ks kﬁ \ -,,

o S 2 UV ULsip” < I

BLTWDIEZ 7B T HOREANE T RS PABIRTRITE  RoRCARERDAT
BBHT I JE T R FRCADEATS  NORESWERDA 7 T T
=2t LTI E2 ROREBIEFEORRIGICE>TELST L ITHFERR)FH L
MIZERT 5720, REfo T BORELNEL =0, BEHREEIRMICKIET 5ZENTES,
LT 2 03 AR IE R R O MR 6 L CTRE D EFEDNE Z 2 D — KA T, A3 AL 0 SR AIREE DS v

LD,

R U LS B RN 2T DT TH DS, BPE T CIIREN TE DRSS 2-3em 12
i E 72D T, LR BNCT TIXEH T L0 2 L= F— D@ W ESNFPET- 2 H v 5, B P73k
D bem FREDIRS ECTIHREAGEL 225, BUMV T IZEN TZR L X =2 R WEVRME L e D R R L
BERE 2 2,

4.mﬁ$8mwyx%A®%mt%ﬁ

BITMNHAE BNCT A7 A0 R ZR~d, I =3
ﬁi MG, RS, £ L OREFMICLER
7R 7 FREOUEDT-DDOREETHER SN TND
Z DY AT NI RV F—30MeV, K 2mA D51
B I N ARER A 7 1 b r (HM-30) & XU U 7 A
2 —7ry N EMABEDETZY AT A THY, Cyclotron-
Based Epithermal Neutron Source (C-BENS) & FEFR & 41T
%. HM-30 TiIA A JRTHRAELTZKFZOAA A % 30
MeV £ THEL, WA —Rr 75 AL ammtsdz L _
IS S TRIEARE(TY, E-MRERS LB T E 0% b pnrnyTemEsnBTE — AL, BHEZO
HHT 2. IBERIZ2EHV, E—2T7 4 TV THHK  FEIcHBEIhE=RYU LA—Ey B Eh .
FrE—AEoTWND, hEFICEREh, BECESIhG, BEEIRAE

W7 o T BRI ISR O B EEE A MOEFETEESH, REZEICEHTHRESL D,
T D700y ab—a UROIERERIEA CT =, £ L TR YRR Z SAHEGET 200 =% 5
ERTDHRE, FERIICE Y 2 OBFICRIBFEARMIET 2 2 L2 I oGt e LTW 5.

P TIIRRE OB D EIREN D MWE Z o7z, BE IR R HEH = T OB R EML F 72 XL D
KT I+ RBEET L L) ICEESNOILERD D, %%@t v N7 o FAIZBNTZOEN X %’i@*ﬁ
TRURIERELS BB L ZATHD (BFO X FHAR TITEN & 2I2dh > THAFIXIREAR DO FRIC
#hiim)%%Ti$%i2ﬁﬁ®5@ﬁgfmm&5%xft®3 %%ﬁﬁiﬂ%%ﬁémkﬁﬁ%
EEALD D, BPA BEH-13MkGE L 7o £ £ THE IR A 52 1T 5, BNCT [3REARMIC 1 BIOERTHR T L, 1 =IO
FRES R 1208 3 40 23R TH 5,

5. BR/BAETHEBEEEICST 55 2 KRR

A AL BNCT BF78 % —TIX 2016 4F 1 H L0 F3BEEE, 2016 42 7 A X 0 B3/ R dEA T S Sa 12t
U CH M FHER AR RS (R2E1R50) MBMh S AL, 2RI 2018 4F 6 H, 2018 42 2 AT T Lz, TASHEMEIC
BLTIE, 37CIC. ZORBRFERE b o THEIFAR I, RG22, 2 2 CTlEZE OIRREGE & /8
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T 5,

FEEEMTE B (X BNCT ST H 225 90 A LAN O BRI/ (ORR) . BIVKEHEE H 12 4E 7t e THA, A
EFERERETH D, RBEERNIL 21 BT, FINRERIERE Y LEE (rSCC) (AT T F v &2 5T b EIEIC
HEDULMERR) 8 01, FHFTRAERRE/ RATHEAT IR T LR (nSCC) 13 BITh o7, BRI/ MHRIHIL
rSCC T 50%/25%, nSCC T 7. 7%/61. 5%, 90 H ORR |F4f, rSCC, nSCC TIXZNZH 71.75%, 69. 2% T >
Too AMERRE L TCRESNT, BY XU ~T7 OFMMT v & LMl (EXTREAM 505%) OxtiREEE L
TRRE S 72 CDDP+ 5FU DFENR 20% I LD CRAFThH o7, AEFRITITE A LD grade 2L F
T, JEEMED grade3 PL LD b OISR . BHBENIKE, FERNPZNEN 1HIT O Th o7y, BHEPEK
Yo FEIE R OIEFNIB G ICT CICHHBIRRESCEERBEIC LV RHIEAZ R LTWIIEFITH Y | FERITL
ETHNRIBRIETH D Z ENRBE ST,

5 BhYI<

BNCT /%, JESEHMBSIRNE 22 BEHRRE CH Y . EFMIIZIIREREEE 525 2 L < BAIRED A
REZR AR 72V E TH D, BNCT 23, BATEETEO—2l2Mbs Zick b, —2OnAICx LT, FF
BRSNSkt LTI 3 EEDIRIRTRIE DM TR B K D I D AREMEDRN & 5, FifT s L OMRIRHIL 2 U R
1t (chemoradiotherapy:CRT) %75 L., MICIEEIED L 2o EHITEH, 3EHDIE®EE LTBNCT %
RIBHRIR E LTATH 22 T&E 5, ZOBRBOIEFEZHIZ L T, BNCT #4473 4L, BNCT IEZF:ir=°
CRT Iz 2MHAEMZ HE D TIF VWO T, EENEF LS EZ 2R FN CRT 28N+ 25 X5 7%
TRRIENFIRRIZ R D500 H LALZRV, 2D K 512 BNCT ITFIRIEICN T XA L7 M EEZ L H HIERIEIC
D EBbND, FEEARNZORICLHELNDL TETHY . EAiZiE BNCT O LIRSS &b
%o NS BNCT 23 < ORI E LBRE SAICESTE 0T ThA D ZEEHEL TV S,

*Yoshihiro Takai' and Katsumi Hirose!
1Southern Tohoku BNCT Research Center

KAFRIT 2020 EREBE YT v a U TFRE D LI HMEEELZT>72bDTT,
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Present Status of Accelerator Application in Fukushima Prefecture

(2) MEBRMETZILI7ERARERNETA Y b—TBBR~OIMY #H

(2) Targeted Radionuclide Therapy using Accelerator-produced Alpha-emitters
il EfE
U B RSLER R Seimis R e o 2 —

1. [FC®HIZ

BAEODR ATEHRIL TRTEE) EFRE) THURIRIE) BETH D, BOHEEILEE Tk L BB
BAANRIRNT Lot BFITELWFIRE LTS LI 42 50 TH Y | RADTEESL AT —2 (i)
(2 Ko TEFIRE L FSEORENPRBD LD, BEHRFRIEITEEOIMIN D X R0y # CEE TG-S0
ERLR BRI FTEE) 2B L, BEHBROF =3 VX —%FH L CRAEIRET 2 HiETh b, 5
BEETHDIEEITEEDOEN TSV LTHnHH0R0, JFBERETHD, Lo LHHHREES TRETIER
<, BHICEHEBEREAL TWDHEE0. B & ORI U TREZ O mOHMICEE L TnD ko 72
MANIEE TR BET 2ICH RN FIBICEE RN E BT 5550820, ZHUCK LT, O FFOE
IEERENE & FURRR O BRI ) 2 ML A B DR T FIEDS R U B PE s (BNCT) o7 4 Y h— 7 1h#
EIEEND D TH D, BNCT OFFICOWTIEEMOEAICER, ZZTRETA Y F—THREBNTT 5,
TA Y NI ABELE BRENR, 74 Y b—7 RI) Z2BRACEFTIRTVEA (£ 7 va—F L
PURSAT T N55) (IR L CTIRNIC IS LR Z IR 2 HIETH D, F-HI DS RE DR )R FL A SR FE I 2 1)
M3 2720, MIRICE S T2HANTRH OER (BA) IZER L, £ 2 TRI QLI S D BU#i %
FIHT D2 LI X 0IBEEIT D, RUISIESE O AWM BRI RS A2 Z 58 L <, o i R O fi 72 b
DERIRT D2 ENARETH O, 7, BA~OERITY THERVERFIE 23 9,

FEHRRIEE DM DS v B0 X BB H W2 — 5, HIRIE O XL X — 2 FF0 B RS0 o RITIRE
WS D, HERZEDAFIENS B MR & N T DEEFEN | BEE 75 BT 35\ CHRRE L I I O VLT A% F <0
FHEHRV X VR EDOBADIBIRICHN SN TE 08, ITAE, o BT Z 23 AUTRIFRICH W - 38

AT A Ry E e T B R A F A — T

(Radiation Therapy) (Boron Neutron Capture Therapy; BNCT) (Targeted Radionuclide Therapy)

/ \

Figure 1 Radiation Therapy, BNCT, and Targeted Radionuclide Therapy
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FOBRFRNZHIHED SN TV D, BRICAFTIZE W TH BBEBIERI RS A BRI LRI Vv A
—223 (V' —7 ¢ Je) BRI S, GERDOBEHEE I CIIARIEETH » I BB RE ~DIEMP RN S
TWaB, M B 2T UL, BIO a iR CTh 57 7 F =7 5-225 OFEHILA Y (*Ac-PSMA-617) |2 X
O BISEIRZS A DR H RS B OSERTMPBME S, AR AVBESLEMOAR L5 TEDALIT, o
PR~ DO BB 2 W72, &30 2, BZWTHEFE O BF, ""Te X° 8 M RED Oy 0 TLu % & 1357
720 a BB O AT IIES TIERw, AEE T, o B0 a it (o BHE) ORSERIT L.
RNTENZNOEREOBEEIZ OV TN T 5, I 62, ERNSMCE T 5 8E & G I2RE T 2 AF5e-05 %
WBUZDWTHE LTz BT BB RSZERRFENBAEED T S s TRIE R REZR 2At &2 H W o U TR
ABRICOWT, TOWD MAEHENT D,

2. a B X o AR

a RO ERIIANY 7 AOFFE (He) ThH Y | #AFET T 30-100 . m (HifaLic L-C 5-10 ) OFIWARFEZ
FFo (B #1%0.05-12 mmTHD), MTEAF—(15LEDIZEH] 60-80 keV/ umTHINT T v/ E—
7 Tl 240 keV/ u miZET S (B FRITHHEEIKFETEICH 0.2 keV/ umTH D), ZD LI IZ affTEN
HEEOHP CEE L NS EBEORFEMAEFEAL, BWT XX —%2 525 2 L1280 ZEOEBECE &
HET S0, DNA ZESHA G LT MRBEEA RV, Loy X y SIS THEBEDREZ T
<V, FELEFFENHNZ & BRI O EFHE~OWIEL 2R TE 5, LLEOREN S, iz
Bom M7 & O MR O SVEHLE R OIRAFIES £ 121X BB ENRROR G LB BTN D,

e BERITZNE T 10 BHEMERAE LTRE (K2 &£ 1) Sh, £D 55 Bayer 0 *RaCl,
(Xofigo®) 23, 40 MELLETEKRIE L LTRHHAINTWD, £z MAt, *Ac, *PBi 72 L 6 ZRIZ OV TIL,
HRRE DS A « U NS E RISl Lz MR E I LT 5,

3. ENTOFIAE TV 7 7 B 21At ORI oW T

FEMEFIE E U C a BRERZ R T 27201213, o BB AEAFLENEME S Z LN TE RENLETH
5o HNTTA Y b—T10EHO o BEHEZFIHCX 25 sk (KRR Z <) 13, B CIEENLO
WFFEREEI R L OW DD RFOHATH D, TNHOMRIZEImTHIHELTL, BILF - BEFEHLLD
B C O HHRAIA b iR %X RO L D B AT CW= Z EnFEIF oD, THFIE. affDE
FHIARHMENRBO N2 b, EFHEAMRICBWTY o EHEZ Y 1 5 gk BN 2 >2H 5,

TITHRMCATOEH LW o IHEOFTED RI REEENTHHTAIDICRBALTHAHIN? a i
FHAIZ R O B WBUEHE O 0B L CATT 2 Hik gz CTRET 2 HERH D, ELI1EEE
Wk 1) AL CWEEERZy, BN TR OREWEEROERAEN DR W ZD, Ilgs cofEN
HERFE LIRS TN, Fo, MEHIRTEI ¥ —Fy MPEIZOWTE 286, MEE LTATFLYT
KON EG THLEDBEETHD, TNHEBE LGS, MAtITHRICEN TR HIIE LT W
FEcths (£2), At IFEATASBEAZENE L, He B — 2% 28MeV FREEITMNEE L T *Bi («, 2n) *'At X
I THLET 5, BUNZOEERF O AL 1%, XS BEREZ O TR R 2, 2At OEENIL 7.2 R Th
D, BE(LE 0 BE, BERE S ORI A T D ECED DT, E2 2o, RO~ O BGA
IR 2 ES 5 /7 7 a—FT APk E W56 TH . BOEREZEBICRF T 2 DI K0 FlTh 5,
EINTIIBROR, R (RIRIRNIRS) . BRAF, 48 5 W AST R R DR I & 21T > T b,

4. BERMERREPED DEEFIRR L 1AL ERBRAT EER LB

fEEIRNIERREIL, HEICED AR TOANEOREZRENC L, EELZE U TEX - FRERFE»O O SE
O LY < W7 AR B ORIEICHIRRT 2 2 EAREHSE LT, 20124F 11 H 20 HIZS< LEHE
BREER e ¥ — 2R LTz, TOBC X —%2 T2 2L RO ERELSE H O - E&Z
CHEFRNN O BB E L T 5720 O & LT, el R o 2 — MR S Te, Selihki R 4E
o=, MERR Oy s brrRERER L ETOBAIN, A7 v berTRIEL
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Table2. Target and projectile for production of alpha emitters for radionuclide

2020F DK

T A Y F—=7&fEwL

therapy T HHN 2 ARk L FRERIARGA
Target Projectile  Product B B ARABR - TRBR 21T,
2095 4He 211 a4 B L2 - TR D BH I
201x10%y  °Li Z1Rn PEDENTN D, £
(= Stable) i 2Ry GMP AL 1 oD FEAI 5 Bl 015 A
o 250, 225 PEELHE T © oo R S E R
 (thermal) 27 Ac. 25T 25Th B A AT 547% ) E: i PR BB
226R4 - ’ - : %Al —MEE TATV Y, ZEAED>
1600 y n (fast) Ra—""Ac OERRICH E THZ Y — L
plow)  **Ac LAtk o % {2 i
d ¢ FEA % B LR %
e ?Th HeE LT\ D, AN o
230Th n(fast)  2°Tn Bk TR E T R
754x10'y  p(low)  ?°pa—?Th, 20pa—230y B TH D C, 0, F &
3He 230 NELGER[RETH D | FFIZ
h(fash) | Ppg 20 w%mGﬁHﬁ%K@ﬁé
Blpgy 230 nekncftantng, ¥
3.276x10%y p (low) U MYy A4 78w barTila
d U Wk a7 ¥ 7300
e (hlgh) leAt, leRn, 223Ra, 225AC, 227Th, 230Pa—>23°U Efﬁ%fj?) D) . 21p ¢ ;&1&%%& L
2827 p(low)  20pa—20y 229py 2297 T VR HR IR O B Vi 0 ©

1.40x10y p (high) 2t 2R 28R, 25pc 27Th 20pa 230 nTn5,

d 23°Pa—>23°U, 229P3—>229Th
4.1. MABG % v 7=48)
A IE D 1R

e EIIRIBRE IR AETDEE CH Y | 1ERITI VRDENIRD—D>TH D M (B LA %

FH7Z meta—['1]iodo-benzylguanidine (*'I-MIBG) 23 ORI H BT & 7=,

Lo L ZOFEHKITIE, 1

LA EDBEITIFERFEMICE RN, Bl RInFRENE I Tz, BEIER ETH C e 7 U RICALE
THETAZF % BT O 0 I2HER L7- meta—[*!At]astato-benzylguanidine (**'At-MABG) %, &\ LET &
FDNREEE WD a BORHEZFIA L7CIREER & L CEOMEP I, 2 E TICEMEREN PO & 7
> TEWHBRZIT\V, ZOAIMERCLEMEZFHE L C& 722, BEEKTIXIMABG Z K & L TOR%E LI
IKFBRZAT 9 72O\ B iAE & JLRI TRt A e | B ek CHlE L7z VAt 245k L 72 *At-MABG Z &k L.
Z OIEAOIEFEARER (AR, ZatEsin) 2D T\ D,

4.2, PV E—GTT 4 U TEERWTEEITHES A OB e ERIE DR

FFESOHRE & PEVRINIT IR A o 7o AT 28 AUk D BIEF O 2 W R IE DO BRI, DS ARFTRIZHE D 2 40F
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