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DY 7T v 7T LAORITIREY A 7 Mgk T 5 2 & & L, TWGFPT OIS #)#ipH I
Mz 5 & & Lz, BIED TWGFPT OZEDOLHIT 2019 FFE TTHH M, KD 2020~
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RETh D, 2B, ZOBREHY A 7 ABasR (ITREH A 7 VA THEAD L T Tlde <,
U T UBREL, RREEITEE T, BRI OITR R ENEEN D,
2. OECD/NEA OBREES#E OJEERRIL (1. Hill : NEA, Deputy Head of Nuclear Science Div.)
OECD/NEA @ Nuclear Science Committee (NSC)?D T CORZAEIEIHE DIEHE) & LT,
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GRS,

JAEA WiZEH 70 = 7 b ACTOF O (M. Veshchunov : IAEA, NFCM)
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PR R BB T 2 %85 /) 7' =2 2 = 7 & ACTOF (Analysis of Options and
Experimental Examination of Fuels with Increased Accident Tolerance) DHIZ DN T, &
D PenXu (WH) ORELT IAEA $55 /030 L7=, ACTOF (Zi3 13 U [E 17 #EBE 2320
L. 2—F v FUAH B A FeCrAl 2o\ CF 7y Fr by 7 2 h< QUENCHI9
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T 2— X2 L LTHLWIEW )71 =2 b ATF-TS (Testing and Simulation of
Advanced Technology Fuels)  (2020-2023) % #f#lij L T\ %,

. VVER Fuel [EFEEOME (M. Mitev : /L% J 77 INRNE)
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TNHY TRET BT A ARSEETEE. TAEA H:f#, ROSATOM DRk
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NTW5, 2017 FORFETIE, FFBANICHERH 2 b DD 24 DAY A1 7 v,/ >5%
EU,/>60 GWd/t (2 X 283 HEm EIXATRE, SisOATRC 31T 2 EICIEE A 44 5 & e
EOREEFE LD, KRENL 201949 HIZT7 AT Y 7 CHRIESD,
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PHWR # AT HEIT, #F+& (19%) . 7By F» 3 | v—~v=7 2%#) .
FEIE 43R . E Q) L AR (18K L Xxxxy (1£) ThD,
NUMAT2018 & TopFuel2018 O#f%E (J. Bertsh : A1 A PSI)

11.

IAEA 23 4 U 7 EBR S O EIIA S G TR T 5 & Th D & D 2018 4 TWGFPT
A TOERZZIF T, PSI @ Bertsh 78 NUMAT2018 & TopFuel2018 OAFZE Z#7/ L
7‘:0 NUMAT TliE, BEHBEROFEERDN 50%% TRV | S CRSHREICBE T 558K D
FHNREL, BIEO1B3BNET Y U T EETHL O Th -7z, TopFuel Tix IAEA OMFER
7= FCRPDUOEDTHD FUMAC Dy a s Bhol,
IAEA M [EFREed L OV IAEA Hiffis 5 o % (K. Sim : IAEA, NFCM)

12.

F2D NUMAT & TopFuel D1, 2018 40 IAEA #:{E[E 43 & LTIl HOTLAB2018

(~/LT %) | International Conference on Characterization and Quality Control of Nuclear
Fuels (£ > R+ NNA T T /3—=1R) | 24 [FIQUENCH V—7 > 3 v (J1—/L A )L—x)
B ST,

IAEA D24 (Technical Meeting) & L ClX, Technical Meeting on Light Water
Reactor Fuel Enrichment beyond the 5% Limit: Perspectives and Challenges 75 ROSATOM DA
Bl&4k TVEL 23 2 b & 725 T 2018 4 8 HIZE A2 U THME &S 7z, TECDOC % {ERK
@“%.’) leoOFkE#EE 5 HICBET 5. T~8%EU (347 Lak it OBLE ) b IZEIBL AT REZ

v BB A 7 BRSO EEEHE BRI T S B EO AN BHIREN DS TH S D
& @f* i Cd o7, 2019 4 10 HIZ PCL & SCCIZHT D= a7 7 ATRfESh
% FiET, JHR B B0 PIE fiisk D B b EHE S 1T 5,
BHLD IAEA #ff%8 /) 7 v = 7 k(M. Veshchunov : IAEA, NFCM)

13.

2UHEDOFBIMIEH 17 n Y =7 N EFEFTH DH, O & DidmdE A B Fuel

Materials for Fast Reactors (2019-2022) C., @R EH K 7 — 2 DIF XV F~—7
fifhT % 32kt 3% © DT 5, OECD/NEA O IFPE 7 — ¥ R— ZADLFIZ HIEH S5,
IGCAR. CEA. EC-JRC-KA. KAERI, CRIEPI, JAEA, INM, ANL. INL A& E T,
HHE L JAEA OABELEAOBLEZED TNDEZATHD, b o U & DITSHERE
DOk & I 2 L— 3 Testing and Simulation of Advanced Technology Fuels (ATF-TS)

(2020-2023) T,ACTOF & FUMAC OZ I 512 & > THRED G 4T 5, Advanced
Technology Fuels IZEEMICIZa— v T v RYLBu A FeCrAl, SiC/SiC HEMEDE
HOMPEREL 2469, 2D ATF A O X—2 hakBR, miRmEstik. QUENCH-19
DFFEHT, fRET 2 — RORGEER ENERES L2 RBL T, Yry=7 MEREDILEDT-
O OFEMEHED 2019 F T HEHICHIN L TETH S,

FHERD D O (M. Veshchunov : IAEA, NFCM)

WHoth, /)72 =7 K (Coordinated Research Project: CRP) | #&[H]<:i% (Consultancy
Meeting: CM) | #7224 (Technical Meeting: TM) . & (Publication) 35 & OS5
(In-cooperation Meeting) D BRMEIRIL & FEIZOWTEL N D &30 #iE ST,



CRPs :
» FUel Modelling in Accident Conditions (FUMAC) (2014~2018) : TECDOC %47 Tt
+ Analysis of Options and Experimental Examination of Fuels with Increased Accident Tolerance
(ACTOF) (2015~2018) : TECDOC fjiH
- Reliability of High Power, Extended Burnup and Advanced PHWR Fuels (2013~2018)
IAEA-TECDOC-1865 % 2019 4 3 HIZATIH
- Accelerator Simulation and Theoretical Modelling of Radiation Effects (SMoRE-2) (2016~
2019)
» Fuel Materials for Fast Reactors : Z2#)F#iH1, 8 H~10 HIZ5 1 [l RCM T&
- Testing and Simulation of Advanced Technology Fuels (ATF-TS) (2020-2023) : i, %1
[7] CM % 2019 4% 41 i
CMs and TMs (2019 4F)
+ CM to Finalize the Final Report of the CRP ACTOF was held on February 28 [ March 1, 2019

in Vienna;

* CM to Develop the Draft Technical Report (TECDOC) on LWR Fuel Enrichment beyond the
5% Enrichment Limit: Perspectives and Challenges, to be held on 20-23 May 2019 in Vienna;

* CM on Technical Challenges and Advances in Fuel Fabrication for Water Reactors, to be held
on 17-19 June 2019 in Vienna;

+ CM to develop a CRP proposal on ATF-TS is planned to be held in Q3-4, 2019.

* TM on Progress on PCI/SCC experiments, modelling and application methodologies to support
flexible operation in NPPs, to be held on 8-11 October 2019, Aix-en-Provence, France;

* TM on the Control and Monitoring of Coolant Chemistry and Related Issues on Fuel Reliability
in PHWRs, to be held on 25-28 November 2019, Toronto, Canada;

+ TM on Ageing Issues of Nuclear Fuel Cycle Facilities, November 26-December 1, 2019, in
Vienna (joint event with NSNI);

* TM on Modelling of Fuel Behaviour in Design Basis Accidents and Design Extension Conditions,
to be held on May 13-16, 2019 in Shenzhen, China (CNPRI).

Publications :

* NE Series Report: Review of Fuel Failures in Water-Cooled Power Reactors in 2006-2015. : /A
I Y f v

+ TECDOC series: FUEL MODELLING IN ACCIDENT CONDITIONS (FUMAC). Final Report
of a Coordinated Research Project CRP T12028 (2014-2018) : /AT ¥

+ TECDOC series: Nuclear Fuel Cycle Simulation System: Improvements and Applications,
IAEA-TECDOC-1864 : /AT %%

*TECDOC series: Reliability of Advanced High Power, Extended Burnup Pressurized Heavy

Water Reactor Fuels, IAEA-TECDOC-1865. : AT



In-cooperation Meeting (2019 £ 1)
* 2019 Accident Tolerant Fuel International Topical Meeting (Shenzhen, China) May 16-17.

*NEA Workshop on Structural Materials for Innovative Nuclear Systems (SMINS) (Kyoto, Japan)
July 8-11.
+ International Conference on CANDU Fuel (Mississauga, Canada) July 21-24.
- HotLab-2019 (Chennai, India) Sept. 8-12.
* 13th International Conference on WWER Fuel Performance, Modelling and Experimental
Support (Nessebar, Bulgaria) Sept. 16-20.
- 25th International QUENCH Workshop (Karlsruhe, Germany) October 22-24.
14. ERJLA—F (Country Report) DHHTIZEIT 2% (H. Druenne : #RK)
HEOF T I FEEFT OEERIL, REHREIRGL, OBHHR S6172 &% & O 7 EH VAR
— FEBFEORXEOINIIRHET 5 Z ENFEOREZRICEHBTIT o TND, ZOE
MUR—=FDHY FIZHONT, EOREITH SN Tiam & 20 . BUTOER LR —
FOARZAVFRESRESND Z LIZmoTz,
15. 2020 —2021 4E D FHEIZ B9 % idm (M. Veshchunov : TAEA)
KA D 20202021 FOIFBFEIIREF A 7 L b EFOHND Z LIZHONT, T
BN E ZHRMICT 5 K 9 ICEBN L EENH S, 2020 FORE THEE R LY
ETHZ Lot
16. WREID T ELRE
WIENT A AT 2020 4R 3 H 18~19 RIZY + — > TS D,

LUk
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Research and Development on
Nuclear Fuels in Japan

Takanari Ogata
Central Research Institute of Electric Power Industry
Japan
IAEA TWGFPT
April 9-11, 2019, Wien

CRIEPI

I <
Government organizations, research institutes, societies, electric power
companies, manufacturers and universities relevant to nuclear fuels

H Aromic Energy Socety of
e A AL | Hekiside Elecric Pawer |
Atomic Energy NMetsubiishi Nuclear Fusl
Commisson Japan Society of |TnhubuElH:h1:iner| l'm
: T : Mechanics] Engineers
iznm:;;::mm r— | ok Electric e | Nudear Development
= =T ar opm
Japam Electric Association
I I I | Tokyo Bectric Power HD | [NDCP*
Mimistry of the Envimnment
Bsciear Reglotion T Wt Ginha! Nuciear Fuskdapan
sthority [MRA) Japan Atomic Enengy Apency
2 I {m] Kanzai Eleciric Power IG":F-J]
Ruclear RED | Chupoku Electric Power | Mipoan Muciear Fuel
Ministry of Economy, - Development [NFD)*
Trade and Industry [METI) Centra! Amsearch Institure of | Shikoku Blectric Power |
Promation of Industry Blectric Power Industry [CRIEPI) “ A Fudear Fuel Industry
R&D for Electric Power Industry (nr)
e
Culture, Sports, Science o
Fukus Wnis
b Te e AN} Hokisito Ui,
s oF 5ci & Tech K Uns *MDC znd NFD are RED institutes
Promotion iEence e m.’ 'ﬂm Ml
Oaks Uriie for fuel amndfor plant vendors
Univ. of Takyo
[
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Outline of nuclear fuel research in Japan

Regulation sophistication in Improvemnent in fuel safety
reactor oone thermal hydrsulics, Fast resctor fuel development
fued integrity and fuel safety Reactor core thermal ydraufics

Fundamertal reseznch

bmprovement in LWR safety, CRIEPI

Including ATF dewel t
ey = Cladding nangestructure change

Molten fuel behavior
Reactor core thermal bydraulics
Fast reactor fusi development

Fundamental research

+ NRA, METI and MEXT conduct research projects by
providing funding to research institutes,
manufacturers and umversities.

+ Electric power companies conduct their R&D with
manufacturers.

' Manufactures also conduct their own R&D.

Characterization of molten fuel,
SiC midation behavior

Hokkaido Univ.
OD5wstee] development

L'WR fuel cladding development
Lezchability from molten fuel
ODSesteel development
Development of 5iC oomposites

Osaka Uni.

Thermal and mechanical properties of
wranium oxides, slicides, e

Uninve of Te

LWR fuel dadding development
Cladding test technobogy dewel npmernt

i

&

Muclear Regulation Authority: NRA

¥ Experimental study on fuel integrity

Criteria of cladding failure due to outer surface cracking (Halden Reactor Project)

Mechanical strength of fuel cladding

Irradiatmn gmwth of mutirﬁed cladding allm,r (M3) (HRB, entrusted tc: JAEA]

Slmujated HlA Experfment and analysis for improved fue] [entrusted to JAEA)

Simulated LOCA experiment (entrusted to JAEA)

12




- _______________________________________________________________Wf
lapan Atomic Energy Agency: JAEA (as TSO)

v LWR Fuel Safety
RIA Etudx':

Pulse irradiation experiment at Nudear Safety
Research Reactor (NSRR)
Post-irradiation examination at Reactor Fuel
Examination Facility (RFEF)
Mechanical testing on fuel cladding under
simulated RIA condition

LOCA study:
Thermal shock test and dadding oxidation test a—
Mechanical testing on fuel cladding after T non-Taume
simulated LOCA experiment E RS A B S _I._,m
High temperature cladding oxidation test under 3 50 S -::qr o Gy ;
nitrogen containing atmosphere E f.ﬂ b ':‘“ b o jﬂ - g
Fuel behavior analysis code development: i Tw T B W !
FEMAX! for normal operation and off-normal 4aor 2 b 5 g(ﬁ;* asiy -
conditions PO Talire ™ ﬂ: ."‘ E
RAMNNS for accidental conditions E I a w&”"ﬁ
» 1 E

Study on fuel degradation behavior at BDBA to ! S S
k] 20 40 Gl £l
ihe SA early phase

Bmm.q:E_WMU]
Fuel enthal py increase at Tailure vs fuel burnup
Amaya, M, o i, Proc. TapFuel 2015, Paper 4001, (2015

5

Wi

Japan Atomic Energy Agency: JAEA

¥ Improvement in [WR safety
Accident tolerant fuel {ATF) development:
FeCrAODS cladding: NFD, GNF-I, Hitachi-GE, JAEA, Hokkaido-L, Kyoto-U, Waseda-U
SiC~composite cladding/CB: MHI, MNF, Toshiba, Hitachi-GE, QST
Simulation of molten fuel behavior under SA conditions
Fission product chemistry under SA conditions
¥ Fundamental studies
MA-bearing nitride pellets, (MA, Pu, Zr)N [MA, Pu)N-TiN, for MA transmutation
Characterization of molten fuel: TMI=2 debris samples and simulant materials

FeCrAl-0D5 cladding tube specimens Sintered (Pu, Zr}N pellets

hifps s nsec jaea go jnarpanzation i 00 pamphled | pdfEPdGE=T M. Pubari and M. Thmne of al,
J Nuel, Maser, 444 (1004) 421427
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CHIEF

Japan Atomic Energy Agency: JAEA

¥ Fast reactor oxide fuel development
Irradiation tests at JOYO, e.g., power-to-melt and MA-bearing fuel
Post-irradiation examination at FMF
Development of ODS ferritic steel cladding
Fuel behavior analysis codes: CEDER (fuel pin), BANBOO (bundle distortion)
Characterization of mixed oxide (U, Pu}O,, MA-bearing MOX
Improvement in MOX pellet fabrication technology: simplified pelletizing

10-min i ID}S,- sam . )
Balnmia. LI
! i -1 L

o
= Bhbn
-
By
T

[}

i ¥ Tk wies g
= T —— AT
g : :I.:_r__ T A —Ciizﬁl.:l:.'lj.kn
g e TTTm—mip
£ —m—— —_—
=z —EPU
q e
'E B30 — :‘_ j __: o
] —i — itz

T —— v

- VW = 1,59 q__'_"_‘———-sﬁm

- 24 heurs : i

“RL=0.450 23 3 i 3 3 . G

v arzcanlam 1
Irradiated MOX fuel including 5 wi¥ of 2Am Effect of Am on (U,Pu}02 solidus Temp.
L Temale o ai., J. Nucl. Mater, 440 (2013} 489-458 M Eato et al J Nucl. Matar: 373 (2008) 237

7

CHRIEPI

Central Research Institute of Electric Power Industry: CRIEPI

v

Observation of nano-scale structure of irradiated cladding by 3D-APT & CS-TEM
Identification of secondary hydrogenation mechanism of leak fuel cladding

+ Understanding of fuel failure and melting behaviors under SA conditions
Fuel and control rod degradation and relocation tests by DEGREE
Simulation of fuel melting behavior by a multi-physics particulate method
Leaching test of molten core materials (collaboration with JRC-Karlsruhe)

v

Preparation for metal fuel irradiation test at JOYO {collaboration with JAEA)
PIE of MA bearing metal fuel, METAPHIX (collaboration with JRC-Karlsruhe)

I
Lo .3

WYY

Frecry, N
precipibmie |

figrm

b " DEGradation and Relocation

Fo cr F 5

3D-APT of irradiated Zircaloy Expeniment Steamestarved  Steamrich
Tmac=2054C Trzn=12E8C

T Sawabe, T Sonoda, K. Nakamura, T. Ogata, CL4DS Workshop 2017, Fukwshima, Japan.
= J Nucl Sci. Technol_ 55 (2018) 111 0-1118. ¥
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4 Funfly, M Una, J. Nucl. Mater 499 (2017)

T T AR

Universities
¥ ity: i
Evaluation of influence of porosity on fuel debris properties
High temperature oxidation test of SiC

Thermal conductivity evaluation of fully ceramic micro-
encapsulated fuel

¥ Hokkaido University: Prof. Ukai
Development of ODS steel for ATF and SFR

¥ Kyoto University
Hydrogen behavior in LWR cladding materials: Prof. Takagi
Leaching of actinides and fission products from simulated fuel debris: Prof, Sasaki
Development of ODS steel for ATF and Gen-IV: Prof. Kimura
Development of 5iC composites for ATF: Prof. Hinoki

n . : e
_ = [} K LOHATD B o S
= el yhmati(ra) i .
i SO L '
T A AL
] AT
= Typ
o
4 ik
= ar-
;‘ Ay
2 I E-Sen

a

HE-1S tEAL e 1E-iL

D 1673 K (zniss,

H pickup vs H diffusivity in oxide layer T Fmoki eral,
K g, I Takagi, of al, Progress in Nucl Energy 572012} 63-100. ¥

Universities

¥ Dsaka University: Prof. Kurosaki {moved to Kyoto U}, Prof. Muta, Prof. Ohishi
Measurements of high temperature physical properties of molten U-Zr-Fe-0O-base
materials by an electrostatic levitation method
Synthesis and characterization of Zr hydrides
Measurements of thermal and mechanical properties of U silicides

¥ University of Tokyo: Prof. Abe
Development of LWR fuel cdladding materials
Development of cladding testing technology, such as EDC

5300

A&
B0 o Fp
@
1+ Za
— lahbosem ]
— 1800 2000 2200 2400 2600 2600 i, sample made by
Electrostatic levitation fumace Temperature i} ark plasma sintering
i i Muoiten Zr density measured AW Sag. enE okt e
Eémcﬁ'ﬁsmmﬂ by an electrostatic levitation method Eﬂm&nmﬁ&mr .
= R A e eng. o5nkE-1L0C P
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Wi
Road maps on LWR fuel R&D

¥ Strategic mapping for advanced LWR fuel technology (2007~2010)
by Atomic Energy Society of Japan (AESJ)

« Roadmap for Technology and Human Resources for LWR Safety (2015)
by Agency for Natural Resources and Energy, METI
through discussion with AES)

1

&

Cooperation among nuclear=relevant organizations,
led by Atomic Energy Commission

¥’ For promoting cooperation among the electric power companies, manufacturers,
research institutes and the universities, three platforms are being launched:

disaster preventjon, safety and long term yse of IWRs, and decommissioning and

radicactive waste.

¥ “Fuel Platform” has been launched as part of the platform for safety and long term
use of LWhs.

Cabinet Office,
Office for Atomic Energy Policy

AMNRE of METI M A
| Electric power companies

CRIEPI
i Plantvendaor | ey plﬁl ;
. b i secretzriak]

| Fuel manufacturers | i on

entify R&D issues
¥ Propose methods to solve R&D issues

16




Wi

Summary

¥ LWR fuel R&D in Japan have been conducted by national research institute (JAEA),
private research institute (CRIEP!), regulatory agency {NRA), universities, electric power
companies and fuel manufacturers.

¥ Greater part of IWR fuel R&D in universities are related to ATF and molten core
materials.

¥ “Fuel Platform” has been launched to promote cooperation among electric power
companies, fuel manufacturers, and research institutes.

13
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2 19-13 2019 ANS Annual Meeting http://ansannual. or
June g/
2019 | Minneapolis, MN, USA
3 | 812 |HotLab 2019 http://www. hotlab20
Sep. 19. in/
2019 Tamil Nadu, India
4 |16-19 |E-MRS 2019 Fall Meeting https://www. europea
Sep. n-
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Sep. 1. ans. org/
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Oct. |2019 (FSRM 2019)
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OECD Halden Reactor Project i#i/£7C
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ELTCHEMLE L, HRPIFBUEIOD ERSMT HEE e Y =7 T, o LStk
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VICBHELTEE L, LovL, BABEET DRIO6H K, AT R EBEIFICT 5 2 &R
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B DRBUCH 0 T, T TH 2B B TH HHRPOFHERERIZ DUV T Lk~
e & W ET,

INVTRIX, VT 2 — DR, AT = —T v & OEBEORT VT ASHIET DR
TT, LT I BRITEILEKE T2, MER L — 712 K o TPWRXBWRE DB
FRPEECE D2 L0, LOCARBR, ANMBIERER, 72 7B/ ERERRBNAERTE S
T b HITIE, BRI BVE RN A A EEIR Y AT THEIFEHIFRE CTH D 2 L R &3
R E L CET HIVET, 2T UIRIRI9SOFITHI DRI 2 3R L CTLAR, PRk 722 3R
A< ORRE EIFCEE L, BIfE, RMIHEE 7 )V -7~y h2T v
o7 E EICHE L TCWET A, BEHOBY T UFE TORSRBIZTE R0 E 0
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D—FOWI)TT, FUZ L o> THRIPYID TOWIERIHERER, LvbFEE#EnLTE W
9 ET, Bl L TE I LHNIARZ TO o IEWT LA, HRPD 5 & 1XFEH I KT
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R—=F DI ELEHITHRICTES TS NDHTZD, RLTTITHE S E LT-, HALHRP
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