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Japan Atomic Energy Agency (JAEA)
Afiga Mohamad (Research Scientist)

I am Afiga Mohamad from JAEA pleased to be selected as one of the recipients for the "
FHEBE " for the year 2024 on the presentation title "Study on coating technique to
enhance accident tolerance fuel cladding (3) Irradiation behavior of the Cr-coated MDA
cladding".

The development of the Accident Tolerant Fuel (ATF) program became one of the world's
attention. The motivation for the ATF development is to find a material that can delay the
accident such as the explosion of the 1F reactor due to the heat generation from the Zry
cladding. Therefore, the development of Cr coating was started to protect the Zry cladding
under accident conditions. Cr-coated Zry (Mitsubishi Developed Alloy: MDA) cladding is a
candidate for an accident tolerant fuel (ATF) in Japan that could replace Zry cladding and
has superior performance compared to uncoated Zry cladding. To understand the behavior
of Cr-coated Zry cladding under normal operating conditions, ion irradiation tests were
performed on Cr-coated Zry cladding. The results showed that irradiation did not accelerate
the degradation of the Cr coating, nor was any particle refinement or grain growth observed.
In addition, irradiation induced hardening was
confirmed. These results are useful in
understanding the behavior of Cr-coated Zry
cladding currently being irradiated at the

=k
Advanced Test Reactor (ATR), Idaho National ﬁ-?} R
. . BARTH#2
Laboratory in the United States. 2024  JE BARFHR A8 2%
(FRWBHEK)

Finally, my message to readers, I have been
involved in ATF development research since
2016, and I hope more young researchers will
join and contribute to ATF development in Japan.
This is a large-scale project that needs many
contributors to accelerate its development in
Japan. I hope this award will motivate me and
other young researchers to contribute more to
nuclear field research in Japan, because nuclear
energy has long become one of the most

important energy sources.

[BHR%F AR VN
B AR F A5 5% 0 AR A
Afiga Mohamad A&

Study on coating technic to enhance accident

f fuel cladding (3) Irradiation
che r of the Cr coated MDA cladding
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Report on the “Plutonium Futures — The Science 2024” International
Conference (Charleston, South Carolina, USA)

2024/09/27

Japan Atomic Energy Agency, Tokai-Mura
Staff scientist: Romain Vauchy

Supervisor: Kosuke Saito

PLUTONIUM FUTURES
THE SCIENCE 2024

“Plutonium Futures — The Science” is an international conference focusing on plutonium
science. As a result, one of the main topics is naturally military applications (nuclear weapons)
but nuclear fuels (oxides, carbides, nitrides, metals) and reprocessing are also now a large
part of the topics presented at the conference.

PuFutures: an international conference on plutonium’s mysteries

Plutonium Futures — The Science is an international conference series initiated in 1997 by
Los Alamos National Laboratory “for presenting and discussing current research on the
physical and chemical properties of plutonium and other actinide elements”. PuFutures 2024
(September 8—12, 2024) was the 12" edition of the conference and was held at the Francis
Marion Hotel in Charleston, South Carolina, USA (Figure 1).

(a) (b)

Figure 1. (a) Marion Square and Citadel Square Church (b) Francis Marion Hotel hosting the conference.



Due to its long history and the number of participants, PuFutures is one of the most important
conferences on nuclear materials, alongside two other international meetings: “NuMat” and
“Actinides”.

During the 4 days of the conference, about 250 participants gathered for 91 oral presentations
(7 plenary talks) divided into 8 sessions: Coordination Chemistry, Nuclear Fuel Cycle,
Environmental Chemistry, Surface Science and Corrosion, Condensed Matter Physics,
Detection and Analysis, Metallurgy and Material Science, and Solution and Gas Phase
Chemistry. About 50 posters were also presented in a dedicated session. 6 nations were
represented: France, Germany, Japan, the Netherlands, the U.K., and the U.S.A..

Jason R. Jeffries (LLNL) and Holliday Kiel (LLNL) were the General and Technical
Program Chairs, respectively.

Various topics were discussed during the conference, from 5f-electron materials fundamental
science (e.g. plenary talk by Per Soderling, LLNL) to developing new facilities to produce
Pu pits (e.g. talk by Floyd E. Stanley, Savannah River Nuclear Solutions), through the long-
term storage of PuO, powder (e.g. talk by Hannah M. Colledge, National Nuclear
Laboratory) or even the challenges of the geological disposal of weapon Pu (e.g. plenary talk
by Cameron Tracy, Stanford University).

Most of the attendees came from U.S. National Laboratories (LANL, LLNL, SRNL, INL,
and PNNL) and mainly presented open results on plutonium alloys (metallurgy, oxidation,
etc). The United States is currently mobilizing large amounts of budget for the renewal of
plutonium pit inventory by modifying a new facility located at Savannah River, initially
designed to manufacture MOX fuel to recycle weapon Pu, renamed as Savannah River
Plutonium Processing Facility (SRPPF).

Applied and fundamental studies of Plutonium’s alloys and their corrosion accounted for a
large proportion of the various studies, but numerous presentations focusing on molten salts
technologies and oxide fuels (and their precursors) were discussed at the conference.
However, no studies on nitride or carbide-related were presented, which is quite unusual at

PuFutures.

During my invited plenary talk (45-minute talk + 10-minute Q&A), I had the privilege to
open the “Nuclear Fuel Cycle” session (Figure 2). The topic of the presentation was “Phase
separation and recombination in oxygen-hypostoichiometric uranium-plutonium mixed
oxides” which is an important feature of fast-neutron reactor MOX fuels. I received several
interesting questions from the audience during the Q&A session and created new connections
with cutting-edge scientists from the USA, Germany, the Netherlands, France, etc.

10



(a) (b)

Figure 2. (a) Francis Marion Hotel’s Colonial Ballroom for plenary talks (256 seats) (b) end of my plenary talk (Nuclear

Fuel Cycle session).

I believe that Japanese researchers, whether from national institutions or universities, should
have a greater presence at Plutonium Futures - the Science. Greater participation would be
of direct benefit to Japanese nuclear fuel R&D, as this conference is an excellent opportunity
to get to know foreign researchers working on plutonium and other actinides, and to create
new links between institutions. I also believe that increased participation in this conference
would strengthen Japan's international influence in nuclear science by showing that the

country is a major player in the actinide field.

Side notes: due to the conflict between Russia and Ukraine, no Russian delegation was
present at the conference. India was also not represented at this edition of the conference. In
future, it would be not surprising to see researchers from People's Republic of China taking
part in Plutonium Futures — The Science.

11
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2024 TOPFUEL report for £ZREHIE

Japan Atomic Energy Agency (JAEA)
Afiga Mohamad (Research Scientist)

TOPFUEL 2024 is an annual meeting organized by the European Nuclear Society,
the American Nuclear Society, the Atomic Energy Society of Japan, the Chinese Nuclear
Society and the Korean Nuclear Society. This year the meeting was held in Grenoble, France
from 29" September to 3™ October 2024. This year was the most successful with 238
presentations and 423 participants from 24 countries. From Japan, we have 7 participants;
Japan Atomic Energy Agency (2), Central Research Institute of Electric Power Industry (2),
Hitachi-GE Nuclear Energy, Ltd. (1), Japan Nuclear Fuel Development Co., Ltd. (1) and
Institute of Science Tokyo (1).

Interestingly, this year's program allows participants to join the social program to
visit Grenoble with a guide (Figure 1) and also technical visits to Framatome and the CEA
nuclear site; e.g. the training simulator for EDF (CORYYS) in Grenoble, Framatome's fuel
fabrication plant in Romans sur Isere, Institut Laue-Langevin (ILL) in Grenoble and the CEA
INNOVATION showroom in Grenoble. In addition, lunch and coffee breaks were covered
as part of the registration fee, and a nice dinner with all participants was held on 1% October
(Figure 2). The scientific program consisted of 7 tracks (oral/poster) with an additional
special session on IAEA CRP ATS (Figure 3).

In the opening plenary session "Understanding ATF development paths pursued in
different regions", Southern Nuclear Operating Company and Westinghouse (USA),
KEPCO Nuclear Fuel (Korea) and EDF and Framatome (France) gave their update on ATF
development. The objective of all suppliers/companies was almost the same: to focus on
economical fuel design and also to improve the accident. Therefore, the doped UO; and Cr-
coated become one of the main candidates to achieve their goals. In addition, increasing the
burn up to 75 GWd/tU (HBU) and increasing the fuel enrichment to 8% is also a target from
the USA. Framatome and Westinghouse also reported on their progress with irradiation
testing of Cr-coated Zry cladding. Framatome has fully loaded its cladding concept with the
Cr203 doped fuels at GOSGEN and hopes to reach 60 GWd/tU very soon and said that its
Cr-coated cladding has reached high maturity to move to the next path of implementation
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and application (2026). Westinghouse also updated on their Cr-coated and doped UO», but
also included their progress on the long-term development materials such as SiC and UN.

Another plenary session on "Needs & Challenges of Fuel Design and Development
for SMR/AMR" was prepared by Emma Vernon, National Nuclear Laboratory, Urenco (UK)
and Orano (France). Emma had stated in the UK that the development of the SMR/AMR
would become the primary target instead of the ATF. Then, at present, with the cooperation
and support of Japan Atomic Energy Agency (JAEA), they will use the experience of JAEA
for the development of High Temperature Test Reactor. In addition, the development of the
fuel material such as MOX, TRISO, metallic and etc. is still ongoing and presently seeking
for the large-scale manufacturing in order to realize this fuel material for SMR/AMR.

In the short- and long- term Advanced Technology Fuels (ATF) track, there were 27
presentations on the Cr-coated and 6 presentations on Track 5: Transient Fuel Behaviour and
Safety Related Issues. Seoul National University (SNU) was acknowledged because their
students presented a great job on the Cr-coated Zry cladding during LOCA and high
temperature testing by showing the microstructure evolution analysis using EPMA and
EBSD and also mechanical testing of RCT (Ring Compression Test). In addition, they also
presented about the implementation data in the SA code and pointed out the necessary
parameters such as the grain size of Cr, oxidation kinetics, diffusion coefficients and etc. In
addition, they presented a new criterion for the ductility/embrittlement of the Cr-coated Zry
cladding (HANAG6) which, following the US criteria, the experts proposed to compare the
mechanical data by RCT and PBT (Point Bend Test).

Another stealing attention presenter, J. Christophe Brachet CEA, one of the experts
in the Zry cladding and he was presented about the new "Equivalent Cladding Reacted" for
the Cr-coated. He tried to explain why the old version of ECR, which uses the weight gain,
cannot be used for the Cr-coated; the behavior or mechanism of the Cr-coated oxidation is
completely different compared to the Zry cladding. In his presentation, he proposed a new
"ECrR" which should include the oxidation kinetics of Cr and also Cr diffusion into the Zry.
However, he also stated that the current proposed "ECrR" may be applicable if the Cr-coated

behave as a protective coating.

Then Martin Seveéek from the Czech Technical University in Prague presented his
work on the coated Zry-2 for the BWR application. Currently, in the ATF framework, the
majority of suppliers have proposed the Cr coated for the PWR application. However, due to
the dissolution of Cr,O3 under BWR water chemistry, Martin's team has proposed a Cr-Nb
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coated on the Zry cladding. The autoclave tests under BWR water chemistry and high
temperature oxidation have been carried out and the results suggest a much better
performance than the uncoated Zry cladding. This is the only presentation that shows a

coating approach for the BWR application.

Several presentations have been made on the irradiation test results for the Cr-coated
at ATR, INL. For example, Framatome presented their PIE results on the Cr-coated M5
cladding irradiated at 30 GWd/tU. The appearance of the sample, such as the color transition
of the cladding surface from yellow to blue, was observed. They suggested that the oxidation
of Cr had occurred and led to the formation of Cr,O3 oxide layer on the outer surface. In
addition, the H uptake for the Cr coated sample was reduced compared to the uncoated
sample. The plating interface was chemically stable and no evidence of microstructural
change was observed. Finally, the mechanical tests showed that the elongation at fracture for
the Cr-coated sample was 30%. They also point out that the behavior of the Cr-coated is

almost similar to that of the uncoated Zry cladding.

For track 7 of the session "Innovations in experimental methods, instrumentation"”,
Yves Pontillon from CEA presented their progress in the development of the laser-based
system for heating nuclear fuel pellets at high temperature in order to understand the
LOCA/RIA phenomena for fuel research. CEA has many facilities to simulate SA conditions
such as VERDON, MERARG, DURANCE and VINON. Due to the lack of information on
the complex transients, fission gas release and fuel fragmentation during the LOCA/RIA
phenomena, CEA has developed a laser-based system capable of reaching temperatures up
to 3000°C, with the capability of direct measurement on the sample and localized
measurement. With this system, it is possible to determine the thermophysical properties of
UO:; (or other materials), the evolution of the microstructure or the gas released as a function
of temperature. This development is still ongoing and it is planned to transfer this equipment
to the hot facility and this equipment will be able to work with irradiated materials.

The closing ceremony was held on the evening of 2™ October and the next host of
TOPFUEL 2025 will be ANS, where it will be held in Nashville, Tennessee, from 5% to 9"
October 2025. The good news is that it will be held in Japan in 2026. Save the date!

The overall impressions, this year's TOPFUEL includes many presentations of ATF
related presentations, and it seems that the development of the ATF program is accelerating
and has become one of the focus topics among the nuclear fields. In addition, TOPFUEL

meeting is a good platform for all nuclear vendors, researchers and university members to
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exchange knowledge, and I would like to encourage more young researchers from Japan to

join this meeting in the near future, as for this year we have only 7 participants from Japan.

Figure 2 The conference dinner was held on the evening of 1% October at the Domaine
Clairfontaine. French cuisine was served and the meals were ended with the famous French

dessert, the macaron.

Figure 3 Special session on IAEA CRP ATS presented by Martin Seveéek, a well-known ATF
expert from the Czech Technical University in Prague.

15



Acknowledgements:
This report was written in cooperation with the 2024 TOPFUEL Japan participants.

By

Afiga Mohamad,

Research Scientist,

Japan Atomic Energy Agency (JAEA).

16



V. EEsEEN Q) |

NuMat2024 | D4

H AR TIAFFE A JERAS
R, YRR HER. MR BV B R T4 0

1. NuMat OAFZE
DAL 2010 FITBAfE STk, 2T EICHE SN EBESETH D,
REL « MEHZRHME LTZERRSE & U CIER IR R E A ERE WL DT
» 5, Elsevier 23EME L. Journal of Nuclear Materials & HHEL T (—#D3E
% Special Edition & U CHEFMIFRLIC/RD) BESNDS Z L HFETH S,
2010 FEDFE I H OEFHEIL A Y OH— VA N—2TRfES ., & _mH DS
IR (2012 4F) CRAfESNTc, LIBIZTZn ) XD s VT o+ —4— (2014
) | BT (2016 4) . 7 kL (2018 4F) TRHME S U= AY, 2020 4RI
ARFDOTDFT L TA ki oTe, BTN
=D~ b (20224) ERix, SFEIEV
A R—V TR S T, A IO BRfE D3R
EZBWTX, vy 7 - U7 74 TSN
@ TEIZ, T oOADBRHETE5 X
INCEDER BT 9 Th D, ._
T )=k a RN I fFEDOR 14-17 OCTOBER 2024
AB—t g VB A, NuMart & TR SINGAPORE
LA RT3 a VIMESIVA, ZAULHE
A R SR TN S R S NGN Materialstoday
T, %< DA L7-/ERIE Journal of \
Nuclear Materials ODFMAATAH Z N T
o

NuMat 2024 HP 7>55|H

2. 4D NuMat Ok, HUEH ., FrK E o
AENILL TSRS 520 7 v 7 (Track) = ”lptaw:h diui otpreper =

MO SN, WEFIOO LT v oir | T

Raxpzk L,

@O Radiation Effects in Structural Materials

@ Structural Materials for Fission and Fusion

Power T HES D OIERRORE T

17



@ Nuclear Fuel Cladding and Coatings

@ Radiation Effects in Nuclear Fuels

(® Radiation Effects in Functional Materials
FEHERITAR SV TW WA, e s J A
MOFEHEAL DGR E LT, AEAFERD 150
Ll b RA 2 =583 200 LU L, 8 fh >
LT U — b= nbolzfh, TF %A LIZ
WTLLTFDZ A Fvd X 9 73 Workshop Bt S 4
7

Public Awareness of Nuclear Power

Research to Reactor: Translating Research for

the Future of Nuclear Materials

Early Career Researchers

Gender Dimensions in the Nuclear Field -

Encouraging Diversity and Inclusion
X5z, flash talk EWoEya b HE
ENTEY ., TR A X —FEEE I OHESE
KRG T2HMOT LB & RS R T-
TN LI LD TH T,

ZINE OHFENIAKIALR L VHIR TH -
oo ZOMAT =—F 2 FIE, A—A K7
VT AFH AR, a7 hb0SE
ROz, AARNDIE, JARA DS RRE T
10 3RS L. Zofh, B RmrgeiT,
B REBANIT TS . RS R TE
A, AEEE R, VP @R, AR, UK
L MR EE, KRAREE, REACKRZESE )
5. TEATHOBML TV,

M SR TR BN 20 47, invited D A7z
HIE 30 o Tirbie, RAZ—RRKIT1IHD
CICRAL —Z RV IRZ RN BIRNE E—D A
N=2AZHM LT Tz, FRIARAZ—t v
VA VISR OYE UTOERIEIL TH -7z, S e SO
Al AR e LTRSS AEDEIE DS TLF Y — =7 DR
STEHISRTH Y, MEE L OFAENGIFRICET 52 Lo, HARDR 7
OEE, HARTHRRA K7 ORZ MEd DO 7% EOEMAEZIT T,

18



3. WG
WEEDPHE LTV T ) — b =2 RO b T > 7 OFERO T TRAZBIETE)
STebDELUTIZHET 5,
=T = VT EKEDO T VU — h—2 TiL, Victor Nian [k (Center for Strategic
Energy and Resources, > > AR —/V) DHHEET V7 O JEIEZ OV CREEDS
bl ﬁ%TVTTw:t 74 BN Z— (Battan) T IRETD D DD,
U —~ A VLIRS i@%ﬁﬁb LELBEHL QRN L, £, VR
— VERHEE A %73@1:3? BOMRE 2D TR Y | FrZ/IVE Y 2 — D X
DI LWEARIZBE LA D 5 Z & 75)3/3’\%2%7”:0
Ay x—F VENTRKRE (KTH) @ Janne Wallenius [KiZ k57 L)Y — h—2 T
X, BN EMFICRE T D REBRE « MPEIORIZEBI DRI S, KANTHAL & L[] B %S 4 it
DT D FeCrAl #78F, Urenco & HFBIF 2D TV D EiRE Y 7 > (~10%) D=
b7 (UN) #E UN O RAR—2 7F XI<fifk (SPS), UN ORGSR EA328 T
bz, SPS TIZUNIZH L THER LV b EAGD Z L T&E 5720, SPS ® UN
PRBHELE TR~ 2 Bt LT D 2 E 03RO S4L7z,
A—2 U v PENAFSEFT (ORNL) @ Andrew Nelson KiZ X 57 L)V — h—2 Tl
ORNL ® High Flux Isotope Reactor (HFIR) TH\ % MiniFuel GE& ORERAELL Y
$ 1/1000 & WV o 7RIS < L, BB OWREEABCIER OB LR L= 6 D) <0
UCO TRISO #REtOBHFE, 3D 7'V o —CHbE L7k, FP T AR OREA iy &
L72BIA Y U0z 7 & DRFFERAR DRI S417=, HFIR Offfifili 2 5850 9~ 2 585 Th
. RELTWDIHT = 220 B HICBG TE 2 2 LR b7,
Joint Research Center (JRC) 77 —/L AL —=® Thierry Wiss /5, /LT A TR
5 L7= MOX #5EH) 5 0 FP OBt BRIC ST R -7, BB L7- MOX #BH 4 i
WT o AZ RO L, IV 5 Z L2k FP (Kr DT A, Cs LEWEDFEREMED
VNS O) Zi S, FP MR SIREORMR, £72, FP R E o 7L OfiiHE
RO BIRDHRE ST,
7 A ZRENFZEET (INL) @ Jason Schulthss K725, JAEA & INL OF:FEIBFIE T3
it L Cuv% TREAT 47 & F U= FREFFRBR IC O W THE R B o 7=, i3 EBR-TT THREH L
7= MOX #RH e %2 TREAT CisifE RS 3~ 25l —5 520 <41, THOR
(Temperature Heat sink Overpower Response D) 517t /L & M3 5 HEHRZD
FRATS0. IR OPRERI L OIREERIERE F. BB O IR A D5 R 7 &5
T,
%[E Sheffield K77 Lewis Blackburn K726, 7V s =0 AOZEBICET 058
RN ERE Sz, Blackburn Kixova ) 4 FEMENA T I ATV b=y
Lz EET DAFFEE 2018 FEEHN BT TETEY, IV =T 20RbYITEY 7L
ZRIMLTzova ) T4 FOEEBROMERI RSN, £lo, 44D LOFAEZER
TETRY, HRROWFEEIT>TNDLEDZEThHoT, BIfE, HENTT IV h=D

19



DA OBz GHEFIE P T H 528, Bk s OfIR2NE L <. JAEA O Pu fiigk %
MWTZ38R AR ML D E AN B~ ST,

4. T O, Bk

RITDOFERTITEE L 2> TCELEEHT Y PASETHLEEINTEY, %
REBFWOAT Y 2= VAR LT WRER S D Thole, £7o, ETHRL
72 LBV Early Career Researchers &9 workshop CETFHIZEE D Z DD
X UTICET 250 - BERASH) MAMEShZ &0, BLEoFENRELh T2
Ll EBESENE TG OO T 7 v b 74— LUHEHEINS LD
72 o CER I EZE LT, Fio, BEHDKESCERMN T /W7 7 OFE
VRN ThoTZ e, BELZFINCFR L L LU TRDERE R > T
M BRAHNTE TV L DI LT,

20



V. Ziie I —8

2024 4 5 6 [RIEKIFIREL « BEEL - KMk HH#iE I B

W IR, IHEPRER (R KIFEFIWFEB R A

1. XL

AEIT6 [EE &Aoo TEAKEFEREE « B8 - Kby B8t I —1 13, #8
HaoBEDL & EATEZHITL O3 (TKP T —7 27 ¢ i 1)
ZIC. 8 H 5 H~T HOHBRTREINZ, ZMEIX 121 4 (FAE224) [2DiF
D, REKNCTH -T2, &I =TI BICEE S X 0 LR & OSSR &
D, “HBIZKHMEND My 7 AFREMNM T, _HBIATObNW R AX —%
v a VT, AR I8 AICL D REENRD 5T, k& B IXTUNE S LR
FIIFEEITO TR X —r— 7 BEN L O O R Thiviz (BIN#F 1L 32 4),

2. BAfEsEeH

PR I FO@Y ThHD,

® [HWf:20244E8H5HH)~TH

v B — CLiREEBE. SEREGEE)
v NE YT AREFE

v ORRAX %S

v R ERT RS

® LT TKP H—F v 3T 4 L HEk O

3. AR

3.1. ETT T A

A 70 7T NI FRLOME Y Th D,

12:00 ~ 13:00 A - R =GR

13:00 ~ 13:10 PR (10 %)

(LR ]

13:10 ~ 13:50 AKAb AL (40 43) | IAS 3% (BT
13:50 ~ 14:30 IEIREL B R (404y) | BIE ZFpk (FEHW)
14:30 ~ 15:10 (Zhae S (40453) | WA ESE (biE R
15:10 ~ 15:40 RE

€D |

15:40 ~ 16:25 KA AL (454y) | &% B (AAJEE)
16:25 ~ 17:10 KRR SRR R (4574y) | BIE ZFpk (B
17:10 ~ 17:55 OB IR (45743) | AhL fECGRAEKRS)
17:55 ~ 18:00 RS (54 ER 7]

21




lsppCO . |

9:00 ~ 9:30 TR A — W IR TR
9:30 ~ 9:35 FEEAE I (10 43)
9:35 ~ 10:25 HKEFERE Y 7 R (50 43) (Ll 1EE-(MHI)
I S (3E)
10:40 ~ 11:30 BREL R By 7 2 (50 43) Ve KA QVHI)
11:30 ~ 12:20 MEFRNE Y 7 2 (50 47) AR BB
12:20 ~ 14:10 BYATH
RAA—® g
14:10 ~ 15:00 HKEFEFE Y 7 A (50 47) A fli— (B ESS)
WA 5 (H N7 GE)
15:10 ~ 15:40 RE
15:20 ~ 16:00 Bk ety 7 2 (40 43) KB 1IEATJAEA)
16:00 ~ 16:50 MEFRE Y 7 R (50 43) K= Z(BSL.GE)
16:50 ~ 17:20 FSEA

KA S —FARERRR
LR

3.2, EHEENE
(1) FEFaERE
O KFEFEEE  GIATR)

MAEFEREZD Z N E TORD A & LT, AMEFEOMEE N OFERE, n— R
~ v N RT T OFRE, FERGRLY A M HP ICBE#E L TnWb e Eo
FIEE OB N oo T, £z, = TOMEEIZ AT 72 AR R IREN R S
i,

© BB (BIBK)

BEIRERI 236 1T DK IREE O RFZERTE ~DEL Y A & LT BAKIFRE}
(AR DAFFEBRFE T — ~ OB BB =03 T4 % TopFuel (2026 4135411 THRfE
FiE) . IAEA TWGFPT 2019 B CORRKRIZHOW TR vz, S%I%.
BREFSD F N a— R P Y I a b—3 g UEIROEE . ERBEEE b OHERE , BR
BH7 7 U WF9E & AR E NI SN D LD Z L Tho T,

@ MEHELGREE AR

FIEDNA = b r B =5 RI SN, "M = he e
— &G4 AW ORLE LA E L MEEIESRE Y 7 XA~k & Vo
Te FED R ST, ISR Cle L EBEE, mRAKZESERIEIZ OV T
Baf&hTnwap oz Lt Tholz,

22



(2) Jemkaie

(3)

O KMbFEEGEE  (BER)

JRAAF AL AN BT 7 ODRERNFIZDOW TN &l ANy R T w7
1% 2 BT 400 _X—VREDOR Y 2 — AL Th D, afE TIL, BWR, PWR 128
T AT EBEOME (SCC, FAC, fLEDFAE - ERZIEIT 5720, FlxiX
PWR D56, RIGEZ N 5720 FR VEEZ AN TWHDOT, Li % TpH & R
HEWVWSTEERNZINTWD, ) bRk,

© BRBHERSGEE (k)

BWR DEREHZ DUNT, 9x9 BREHE 35 & L CERGEHOA % DORUESE IOV
ST, 7L T RS IMIR OBEFIZE BB S L7z FRESFIS ATR
Lo < BEERBRITER TE TR & WS T EI R SN2, A% ITE WD
RFEMEEFFD 10x10 BREVE RX—2 L L, L0 ZeME @O RELO B & i
WHTEELEDZ L ThoT-,

@ HrBEMEEE ML)

JFEAFE IR ORI A =X 8%, 3IRTT AT B —7 « HimE T
BEGRERE « B57E - THIRIE TR 72 oS r & vz, BRI L U7 R+
TR SN Z N H DD E WS TERINSE NS H 0 WS TIEZ 9
W T2 B2 DA, BEHNZ LV AU 7 ol 2RI RE SN DR TIE
72 KU EIR TR L CHERICIZEIE Lo lo b ot b H o & o
[FIECH T,

FEw 7 A
O KEFErEy 72O @R URK %Y BEK)

PWR 77 > s OFFR@IRE D 1 RN 2 RFAKAEFAE BRO BHH A OB ASFEST
ST, BEFREIC L DB v BMEROKTIL, 1 RGEM F OWRFEEFRR
FEEICEET D720, 772 MRS L= FIEZ WD ERH D LD =
L ThoT,

F7o. @i 3, 4 SHEEBEIFICRW T, 2 RFICEBIT 5 Fe MOV D
WHEITERE SHOFN L FRRE TH-7-2 & BEIE IR L DB RS
IEF AT O A 7 V0B OHEEE & RERIBENT RN -T2 LR EN
I EnT-,

@ BBEI Ny 7 20 (ERRK)
HMN PR DB A T B THATIRET 217 5 70 DI LR B
ROMFIHE & LT, FRE0E DT S ANE) ORIE (2024 FFEE IS

23



FIFE) . PWR & ONBWR (21T B ENSEATRRE 0 FEhiti 5] 73 £ 2385 S 7=,

@ MEIFE Y7 20 (BFAK)

JFAFMEHCBIT AT AN N T AT 3 —A— g VRFAOERLA L L
T, MM T RSB OBE S & BIERRR S T o B E PRI, == —
TINTy NI =7 W OEBftT, 777 N o T4 T =TT —=
VT DGR EDRI T ST,

@ KEFErEy 7 2Q (Fi :F%?kﬁ% % - R
JEASFN DK DTSRI FEFEATIZEA LT, 7T "RT A—H—%FT LD
AT E L, BWR — VR IR - THEFFE OPR 34 2 AT 0 FF-I L
k%@ﬁﬁéﬁﬁ@WW%A%%TW%ﬁwk%ﬁiﬁmgﬁﬁ@wﬁﬁﬁﬁ
BRI TH Y . ECP FHMIlET /L & OEFRIZ LY | —USRNIE BB 2 K
DHZEHRETHDHEDZ L ThoT,

F7-. RENCBIT D U AT FHMBiOE 2 5050 S iz, JEET, /A
— AR OREELL I LT, TEHENZSIATRIREZ2 R Y (ALARP) | O JFH]]
ICHSZERB R INTNDEDZ L ThoTz,

® BBEINE Yy 7 2@ KHK)

PWR Zxi5e & L7z Pu ma A EOPEIBRFE I AT 72 5 R ORREHRE RSP &
iz, BREL O 2T 6d 2408 E ICNIET 22 Sl kv oy —%2 7
Z IR DIREHEMAE S 2 BB R L, iSRSV TES I 1A
IZE R RRE, Bt E T O 2 & T, UEAROFEMEE R LTZ, 5%
%y?ﬁwnﬁﬁﬂ~Fﬁ&_£@\i@ﬁﬂﬁ&ﬁﬁ%ﬁw\%@%%ﬂﬁ
HEDZETHoT,

® MENE Y7 2@ (K K)

EN, KEOREMERIC T 72— L O s R AR Sz, KETIE
EWREERIC T 72, T +—~ o ZA_— XD, BEEEICS U TR ﬁ%%
EA?T57H?X@% INTWBH—J, ENTHRHEE, Z2attm Lo

DIZ, BKOFEHZSBIZ LIciHin it shbs LD Z & ThoTz,

(4) RAZ —FH

TEROEEBYD I8IFORAX —1 v a DT, IERLEmI L S,

Flo, BIERFEEORKER, REFEITHARRK, BFHEIERK, BILK, ERKO

mn1’4%73>§§ CXNDHT L o7, ERIL, 2024 R A TIFERKO KRS ERT
PRSHETEBIND TETH D,

24



B B} HIES ZA kv

SUN JIALIN K& | BERTEHiRT | B8k | SMR JH Sphere-Pack &J@REIDBESR -2 =V
TN X DIRFEZALRHE & Sphere b7 7 DAk,
B BE K WRESTTRT: | R | &R A 7 = 7 /3y 7 REIOREAD R & FRGiE

P HERIC | JAEA IR | MOX JBRBL AR 0/M FHIEHL TR %

W BERK JUN K BREE | 5 b D L — Y — BN N s E
BLOT < 06T X DR E MR

HE NEFK FUMI R Bk | 9  RONT X ) A REREYLa = ARk
W OEN A

EIRE NS | JuN RS KZREE | 8 B — TR AR S O i T S i Cs A ok -
AR LA NMTE E00 D5 B Cs [0 a4k

(I RER GRS JAEA BREL | BRALFEREBRO =D T —T R v 7 ZAH i M
Wk B DA A —2 0 77 L— MENSTF
%

TERE TR eHHERY: | Bk B b NA = b e B—AaHICBIT 58K
[fARES)

ke 753K REAKR A Rk JE 7145 % DA BB O F RS20 C 60
T HHAERRED ?

R N Pk XTR bR ARy B TR K DR~ T
T LPTEOVER & R BRI

1B &N LAl pNER Bk T b A Fa Ry & T A KB RINRE IR
T 7E DRFEETAR
Li Teng X FRIENL R | MB Thermodynamic study on the retardation of

a—vy phase transformation by oxide
particles in oxide dispersion strengthened
(0DS) steels

Hnin Lai Lai | #RTF Mk Development of ceramic—iron joint coating

Wai X for fusion blanket materials

A R HAERY M HUfE AL DI PE M BREE (31T D IR B DI £ 55
BRI DA

HRGINGS AbpE R | A EJ/ID TV T 4 K OER LS =

kv B — 540 B R

)l LK RRUE[E N RS | M8 TV X R A AL S 72 FeCrAl-0DS &4 Dk
FBE— B SR DX AW T T DA R A

Vel YGRS | fEHKRZF R R EIR 22 A 23— 2 FIfl W 31T 2 i B L &
PSR e FE BAERIZ BE9 D A5

WA KK —ZEET A | KOH 28N L7z PWRL RIGHVKEREE T Ni E4
& SCC F& A5k & P b Ry B

(azﬁﬁ%ﬁ%%ﬁﬁ?

RIS EFTIC BB 2 il L — S — 7 P & R LT ST 2
AXEWﬁ%ﬁ%ﬁé;kﬁT%tofﬁﬁﬁﬁfi S A ES i
VEHAT A A BRI STV, 7, BRI B2 LT, BRI A O
DIERER W17 7= tb DY I AR ST,

25



(6) BIREHIT =B DR T
2 H HORZIZ TR 3T OWT 12024 FFEEOFS RS F2mEE DR
EZEWINES RS g Wit
o HOUETORSE M SLIELRTEG TERELT 77 U G C KRR A H A & L 7-ARiEBRJE (2)

FLfEE FP 5@ DN THEOMT & MUERERBRIC I D BEARER T |
JAEA Afiga Mohamad EX [Study on coating technic to enhance accident tolerance
of fuel cladding (3) Irradiation behavior of the Cr coated MDA cladding]
B PSR INb IRV 23 =0 DE-S ORI & ST A0 (2 ST W o
R (1) PN MDA B8 s ORI LG 07 ~ A7 v —7 3

4. T r— MR
TS TRICT U — bR L REHRE R AR D, AT — M
e X =@ HEOMEHTE « BN GE AR KIS TIY D TIHWZ b D TH D,

i

Ao =faREN Y I F—ITaEsRcEnEs THY N EE E L,
BRI 72 > T RNV SR VR IR L b 5, E72, Do
L C AR B RIS oy, B IT—ICBML T F S o), R¥EEZ
AN TN N JUNE I ORERRE) . B S F—BHRICHT- 0 DR N0
TR, COWEBEY LTOLE DR L BT ET

Sthb 3 EAFE I oMk S, BHR0 T BORREICHFETL L
PHTAWT- LET,

26



TR

BN B A
" REHE - = 201X
w [ESTHFIRIE A e 20 27134% = 30t
o Cl: - WAESY SN = 401X
36544% R = 501X
e P e ) = 60fCLL
w S
A 1 2008 ORERK
I )=z MmL < I F—=hnE
1, 19%
s o t- = 1A H
s BT = 2[E H
s ELELEBE RN = 3| H Lk
S NFL ZNH /)
= HOOER w GG
s EAEB ZOE NS = NRIE K
DD
- AT, R - - AL —
Yy a URE
= DA u Z D
Z DAt E7RE DM,
c ESEE R/ FE RO X 4 - R
 EERILOMERR X 1 - FEFEATH S X2
B TADOFHEE X2 - FHAEORFRE

WA 2 6 bl =M aRIEHE I —7 07— MER(1/3)
27



%

W
=
jp

\

Umﬁﬁéﬁy

i
= B

IEI(\

Al D)

9%
o g

WA 3 6 Bl = EREME I —7 7 — MER(2/3)

LW

w R LV
= 3

= ROROf HL
= fif
a2l

28

Z DAl

aom 6o

PRSI

5%
=

= ZDfth

NS DT 7 AR
JRRHEO TR R
< b 9 Ui LMk 2s ooy

AN AIC DN T

g@ OO

\

26, 14%

18%9%

R [ B

= JERIZR N
= B

n R
= il

= JbifgE
= ik
= B
- ofri)
il
e
u JU[E

= SN




NEIIE =2

= JF -7 bt a% JE
s RRHEREDY
Vi — At

X — I JIVERT
ZR7p & OEHER

BHEOEH

FESITH ML T
Q (0% \/_Q 0%

= Bhotz
NS T2

ER S SRR AV A

UNEIELEE

5846%

s BAEE
o KTV - SR &
ok y

g—ip
= ZOft

BHEORENE

& 2% _\

= 3 Y
IEI(\

= HEN

RAZ—F v g 2250 T

65,83%

Y 7 —I2oNT

= REIHH LW

m RIENTSLEE A0

= BN E Ok
B THRET

= KA R BB RF R H L & BV

m Y T — IR LW ERT Tl e < FEEATRISR

A—H—DOTHENBEWN
u B T — 3R LD ST ) BEIFR DAA 0 PE £ ft 7%
NEN

s AVIBLE BESE 2 72 7 — A BET L TR LD
(Bl ; EHAEECRUR R — 270 )

WX 4 e —FHaaRENE I F—T 07— MER(B/3)

29




VI. #mERE
KRR SR 60-1 B BOERICBEIT WL ET,

B OS2 1T BIC LW & ZABEDBFACITH L TR B[ & 2TVl
SEELLZEZESHLE L BT £, Fio, SEEZOHEE, JPEEICTH IV
IREELITAICEH, SO TEMLE L LT ET,

AEIOMEMTIL, 2024 FE FHIOBRERTS OB A L LT, R T1%2
KOREZOEHEE v v a v, EBEREO WS, e - Ak - KA R
LD HZFE I F—0WE BRI S ESEE D 2 b DFlFE Ll ST
EWNTEY 7, BIEBHANEE TR EEWET,

HEOBZXICAEZMITET L. 2R X 2O HERNRELSIBLIZZ LI
PP, =X —EARH B OUGEIZ AT 72w oM T, = RX—ZEMS, £
FRR, MRFBORIFFOFERZ BIET_EH 7 R /X — ARG HE D R E
SNFE L, ZOFT, DX LONGX DHERRIZAE D BIFTFENRIAENLH T, MR
RERTHDZ &, D ORENRENFEORENS | T3 BOEMHHE S
NTWET, 20X RS0 HRFISZOND Lo, BEeEMk LT ETOTZ
¥ N OEBRE), WONSBE S INEE D1 b & BITITREN O & AL O LY FHLA B
boTn&iznE BnEd,

W DR HRIL, 2025 4 5~6 HEHOFITZTEL T £9, fia®EH L L
T RELIENEERDLIIIEDTEY £TOT, 5% L LD 2 %2 B
WELLET,

2024 AFEFEEAARY - HIE AR — LT ¢ v 7 AR B %

A—)L 7 KL A : tsuruta. yoshiaki@tepco. co. jp
Eah 5 070-7468-1407

30



