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Japan Atomic Energy Agency (JAEA) conducts research and development (R&D) in
various fields related to nuclear power as a comprehensive institution of nuclear energy
R&Ds, and utilizes computational science and technology in many activities.

Over the past 10 years or so, the publication of papers utilizing computational science
and technology at JAEA has accounted for about 20 percent of the total publications each
fiscal year. The supercomputer system of JAEA has become an important infrastructure
to support computational science and technology.

In FY2024, the system was utilized in R&D activities that were prioritized in the Fourth
Medium- to Long-Term Plan, including contributing to carbon neutrality through the
development of innovative technologies for improving safety, creating innovation by
promoting diverse R&D related to nuclear science and technology, promoting R&D in
response to the accident at TEPCO’s Fukushima Daiichi Nuclear Power Station, steadily
implementing technological developments for the treatment and disposal of high-level
radioactive waste, and supporting nuclear safety regulatory administration and nuclear
disaster prevention by promoting safety research for these purposes.

This report presents a great number of R&D results accomplished by using the system in
FY2024, as well as user support, operational records and overviews of the system, and so

on.
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ThaAl SRl — ORER 115 (TIP4P-2005/f) % F\W - iy 8 1%y R 2 L—v g L
EONTUTON TN L LEfFTE %, £z, AEIOFREICHONT S AWV 2K 51
EREDEAE G5 ZTND Z ERNSh5,

200 - ‘ ‘ 60 T ; ‘
Harling+ (1969) © Harling+ (1969) ©
ENDF/B-VIII.A ENDF/B-VIIIA
JENDL-5 50 JENDL-5
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a P a
50 | I
o :M \Q
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X 1R - FE ORI 3 5 e RSl ER o Wrm A IC BT 5
FERAE « BEfFET — Z N — A« 4[RO o Hhig [,
AP R ¥ —1F 1561meV, BGELAEIL 357 (EX) BXO67T  (HX)
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M 1R LA ORER b E 2. HETOWRLL TFOSERETIE, 4 BEHE L 728Kk TSL
i, ENDF/B-VIIL.1 X JENDL-5 & W\ o 7= ffi O T — # X— AT S i, BifEfE~ O
AP OFEICEA ST D TSL & FRREOERWTHNEE 2 FF> 2 &Ny hoie, Hilk -
HEAHE TIEAEEHE L7z TSL O TR ESBEFD & O LR AW 2 L R0 o T2aRIEn, 2
OFRERICITIEERBER NS D, BFOKKIGET — % RX— A M T2 TSL T HFR - #IE
FHE Tt S AV 155 2 W iUy FEN )P R 2 b—v g VIZESW TS h
TW5, ZD, FiE - WEMI TIEEREOHIMNE N L IXHEERTYURE LWV B,
findr. I B b EEBKFEERSR M (R - @R 1. RBRBRIY 85 & Baii{b L 72 Sk
AN TS, BROEY . Z 05 F CIEERIE & Tl L3RS Tng 2 L 2ME
Y Al L ONGAY

ZD—J T, AEGFHI L7z TSLIEH—JREFHREICE S S EMTFE AT v vy VERWEZS 1
e Ial—rva  lES O TH Y RERCENSFHIEK LT —ED THRRE 2R - T
WHZENHIfEND, ZOD, ARELRIEERIT, BB ISEEHW Y I 2 b—va v
TIXTPHBENE D 5 &R - mEREIC L Th, AROFETIIEBEO TRINARETH H 2
LEHFFSEDLLDOTHLEFE XD,

SAREOREREZEEE 2. WAREOFHE & U CTHEIEAHI OB K TSL 22T, JFLEHEEZ A
TR ARGEEEIT D) & E TEL TN D, S 6 A ORGEECIX 8L O BRI D 2 % H
WA, F-li L7z TSL &2 AW LEE 21TV EORE R4 EBRIF 72 & CoRERFZBR O
REWWTHZ LT, BIOAENDD TSL OFE/ARDMEEETTH ., BARMICIZERK TSL % BEF
DHDONSAEEHE L7 b OICEE L7356 T RMAERMEO FRNEER ED X 5 IcEb b0 %
MRFET %, 7235, JFLFHREICITERD D 22 SRR EOESWE 7 IV B DWWz G R 2 —
Rz W5,

MMz T, A%, BAKIFEIRSEIEIC T D P HGELIEBR A FEli 78 Th 5, AREBRIL, A
D KIFIEFASAFIZI T 2 mhEEE O FHGELERIZ e 2 S W S LD, ZHUSERN T, ST
EFEEIC IR - IR EE DK TSL Z3Eli3 2 2 & Z§HE L T\ 5, TSL Ml OBSIZIZ A [E &
AR < DD DAZHAA BRI BIEUC S BB AR T v v v VAER LTcEH R 21T o> Tl E &
OB FEES < FHIED e b %4 T 5 0% ERE & O e H» HHIEr T ReIz L TH <,

(3) RRBURF(ER, TUREE. HXE):
AR

1) Hil ¥4, AK 2 Thomsen Bo, JR IR EIRS: FIZH 1T 2 B ME - HGELRI O HIE - 3F
fli - (D7 my=y MEE, BART 1152 2024 KO KRS, IHT.

2) S. Nakayama, Current status and issues of evaluation of thermal neutron scattering
law for nuclear reactor moderators, 2024 EER; T — X W78, REEUET IR aENT.
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5.1.2 LOHDIM-LES O FEMFRAEFRILEI—F D E{H
Code Implementation of Efficient Inflow Boundary Conditions for LOHDIM-
LES
il iRk
BREEENREMIIE 7 L — T
(1) FABM:

JRF- IR X 2 E CRAFFEREREE W Tl > A7 A SPEEDI % (i % L C % 7=, SPEEDI
(T, Bt~ km O A E m BREOFEE - THREMIRZMBET 2L T0WD7D, Hm
F—F — O D LR I3 1T DML COFMILB TRIZ T 20, 2To0Vo
T RFHA o — /L T ORKILEHE G 2 RSB TR 2 72 012id, MR mR 2 gl i
L. &L « WEIEBOIEE F R 2 IR DNDBEY I 2 L—a BT VORER N
EHThb,

HEEE L. FEEHELMEROBHIZEN 7= Large-Eddy Simulation (LES)ELIEE T /L2 HES
< JRAPHE & 4 iR BE K &L k£ 7 /L (LOcal-scale High-resolution atmospheric DIspersion
Model using LES : LOHDIM-LES) DB % 247> C\ %, LES ELitE 7 Vi, BRI 24
% IEE W B G 2 BUE RN 4 2 72D ABESR SR L THRFEIZ 2L URSKELHRIZAH 4
THMALBEAZHET DLENH D, £D7=H, LOHDIM-LES = — R, I IR (5
= 1[1]) #&FIc L GREF s,

KRB EREZ VW5 2 & T, FHRET L BN R W B EZE M O 3R i EIZFEEY) 2 8 5 hd
B L TEEORKRELIRZ AR S, TN BV GART 1 0D 550 i RE R AL B AT 73 ]
REE2% (M1,

BHE1 N7V REEEBIRIR 25 R 1]

,21,



JAEA-Review 2025-044

"9m/s
iﬁﬁ% ZE'E
LR

1 LOHDIM-LES OFFHEE7 /v (EB : REAELTTARGEE, FB: « KL BARAT fE )

CHET, WNOMESE - FIEE - WEBRDE U D BHERTTSRAMF 2 6 5R1Z U T @ o RRE R SHL G
FAATV, SCHME & LWBMREEATT 5 2 & T, EBRE & MEOERANEL AT D2 L 2HEFEL
o UL, =7y b &F 2 RIARGYS Z BT 510k WVBIEZERM 2R ET S HERH
V. HOREORITHGRZ MY RTLER DT,

% 27T, LOHDIM-LES (24 =% v b &9 2 R&ELIT 2 D= A K T & 2 AST LEE =
— R&EAL, Bliz Lic, AGtHa— &, FF s ocek s 2 iU =5k o
REFB LY FEHNRRKILHIRT ORI FIE & 72 D,

2% 3R

[1] Leitl B, Schatzmann M (2003). Generation of wind tunnel data sets in support of the
Joint Urban 2003 atmospheric dispersion study, Oklahoma City, July 2003, Interim Report
07-2003, Meteorological Institute, Hamburg University, Bundesstrasse 55, 20146 Hamburg,

Germany

(2) FIARNE-ER:

S—0y b T DRSS & BFRENTHE Y 7o 012 JROEZE B & BYAD (I AT RE 7 ELE ARk
FIEEBAZ Ui, ZOFEZ, BIRKHTOELTTHET & & G E & o 2 ELTRER L LT,
S—0y P T HREEBZEY HTEDOTH D, MERGIHE & LT, FERKUTHY T 2 ELTTHT
RIEOEET — 2 2V,
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2 LOHDIM-LES (2 & 0 Epk S 7o BRSO B3 (BB fRIE. TEB  BrFik)

B 2 1%, BIRARATESLE 2 — K (B FE) 28 A L CTERSNEIRE N E %2, AR
LOGERIELE IR LI b DO TH D, 22 TlE, HIFREOAINEEZTIRD720, B FEERIC I
TELSERENDELIRZRE S E L2 D OEEMITRE L TV, FHERMHEEIT 3600m X
800m X 600m (F= it J5 1) X A ELAZ S5 [0 X $RiEL S m)) & L, KRS OFHER P 213 10m,
FRIE T IAZIE 10m —20m DAY REIREE 1 & L7z,

PERIETIX, MABER L 0 ZZRANCZEIL L TODBERBIELRAER STV D O HEGE TE
D3, IR ELELTTNDESIL 300m RBEETTH D,

—J7, FFREL, IERICEALT 28R ELIEIE 500m FREOF & £ TRA TN D DOHER T
&5, ZOMHFERIZEY , BURERO X5 ICEHN A RE S 572D DOEEMORELTH 2
LB DOBHORITHROHAEEZ T bl =7y FETORMEES 2D
RIRBHOERZNRINATH Z L NARETH D Z & 2Rtz

JE A TIhER DR AREFERN T D IR ESRR X, 550 - B - BRI Z KR A MRS
e, BUE, BHRYVI 2 L—va VIR BEMERRO LN TVWD, BiEY I 2 L—v g
CETIVORANL, JRFIFREER O SLHSOREEY) O TR - BliE 72 EICE T34 U258 10 3R
HINT 22 ENHEETH Y | i OAREESZREN KN D, ARFHR 22— i, Bix e
- OYLEYRIR EERIZ I 1T 2 Kb & AN HBL T E | B E 2R o CERBREAN O FB
L7095,

(@) BRVAMER, TLARR, ®XF):

1) 7L,
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513 AZLBEHEO-ODEF-BEFIal—ay

Atomic and Electronic Structure Calculations for Alloying and Defect
Structures
ME B, mTBra AN AR OE B BT
MRIAPR T2t 9E 7 L — 7
(1) FAER/M:

MEIOFAIGE, &0 DT B ZRENE, JoHRTE - KIS - &7 KMl £ o THEHA T )
&R - BRI E D TG ) IMEEITKE G o TeIFBIEOF EAERIC L » TIRE S LD,
ZDOERRRAF O AAER OBHES A3 J)HEREm LISk 2 BIS RO 22 A BB e 2 fH A T &
Too FRUTEEDOW P RRERRGT O EBUTIT, TN ENDRF & FIEE & DR L OEEK
DRSO AN 2B L TR Z SRl 3 5 A OMEN LA TH D, THFE T, @ik
FEDEEILRIT L > TAEAM SN DT RF N T A S, GPa A —F —% B2 2 &t
PE - B2 N LTemiRE S TR te (A =2 bu B —54  HEA) 72 E oM@ - /177 HhE
ZHOBMEINERE SN TWD, HEA 13 U CIEBELS . ZHEFIH L2 iR TS &
SEFIMEA~DIEH LR ENTND, L LZOZIIMBRERINTZHDOTH D | K
HEA TIIHAEGOE LIREDOHBRENER L 2D T2 DENTEiEEL AT 566 2 HRIEHIZA]
"I L FERPLEL SNTWD, AR, BTGV TG RO 1) 2 RE 2 55t
LB AR — L& LT 22 2 B E T 5,

(2) FIRARE-BR:
1) A0 6 FEERE DR B AR
B 6 O TEEHE T, ARONIEREE (BCC) & iilariEfER (FCC) O — oD%
fE RS 2 B> HEA O ORITICOW TR L, BN 1P 2 %3t 2Rt 2 15
HZEHEHEME LT,

2) BFN 6 FFEEDORFIERR & F D E BN
NA T v BB D )RR
- EEME BCC A = b m B — 5@ OR300 BT Off b

— 2 BCC DA T, MKIRTIET 0 131100 ICFEEA L . &R CIE<111>8507
P10} E & A112} 1 O CTHEBICAZ AT R 75720, BEHRMICEIE SN 590 (A7 i
W <K T 5, (ZOT R EOIBIILT- x BtRE W TRIRICHEMET 5 Z LN TE 5,
U-x BfRIZ, AT LABREIZBOTETD {110t e R REARNIS 1 E2 £ CHHEOAE x &
FEFT R @E{110} & ERICBEINHATRXVEOMAE ¢ OBRER LD TH D), —HHOD
HEA TIZZ DOW- x B EH O BCC &4 CTRIZ S 2 {1100 DB T/ < | {112} TRlLE
SNDZERERITHOENTND, ZOT Y OFEBDERICEIC KL > TET D LABE
L. REHEZSET-AEN 7 Nb-Zr &4 % WO CERALEB) O i/ 1L B — 1R 2 3R
T DA 2 AER LTz, ST ORGSR, 86 IV B L RRER SV NS = b r E—BeIlB N T,
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HAAIEE) O i/ 1L F— K I d HUEOE FEICER L TWb Z Enbhrot, U-x B
21X BCC &BOEROHEME L L THRbNHFHETH LM, AFERIL HEA G828 T
U-x BRZ RO LR FZHONI LIS D TH D, I HIZ BCCAHAEBR~DH IV BILE DU
INMIHE T IRE A KT SH, HERAZEE, SIS TOT B, RO O RV F—72 D))
FRMEICERE T 2R A IRET 5 EER E /25 2 E BB LN o T,

- FCC A = brE—GBOEFR

BCC-HEA & &8 T FCC #:& % #> HEA IC oW T b EN G b7z, FCC #&Eaa1
LETy b —EeORITiT BREREENEANT AR FET 500D 5, TR0 L
SE DA 72 Mg /S 5 — 2 70 E DR BRI BT — ROV C T 5 L TnWD—F T, 2D X
O IR R A 5| & 29 HEA O RARR e BRI S TuZ2 vy, CoCrFeNiMn
B L OE OYRAER OB TR A R D JRIR & 70 2 FARREME £ 56 — R BREHRLIZ L 0 afEmic
BB LIz, ZORER. ETRITRKE FEMIN— T —AXT MLOIFIT 2% L, HEA ©
FREE LICTHF G L TWDL Z eidbhote (K1), 61, BEXM—x/L¥— (SFE) 1%, 7
U LEEIRTIEE L <KW —J5, Monte-Carlo 5152 L » TH L2 EilEBERF (SRO) 73
R EiID RAAL VJED T ER Lz (1), SFE oL, SF B L 517/ SRO &
AV CRRFFOEIUCER T 223, AT ORE R HEA Frf O EEASEBIC 3 m T 51K SFE R
AA @ SFE R AA Vs, kix RERE— FA2EGEANIEM L S8, B & ErEo
NTURAZFEBLTND Z ENREBINT, 3R A BT O RIZ OV TIRFT O 4 )3
HDHMN, ZOREFIL, HEA 5480 FEH CTh 5 CoCrFeNiMn O & ED R & LT, #1O
THTEHRATERWERREHH LI LD TH S,

SRO Stacking fault
W WY m (uB)
EROTR |
aV e
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FHEIC L > TEON-EBEERF (SRO). R +O T A, fEE KB RrL¥—

,25,



JAEA-Review 2025-044

B OEMBTFERNT v v VB3R & MR EHCE B ~DIE
FHLMP R B AR & LT BB Gr OFFFEDH: L L THISEAZ 1T > T % Fe-Cr &

BEDORT oy VBB Z R L, WS RO h - 7 725 - BE K7 SHERTE

(CHHET =2y MIHT2H - HHEFREZET L, KTy o7 n b2 A Tl st

77

MelbR+ &7 % o Bt afifiEd 2 2 L3 lifr S5,

Q) MRVAL(FER, TLURAER. WXH):
@ Einam X (ERidY)

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

T. Tsuru, Origin of Excellent Strength-Ductility Balance Unique to FCC High-Entropy
Alloys: A Plaston-Based Mechanism Derived from Electronic Structure Calculations,
Mater. Trans., 65, (2024), pp.988-994.

H. Somekawa, T. Tsuru, K. Naito, A. Singh, Control of twin boundary mobility by solute
segregation in Mg binary alloys, Scripta Mater., 249, (2024), 116173.

Y. Abe, T. Tsuru, Y. Fujita, M. Ohtomo, T. T. Sasaki, S. Yamashita, N. Okubo, S. Ukai,
Effects of Al addition on Vickers hardness increase by thermal aging of Fe—Cr—Al alloys

— Evaluation by systematic experiments, machine learning modeling, and first-
principles calculations, J. Nucl. Mater., 606, (2025), 155606.

B, WA, IER, o7 P a A, §FT, @EWENA = br e —5a&0
FrBt 72 )RR DR, £ T &, 63, (2024), pp.695-702.

R, BLUR], ~ 73220 AGeOFEMEEY:, BeE GEHEGEE) | 74, (2024),
pp.442-450.

WEELC, WFMEO I a2 L—va VIfRE KA v Y=y Dby, Ty v 7
V. 26, (2024), pp. 296-301.

FEMR A, SR, v 7P a A8 BB, RS, R Al 62k
F% GP Y —rBIUT /7 7220 & OTERIER O, B4R, 74,
(2024), pp.535-545.

K. Shimizu, K. Nishimura, K. Matsuda, S. Akamaru, N. Nunomura, T. Namiki, T.
Tsuchida, S. Lee, W. Higemoto, T. Tsuru, H. Toda, Combining muon spin relaxation and
DFT simulations of hydrogen trapping in Al6Mn, Scripta Mater., 245, (2024), p.

116051.

S. Kiyohara, T. Tsuru, Y. Kumagai, First-principles Calculations on Dislocations in
MgO, Sci. Tech. Adv. Mater., 25, (2024), 2393567.

R. Yano, M. Tanaka, S. Yamasaki, T. Morikawa, T. Tsuru, Temperature Dependence of
Deformation and Fracture in a Beta Titanium Alloy of Ti-22V-4Al, Mater. Trans., 65,
(2024), 1260. fil 1 #.

@ AHFH - AR

11)

AR ZEREM, LD BRI, MR —, WAFE T3 =0 A848ICBl) HKE
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WA LI 0 72 b O T MG, B4 B R AW 147 MRS, 2024 4E 11 H 8 H, BEE K.
12) (RMEEER) SR EL, B IREFE 2 AW EALNE & E B Ot Tk & /e
B, 2024 R A RSB PR ERCOGEE 2, 2024 4 11 H 8 H, online.
@ Tt
FR R KRR

13) (Eké'ﬁi&fﬁi ) %‘B AR, AN, = b B —R&ORRR ) FREDOER  —
IR AERH R F5FRERR 5 —, JAEA R&D Navigator 2024-25 .
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514 BREAEODAIZ1I—JIRINT—IRTUIvILEF
Development of Artificial Neural Network Potentials for Multi-Component
Alloys
SR B CATNE i i
MR T2t 7E 7 L — 7
(1) FIAEMK:

The unceasing growth of studies on multi-component alloys (MCA), metallic materials
consisting of several principal elements, is dictated by a number of their unique properties.
However, because of essentially complicated interactions between atoms in MCA, the origin
of their excellent properties remains largely unknown.

Due to the enormously large compositional space of MCA, atomistic simulations is the
method of choice for their studies, with a focus on the behavior of dislocations. The present
study answers the demand for high-accuracy modeling of novel alloys. The project uses
first-principles calculations based on density functional theory (DFT) to facilitate the
development of new interatomic potentials for futher use in classical molecular dynamics
(MD). As shown in Fig. 1, the resulting machine-learning potentials (MLPs) have an
advantage of calculation speed compare to the DFT approach and high accuracy compare
to the conventional potentials currently used in MD.

This study uses HPE SGI8600 high-performance super computer at each stage: from the
acquisition of the database from DFT calculations through training of potentials using GPU
nodes to finally modeling large-scale atomistic systems in classical approximation using

the newly built interatomic potentials.

ipe . . . i ; Large scale
@‘tlflClM Neural Networks for interatomic potentlaQ / p/?)ttcérr?tligl Afg’rg‘e'c at?,mistic I
Environments modeling
of all atoms Neural - ¢ e
network |7 g\ T i
= E ‘
S Z
) —_— ,
o} = A
o Fit = 4
1 up:
g ;;-’-iwe Z Quantur_n up: =
Atomic ."‘: d:etta g mechanics Make accurate!
coordinates — 8 i 3| 9-0
— B Conventional | |5V,
- molecular dynamics | Old potentials
\Efficient use of quantum-mechanical data /) \__|Speed of calculations | /'

Fig. 1 MLPs usage scheme and advantage compared to other atomistic calculations

methods
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(2) FARNE-BR:
Research targets, their results and significance for the FY2024 project
1. Building machine-learning potentials for high-entropy alloys based on the data set in
DFT

In the course of the project, the large dataset for the five-element multi-component alloy
(MCA) ZrNbTaTiHf was built using first-principles calculations based on the density
functional method (DFT). The dataset comprised 80,000 different structures with varying
number of atoms. The smallest structures representing basic phase (such as the body-
centered cubic BCC or the face-centered cubic FCC) of single element were as small as eight
atoms (with periodic boundary conditions responsible for the bulk state of the crystal). The
biggest structures contained 250 atoms, which is necessary for the correct representation
of crystals with surfaces. The size of the dataset grows bigger with more constituting
elements of the ally under study due to the necessity of covering different atomic
environments for the correct fit of the energy surface of the material.

After the dataset is built, a number of new machine-learning potentials (MLPs) were
trained on it. The difference in the potentials comes from the randomness of choosing a part
(3%) of the data set for the test purposes. As shown in Fig. 2(a), the comparison of the elastic
constants calculated with the newly built MLPs and in DFT reveals a good quality of the
dataset because of the low dispersion of the MLPs results. Currently the potentials are
undergoing other quality tests, such as the phase stability test shown in Fig. 2(b). During
such calculations, the alloy is heated to a high temperature and then cooled back. The
monotonic change of energy and volume of the system demonstrates the stability of the
BCC phase of ZrNbTaTiHf.

The significance of these results is in the demonstration of the robustness of the newly
built potentials. Also, it is worth mentioning that there are no interatomic potentials for
the ZrNbTaTiHf alloy described in literature, and therefore the results which can be

obtained in this project are unique.

a) 350 ZrNbTaTiHf MLP compared with DFT 10 b) ZrNbTaTiHf E and V on T; Potential 000
= pot000 205
300 e pot001 | <,
T v poto0o2 |[° . £
9.4 20.0 S
0,250 4 pot003 £ 1o
» S =
— n o a5 Y v
£ 200 BN ref. DFT (6 = s 5 > 3
3 = 2 s _ 19.5 g
3 150 = 4 O 3
= C) =235 {19.0
2140 S 0 250 500 750 1000 1250 1500 1750
m} " 2 TIK]
50
- [ ) 50000 100000 150000 200000 250000
0 —i )
BO c11 c12 c44 c' a0

time step
Fig. 2 (a) calculation of elastic constants of ZrNbTaTiHf with four different newly built
MLPs (symbols connected by dashed lines) in comparison with the DFT results

(columns). (b) Energy and volume per atom during the phase stability test for one of
the new MLPs.
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2. Machine-learning potentials development for accident-tolerant fuel cladding
The quality of the newly built MLPs for

FeCrAl alloys are also under study in the _ o
810 *  pot039
pot068
current project. In the first stage, the elastic 2 e
— ” »  pot089
a v
constants of the pure Fe calculated by MLPs £-8.15 i ' puse
.. = before” w |55 e
were shown to be close to the existing results  ° elodtion sfter 2| 1 En
Q = = pot287
. . : 2 -8.20 g
in the literature. As a next step, the energies Ny ) 2
: o e 2w Sl 3
of defective structures were investigated. - S
-8.25
One of the results related to the point defects Relaxation of 5I-0

in the pure Fe is presented in Fig. 3. The good . . .
! P =P mrie & Fig. 3 Energy per atom in defective

agreement between the MLPs and the gtructures of pure Fe calculated with

MLPs (symbols connected with lines)

reference DFT is seen in all energies of the
and DFT (columns)

structures before relaxation. The relaxation

process with MLPs has revealed the metastable character of self-interstitials in
orthorhombic (labeled O in Fig. 3), tetrahedral (labeled T in Fig. 3), and 100 configurations.
This result was also confirmed in DFT by further analysis of the mentioned structures.
Also, the relaxation path between the metastable and stable configurations uncovered new
structures that should be added to the dataset for a better representation of the energy
surface of the FeCrAl alloy. Among other investigated structures are point defects with Cr
and Cr clusters of different sizes in the iron matrix.

The development of highly accurate and robust interatomic potential for FeCrAl alloy is a
significant result, which will make possible studies of the origins of brittleness of Cr-reach

a’ phase and influence of Al on mechanical properties of the alloy.

(3) MRVAMNZER, TLARER. WX%):
@ Kffam X (Eatdhv) (HkE 18
(HoRGR] [ ]

1) HEAR EaAy - 35 fddd - Ivan Lobzenko * #0088 A= - A &, “Al-Cu B X WNAI-
Mg-Si 542825 GP V' —2 )/ 7 T A X FRGRIER X ORI ER 1233 2 fE
fighr” |, BAeJE B 748125 2024.

@ [Ei - Bz (3 1)

2) L Lobzenko, T. Tsuru, Y. Shiihara, T. Iwashita, “Local Von Mises Stress Change in
CuZr Metallic Glass as an Indicator of the Stress Response” “The 30th International
Conference on Computational & Experimental Engineering and Sciences”, Singapore
2024.

3) L Lobzenko, T. Tsuru, “Atomistic modeling of mechanical properties of base-centered
cubic multi-component alloys” /~A =) hnu ' —5HF4 EREVEICEIT 2284 Japan,
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JAEA 2024.

4) 1. Lobzenko, T. Tsuru “Building interatomic potentials based on artificial neural
networks for BCC multi-component alloys” reported at scientific seminars at CEA
Paris-Saclay (France), SCK Mol (Belgium), KTH Stockholm (Sweden), RUB Ruhr
(Germany), during the short internship 2024.

@ ki

5) i SCE WM 1. _Lobzenko, T. Tsuru, H. Mori, D. Matsunaka, Y. Shiihara,

Implementation of atomic stress calculations with artificial neural-network potentials,
Mater. Trans. 64, 10 (2023), 2481.
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515 BEHREBRHICI - TERESNAHRYEDERR

Exploration of Novel Physical Properties Driven by Irradiation
Bl L
TG R BT AT 8 7 Vv —
(1) FAER/M:

ARAFFED HHNIHORARZ L oW EOMWEELZ B I E AT L& LT 528 Thd, £
DYAT LERAND Z & T IEROFWEIRZ THO LI TE /8T X — Z (TGRS %58
T2 NTG A= L LGEINT 2 2 &N TE D, KR, BEREEMER LW O B2 %
BIYET 2 2 E N ATREICR D | T LWIERRGT OFa$H AR E T 5 Z L 2 RiET,

AWFFETITRMARD T #EE & LT ALFRRERY A ZEITEND DNAIZIEA L, 2
NE T, DNA OWtt= > b o — & B Lok % RF9E T TE 7z, LarL, DNA OF
TAREIZ R TH O AMEELO B EZ RE < ZTRT L, @R {LOEIITNETH -
7o & Z TR CTIIAMM Z D TICE T IMEEZE 2 B0 BERSHCER 35 L3k,
ZIE THID 22V R AE R B O WIIIERE D KBS I = L— g VIR T 2,

F7z. AFiE% DNA LIS OWE~ONE M3 53 b Bsh LTz,

(2) FIRARE-BR:

N 6 R DR H AR

6 L, PHITS ZFIH L THURR E WBE O AERZZR L, H—JRBEEE Y 7 b
7 =7 OpenMX ZF|f L CTZDOMHANEAORERA U 550 1 - EIRER(LE R 1L~UL

THET D, £, FHEHEL LG E FREBOMKRZ ERICHGRETT VA, EFHHE
7 B 3A AT EARBY 28 e 2 IR 3 2

£ 9, PHITS & OpenMX %#iA L7 DNA OIRREZE LT 2 B4, & 512, OpenMX D
BRT X VERRT DI LI iof%%%ﬁf~w%m%%ﬁ¢é ERNE - gAv e S
FIo5y FiEAf Sl DNA, thoHHEsy LEMRAEHT 5, RO EZENTS (B
AP R hys) LEBESE (Quantum Innovation 2024) T3 L. proceedings
whh & Ui Lz &t %,

TF0 6 FEE DR & Z DO EZEM
B DNA (24 U 2 i o %t] DNA (34ES 1+ Th 203, BrE, miEn L
BB Z2AlH CHIER SN TW5D, LrL, DNA ORI Z2PE- ) S Rbi <o 1
KWa7p EDT o F AR AL BT YEO 2 v — RN EFICRNETH 7=, DNA OET
Wt o> = > b m— Wi 7o tEEt 2 5 2 5 2 L1, DNA BWWERFD AT — U L 72 % alhetk
ZINT D, ZHVET “Toy model” & LTI TE 7= —WRIeks AU BE 9 5 5~ OHFZEIC
BBz 52 5, AR THoA 38 EILREEH w2 W T, A—v & ER L7z DNA OF
TARREZ IR L. — R T AR A A28 L 7=, E ORHERE R, A—VAERRIZ X - TEW
BN FERT L2 L 2rnd, TORVEFRBITEEREHRAZHE S Guanine & S{ROHEE
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XA D FHORMICER S 5, ABFETH ORI, DNA THRax2L7 7 —2X
EESHZ DHMNIENY . T A AOBEWEFREBEFIN LS80 2 nIREIC T %,

[T T N OEBIRMEE D A F = X 5HF9E] DNA 22 RNA 134K E 5 T Th 553,
BT A AL L THEWIBERNEZRD, TOH T, ~"aF by 7 VOB RREHI BT
DB HRERIZBNT, BEO X D vy RE vy v 7RISz, FHLAE YO
DNy RE Y v T OYMEMINT, BRI 2 8a58 1 L 72D, AWFSE CTH 2 135 FEILES
Bz W " S ey T UV OERRIEICK T 5 EFREE R L, ORISR
X, U REY v 7OEBRELZHFI L, £/, TOWMINY Ry v 730 721 en
7 7 R A O BEE N ER & EZE DR E CTIEY 727 in-gap /N> RICERTH Z & &R LT,
AWFZE T LN BEAT RIZ, DNA ®° RNA Z W E 7, A2 EHT5 2 LIC&R
V. B2 5EFRIEOEME IR & LB % fRelC T 5, AU % Nature Physics
IR TdH D,

(RN TR B 2 Fl A D B SR B 92 ] O M A 2 il 2 A5+ & BU#R o
FAAEAEFNC R4 2 JERERT IR IE . BB 7 VGRS RS 5, REHAIRIE 2O v v & 4hH
9% Plutonium Uranium Redox Extraction (PUREX) k1%, VY@ ~U 7 F/v (TBP) %
RIS 223, OB BRI 2 W, B LRI I+ S Ty, 2
OIFRIIHH DO FBRRICHY T2 Y U N 7T OB EFEB ORI N 5, AKWFETIE
RS EH R = — K PHITS # AW O BiafR 4T L, 77 w @iz s 2 U Vi -
U 7 F v OB &R U 7o, RIS EELBIS AR & el & U723 —JREGHRIC R D .
AL R 2 AT L=, 2 2 Cld, WELRE) D15 DIV EBEEE Y O R — Vv & AR L T2 iRIK
TBP 8 73 1R DB A T = XL H 7T LTz, 26 —HOFRIZL D Ferld, U BE b
U T FNAZET DR R ORI A TRIE LTz, R TR ORI FRm I, 77 7
MBI bT @B ERFECR T DY VRN Y 7T OB BRI TR T 5, AT
%% Phys. Chem. Chem. Phys (Z#F&53 % 7= 0 SCHET TH 5,

UBCR R BIS REAR | R B o RV ER B BT DOWFIE] RIEFEVERLSR A £ U I35 2 OREF
TLOIZENPAERREROBRAEY L LTHERSATWD, ek~ 7Ry T LD
T E DB O —D>TH %, EDFRIZE D | ghEiRib~ 272U LAOFEICHEF
J&7 oAb F U LAY D & BmERAEITIEN FITHEINT 5 Z v Shv, ANFZET
BT 1 FEEPLEBIEE VT, Sl b~ 7 R U LD E & 8k-7 L) F U A-fRfb~ 7 Ry
U LADOREDORRE— A P aitR Lz, ZTOMENOHAIE, 7 L) F U LE2LDOFHEIC
AT D L& R O F OB FIUEDN, 7 vk F 7 L ORINE -5 TR 1) 1 T
LEDTHMT D& T HRE—AL FPRRARIO f512725 2 Lam Lz (K1), AWM
TR ONTBERE RIT, mtERE 2R TR R A & U O B 2 PRBE S Do iatadt & 72
Do Atk MIHREZEITIRO EEDN TV DR b o RAEE F T OB BT 2 55—
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HEFREFHEICE SN T To T HD LD ThHhDH, ARIFZEEOREIT Journal of Applied
Physics (Z48# X 41, AIP publishing Showcase on Kudos (2 H 38 /E S 7z (B#HGEH L 1),

L(a) Sk~ 72U LO5EEE (b) $ 7 (L) F UL @b~ 7T LD
SEHE (© $k. 7o) F UL Bt~ 7 22U AOREKIEE LD R RO
BB, BERE— A P ORRRIR, SREE L TO D EOEFEENMAE L,
FROMEMEZAE S LA HUERRN Y T < RDH I ET, MRE—A L MBI MELRD,

() HRURF(ER,. TLRARR. BXE):
AN RS PeH AR 3L
1) (MTakuya Sekikawa, Kazuki Takada, Takeshi Kai, Yoshiaki Ono, @Mechanism of
magnetization enhancement at the Fe/LiF/MgO interface elucidated through the first-
principles calculations of the interface structure,@dJournal of Applied Physics,®137,®
20,©2025,(0203901 fii#% : AIP publishing Showcase on Kudos |Zi%®E,

[El N 2=k

2) B, FERERGEH, KEFFEE, KRG, HZBMEEAN, 5 —FEFHHEICE S F—L F—7 X
72 DNA IZBIT 5 EWEFIREEORREMN". HAMEZEAE 79 BHERKES (2024 4F) .

3) BEM, 77 R va, atEAN, mR&h, 6L, KEEE, (CikEs, A
fifi, “FEEfE L 7= DNA 23 DB IRIEFHE v 2 = L— ¥ 3 > —Quantum Radiobiology ? A
HEME =7, BAGHREEESESE 67 RIKE (2024 4E, 5k .

_34_



JAEA-Review 2025-044

516 PHITS 2—% ANXIEV T+ PHITS-PAD DAL THEEDRAF

Development of the Help Function for PHITS-PAD
{7 NI PN
T R BRI 8 7 Ve —
(1) FAEM:

FHHRR O 28 & K3 DA O o7 v aitE o — K PHITS (X, 40 74 3 ARRALTH
FRERD 1 TN TR Y | IREERGER G, BB Has OBR %S, fraEafili, EHISH 7
ELMEEWGE TR ISR TWD, Fxid, PHITS OAN T 7 A MEREZIET DY 7 Y
=7 [PHITS-PAD] ZPH% L CH 0, PHITS = —F DOIEEMNE LN LS D7Dk~ 20k
REZEEL TWVD, ZOMREEDO—DIZ, AT A—ZOFHEZe v M LTERTLIILVT
FEREDS & D708, ZOMKREIX, T A =2 XA E £ &l XML BAOREE T 7 A V2 L3
&ET%, LML, XML 7 7 A VIZADEERET DITIAETH L7290, L 0HFNLTVIE
XTI A—ZEREBEHT DT A RXR—RAT 7 A VEREL, £ 2005 XML 7 7 A V&4
KT D7D T v 7T AEBR%E LT,

(2) FIARE-BR:
® PHITS-PAD &t t > hFErHRE
PHITS-PAD (%, PHITS $5H D/RT7 A —X iR T 570 EORM A2 727 F A b=
TABZTHD, WTA—FOWMHANRE V FU 4 RUICERREIND T2, 2—F X DOEERS
BB LRI B AN T 7 ANVEERTHZENTED, K1, PHITS-PAD ik %7 7
A AERRREOBEHEIGI L . B hY  » RYOFRRFIZRT, ZOKTIE, PHITS /37 A —X
D—2TH% ientl PHHFHZRENTEY  ZO/NT A =ZOLHMZH — Y WV E BT E A
2B THE KDL e by v RUNABIMNICE RS D, PHITS f5H D /X7 A —
BZICRENRILE L —FICL > T, ~=a T VR EOERE BT 5 FMNE T 5720,
WICAMREEETH D, b, BV PERRVBARERT - EfF 2 —PIL, REICL Y Z o
BT D 2 ERFRETH D,

I3
TrAllF) REE #8FS FRN FOTISLP) ATvav0) ALTH)
DE2ZH 80 @2 XCa@d | B
B[ T1itlel]
2minimized input file for lecture

3
4 [ Parame¢ters ]

5 icntﬂ = 0 # (D=0) 3:ECH 5:NOR &6:5RC 7,8:GSH 11:D5H 12:DUMP
& icntl 9|50 $# (D=10) number of particles per one batch

P 3 =110 . ]
7 (D=O) %Zkﬁ']ﬂ;j'j}fﬂjo 2 $# (D=10) number of batches

1 PHITS-PAD (X5 7 7 A /VOEREIER & & BT o o R DFR
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® bV NETHRBIINERFHEEY 7 AL

PHITS-PAD Tt > hZ#UNZEKRT D72OITIE, /XT A —X4 L Z OB % BhE T T
BLIEFHET 7ANVBUBETHD, Fxld, 2089 R IT 2SI TE 5 XML
FEAXTEHEZ 7 A VEER L TS, K 212Z20—%rd, ZOKO 10/TEIZRT LIS
ientl WARTFA—=FLTHDHZ EROTNDBRYHFLMHEN 16 HTHD Z & DY items ¥ 71T K
STHEINTWD, £/, b MRERETHII SN D30T, 111/T7HIC R X 212 hint
27 CHTrZ L THRETE, ZN%E 10/TH2 b4 E 5 parameter name ¥ 7 LA FIZFLdl 35
Z & T, hint # ZICEWZE & dentl QRS IT 23 TS, PHITS-PAD Tik, 2D X 9
72 XML EROFEE T 7 A NV EHND Z LT, by MRTHEREZEB L TW\WD,

1 <?xml wversion="1.0" encoding="ULF-B" 2>

2 <phits>

3 <language>

4 <name> HAiE </name>

5 <locale>ja_JP</locale>

(5 </language>

7 <section name="Title" form="0"/>

=] <gsection name="Parameters" form="1">

g <comment>S#§ 1</ comment>

1o <parameter name="icntl" items="1&">
11 chint>{D=0) BEFE{EF T3, </hint>
1z <item>

13 <V-.=.l.1e C'<,fval.1&

14 chint> 1B BN FEIEETE, </hint>
15 <fitem>

2 PHITS-PAD TEEH L TWAHEEET 7 A L D—H,

® PHITS 7—F~_X—XT77A N

LinL, B206 6005 & 912, XML ERD 7 7 A i <hint> 72 ELHO 2 755G
ENTEY ., ADEREAICHEZLE L2A LRET 2II3E LT, £2 7T, L0k
DS 72 ReStructuredText (RST) X T/NT A — X [EH %@?6?*5’“\“_?(774'/1/
ZAERCT 5581 E L, Zhvad XML ERICEW T 548 7' 2 77 A& L, X 3 1
RST A TRl L7z ientl /X7 A —X D7 7 A L %&7x7, RST IZ, Python T@fijﬁ‘é@‘?_
IT v T ERETHY . BN STE A RN OEENICRR TE L7 F A ML LTHMHATY
%, X 3 Tk, RST 2B B EIEMA DM list-table Z MW T, ientl O4FR & FLH % Fld
L7z, XMLBEA TR L2 2 Ltfig LT, XD ERICHETE L2 ENa0d,

1.. list-table:: **icpntl**
2 theader-rows: 0O

3

4 * - {8

5 - 5HBA

[ ¥ — (D=0)

7 - EFEEr Iy

2 -0

5 - RO FEESTE.

3RST EATEW ientl NTF A= T 7 A )L,

,36,



JAEA-Review 2025-044

® XML BRICEH#T HMBI 7w/ T A

RFEH ARG T 2720, B¥A OB 7 0 7 Z A% PHITS & [F U Fortran 38 TS
L ZO7arIhiar L4552 T, Windows, macOS. Linux & Vo 7= ffiR
BECHATRIRE CTH D, FATHREZ, AS1L72% RST 7 7 A MBS NT= 7 2 M H 450, )
95 XML D7 7 ANGIR ERRELTEAN 7 7 A NVEERT 5, 4 2. Windows ® o~
YRTuT NTHIB T v 7T A B FET LB ORI REE A2 R,

FEIT7740) < (A7 7A40)

DAy RTHETTE, M2 TRLELIR XML 7 7 A VEERT D,

4 BB OB T v 7T WNFATORET

& FLHLABROTE

PHITS-PAD Ot > FRERER 52k SE D= 012, ENES 2T — 4 _R—A 7 7 A )LD
BRZREL, £ 200 XML EROFEET 7 A NA~EWT D687 0 77 L& L, 4
%%, 91,000 5 PHITS O/XT7 A =2 %7 —H_X—2{kL L, ZHIZL Y b MRIEREZ
AR S ED TETH D, £z, 7—F_—2X & LTEM L7 RST X HTML ~®
BRNKRG THDHZ b, ZORKEEZENLTCPHITS DY =7 ~=a2 7 Vb 1ER - AL
TENEZZTND, IO —YEEREO T IFIEL, PHITS & AKINCFHIAT 20—
R ERELS FIFD70, Ka— REHEH LZEREO S L5 AR S5,

(3) HRVARMER, TLRARRK, wXF):

2L,
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517 FEMS A TI—K DCHAIN-SP D it 5L e

Parallelization of the Induced Radioactivity Analysis Code DCHAIN-SP
H Kk
TG R BT AT 8 7 Vv —
(1) FAEM:
RO HIL, HE R REfENT = — F DCHAIN-SP #6435 Z & ¢, PHITS =— K
& OMEHEFI R CHRAT DM A v o 2 SEBITKTT DM & SR ICFEATATREIC T2 2 & Th
%, DCHAIN-SP (X, 20MeV LA FOHMEF- AT F v & BB ifg 2> & R A poR 2
L. Bt KORREZOEEORLNCE T D OER, FHEHESRE. MEEE, T~z
ANF =AY bR EEFHIT 52— R Th D, MSTHEmEGH = — N PHITS &#A60
B LT AMEEO=ZRITERTOFEAFETH Y | @R /F—h -RPHEHA 4 OREHIT
PE S BEREARROFAN S FEETH D, 16D DCHAIN-SP X, ZRFATH T 0 77 LA THY |
10 EREOT vy 7RG IAE LIt 7 e 77 5 Th D, LanL, INESHAR O EHE
72 ZIRTTARFR T DTS RE A0 Z 5 0 FRBE TREAT 5 72 0121d, = IRoeZEM 2 XYZ A v 3=
A A v & 2 T EI L THRITT 208N H Y | FHRENSHT 5, PHITS [ZI3BEIC
WHIFHREIZ X 5 md b S fHASA EN TV 572, DCHAIN-SP OZFIRFEATH Z OfF/RFHE T
DR FNVFy 7 Lo Tz, £ 2T, ABF%ETiX DCHAIN-SP =2— &5k L, KB
PO R BE 7R AT 23 FTRE 7R BREE DAL & B4,

(2) FIRARE-BR:
DCHAIN-SP T3, KA FHE TR LTV D728, WFUKIT K > TR &R
(L3 R[RETH D, AWFETIL, OpenMP A L v RifFl| (A€ VHAR) L MPI 7' ot X5

(AEV A © 2 SDOWIHLFEEZEAT SH, OpenMP A L v RiIFFITIL, BMD Y 7
Y = T RIRER T, =P REBRE RN E T D LENEL | ISR 2 FE T
T&%, — 5T, MPI 7ak AW TiE, AEVDEHEMUTHDH7=D,. OpenMP A L v KilfF 5]
THHELIND LR AT FAYIIEEESAET, @OIFHERN IR TE 5, HHFHE
a— R Toh% PHITS & DCHAIN-SP Tlif, =—H—OFHEENRZEETH DL Z L 2 E X,
DCHAIN-SP (gl A £S5 Z Lz Lz,

ARWFSECliE. £7 Fortran Titik S 7-FEfF® DCHAIN-SP 22— R&#E L WAL ALER
FEALG L T 512D 0BUEEIT o7z, FRC, fEIK T L O — LB STzl
GOTO X%, OpenMP %It A[HEZ: DO — T~ EEH X T2, 7o, WHIETRFO 7
7 ANVHNCBT LA ZTeOil, HFA Ly R/ 7 a2 LT 21T, Foféry
W AL =T e ANENT HEEAEZEA LT,

#1 137 FEITOFRERER O L,
U PFIVRR U T IVRR OpenMP hit MPI fift
FATHER () 11169.27 10633.16 11718.17 10741.44
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80
o || ---=raE .

60 -o-MPI

Ht 50 -3-OpenMP

40
30
20
10

0 20 40 60 80
70+t X

1 WA EIEe LT 6 OWIHLREROZ

WAL DR 2B T D720, XYZ A v 3 =T 3500 X2 /0E| LI-fgres vz Huv, R
1> HPE SGI8600 I CTRMHAERFM A # L7z, & 11X, AV Uk (fEk=a—R),
U TR Gl = — R CIEFILEE 2 E5)) . OpenMP it (B#l = — R C OpenMP Z G %)) .
MPI it (Fr#l=— R TMPL 2#6%)) ORLDHFAT7 7 ANEHNT, WL 127 &2HNTE
TLIRHRF ORI TH S, “ U TAUREB L MPI kX, 4V D UL 0 & R ¢t
BT Lz, ZiudAE o B CRIFHC S L7ZNERo GOTO X DO L— 7~ & iz
k0, T TRGE LR 7 & B 2 5D, OpenMP RO FHE R 2Y,
U7 NMRBEIOMPLIRE D HOTDCEN2T208, ZIUTA Ly KR & D OpenMP R4
DA ==~y RIZLDbDEEZ LD, K 1 TIERBROFE 2B O HE 2 7 I FIEHHE
L7256 OB OEMEES QEFULRER) 2R L Tn5, a7 TEITLEBOIF LGSR
i%. OpenMP « MPI WP b BAREICES . BIFRAT—T 8 T 4 PR S vz, Zhid,
BRI DAL SE RN L TR Y | IZEREOHEN WL TE L ERRREE X L
5o

DCHAIN-SP (Zxt9 2 W FIHEAABROE AIZ L 0, PHITS & ORI CRBUE D
e AR 7R FRAT DS RIS AT IRE & Fe o o, ARIORRIL, IE SRR 72 MR ARRICE
B I REREA O MR IR E K HERT S LIS NS,

(3) MBURL(ZEE, TURAER, RiXE):
Friz72 L,
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51.8 BBER S ZaL—ayDRBIZAE TR E/NTA—2DHETE

Estimation of Thermal-Hydraulics Parameters for Neutronics/Thermal-
Hydraulics Coupling Simulation
ey WE, T R
B - BREWIEGE 7 L — T
(1) FAEM:

SR EN ?%ﬁfﬁ<%w%nfwéﬁmﬂ#:—k@&éﬁ%%;fé LT, a—FRoXk
D IRODGAIT S 20 P R 723G O R OHITIC X HEt O mE LA ST D
—fRANC, A= D% éfi%%#%k%ﬁ#%%%&fé & THERB SN D DN, f*%ﬁ
Eii - SETH D Z & BMOBEBRBAET 5 2 &b FEBRIC K - T4 MR T — & 21
B2 LIERNEETHD, ZDORD, VI ab—ra ko TRYMERRIZE T 530
MERT =2 2B T 52 LOERITREV, BTN TIE, R EKOREID UM
ERIEFLH-TNDHTZD, Ef?ﬁﬂﬂ?ﬁloiﬁ%ﬁ?‘*—g DOEAFIZ AN TG & 20 E) 28 p S & %
ZERREEL D, £ T, BRISEMRNTT 5T Ve Ea— R Thd MVP & EiE)
RO I 5 22— R Th 5 JUPITER OfEE 12 L 5 MVP/JUPITER #k Y 2 =
L—ya a8 L, RUMMERCE T 57— 2B T 22 ENEMTH D,

(2) FIRARE-BR:
® Y HIR

AN 6 L DR B ISR RER AT R 5 2 2B OV CGHET 2 2 &, 7 — 4%
ZHEOREEITH) 2L, S COBBGER Y X = L—a Y EFE L, TG E DR
i T 52 D3> ThoT,
® IR L EOBEEN
[BWR H—#REHE A A D MVP/JUPITER #kY S 2 L —3 3 ]

B 11ZRE45 K 57 BWR8X8 Hi—#ABHEARIZKT LT, MVP/JUPITER #p{s < = L
—varEFEm L, K2 3EEAmETEICIS T D VOF OKOERESH) 5540 & BRI L
O3Aiw o, BFEME O TABEA N LIRA L2 7 7 —uKid, BT 2 80EHEIC L - TR D
B, RN TKER~EFET D, TO, fEE EEICH D I2 o T, ARKO R
MF %, BEAEITKOZLNTEHIZBNTRE S, KEZDZ N EFIZB W T/hE N, KEKIC
KO T RHFHEAZJH0E Lo W2 &2 RBEICBITIE, ZoBEMiERSThsr LN D,

F%iNWHHEHER@WV\;V~Va/ﬂt@%ﬁ?%?%élk%%bf%D\V
Lal—varOEEEOHRE VST BLS TEETH D,
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7S
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3
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ICO000O00
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Al QOO OO0 . =
2l 20Ok =O0O s 13
00000000 > s
OO0 000 3
il ]| 1100000000 -3
B 1 FHEER X 2 VOF 3 L URER BV A

[ S 15 B [ 0D B 28504 ]

MVP/JUPITER /& 2 = L—3 3 VTl tinterva PRI OIEE FBGREI R & © W%
IR USEET 525, BUREhEH R (Gnrerva) ZERFME & 2 2 TIEFES, IERFH %
0.25. 0.5, 1.0 D 3 " —TiHE L7, IR X FNOHBOD, FHEARIL 2 X2 BB
Ny RvE L,

31X 7 MRIFHE Led & & RAGRF RN X7 5 il 7 [ 58 BV A 2 ” , 3 M HIEENSY
TIERFICER DN 1305, S 612, X4 1351 0.5 m O E T DR EE D RFH
ZAbE T, K40 bREAEDORFMZE(L S KERFIZEK DWW Z 305, AER M I E
WY 2 b—a VEEBTHICHY, BXRITIUIR LRI A—ZTh5, SEO
TEREA CHIVTERMIIHERRICEEL EI RV ERER I LIE, 5%
MVP/JUPITER Hifks 2 2 L — 3 U &ITHICHIZ Y BERHRTH 5,

60 60
0 tintervar = 0.25s o tintervas = 0.25s
& tinterval = 0.50s tintervar = 0.50s :
O tintervar = 1.00s tintervas = 1.00s g0 8 o@
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8
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~N w
o o
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o
o
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o
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m
=
o

8
L . . U e " . . . . s "
%.0 0.5 1.0 1.5 2.0 25 3.0 35 0 1 2 3 4 5 6 7
Axial direction position [m] Time [s]

X 3 A BAG W] O s 1) FE B A1 4 45 RAEREH O BB DO BFRI 2L

o

[7— 2 #5% 7EO kK

[ BB O BT ]\ 3B W) Tk~ 72 & 91 MVP/JUPITER #ipf sy 2 = L—3 3 Tl
HEFBRIFE AT, HEltEa—F MVP OANIZEGEEIEEEREZ b S IER S5
. MVP AS OFERRF ISR ORE R 2 W2 51k & RERPES 2 0 U7 512 VL 2 5EED
BEZbND, T T, 8X8 H—REHMEARIARRICK L Tl DFE ATV, 5 HBOARA R
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SAn iR Lz (K 5), 5 D E DR RICENRN E PR ENT-, T —F %A
IZOWT O RIZAH% MVP/JUPITER #Hifs 2 2L —> 3 U &2{THICHT- Y HETH D,

Uk T fg s o
BufaEhfigsT 2 — N JUPITER OSFIRGEE 2 2L ST ft R 2 58406 L, € OFHRFRO R A

RaEE L7 (K6), ZORNOFEBEZET LT, A FEOMIIMARETHS =
EMNHER ST, BUREN R RIC B W TR R E DK GME 2R T2 2 S 132 O E OEHEME
WCBWTHETH D,

1.0 1.0
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BHAENT. R 1R B OES . 2025.

2)  [AA20240566] [#Fad] [#75iA ] Tomohiro Kamiya, Taku Nagatake, Ayako Ono,
Kenichi Tada, Ryoichi Kondo, Yasunobu Nagaya, Hiroyuki Yoshida,
“ Neutronics/thermal-hydraulics Simulation Using JAMPAN in a Single Fuel

Assembly” , ICONE31 DFsEE 5.

3) [7%/?(5%%] /\‘_3:,\7/1/. U 77757”—£ﬁﬁﬁﬂﬁflj(‘§ figi_ﬁ%iﬁ@dﬁ'bgﬁ§+%ﬂﬂ

https://www.jaea.go.jp/02/press2024/p24110103/ (accessed 2025-10-22).

4)  [BB20231412] [Hifi#] [#Fi4] Tomohiro Kamiya, Taku Nagatake, Ayako Ono,
Kenichi Tada, Ryoichi Kondo, Yasunobu Nagaya, Hiroyuki Yoshida,
“ Neutronics/thermal-hydraulics Simulation Using JAMPAN in a Single Fuel
Assembly” , Proceeding of the 31th International Conference on Nuclear Engineering,

2024.

,42,


https://www.jaea.go.jp/02/press2024/p24110103/

JAEA-Review 2025-044

519 SEBENEICEDSGRERMHTFERRE

Development of Multiphase Flow Analysis Method Based on Interface
Tracking Method
WO Es gek BT, HHE g, RE MRS
B - BREWIEGE 7 L — T
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TR 2 ZORHMEICIRA N D5 2 L, REHETERICRBRPILETH L2 L, ZHEOEM, BV
FHEHHPALETH L Z R EL L OBENRSHH, 2O XD R8N G, R IFEA RO T
F v U FIVNO ZHFIZ OV T, A CFD & F o7 — % B3 K OBLGHER 22 & NC%E
WZHWHN LT T F ¥ RN 2 — RICHOW b 2B OL R A5, —F CFD
ZROWTRTIFEREROY 7 F ¥ o R NO “FROT — # BfGE L OBISRET 572012
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[1] N. Horiguchi, H. Yoshida, A. Kaneko, Y. Abe, Atomization mechanisms in the vortex-

like flow of a wall-impinging jet in a shallow pool, Physics of Fluids, 2025, 033333.

3) RBUAFCER, TURRE. WXEH):
HeRk

1) N. Horiguchi, H. Yoshida, A. Kaneko, Y. Abe, Atomization mechanisms in the vortex-
like flow of a wall-impinging jet in a shallow pool, Physics of Fluids, 37, 3, 2025,

033333.
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Development of Numerical Simulation Method for Thermal Fluid Flow
Phenomena on Severe Accident Condition in Reactor Pressure Vessel
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1) [5082971] [under review (Submitted October 24, 2024)] [peer reviewed] [IF=3.8]

[No acknowledgement] T. Fukuda, S. Yamashita and H. Yoshida, Development of a

new THINC/WLIC method based on a separate evaluation of the geometrical fidelity
and the interface sharpness, J. Comput. Phys.

2)  [5081273] [published] [peer reviewed] [IF=1.5] [Acknowledgement extraction :
Part of this study was conducted using a supercomputer at the Japan Atomic Energy
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Two-Phase Flow Analysis to Establish the CHF Prediction Method Based
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7 v ikl AR EN ST O\ C, JUPITER % AV, BIEAERKIA R TYIal—v g
VY LIEERNLT H I EThD, TNEEBIELOIT, A 6T, ZivE TIZH%E
L7238 BMAR [ 0> D OB TR % MK = 2 kN CREET 2 BT 7 vIic oW, 72
— VB ~DOIEEETT 5, £, ERIEEICE W TS EE T LD JUPITER 22— ROMA
BT BV 7 7 — ViR IS AT &2 1TV ISR T 5
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(5Fn 6 FFEERFIERCR & & D E ]

ZAVE CHEFEEE IR, KULORE & BE 2 BRI — R TR ET Wb L7z BT, BT 5 /)N
“iia% JUPITER L CHtTT o/ha=y T DG WIEET VEAREBL CEZ, Il
X, BT DO RDTHEILT 2 /NERTE & A5 O 7K IOV T, JUPITER T 2N O
Bl BICBER S A RE LT ARAERH T HIETH 51, Jiakg» ba4 5 —k&En b
FRMTS D I X U FREE OB Xe 2 78 50k & H LI & JUPITER EOfiftrxi5e &
TLHOR IR MERK OGN b OO, T AVOMWE L BURRHE KT 5 & B a A/
S RD LR ENDE  BA— VB OBRBHES RAR TR A R ETH L a X b
MERERDBBEAA SN LI, £22C, AMEEIZMOT e —FI2 LY, —R&JaF L0
BRIV TELAMELY S HICRERAEKILOIERKICEH LSt T v (LT,
TITE TEBAET V) LS, ERFETLILE LK

HRMET L TIX, —RKUEN BT 23S 2R T Y UMl ES3& H 50 U BiRry7e
JEIREZEHATHE X TRIET 5, BET 23V RBULEBMEBEXNO 52 5 L 75, HERND
E, —REKWERFEAELTRE L, LIELL T2 L aBvmn LR 5, Bl L T 6 i3
95 F TORROE X % waiting time & FESN, Z ORI OE JIXEFEO Y7 7 — LV EED
KMz K o TE(LT H, Waiting time (22O Cix, Han and Griffith [2] D#F5E %2 S E 2 E
L. waiting time OIRIERFHIO O HLIIAZBAMGT D, R T DIEFIL, SLBTRET 5,

BRI HAEL, EEZ T 2RIEDOIIRITEN Y R ZEREGET D, KIERS & ERH &K
FADHEAN T 2 T=ASRR) O OEFIZ R HDXIAREN XN TH L L IRET 5, 77—
Wl DA, KyaFm Clik, AR X0 IRWIRIRICEET 5 LEHES I Z 5, EREIZB W
TREBEY 7 7 — VEIMBRAE N D BEN - L7 O COVERE L L TERSIND Z &R
2\, AFRIZBNTH, ET/MCE 2 5V 7 7 — VEIRENE D BB~ 40 mnf AL 72
SYOIREEET 5, ZhuE, BUEMEHT B W T Z < T ORE S i 2 525 Z L 53,
FIZE o TIE, MBENICREECHLEEXLT2OTHDL, L LR b, sEGE HFAE
LTRET 250 B ELL FORE I TH Y | Kyakm COM R, s#im Z < EfFo
REDMIZE > TRE D2, (BEEEFEOIRESMZEET 20BN H H, AMFZETIE, &
BN UTEE OIS AT Ikt L CERAIBIZ WD Z & & Uic, [kmizid, B8 Z < afFoik
BRI DWW TR ISV EET A ZBR L WHICHRE TE 2 L IcT52 %%
A2 TCWD, KIADRERBEIL, LLED X9 Ze7KF8I2 L DO BN & BEE I & 2 R oo
NT VAR o TRESND, KIBOEENZ DN T, KIAMMEERNIZAHE LT 5 R sEA
\Zxf L CIEE S MO FENT U ADIHEZBFE LT, KJBDF EIZHONWT—RILOHEEITI,
KYADEL EFENFE LD & &I KM D GREN T 5 L UET 5, BEL L 728213,
I K DRI ET, TIANCEREZ LA I A 720 i T RO ) DA% Z[ET 5,

R & KTAORE DT D58 ICKIANER T 5 LT 5, 2O, 2 DOERERREFESH
Do Flo, REVWKWEE /NS WKIAR#ER T2 & 1T, DS WVRIEDA R EVWRIAIZIRY IAEH
Lb0LTD, Thbb, KN oDKJaREE LIEBART 26081, REWXiasdb -
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T ERE LI SND b D LT 5, LED XS RIEEKR T, FHRAETTo72,

1 =B B b ORI ST & A RTADTERL OB

1IZHEHE LT8O KTaZEEIC W ORT, FHESMEE. BiHR ¢ = 1.00 MW/m?,
JAPHY 7 7 — )V EA T = 20 K, #i# u=0.32 m/s TH D, EXT, FHEEZLOEHETHY .
BEE BICA< R D00, FHAEEOB/INIETH D, Kidld, REICHEVEE L, BES
VR B U CREE 2 HEEL T2 BEBLZ I, TEAUCIEW FIRBNCIR S D, & DR THEA D
B0, FARUCRT LI BRRERKIEBEEIND L1205, ZOREREIDOKE IO
RHEZFHEMBRPOHEIICET L, ZhEBiTof/h=2=y 352 LT, RO 5
T T L L [FREIC JUPITER TOMHTICHORIT S Z L 2T 5,

ZER
[1] Ono et al., Mechanical Engineering Journal, Vol.11, No.4, (2024), p.1.
[2] Han, C.Y. and Griffith, P., Int. J. Heat Mass Transf. Vol.8, (1965), p.887.
[3]0no, A and Sakashita, H., Heat Transfer Asian Research, 39-1, pp.27-42, (2010).

Q) BRYRMNER, TURARR., WXH):

1) [AA20230861] [published] [peer reviewed] [IF=0.4] [ Acknowledgement extraction :
This research was conducted with the supercomputer HPE SGI8600 in the Japan
Atomic Energy Agency.] A.Ono, H.Sakashita, S.Yamashita, T.Suzuki, H.Yoshida,

“Development of the simplified boiling model applied for the large-scale detailed two-

phase flow simulation based on the VOF method”, Mechanical Engineering Journal,
Vol.11, No.4, (2024), pp.1-12.

CEREIE R KOV ERRER

2)  [BB20241530] [As#£] [AEFeME] [FE: « ARFZEaEi, B AR AFZER R O
A—s8—a ¥ a—% THPE SGI8600] ZFIH L THLNZLDTY, ] /INEF, KJII, “—
FIE CFD (23 < #it#amny DNB THITFIEDOBRZE, Siliiibig ok 5 KaiaE
BRI B AR A 154 2025 BDES, 4742 (202443 H) .
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5.1.13 MicroAVS IZ& % ACE-3D FRI#RIELRAV I+ 7 DREF

Development of Visualization Software for ACE-3D using MicroAVS
AN v
WL - BNREMITSE 7 L —
(1) MABR:

S B - BOREITZE 7 L — 7 Tl BENERL Y R = b — 3 a O FEBLUTANT T, =Rkt it
RETRNT = — K ACE-3D OFi%%1T> T\ 5, ZME T, ACE-3D (T X 2 i =
ZYLHAIHAE Y 7 b 7 =7 MicroAVS Z W CRIBMET 2 BRICIE, field 77— Z{Fk L. %
WELT — % 2 RIER T — 2 L L CaAAEE W T —Ha v ¥ —R EE W TRRESET
Wz, LinL, ZOHETIT A MOYIRE L HEIICHTEAIE L CLE D 720, B8
BALBR & 13E A7, E6I2, FRENEMETH D720, LHEHE b E) > 72, £ 2T, ACE-
3D T b TG S A2 MicroAVS T RIS VALEL A 3 DB, it 7 — & & JEribss 7
—% (UCD) 74—~y MIZEWT D570 7T DalEd %, rIHRARALELRS B O IEREMEC AL P
WE DM Ea HZ, BB T 0 7T MafFld %,

(2) FIRARE-BR:

ACE-3D BT 2B T —F D7 +—~ v NI, HUEN E R ST R O A EIC
FliE 41T Y . MicroAVS % TRt 21T 2 Bh . BN EM MR ERE FT7—42 & LT
WHrZ b, Ll sHRICK VTSNS T —2 1%, dHEEEEZ 2E Lt
FOYBTHENT LD THDLID, 7T —XDOFEBITIH S £ 5 IEEK TR T +—~ v N EE#
T27 7V = a U EBF L, FEERO AL EZ BRI ERIC, OBIEICITRD &9
W2 L7z, AREETIER LT 7V 7 — 2 1k TRe:COMP (REstructure COMPonents of
ACE-3D calculation result)] (BLF, Re:COMP) &F#i9 5%,

112 Re:COMP EEWE DX A 7 v JHEZR~T, AT 1730 < 2500 GUL B ALY
SO, TANT =2 I F =2 o= ) TEER) ThEteE) TH7—%) IR ERFREE 2o
TEY 22— =B LT Wkt e oo T b, £72 . UCD 7 — # O 4 HiX ACE-
3D DIENTFERNMRFEINTWVDET 4 L7 NI ZZDEERT v I/ & Rry 52 L THH
BB TR ENTHAAENLHARTH O | FIEMESEVEREFE 2> T D,

2 BE O 312 Re:COMP % HWTZEH# L7- UCD 7 — ¥ % MicroAVS T r[f{LALEE L
Tl m g, BVREIOMGERBR N N3 o Z — TR Y . SO BN ER STV D
ZENRDbND, o, 2E TO R LA G A OEEICFRETH H T L AR LT,

H%F, RRETIER LT 7Y r—va VETER L, & DICKBHE 2 @7 — & O "k
WM HIT> TN FETH 5,
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* RetZOMP - REstructure COMPonents of ACE-3D calculation result = Od x
JrAWF) |EE ALTH)
ANT—4:
FHIHNR
b-24: b 5 IET:
TR EAEF,
OEBLR s 0 +3Eh0 : 0 >>HRT 0 OEX
O&EEMN M=
IR -
iEhn - al e FEE W
B 24 1 Void fraction
AlEF:
EhnT—4:
A IRA T
-2 CivE: 5 ET _—
Fe T
1 Re:COMP E#EkDOX AT s
F?ﬁ“Micro AVS 24.0 - X e |
F7AMF) 37 3kt 7 (H) =
BEIZ PHEDETE “ %&?

<o | =

AR 75T DERAAA ~

LB LLE=3 ?

Uzt ?

WEDT P W
SEpEn st 25 B -h

AT — 877 1 ILEDRETE
_D:¥7DEM07¥test¥resu Itinp
= B
EHIAHT —ADHEHRT

[ JEEl e R I o i
REDATYE 5p /61
2T FHE '

2TVIRTIE g
ATy OREET - AT 0RD

== R S~ R

BUMRT S| ae

3 7 )RR —J7 &
EE I IRAAN E— Tl wniEMEIR T TOE

2 Re:COMP TZHiL7- UCD 7 —# @ MicroAVS (2 & % A #4k41(1)
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S

3 Re:COMP TZH#i L7z UCD 7 —# ™ MicroAVS |Z & 2 Al #ifk451(2)

(3) MBVARN R, TURER. #iXF):
ARFRREIZLE D SRR R R 1T 22 L,
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51.14 Z=RXRxIiHR{AEHTI—~ ACE-3D @ 3 AR5k &1 REFT

Three-Directional Parallelization and Performance Evaluation of the Two-
Fluid Thermal-Hydraulic Code ACE-3D
fmHE EA
FAEL - BORENIZE 7 L —7
(1) FMAE/M:

JR A SRR Tl =Rt IRIRE T WIS S BIRENEST = — R TACE-3DJ DJFR 4L
BIRA~OTEH D72 DOBF D T 5, ACE-3D 1L, JR N OKIR _Fat 8 & 2l 2
2lb—vart5b0a— RTho, JH & MO SE TR A £ 2 M fiF <
TREETAERHAL TV DT ZIRGTOBEHE IR —ARBIG & HERARWEHR 2 2 R
TYIal—rvaryTEDHEVIRRERD,

LU, 7€k ACE-3D [T Z il 510D A OAFHLIZ IS L TR Y . XBIOY @il micix
KRGS Tod o7z, ZTOTDWHIFHRIC K D FHEBEE N LICRAR S 0 | JRFFRLREO X D
TR RBURNT ~DOWE AN REE & W IR S o7, £ 2 TARBETIE, K1 IR T L 5 IZEHE
kA 2ot aEIL, XY -Z @ 3 FrTolyfbicx s S5 2 & T, A—X—ayr
v’ = —% HPE SGI8600 D &R &R 4 i KIRIZTE T~ 2 72O OHAN BAF ORAf 2 By & LTz,

33 34 35
nz
30 31 32
21 /28 7 29 3 =13
Rank | Rank | Rank 29 “ nz
27 28 | 29 . -13
23 A - fomomm e Allnz
Rank | Rank | Rank |20 nz =50
18 19 20 17] =12
14 | v 7
Rank | Rank | Rank |4 . nz
7 9 10 11 g -1?
2
Y Rank Rank Rank
0 1 2
X /n/
nyi=
nx nx nx =8

=8 =8 =9/
[Iny=25

Allnx=25

1 3 FFIngHR e B OB
(2) FIRARE-BR:

ACE-3D =— RFiZxt LT, 1EkD Z 5 m D HONF 6 XY - Z O 3 Fimiisika
*E L7‘:O WHUL D FEREIZ BT~ - Tk, FBFZE 7 L — 7 CLLRTNCBE% & 7= TPFIT = — F[1]
(2B 2 ZRTHEB IO FIELZEZ I L, i (halo fHIK) OF — & ZZHALEES> MPI i@

E@WJ_{K%{TO 72
PERERTAT Clx, 8X8X 180 #&1- /N T —# 36 L TN 16X 16X 240 #&1 D KK T — % %
R, WA & 280 87208 6 EZATREM B L ONEFIE =R 2 1E Lz (K2 B8, ZOfREE.
AN « REBLNT D7 — 22BN TH | WO > THA G R m B L, W5
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ERNVRPUEESND Z L DR S T,

INBIET — & & KIRIRT — 2 OIEFLFREE

200
180 £

160 ’

WILFEER

80

60

40

20

0 20 40 60 80 100 120 140 160 180 200

5

2 WAL= OFAL

—J7 T, 3 FMNEAUb D FEELIT K0 @ (E ORI S BB L e o772 FERIEEIC X 55T
HEBEEA—N—T v T THZENTETHRPETIRT L, ZHuL, k% 3 FIilsy
FIL2Z L CBEEEAEML, FHLHEOBERS -T2 ENERBERLEEZOND, F
7=. MPInside % f\ 7= MPL @13 OFEMAENTIC L 0 | BE LB OR » LR A O AR B A3tk
BRICEEZHEZ TWAHZEEHbMNE o7,

AtelE, REETHEE LTz 3 FmW s REZ IR L. 2 E COMGEA - MRBlIEH 7 —
20 H I BICKBER, 2FLAT — VOB ERR~DREMZED L TETHDLH, ZHITK
0| BERD Z M7 0 O H O FUE TIEFEBLEHE Lo 7- KEWEFH RN FREE 72 0 | KTEOR)
ERLVBMICREIND Z RIS,

23 30k

[1] &/ Bz, K& B2, /MR 85, &l iz, R 2, 1174 KB I 2 v —v a3 T
£ 2 BREIF DN RIR AR R O (D B S B BNE & -T2 ZARDR BB AT F1E O
BAFE, B AR 1S SR SGEE, 3(3), 2004, pp.233-241.

(B8) MBURN(ZE, TLARRE., hiXE):
RERREITLE S SRR R I 72 L,
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5.2 INMAZT SR
Pioneer Laboratory

521  #HE BWR BKAFHMZXMTFAR

Key Technology Development for Novel BWR Thermal-hydraulic Design
WO ER, NP RET. HE OEZ
i BWR Bk 73BT B JE 7 8
(1) FABER/:

H BWR ORGFHI BT 2 BUKRGT « FHlC BV T, 34T BWR &2 3 ABWR TH
w%ht&%-%ﬁ%&ﬂ&ﬁbfgﬁéhé PREHESRIZX LT 1 IR, 71
72 L&A 2HATORE - FHIFEL, B EOFHRHEY OEIR - EE MR A N — 2

%%ki@#ﬁﬂ@éhf%é EMB, B HEEOF BWR 23 L Tid, &EHRSe
FFZEDLET, ZOEAMELHRT L2 1RO LND, ZOBAMMRIZI VT, &Eh
TEARRPRMZ B DR RER R ECOTF — 2 BUSHRE L 2 5703, BAFEBME T ORRER D i 13
PR, FREFADIC DR TITEE S | BRI ZMEEY T = L—3 a3 2 i@ﬁ%%ﬁﬁ-ﬁ
FETHT AL, ZHICK VR Z DRI T 5 2 LIS TV 5, # BWR
BOK TR EIRB 2 7 ANiE, TR A — T — & OB EITHA E ﬁmBWRmt A
FRURBAEMNT = — R & W2 BUK TR B i 2 B g6 L T, AR B FIH] WZBWTIE, B
7?%/%»W@4ﬁmwﬁﬂﬁmﬁ%ioﬁﬁ%E%kL“ﬁ%ﬁ%%ﬂ%%btﬁﬂgﬁ
BT = — R 2 W T, R A — U — 2353 28178 BWR 72 £ OG- fHlCE 35
:ﬁﬁ@ﬁVi:V~yay%£wbto:®*ﬁﬁim@%ﬁwﬁﬁﬁiwﬁwft%é%
DTHY, HEVI 2 b—Ta VI E BV REMBERE CHRT20E NS H, IEFIC
WHEARMZET 52 L0, AREV I 2L —2a U EENRT L7720 _k@ﬁ§w<mm
SGI8600) ZHIH L7z,

(2) FIRRE-BER:
[5Fn 6 AR O Rk H AR ]
JERAIF A — T — 03T 288 BWR OBREHE SRR ET O RN 2 A8 & U 7o 3HH A8l
Vialb—yarEEMT LD, LUTOERBEZ BT CEm LT,

TE SRR L O HEDEE

¥y I 2 b—3 a o FEORBIE
il I 2L —3 a3 v 0FEE
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[5Fn 6 45 DBFFEALR & & D FEENE]

FFIE SR X OVREE B A2 BE Lo, IRICAITIR R O
ML L OBER O 2R Ty I = L —ra v
FEERE L, By Iab—rvarordayrars
VR EM LR Fig 1I10RT, ZAUTEEERR L LT
ABIOKEHWEZY7F v o 3 VN MHREEY 2 = L —
Ta VORERO—HEREH LD TH DL, KK A Y
TUT, BT F Y VR T o0y REEE 7 L — D%
A CHEE L7z, Z2HOKIENY 7 F v o FANERNZ 2
Eh, BESNEZ AV T 4 OFEERSHE Y I = v
—va ko THBE SN, U EORERNG | FRLOBREE
ARG O ZEE LIgE i R 2 L —a Y OFE
B EERR STz, A%, MBS A A L CHEEOREIER D
FEUCEY T, XDICRB TR EINST —XITHYT 5
LOEHHY I 2 L—va URERD DI T 272D DR A K
RPRFEZBASE L, EMe MAHmEBiEY R =2 b — 3 Ic X
DR Z R L QDL DI 5, 2O OHRY#
FZ R | SR IIHERE A BREE T 2 BT = — RIZ K > TR
TIFORFRAEEZNRIT D ENIEFTEDL D, A
REITEETH D,

Fig. 1 7 F % > x L
PN R O F AT R
SSFREIEHS O T DO RUE % SH

B) MBURN (L, TLARK., RXE):
WIFEED=H7 L,
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53  GImEBRMEtS—
Advanced Science Research Center

53.1 (EXRTHREEROEEREEIVHES (FIVADHR

Research for Ground State and Excitation Dynamics in Low-
Dimensional Strongly Correlated Systems
RPE 50, f2A BRI AR B
AR =R F—FEEE S N — T
(1) FIAEM:

IEROCIRMHBERIT, TRVETHE D & L ZHBIZNRICERK LT, #xIFE THORFL
LW EAARIRCRRNTZRIT /R &L @ O/ L7 O 3 RIEHR TIEBN RV R 2 5
WERTZENS WHEMBL IO A A T —~D—2 L L TR IMICHZES N TN S,
AT, ARKTTIRAE RS R OREMEICE R 2 Y T, EFHRMEPA Y b r =27 28Ok
Wre) - A HUTZE L RBA L, A B U NG DRk % ZRIE DI B 2 B 5 M2 95 Z
LR HME LTS, ZHHENHBESIR TERAE 5 Z & TRIT BB OMBIA A
S ALEMRERANT LT, @RIRRACCER ORI, L— P —tREIC LD A
ORI, T LN Z A T ORERLF NI T D @R A VR & BT
AE « ZHRHE - EVEM BB ICER D MAN G LN D LIS LD,

K TEHRFEBER T, TRVETHE D X O DG 72 £ OEHN e Fik & BHflic
HEHTET, BUENFEC IO BORAR R FEL LUAEA S TWD, A4
ZECTH T 2ATHIRRRBZE S01E - B EATHIME O IABRREI, RKOTIRMERE R DA 22K
R D FLJECR AECAR = 1 L — IR AR, e A~ 2 Fov. #ide L OEhAOFR BERE KL
B PR kA B E AR TS ETHRAORTFIETH D, Fro, BREEA~XZ b
JVOIEB)E « T LXK A RS IR T & J-PARC X° JRR-3 O - HEL IR
TRUN S D BERUREE 27tV O FERRRE R & BRI L T A B O SE Bl 4
ARNARBEIIES WD TR T2 2 &N TE D,

L2vL, MRISVEEE « =RV —fETO 7 )L AT ML EAHET DI, EEhE
ETRNF—IZONWTDOAF Y U 2T 5720, OEDDO/NRT A=Kty MR LTHET
BE (AT LY A AXTZRLT—A v v =a8f) OMN LG EEFITTH I L2,
BERBHARLZETH Ny 7 bleoTD, £io, @V EERBEZEOIZITEY
AL THETREEZRELS LRTRERL T REEAE D ERIFFETHLEL D,
AMFZE T, REGHRMATEH L7 KRB SIGH RIS L0 . 25 Lo filigt oA b oo R
kT %,
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(2) FIRARNE-ER:
(a) PEBRER MBREEME D R —v R —72h R

WEIREENE S B D s el & LT, A= FEEBICAN—T 7 0 J I b EF %
—EEY R (R—E2—EINZ 7)) SEICEL D RMABEMESMOATND, —JF,
IN=T T 4 ) T TIRE v MERIESORBEIEREN FEBLT 5, b0 RE S HEOR
e HREMOEEEZ, A——{HCRAROF—VEETEEZTHES LT, &
DFENH 2 B A I A T 2 72D ORI B A AHT N2 TR 22 L C, & 2 TOR
RHEOMHEEZIE L CE 7, THETIT, 5 F—7 BRI THLRR R g 3 5
THZEEWOLNIL, AIRIBEZRICOWT ORI LA/ TE T,

LrlE T 2 1%, BREEMEDSTER T 2 R — VEE N K E WK CORIREZ AT, |~
— 7 HEECCIE, o RAR BB IEREMEIR B A & AR x 2R BRI VBESCIRIE N BT 5 2
EERH LT, 26 OBRIRBO BN 2 BT 2 729D12, R B a2 B B
SIRICFE T D8R EDHBIC LV | EROMWE 2T LTz, S 6, BKHEM O
AR 72 EIR 2 B D 72012, A= FERNLEF Ry B 7O 2 B AZEE L
TEHENTAZ t-d BROEERREBEZ TN, ZOME, TRy 7HEGLHR
2ht-d BAIZ K> TSN AZ B BERTE 2 Z 03 gno7z[M 1], =x ¥ —HEH%A 5
HLTHRD LT, BFriy bmp ¥ —, EHm X —, Rl x—7 L
DRI DT XN —FHEB OB L > THKIEBBEREL TWDLZ EEHLNI LT,
TR L, BEEREEME O ERIZIA 2 R FRIE IC L EE ST AEEIC LY R
DEAYE U E@mWEEETHIE cE L, A P = AT AL AR VBB
FOBRICEIRTT 5T 5 LHIff S D,

(a)
0
[ Sgog =3 (=51"2+1J‘2, FM)
,01=2 (=1+1)
= -50F 5\
100 S 101=0

0 100 200 300 400 500

X 10 KR D& D " — R (7 L—) LAt B8 (B A) DORSFEK
@) XT Ry B JHEBE LGS, O)_XT Ry B 7 aZE LTS

(b) A & DU b S DB HE A

A R DB & 72 2 VUG- keI, @ OB Y 1 — 7 CIRELRIR EE 72 A8
Z e gt X sl (Resonant Inelastic X-ray Scattering, RIXS) THIHIT&
ZAHEMEICAE H LTV 5, e LiCuVOs OfEsE K WIS RIXS Ek & o gz /&
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FHICEWVWT, ZHECTHRYMA TE A VR ALY L& URRAFIfE 2~ kLo
WF2e 23R S8, B K WINGH RIXS 2227 ML Ol AV B 2 54T LT-, WEAE
FEF TlT, B K WG RIXS A7 ML EE S ALIEIC L > TRt T 2 720 OFHE
a— FEBF LT, 2EY A FROTHIFREEZED Te, SFEIX, 70 F a Xk
DFFHE a2 — FEFTZITHFE LT, X0 RERROMT &2 D TH A AR A2 MG L7
2], DURR-F-he A7 RoL b xtind 2 E - =L X —fEIk (= 7 EBF o Esb)
WCHREENAE U D 2 L8 0 . TR T 28 RIXS A2 hMUWCHETHZ L &R L
TW5, RFEREL LTV EURIZHED > TODHEFMA 2, S BICKREBERDOFHA
IZE VARV A XREPER L7 1y &2V, BUE, BESAESLT v Fa R
BEED b ELICKRERREWZ DEEATHIE D IALBHEDR R 22— ROBFIZHY A
TEY, ZhICK Y REBROFREZFEITTETH D, £7-. RIXS ER L OFHM L
B - T DT2, AU AR RV & DURRFFHE A7 RV DOBEGHRAEEIZ DWW T
AT A2 D T2,

(a) 1T T

Ixas(w) /' N

-5 0 5 10

0 0.5 1 X
q/n q/n

¥ 20 A ARENEBT D7 T A b L— MEBEMESFRA DR K WU RIXS A
7 MV OBAER A L B FHFERER @RI A R SO H A XEAFEHE, (b)8 4
A bR, (©16 A bR, (D24 V1 FRD RIXS A7 v, Kl q EEHE, Htfh o
THNX—DRESAFGDH T —~ >

(3) MBVARN R, TURER. #®iXE):
S

1) H. Onishi and S. Miyashita, "Magnetic ground states of highly doped two-leg
Hubbard ladders with a particle bath", Phys. Rev. B 111, 174452, 2024.
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2) H. Onishi, "Wavepacket Approach for Spin Transport in Zigzag Spin Chain", To
appear in Springer Proc. Phys.

[l R i
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54 REMELUE—
Nuclear Safety Research Center

541 EEMILTZOLLHEEOSHEICE TARSEIEBOEFILEHEICK
Si&Et
A Reaction Pathway from RuO3(OH) or RuO2(OH)2 to Ruthenium
Tetroxide by Nitric Acid in Gas Phase with Quantum Chemistry
Computations
WE R
YT T VT MRS V—T
(1) FABE/M:
WFFEE )

i LV B BE R (HLLLW) 0 i iz [ 2 i SRR B LB i 5 DR 22 o 7 7
T N THY . FHRF O KRR OZEE 2T T ALT DI LA AR L T
b TE 7, HLLW OUBIBHE S B\ T, VT = o AR O & WL (RuO4)
LTt S, RO RWREIMAKDIFEIZ LY . £ OB OHIRITITFFITEZMED
Kdbnsd, K 1ICRT LIS, FEEER)Y HLLW OmEIRE 2820 L, BER A i
fis U CREEICIEME SILD £ TRIAT =7 2O MITBEE Ty, —FH T, e CThYme
TREEDS = ORISR 70 D L REACHEFE T D, TV E TIRMBR/KIEIR-CRBEE E IR 2
Te BRI K o TER A REN A MG B av, BAEERR O Z BRI O 720, b IcH-5<
FBADRE SN TN D, L L6, BEIERNTO RuOs DA RUEIRLBER D & Ik
72 RuO4 73 NO2 Al T A & OIAFI Ko CTLRE(LSN D BB & 2R 72T 7
2 —F N L WBIZIZOWTIIHRD TR ONZEHR LR < VT =0 AZsE) 2RI
ETMMET D178 > TV D, ARRETIZ, RuOs 23EE T A & AKX & Gk
TREMSNDEAZHENTT 272010, BEHEFFREZ VTG A T =X L%k
A5, X TRENTWD L 512, RuOs & & T SN AR D = % /L F —FEAH I 13
Coupled Cluster (5D X 572 a2 2 FOEWEREFHRENSLETH Y | KGR EOF]H
MLETH D,

[1] K. Kido, “A theoretical investigation on the intermolecular potential curve
between ruthenium tetroxide and NOX (X =1, 2),” Int. J. Quant. Chem. 121(21), No.
€26781 (2021).
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(2) FARE-ER:
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G RELIT GAMESS /Ny 7 — U2 AV O EEPLBIEEMO06)IC - TITW, 55
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MIFLIEBIEL D T RIZHBIT D720, WM 7 T XA 2R TIIFATZEO b O EEL
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ISR AR 77 712 £ % RuOs(OH) DRt Th 5, X 2 ITAMFFEIZ IV TR S
T RER Sy 1 & OFIEAEHIZ X D RuOs(OH)2> 5 RuOs ~D JUSHEEE(E) R O O H H
TRNF =LA Y7 T AP &R L, HREZXLX =R Q5°0) TR S -, ]G
RREIEZ DIT L A EDKRBEBEBRGEEEE S 100D DKREG TR E & FHKERE) T
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¥, 2. HDHN., EOFIERAEZE-TH 5 ITNHK L, £ Z5M0EE Cil *33721"7‘“(
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(3) MRVARMER, TLARER. WXF):
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542 IBMBHFABEARAXNTRICEET S CFD fE#T

CFD Analysis of Natural Convection in a Nuclear Containment
Vessel
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BUK @ ehge s —=7

b=
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DFoEEY THD,

® figtra— NIk, A—F Y —ZXDOKMBEREMITY 7 b0 =T ThH D

OpenFOAM ver.10 % 7=,
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® ELIRET /MITIE. EFEDBRASIMHITICE W THIENEFES L TVD
Coherent Structure Smagorinsky Model? % 5245 L, Z OEMEMER 21T - 7=,
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2% 3R

1) S. Abe, A. Hamdani, M. Ishigaki, Y. Sibamoto, Experimental investigation of
natural convection and gas mixing behaviors driven by outer surface cooling with
and without density stratification consisting of an air-helium gas mixture in a

large-scale enclosed vessel, Annals of Nuclear Energy, Vol. 166, 2022, 108722.
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2) H.Kobayashi, F. Ham, X. Wu, Application of a local SGS model based on coherent
structures to complex geometries, International Journal of Heat and Fluid Flow,
Vol. 29, No. 3, 2008, pp. 640-653.

(3) HRVRAMFER. TURARR. WXF):

1) S.Abe, Y. Sibamoto, A. Hamdani, S. Soma, E. Studer, S. Kudriakov, A LES-Based
Investigation of Natural Convection in the CIGMA Vessel under Localized Outer
Surface Cooling: Application to the CC-PL-26 Experiment, proceeding of
CFD4NRS-10, 2025, Mito city (Accepted).
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543 BEZEFHEHI—F FEMAXI-8 DER{E
Optimization and Refactoring of Fuel Performance Code FEMAXI-8
FHEI
BV R GE 7 v — T
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(X, KRB 2R GG HENT ~DJS 5, [Fl 22— R4 % 0 8 e 21 FIFPHOILRIT H 2. Fr
7 s aoEEt, TR, GEicnEE RS a— RO Ty 72 ) v T EFET
Do

(2) FIARE-ER:

AREPEIEFREICG &t E . ALy NIFHRICRER D 77 7 2 Y o JHE O
O & Z D%, OpenMP (2825 A Ly RIEFIHLIEE FOENL K, T A T %D
VB3 % F2hE L7z, FEMAXI IZBW T < OEH THIT 2RI S0 25 H a2 0BG
BbREL, oA v ¥ 2 BOEEMENRD TS W, FP H 2ABATE T L 2 5% 5
LTt MREEIZH EHiE,. ALy RIEFHERHICAF A ORI THEL D AE Y
RIET 78 AEHEONTHFH, b EEEL, ZhODEEEZKET, ALy K
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55  BRMAHEFEE

Fuels and Materials Department

5.5.1 CNWG- EAM YISt ERIFHHR
Numerical Study of Physical Properties of Advanced Fuel in CNWG
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VREABIBARER, 2 2 AT AR AI v # —
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56  ERFFRHEFKER
Fast Reactor Research and Development Department

56.1 BRFAK[KEFANTNIVL-KRIGEZBEREFTI—FOSEEL
Improvement of Analysis Code for Sodium-water Chemical Reacting
Jet in a Steam Generator in a Sodium-cooled Fast Reactor
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5.6.2  SPIRAL O—RIZ&HMEMERNELTES XD BRILRER BN

Analysis of Laminarization in Heated Vertical Tube at Turbulent
Mixed Convection Condition by SPIRAL
= ORES. doMt AlZm. M IEBE
VAT DB LT N — T
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275 3CHR

[1] J. You, J. Y. Yoo, H. Choi, “Direct Numerical Simulation of Heated Vertical Air
Flows in Fully Developed Turbulent Mixed Convection”, International Journal of
Heat and Mass Transfer, vol.46, 2003, pp.1613-1627.

[2] H. Ohshima, Y. Imai, “Numerical Simulation Method of Thermal-hydraulics in
Wire-wrapped Fuel Pin Bundle of Sodium-cooled Fast Reactor”, International
Conference on Fast Reactors and Related Fuel Cycles: Next Generation Nuclear
Systems for Sustainable Development (FR17), Yekaterinburg, Russian Federation,
June 26-29, 2017.
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(3) MBVARN R, TURER. #iXE):

1) R. Yoshikawa, Y. Imai, N. Kikuchi, M. Tanaka, H. Ohshima, “Validation of the
Hybrid Turbulence Model in Detailed Thermal-Hydraulics Analysis Code
SPIRAL for Fuel Assembly Using Sodium Experiments Data of 37-Pin Bundles”,
Nuclear Technology, vol.210, no.5, 2024, pp.814-835.

2)  HIIIEEE, Sz, HAPERE, “VREMTESEME FTOBEANRE NHEISGBREITIC L 5
ERENENT = — R SPIRAL O 2SR, H A TS 2024 FEFERKNES, =
IER, S081-10, 2024/9/8-11.
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5.7  EnEKFEENT M B TR R A
Fast Reactor Life-Cycle Safety and Integrity Evaluation
Technology Development Department

571 TEBIFNHBRT—2ERAW TR D LSEERFOFLZE#HI—F
DERYMHER, BARFINEHORDFI—0
Validation Study on SFR Core Bowing Codes using Joyo Ex-core
Experiment Data: Single Duct Bowing Benchmark
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(3) MBVARN R, TURER. #iXE):

1)

K. Ohgama, N. Doda, T. Uwaba, S. Futagami, M. Tanaka, H. Yamano, H. Ohta,
T. Ogata, N. Wozniak, E. Shemon, and B. Feng, “Validation Study on SFR Core
Bowing Codes using Joyo Ex-core Experiment Data: Single Duct Bowing
Benchmark,” Proc. of GLOBALZ2024, Tokyo, Japan, 2024.

,87,



JAEA-Review 2025-044

5.8 BREBRT(EDaY
Nuclear Transmutation Division

581 MRFBEHATLDEBEIRILF—E—LEEDHOE—LIBER
ZOWRE
Beam Transients Studies for the Low-Energy Beam Transport of
the Accelerator Driving System
A— VYRy T—2A T REL BAS L B mRR i R
BEBRT 1BV a
(1) FIAEMK:

The Japan Atomic Energy Agency (JAEA) is designing a 30MW continuous-wave
proton linear accelerator (linac) for a subcritical accelerator-driven system (ADS).
Since this is the highest beam power ADS accelerator proposed, minimizing beam
loss is crucial for successful operation. Most of the ADS linac has been completed, the
remaining part is the low-energy beam transport (LEBT) that connects the proton
source with the radio-frequency-quadrupole (RFQ), as shown in Figure 1. The design
of the LEBT is essential for analyzing beam behavior under varying conditions to
reach a steady state (i.e., transient time). This optimization aids in accelerator design
and the development of operational strategies to achieve optimal performance. Thus,
this research aims to perform transient beam space charge compensation studies on
the LEBT of the JAEA-ADS linac.

30 MW ADS-Linac design

|
1
Normal conducting Superconducting
l 2.5Mev 1.5 GeV

, ‘ LEBT= Low energy beam transport
LEBT RFQ= Radiofrequency quadrupole

MEBT= Medium energy beam transport
35 keVv l 2.5 MeV

, Cone ‘

Chopper collimator
Solenoid 1 Solenoid
source —
) 1.96m ]
LEBT design

Figure 1. ADS linac schematic proposed by JAEA.

,88,



JAEA-Review 2025-044

(2) FIARE-HBR:
Research targets of the FY2024 project:

High-intensity proton linacs utilize space-charge compensation (SCC) to counteract
the Coulomb repulsion between the particles in the beam at the earliest stage of the
acceleration. This process prevents large beam sizes that lead to significant losses,
consequently ensuring a safe accelerator operation.

SCC is a build-up process that consists of the accumulation of electrons generated
from the interaction of the beam with residual gas. During this process, the beam
parameters exhibited a transient behavior, thus representing a potential beam loss
risk. Additionally, during the accelerator commissioning stage, the beam will use a
chopper to control bunch length for a safety linac tuning with lower beam power.
However, the chopper operation will destroy the SCC and lead to temporary changes
in the beam's performance. Therefore, it is essential to conduct beam transient
studies for the JAEA-ADS LEBT to assess the potential losses in the accelerators
during these non-steady-state conditions.

Simulations must meet the criteria in Table 1 to ensure good accuracy. As a result,
an average case took about 41 days on a 24-core workstation. Thus, to complete
multiple simulations in a reasonable timeframe, we used the JAEA Supercomputer
(HPE SG8600).

Table 1: Simulation conditions.

Condition Significance

Self-consistent electromagnetic field ¢ 3D PIC benchmarked plasma code: Warp

interaction

Physics process Include the dominant reactions:
e Ionization (Beam-gas, electron-gas, etc.)

e Charge exchange

Simulation stability & convergence ) . .
Y & Simulation time step: At= 0.1 ns < 2/(10< )
p.e

(electron plasma frequency)

e Mesh size: 4 mm to 0.5 mm < 3 1, (electron
Debye length)

e Large number of Macroparticles
(computational particles that represent many

real particles) ~ 107

,89,



JAEA-Review 2025-044

Results from FY2024 and their significance:

1) SCC build-up

This simulation explored the initial operation of the linac and determined the
conditions necessary for the LEBT operation. Figure 2 (top) illustrates the evolution
of the root mean square (rms) beam size at the end of the LEBT. The bottom plots
show the horizontal distribution along the LEBT at the beginning (left) when the SCC
is weak, resulting in a wider beam, and at the steady state when the SCC is strong,

leading to a more compact beam. The beam loss recorded was below the limit of 1
Wi/m.

£ 3 Transient Beam size
§ Z(A‘\.\‘
<1{\
\ 4
0
o \ 2 40 60 80 100 120 140 7
<4 Time (us) 4
2 s 150 ps

Chopper

\Qensity z-x: beam(p)

B . 250105
0.05 0.05 7/

0.00

x [m]

-0.05F

05°®

Nz ['rP]] lly 00 05 2 rr%]. 15
Solenoids

Figure 2. The top plot shows the variation of the final rms beam size. The bottom

left is the horizontal beam distribution at 2 us and the right one is at 150 ps.

2) Chopper operation

This study presents guidelines for appropriate steps in ramping up beam power,
specifically recommending an increase of 0.5% every 100 seconds. Additionally, it
evaluates the beam tails generated when the beam is removed and concludes that
their length is adequate for measuring the subcriticality of the reactor, a condition

necessary for the operation of ADS. The recorded losses were below the safety limit.
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Chop\pcr Collimators

150 150.1 150.2 150.3 150.4
Time (ps)

Figure 3. The top shows the evolution of the beam kick produced by the chopper.
The bottom plot shows the beam current at the LEBT, RFQ, and main linac. The

beam tails were estimated to be 180 ns, which fulfills the requirement to be less

than 1 ps.

() BEURMZESR, TURARRE., WmXH):

1) B. Yee-Rendon, Y. Kondo, J. Tamura, F. Maekawa, and S. Meigo, Design and
beam dynamics studies of a chopper for the JAEA-ADS LEBT, the 21st Annual
Meeting of Particle Accelerator Society of Japan, Yamagata, 2024, pp. 205 — 209.

2) B.Yee-Rendon, Y. Kondo, J. Tamura, F. Maekawa, and S. Meigo, Beam Transient
Studies for the JAEA-ADS LEBT, the 32nd Linear Accelerator Conference,
Chicago, 2024, pp. 488 — 491, doi: 10.18429/JACoW-LINAC2024-TUPBO07
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59 BRIt X1)TH8EXEEVS—
Integrated Support Center for Nuclear Nonproliferation and
Nuclear Security

5.9.1 BERAIEDOAREESH
Delayed Gamma-ray Final Application Studies and Analysis
B RUSFX BTTA FrAf A
BB T HEE ==
(1) FABM:

A primary aspect of nuclear safeguards is to verify in a timely manner the amount
of U and Pu in state facilities through measurement of nuclear material samples.
This is relatively easy for low-radioactivity nuclear material, like fresh reactor fuel,
but becomes a significant challenge for irradiated fuel. Specifically, the build-up of
minor actinides (e.g. Cm) and long-lived fission products (e.g. 137Cs) passively emit
significant amounts of neutrons and gamma-rays. These passive emissions hide the
direct signatures of the U and Pu of interest, requiring verification of the U and Pu
to be primarily performed through correlations to these passive emissions. During
reprocessing of the irradiated fuel, the nuclear material is dissolved and the U and
Pu separated and purified, though the dissolved fuel must be characterized
beforehand. The International Atomic Energy Agency (IAEA) currently uses Isotope
Dilution Mass Spectrometry (IDMS) to evaluate the nuclide content and Hybrid K-
Edge Densitometry (HKED) to determine the U and Pu elemental masses [1].
However, IDMS is a chemical process requiring a long time to prepare and analyze
the sample, extending the time to return a result [2]. Consequently, the IAEA seeks
supplements for improve safeguarding capabilities, not just for the solution samples,
but also to evaluate material throughout the entire facility.

Toward this goal, the Integrated Support Center for Nuclear Nonproliferation and
Nuclear Security (ISCN) is developing Delayed Gamma-ray Spectrometry (DGS).
DGS is an active-interrogation technique that uses neutrons to induce fission in the
nuclear material of interest, creating prompt neutrons and gamma rays along with
pairs of fission products. Many of these fission products will decay with short half-
lives, on the order of a few seconds to a few minutes, and emit gamma rays above
~2,700 keV. Shielding the low energy passive emissions, these high-energy gamma

rays could be used as the observable signature of the fissionable nuclear material. To
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perform DGS interrogations, we must design instruments to create the short-lived

fission products and observe the gamma rays.

(2) FARE-ER:
The DGS research performed on the CCSE HPE SGI8600 supercomputer focused

on instrumentation studies using
MCNP [3]. Significant time was spent
on characterizing the ISCN Fission
Signature Assay Instrument (FSAI)
that was designed as the final
prototype for deployment in
reprocessing plants. Presently, FSAI is

used for experiments with small

samples of U-235 to determine the Figure 1. Improved dose shield for the
assoclated  signatures using a FSAI upgraded emission rate.
deuterium-deuterium (D-D) neutron

generator. Two studies were performed for FSAI. First, the generator is undergoing
an upgrade in emission rate to 109 n/s, requiring evaluation of the dose rates for
operational relicensing that was performed in the FY2024 fiscal year. Specifically, our
goal was to ensure that the dose rate was below the regulation limit outside of the
window in our laboratory by adding additional Pb shielding (see Figure 1).

Additionally, we ran MCNP simulations related to our He-4 detector that is used as
the FSAI source monitor. As a fast-neutron detector it can distinguish fission
neutrons from the neutrons emitted by the generator (energy) or 252Cf (intensity). The
MCNP models simulated energy-correlation experiments performed at the MONNET
Tandem Facility the European Commission Joint Research Centre (EC/JRC) in Geel
(Belgium) and sensitivity profile experiments performed in the ISCN lab using
collimated 252Cf. Final analysis is underway for publishing the results from
characterizing the FSAI neutron detectors, including the He-3 detectors used for
prompt and delayed neutron counting.

Beyond FSAI studies, we are also working on DGS studies for full irradiated
assemblies. In the early 2010s, the US DOE complex started a broad investigation
into different techniques that could best be used for assembly material accountancy,
prior to final disposition. For this program Los Alamos National Laboratory created
the Spent Fuel Library (SFL) MCNP models providing standard candles for

evaluating assemblies with a broad range of burn-up, initial enrichment, and cool-
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down (BEC) [4]. We are using these SFL models to extend our DGS studies from our

preliminary focus of small-sample interrogations. Specifically, we are studying

fission-rate differences between using 252Cf inside the guide tubes, emulating a rabbit

system, to using the FSAI D-D neutron generator on the side of the assembly (see

Figure 2). Studies of different generator and detector stand-off distances were under

evaluation for in-pool interrogations

under minimal interference conditions of .

no moderator/reflector collar. We started

studies on pseudo-rotating the assembly

so different sides of each assembly are
irradiated and measured to evaluate

geometry and material distribution effects

to

composition. In FY2024, two sides have

been simulated and processed with ROOT

5]

supercomputer to begin this study.

[1]

[2]

';::.%i%

determining the entire assembly
Figure 2. The SFL assembly (lower

left) inside the water (light blue) near
on the CCSE HPE SGI8600 the pool wall (dark blue) with a detector
nearby (pink) and the source simulated

on the opposite of the detector.
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Fig. 1: Atomic arrangement seen from the direction Thid e ZfF TGN
of dislocation line [211] for 1/2a<111>{011} edge 2#V%o

dislocation of bee Fe. X // [1-1-11, Y // [01-1]. Fig. 2 [ZHALEATHE O
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Fig. 2: Equal electron density surfaces (yellow)

around edge dislocation core.
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(3) MBVARN R, TURER. #®iXE):
TRl & kb

1) Hiroki Nakamura, Masahiko Machida, “EFFECTS OF MAGNETIC ORDERING
ON THE GROUND-STATE ENERGY OF PLUTONIUM DIOXIDE: A STUDY
USING  ADIABATIC CONNECTION  FLUCTUATION-DISSIPATION
THEORY”, Proceedings of the 31st International Conference on Nuclear
Engineering, 2024, 134660.
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5104 ¥ETEY~NDSTHLDWRIEEEDFEH

Investigation of Adsorption Structure of Radium on Clay Minerals
A B BAR . R ER
AT - DX HARH B 7 =
(1) MAER/:

ZYUh Ra) ZUVT RN U LADOBIEE LY AR D TR TH DT
D, U T PR L O BTG YRS U YR FE) O AL RTE O fiFRIZ 72V | Ra DB
HEMEOMIIILATH D, S DIGEHE, BARKEDORE L LT 26Ra (348 H 2458
HTHEY, Ra OEREIHEBMAOHEIEM IR mE->TWVD, L, RalZLERNAK
WNIEEET, —ER&HT D OBHENREN L, SDICaETERT DT KB/
AZADTDWNEPFIEI 2ol TR TR E 2D EWoTz, Ra OFEBRED R S 0553tk
OWHNEE L <, REARENZ, LU ERRO X0 RBEEMEN G, TFE, BRBEEH O
Ra (CBHF 2WMEME BN L TRV | EERE TOWAE TR 1 FEERE O RN IR 2
MW= OfER G, BRET O Ra 23K HHMICRAE L TEEISND Z L AVRIER S 1L
TWb, Ra Z7 A7) 1HER TH Lo OERER T2 i CIEE L, BTNV &S
ABNTELI LMD, Ra PR EHMICEE SN 5LV ) Z LITHEERFMR TH
D8, E DWRAERRRES WA ITRMA R 832 RSN TV D, £ 2 TABETIL,
KRIUGHEHEZ T Ra DR EIRAESUSE B ST 2 2 L& B LIFJE 2D T
W5, K TIEITEME S E LT DT, EOFEMA RN 2 11X ER 72T Ol
U<, REGHEBZ WS —FREGENREETH D, TNECTOMERRENS, 7V
U LDKETINTIRS WA TH L, B UL (Cs) EFEROEBITH D Z &3 H )
[Zheofz, T2 THME6EETIX, L0HWLT W Cs ICEHR L, Fir & 8§ —FElEHA
ZRRHANCRII T % 2 & T WoEREICIRFE LIEMER L2 icHLNNC T2 2 e &
H¥g L7,

(2) FIRARNE-ER:

Hh IR % 72t R OBRIEENE A AT A EEREY THHICHLEDb LT, ok
EIUSIITETERMALR SN EL EESNTWD, TORKO—I%, KHHEm»nI 7o
R — VTS A R D . BB ORET A NeFfoZ EThDH, WEYA MI, &
NENRAERELE Cs Tt 2BFMEN R 57295 Cs OWAEREIZIS U CEERWAE
YA MBREAT D ENMBNTWND, —RIZ, M EIMITWSE LTz Cs IZDONW T2
0 A7 — )V DIEREGDHT2OIZIE, ERE TR L-alkh 2 V207 oL O EBR A
VBT o0, BRERET CIHRRECTERAEAE L TNWDLZ ERZW, ZTDd, /5L
NDEBRTHELNTEI 7 v A7 — )L OERDD, BREF TIIRY L0 RnndH o7,
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DTNV E L RELSBEWESEA O M OET LV 2ERR L, #H—REEEHRIC
Ko THEERE(L 21T o7z, ZOREE. BEND LETHWZSGE1X, Cs BHLICFE
L Cs-OMREL 22— T, BHEPKELSRAWEGEIEL, Cs R DRBICEH - THE
L Cs-0O /N EL b2 tvbinoiz (X 3) , EXAFS OEERFER TIX, Cs-O M
LTWLSERFRZ BN TWEZ &b, BRI LETBRWEY A MIBRET D, &
FTUVF1IDBKVBENTHL Z EBbhoT,

S DITAMFE T, Cs DFEGHEIC DWW T HEHI 21T o 72, ZAVE TOMFEN S, Cs 2
K HFEN RS AT D Z L3O TV LN, ZORENZOWTITEB DO FRRH Y |
EERAEZRINET S EELH -7, £ Z TARMIE TiE. High-energy resolution
fluorescence detection X-ray absorption near edge structure (& %) fift HE =5 Y f H
XANES; HERFD-XANES) # vy, ¥ B8iclss L7z Cs OfEAMELZFHME L7z, D
fEA. Cs IFWAE T A MUK D TA A AR E N LRSI, BT, #
—FEHBEIC L DR AMEOFMM bITo72 8 2 A, BATOMENME LN, ZhbnZ
EiX. Cs 28K I EE < WA T DIRIIZIAFEA TIER <, Cs+DA AL RN K E
W2 DR EHE O JEEE ~DOBFPENE N2 & & Cs+M K LT W2 ENFINTH
2T, TNETOXRAXDITNVN—=TOMEMPZIFHTLHHLOTHD, £, REIC
EOTHREOHENREDLL RN LN, BREREBOFERTHONZI 7 —L
OB ZBRFEFOREBHCBICHTE 2 B2 65, DL DORRITE & o TEEEIT
EICE R S, TV RBREIToT,

LB SR

[1] FM. Michel et al., The structure of ferrihydrite, a nanocrystalline material.
Science 316,1726—1730 (2007).

[2] A. Manceau et al., PDF analysis of ferrihydrite: critical assessment of the under-
constrained akdalaite model. Am. Mineral. 99, (2014).

[3] M. Sassi et al., Roles of Hydration and Magnetism on the Structure of Ferrihydrite
from First Principles. ACS Earth Space Chem 102—-108 (2019).

[4] D. Langmuir Aqueous environmental geochemistry; Prentice Hall: Upper saddle
river, 1997.

[5] Z. Szabo et al., Occurrence and geochemistry of radium in water from principal
drinking-water aquifer systems of the United States. Appl. Geochemistry 27,729-752
(2012).

[6] M.A. Chen et al., Radium sorption to iron (hydr)oxides, pyrite, and
montmorillonite: Implications for mobility. Environ. Sci. Technol. 52,4023—-4030
(2018).
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BRIVANMZER, TURARR., BXE):
%]
1) A.Yamaguchi, M. Okumura, N. Kawamura, Y. Takahashi, Adsorption structures

and bonding states of cesium and barium adsorbed on various sites of
vermiculite, Science of The Total Environment, 964, 2025, 178585.

[1=l N 23]

2) W B, &6 e, WA HEEZ, o fRRERIE &2 2 L— 3  OAHRFH
12X % XANES O EM; BEMEULSUSOMP, HARHERERER7EE 2024 4
£:(JpGU Meeting 2024), 2024/05 (R1F#1H).

3) N B, EE FER, WA HEZ, XANES OV R 2 bL— 3 vk B REEEIE
kA E(LERERF O Fe ML SO, A ABEILFSHE 68 EEH (2024)
2024/09.

4) [ EEr miﬁ R, B HEE, RERE(IERICEIT 2 FBEORKA;
XANES O @& fRaelll @ & 5 — FERFHE ORI H, 2024 F5E B ARERIL S5
71 [Al4F23, 2024/09.

[Er

5) A. Yamaguchi, M. Okumura, Y. Takahashi, Advancing understanding of biotite
weathering reactions; XAFS and ab initio simulation insights, 61st Annual
Meeting of The Clay Minerals Society, 2024/06.

6) A.Yamaguchi, M. Okumura, Y. Takahashi, Oxidation of iron in mica induced by
weathering investigated by HERFD-XANES measurements and ab initio
calculations, Goldschmidt Conference (Goldschmidt 2024), 2024/08.

[7 v 23]

7N T2 AIEOEIICHIIBRETLION? —EEERY I 2 b — g L FER
MfEZ N wfwwﬂﬁﬁ—J 202542 H 6 H.
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5105 HWREBNFHNZICELIEFARFIETLEREDVEDEHREY
TEARAT
Analysis of Physical Properties of Amorphous Materials in the
Nuclear Field by Machine Learning Molecular Dynamics
AR REOR, BAT HEEZ. BTH B2, in BT
Al - DX SR H AN BAFE =
(1) FABKM:

JFF IR BICB TR, BEFEOS TV I 2 b— a UEIF TRV 28 LWk TH
MR L, ERE Ry S 2 L—Ya Y oEBRD LA TWS, #lZiE, v
U — FOM BT I T D S M ORAT - WoE TR & BRI 2 701 TE, KRS
FOWEWNES TO RS MR OILBAL P RIS E BB LI Fy I ab—r a UPLE
Thd, £, BEE IR T IFEEFT TOWBFHO K 5 Z2R0U T TIE, ERERErOFE
M7 R T2 Z L RNEEL 2D, SHIC, BREEYI2L—va VOEBIX, F
PEF-R° X RIEHT 722 & & T8 - IRV EWE OS2 /i T 2 EW CHHEETH
2o

D OEMERVE R TR L~V 22, i FEV IR AR EB 2 b
%o LU, W FENIAITRERA ST A —Z —ITRUKFET D720, v Iab—v
3 Ui R OEEME L HIIRET T 20BN H D, — 7T, RRERA N T A —Z —ITIKIEL
BRVWERSERFEL L TCEFAFHRICESSE - FEEHERH L, TOFHEa A b
DEING, JRDHDVAT LA ARV I 2 b—r g VRFRICKRE KR & D,

AARETIE, B ET — 2258 T 52 & T, B REEE L R%EORE 2R
LM b RS FEN Y R 2 L — 3 U EATRE L T 2828 o T8 k% H
W RIS RT DEMEE O SR A BEE T, OB B REEE T — ¥
DYERUIIRAGH R OFIHAR AR R Th 5, BARBIZRFIERIRITIX, BRI E Ot
fR e BT EEIRYME, TELT 7 AU BB LT VI T OEREE G, A
koK I BT D BUR AR OWE ZEE N TG E i D, Fo. BBt ORE - EEE B
REW LT D726, o B % Bk 2Rk v R 22 B -8 )5 DB S BT
bDH, IDIT, BAY MK HIMD IR EN RS Z RO b 2O LR
FHELE MG 2 T2 12 0 DR E 0 F I FHEDORFE 2 D 5,

(2) FIARE-BR:
TENT 7 AV Y AR B LR ER> BIRERIC KT TRE DR

TENT 7 AV BT X g E U LT 5A OWEREN 2 "T6E & 3 D8 7
OB EAT T2, TENT 7 AV BT X B/ VEIINT 5 2 & CEZIESR D
DL ENMENT VWD, 20K RRBMEZE T 7 213, KR b @i E COMRERE
T CHEHAREREMREL AR EICBWTEETH DL, AFETIE, Si-Ti-O =LHERD
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X 1. 7ENT 7 AV Y B O#BEZER(CLTE) %t
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EREL DR E S % TR FTRE 72 MR 8 15 DRBEEIT AT 7o BeAmTBR &
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HZ b, fEFEOMEIAE

WAl A e
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HEDLZ LT ARWT =2 T @7V b= AOKTE )G AT D FikE
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(@) FHRURMER, TLARR, WXF):

1) [AA20240628]) [#%Fa ] [#Hi4 ] [1F=3.1] [#&E : This calculations were mainly
performed on the supercomputing system HPE SGI8600 in the Japan Atomic
Energy Agency.] Keita Kobayashi, Hiroki Nakamura, Masahiko Okumura,
Mitsuhiro Itakura, and Masahiko Machida, Specific Heat Anomalies and Local
Symmetry Breaking in (Anti-)Fluorite Materials: A Machine Learning Molecular
Dynamics Study (FFfabs#i: 2025 4 1 H, #F&%: The Journal of Chemical
Physics).
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IB[aES

2) AR FECKR, AT TR, SR HEEZ, BOE VR, BTH B, SRS B Sk
RS a0 D miR LB O, 5 38 My alb—v g UEt
A, IR, 2014 4 12 A,

3) VR FECK, AT ER, BAT HEE, AR TR, WTH EZ, wABEICBIT D A
B D RPTRRFEE  HOTZRHEO TS B8 0 T8 1 5B K AT, B AR
T 2024 FRKOKRE, HALKTE, 2014 49 H.

[ 5]

4) Keita Kobayashi, Akiko Yamaguchi, and Masahiko Okumura, Machine learning
molecular dynamics study of hydrated kaolinite under high pressure, 61st
Annual Meeting of The Clay Minerals Society, 2024/06.

[ e ()]

5) /K HUK, “EEMEE S FENIFIEIC L A EEE LY I T AORENT , NEW
GLASS, 39 %, 2 5(2024).

- 112 -



JAEA-Review 2025-044

510.6 HBEMHOE—REHE
DFT Calculation of Structural Materials
g Feve. BTEs Bear. #E BMS. o IEE)
W fd—. A HEZ. K ROR. TR R
Al - DX SRR BRSE ==
(1) FIAEM:

AT UV AHNTIRFIFNOEEMELE L TEETHLDIMA, F vy FrrbibinE
TIRAWHIETHWONTWS, 7284 ADS <° FBR 72 & O RUFE Tidk oo
DICHEIRESBZ ML LTHWDSHENRE < FRIZ ADS TIdgh B A~ AMmic X 24
WM OWARE B LSRG A RO D ER & 72 5, F T BIKIF O u s Fi I hil Rk oy
L DS TN T 5, —HFTAT UL RO T I 2 L— 3 U2 L DB
ERHEIE 7 = 7 A MR THEA TR, ZORKIZAT VL ANT v & Lk
WheZ r L, B FHEHERES T ARWARICH 5, AN CIERBIBL 72 5 — B
R LB E 2 W T OREERIE L, AT U L ASOMPEE BB L, RO
HELBERIICTHT 2ETVERET L2 TH D,

(2) FIRARNE-ER:

F—ATFA MEITERIZ 7 v A 20% = 7L 10%REZ M2 -4 THY | iR,
1t PR L A AU AKUE O AR N E OB ADS O B — AZEMEE, EEERTHLE
JEFOAT U AMERCAB B/ E TR b Cnb, L LE—REFHEICL 29
PEREAT RS L O & OB I3k B CH 5, WU 8B e EMEEMEHCEbN S 7 =
T A MRIZOW TR &R T A o TR iEE I T 5 — JFER G IR0 e L
PR FIREIZ 78 > TV DM, A=A T A MIFIRTEREFOA Y BT & L2 N
W2 HEREME L 720 . ZOREZFER L2t BT 20 s W ) EN &
Do ZOMEEMRIT D20 O e — K~y 7&K 1IRT, BF0 5 FREIZITREZ
B AN T E AT ooy v EBTE, ZhEHWTAT U L ADESRMIZBIT S
BIRBETO T 4 /7 55k 6000 JR1-% W2 5HRIC K 0 GF U326 & Mk I —%
THRERESTCEOAMEEFRE LT,

- e 1 F e
TEEHER, T=0 \\ %éﬁ%(ﬁm‘\ TR - HERH
BT EH > >
s BFEH «  MBEX B EE
SEHEEHS . BT BFeCrAI~ODJi
. TAIUBE B
202252 T 2023% T 2024 =T 2025~2028

X 1: AT LAOBFERT oy Vo — R~y

- 113 -



JAEA-Review 2025-044

KREEXZOFELRESE, SOICRAEBIOETT LA ATRRICT 5729, 5284
EICN 2 TR RRF O EZ FREICT 20 O EFEEZBRE Lz, &b
DFEE T EEOE — R B HE 21T 8 O BT 7 — 2 2 AR, B8 R T
YU NVERIE L, AT UL AT IS T D B R MG O PEHUE L A R L KSR & i 5
ZEEToT, BRI REEET. K 2000 7 —ADFH IR OMEREEE L
THEWMFERT o ¥ VRS, a2V TR RIEOBEI = %1 —Z 5l L 7=,

”-5\
i{ 1
‘\-‘/'
pE BE
¢~
| 1
o/
I;.D - -
=,

X 2 : 22 fLOBEIEFE ORI

B 2 1247 KBfa T 2 22 AL OBENRE 2R, A7 v L AL O T T ETH
0. RAZELD D DNEICHET DR FPBEI LT 5 2 L THEAMEPBET 5, 2
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[1] Dryzek et al., “Migration of vacancies in stainless steel measured by positron
annihilation”, Mater. Lett., 21, 209 (1994).

[2] Holtzwarth et al., “Positron annihilation studies on the migration of
deformation induced vacancies in stainless steel AISI 316 L”, Appl. Phys. A73,
467 (2001).

[3] Bowen and Leak, “Solute diffusion in alpha-and gamma-iron”, Metal. Trans., 1

1696 (1970).
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Atomic-Scale Simulations of Radioactive Substances using Machine

Learning
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EINZ HIEEHITE L, ENET D EEE 12060 £ —R o =a2— T /L] OFEROZ
DIZRAR T D, EDIDOIT, BARZHIFCHREN LS B OBRIR N LB & ST
W5, ETo, RERMEHE RO MBSy DT-OIZ1E, BREE OB BN KD
FREADR MR & ST 5D,

ZOX DI, BEFE, HIUEIEL, REEAEE MU AL H AR DR RN ISR OWFSE
FHiEE LT, ERBISEFELEGOTIERD D, ERBIETIRL, BIEOWE % B
RLET, WEOKREZIET S, UL, BEHEMEZExSE T 28546, HER
ERHIR SN D, FO—F, HimiFIEZ, HESSREET VLT 2 0ERDH D120,
REOEHERRBEOHENREE R 55605, L, H— B RFESELHW
LHHET, WEHOBREZMDENFREICRY . S TEFREZITY ZLI2L- T,
JiA 3 DXAF I AEMBDENAREIZIR D, ZHHORIC LY BRI FRIEE,
WER - AL FBGORARN 72 A ) = X NRIANFRETdH D, B TEwE Ot % 2241
RS Z E N ARETH D,

FROBERO T, ARETIE, @EF T EFT . T RE, #Eik,
HiJE L3 2B B W ER - (LB ROFBHEN MR OESRZ £ BN ET 5, R, Bk
REDIMEIC RIET B LR D720, F—RHEF AL ERFEFIEE T 5, B
FHREIIEREECH I HE I X RRE W, B EIE L FFOBEOME % BT 5
FERELWGER DD, 2T, EBENOKEHE X N THLHEFIETH DB
By FEERCLEE AT L CEMT 5, ZOFEIX. H—JRBEF R OF R
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REANT=a2—TF W%y NI HIIFEEIET, T2V TEREKHE 2 X
NOGTENNFEEY I 2 b—va U ERRATLIRIETHD, ARETE, 01
B a— RO, a— FoEdb kO GPU b O CTEET 5,

(2) FIARNE-ER:

FEUH R RIFHENCIE S & . RHGENXIG & T 25807, FAUAREL, MG kL, HifE
AT IET DT « D F AT — N alb—a U FETH D, WS ESFEINF
BIfR D PR EEET 5, £/, TNETHWTE A =70 Y — 2 OMWEEE 5y
TEFE T — R n2p2 EFkx OBR o — REHWT, BEF. Bllrmel, #Ese
HifE LA BT DB oy F V) FEY R 2 Lb—va U EET D,

1. HER B Rk o — RoOBSE - ERUE 30%

1.1 #HiT — 2 OFT —Z _X—=R L ZNEFHT HHE T AT LOB%

BMFE B AR, REOBEEPBEIEOE/REZ BT — 2 & L TnEL
TN, HEEHEOMDHIRY . T8 0 T8 I HEO T OEET — X DT —Z _— 2R
IFEAE LRV, 2 2°C, PEROMTE B 1Pk R il L <, BT —# o
T B R AR T D, LT, WEEED LR AT T D BEF OM 28 4 1-8)
NFE N r—T T EROT —Z _R— R E M HICHAATREIC T 51 v 4 — 7 = — A% AE
R D, F7o. BHETOMWTE 1B )ik — ROER kT 5.

N 6 AR R

BB L E TITHER L2 738 70 T B ) B O BEN T — Z (ERk. 8. 8 )
FIEOFETZ T 5 Python 227 V7 vy r—2 0 ) —2% BT,

A6 RS ¢« Hih Python /N 7 —UAERCY —/L nbdev #3 A L, 22— B,
TADN, F¥a Ay MEROKE - EAfl 28 272, £o, HHEGHEa—F
VASP OfESt% json ERUTEH L, T — X _X—RA Y7 k77 MongoDB (213 5
Python 227 U 7 N &{Epk L7z, — T, <IN\ —2 U U — X TX 5B ITER
LehroTe,

2. BB TENREY R 2 b— 3 URFSE  ERRE 20%

2.1. BESFBEGR © U-ZrO AR R (b K SRR 0 [EHE S i OB 7 oy 8 152 2
a2 b—va &k S LTORBKRER OB T E AT 2 v VOB A kRS 5.
A6 FEREIT, AU E Y B 15495 Python Xy 7 — U B VT, BECEEE R T
¥R IVDTERE BRE S T 5,

TN 6 FEREAE R
AT 2.3 IZEF Lc/od, AR BITARER,
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2.2, FFALFBREIBIA « 25 THH%E L7-. ThOs DM E R T o v MZHONT, &b
KR&EFA, TOVEVEROYI 2 b—r a2 HELTC, @dlkd 5, 56 4EE T E
70 Python /X v 7 — % HWT, HEIT ThO2 DM SEE 45 F B 1R T v v L& AE
T b EEEEET D,

TN 6 FEREAE R
AT 2.3 IZEF Uo7z, ARHBITARERK,

2.3. MU BEGR « R HIEMIC K 2 MRS B R D A T = X LRI AT T
K LI OIREE R T > Y VBT 5, 7o, B RERRS 2 0Ty &
TSRO BN 2 ~5, M 6 T A v T 4 T A FOKEMTE 518 715
Eviab—vareEl, WIEELHET 52 L2 AR LT 5,

TN 6 R R

SEEIIRE LI NSA 0T 4 T A NG LT D TPETH 72D, &, mETOD
FVFA FROKE LI HONT, Bzl 27 74 Mk kK T0kb) &
V) EBEER (H. Huang et al.,, ACS Earth Space Chem. 4, 183 (2020).) D{E(E% Hi-

COWEAEEEE THERE L CRHIE L T U A Y F1 NI 7 T4 b EERIIOKE L5 (B
FVUR) ThHRED, HBREFEAOREEAT AT FA SOTDOWIMFERT v v L
PR LT 2O LWBIROMEHT & A T2,

FET—XIXE -G Y 7 77 Vienna Ab initio Simulation Package
(VASP), HtEE AT v v v L OERIZIEL n2p2. 73 T BN 1SEEO EATITIX 0 T8 )%
{52 — K Large-scale Atomic/Molecular Massively Parallel Simulator (LAMMPS) &
n2p2 ® LAMMPS A > % —7 = — A% H\\ 7=,

Bz, mERCBWTERICK D FEEL A Y 74 MToWnW T, F—HHEGEEL
Fhi L CBIMMOBURT — 2 ZAFR L, WEREEE TOT —ZIZMA, n2p2 THE I ¥,
VERRL U 7o 860 738 055 % v ¢, LAMMPS Tl 300K (23817 % NpT 70 78 /177 2
2 b—va U EERLE,

ZORER, EN @D T LR KRG OIEREE SN TN Z ENbnoTe

(X 1(a)-(c)) s FEFIAN 2.5 GPa DEfE, Koy FFOBFFF DAL, R Y 238 2233
SXVEE-THRY (K 1@), EHM 5 GPa L THERED L, KO THOEERTD
SARFFEE>TVDZ b5 (¥ 10), £ LT, ENA 7.5 GPa ([ZEET S
EL KD THOBFERTOSMIXIE-E 0 & —FEiTcEE S (K1), T b ofmik
FEBRAER L AT AT 2 N TH DL M T O It EOE N (ERITT 7 A B
FEIEIAY FA ) 12O T, EORIMFDLETH D,

AERITIERSHE CRE L, BERCEPTH L,
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(a) 2.5 GPa (b) 5 GPa {c) 7.5 GPa
Ll R L L T T ) - - - .. ‘ - .

SR R - e N

“ '“‘ 2‘0 . "rﬁ . -

-

Vet it s 2504 4

Ko F PRI DA Ko PRI D A KGRI A D A
1.(@)2.5GPa. (b)5GPa. (©7.5GPalcBiF A A4 A FERIKSGF T OEEER
o, AL AR, B, ZL—ORIIZENENKE, BE, HEFR, TAI=ULARFE
*£7,

RRBURN (R, TLRARR. BXE):
EHN X i

1) [5082557] [##ikE] [#HA] [IF=2.2] M. Okumura, “Machine Learning
Molecular Dynamics Simulations of Materials with Complex Structures,”
accepted for publication in Journal of Electronic Materials.

2)  [AA20240299] [#emar ] [#FH: 4] [IF=3.1] Y. Nagai, M. Okumura, “Kolmogorov-
Arnold networks in molecular dynamics,” submitted to Physical Review
Materials.

3)  [BB20240255] [#5/A%# ] M. Okumura, “Machine learning molecular dynamics
simulations; An Application of machine learning for material science,” 51st IEEE
International Conference on Plasma Science & 4th Asia-Pacific Conference on
Plasma and Terahertz Science ICOPS & APCOPTS 2024), Beijin, China, June
17th, 2024.

4) [BB20240255] M. Okumura, K. Kobayashi, “Molecular dynamics study of ice
in/on kaolinite under extreme conditions,” 61st Annual Meeting of The Clay
Minerals Society, Honolulu, USA, June 6th, 2024.

[ 22

5)  [AA20240299] [HFFATE] BATHEEE, RS > 8 D205 B LI, &
R AT 7E 2 (ICD), 4R, 2024 409 H 27 H.

6) [BB20240784) BAIHEE, [LOET, AMRER, TR E 0 78 ) EIc K D8
T - K A EAER OfENT 1, BARIR 7155 2024 KO KRS, U+, 2024 4
09 A 11 H.
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5108 ZHEEFRILYTVEICLDIERFICEITEIRAEEETAATIaL—I3
VDMER L
Enhancing Efficiency of Gas Entrainment Simulation for Fast
Reactors using Two-phase Lattice Boltzmann Method
Sitompul Yos, #ZJ K, HAR RZE
HPC - DX B A BA R ==
(1) MAER/:

Japan is advancing the development of sodium-
cooled fast reactors, aiming to operate a demonstration
reactor by the 2040s. A key challenge in these reactors
is preventing gas entrainment (GE), where argon gas
is drawn into the sodium coolant by free-surface
vortices, as shown in Fig. 1. Accurate numerical

simulations are essential for predicting and mitigating

this geometry-sensitive phenomenon.
The NERGAL code has been used to simulate GE

but is computationally expensive, requiring 2.5

Fig. 1. Gas entrainment

phenomena

. , , (Oshima, H., TAESJ, 2012)
months for a single analysis. To address this, the

project explores the free-surface Lattice Boltzmann method (free-surface LBM),
achieving similar simulations in less than an hour. However, the free-surface LBM
struggles with surface tension modeling, leading to inaccuracies at high resolutions.

To improve accuracy, the project is transitioning to a two-phase LBM model that is
better suited for capturing gas-liquid interfaces. Additionally, Adaptive Mesh
Refinement (AMR) will be implemented to focus computational resources on regions
near the gas-liquid interface and vorticities, enhancing accuracy and efficiency. These
advancements aim to overcome GE challenges and support the safe development of
sodium-cooled fast reactors.

The allocated large-scale computing resources will be used to validate the accuracy
of GE simulations using the proposed two-phase LBM. The computing resources will

be also used for testing a wide range of scenarios and developing our two-phase
LMR/AMR code.

(2) FIARE-FER:
1) Goals to be achieved in FY2024
In FY2024, we aimed to efficiently simulate GE phenomena using LBM on a multi-

GPU system and simulate the existing experiments. We specified four items: (a) free-
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surface LBM simulation of basic experiments, (b) LMR and multi-GPU
implementation, (c) simulation of JSFR test apparatus, and (d) extension to two-phase
LBM. We set our achievement goal as to complete implementation of items (a)-(c), and
partially of (d). We aimed for one domestic conference presentation and one peer-

reviewed international proceeding or journal paper.

2) Research results for FY2024 and their importance
(a) Free-Surface LBM Simulation

The free-surface Lattice Boltzmann method (LBM) was implemented and validated
using Moriya et al.'s experiments (Moriya, CRIEPI, 1998). Simulations were
performed with grid spacings (Ax) ranging from 5mm to 0.625mm. Two free-surface
LBM models were tested: one without a turbulence model and another with a CSM-
LES model. Using CSM-LES, dissipation is added at small scales (grid size) and helps
stabilize the computation, especially near the gas core tip.

-

Res.: B0x128x80 Res.: 160x256x160 Res.: 320X512%320 Res.: 640X 1024 X640 Experiment
Ax=5mm Ax=2.5mm Ax=1.25mm Ax = 0.625 mm GE length: 11.2cm
GE length: ~1.3cm GE length: ~5.4cm GE length: ~10.7cm GE length: ~19.4cm

Fig.2. GE length simulated by free-surface LBM with CSM-LES on various resolution.

When the free-surface LBM was used without a turbulence model, thin gas layers
formed at a medium resolution (Ax = 1.25 mm). In contrast, the CSM-LES achieved
good agreement with experiments at the same medium resolution. However, at higher
resolutions (Ax = 0.625 mm), thin gas layers reappeared even with the use of CSM-
LES (Fig. 2). This issue was traced to the method's inability to accurately model
surface tension, leading to the adoption of the more robust two-phase LBM for
simulating gas-liquid interfaces. Performance-wise, a 250-second simulation with one
million cells was completed in about one hour on a single NVIDIA V100 GPU, a
significant improvement over NERGAL (Ito, K., PNST, 2011) that took 2.5 months on
64 HPC2500 CPUs.
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(b) LMR and Multi-GPU Algorithm Implementation

Furthermore, we have implemented multi-GPU algorithms, fully completed for free-
surface LBM, and partially completed for two-phase LBM. For free-surface LBM, LMR
implementation showed good agreement with uniform grids and achieved a 3x
speedup using four refinement levels. Two-phase LBM requires further testing for
higher refinement levels. Results, including uniform grid comparisons, were presented
at two domestic and one international conference and published in a peer-reviewed
proceeding.
(c) JSFR test apparatus

We had to postpone this task to a later stage of research, as my focus shifted from
free-surface LBM to two-phase LBM. Before conducting large-scale computations, it is
essential to validate the two-phase method and confirm grid convergence. However,
based on simulations of basic experiments, we anticipate that large-scale problems can

be successfully simulated in the future within a few days using multi-GPUs.

(d Two-Phase LBM Simulation

In FY2024, we shifted to and implemented two-phase LBM, which provides
improved simulation of gas-liquid interfaces. Validation confirmed that two-phase
LBM more accurately captures surface tension effects. Unlike free-surface LBM, it
avoids the issue of thin gas layers and delivers accurate results for flow profiles and
GE depth using fine meshes (Ax= 0.625 mm) as shown in Fig. 3. Although computation
time increased by 30%, it remains feasible to simulate GE phenomena in fast reactors

within few days. This marks the first successful application of two-phase LBM for GE

simulations.
Res.: 80x128x80 Res.: 160x256x 160 Res.: 320%512x320 Res.: 640x 1024 X640
Ax=5mm Ax = 2.5 mm Ax = 1.25 mm Ax =0.625 mm
GE length: ~1.3cm GE length: ~2.5¢cm GE length: ~4.9cm GE length: ~8.0cm

Experiment: 11.2 cm

Fig.3. GE length simulated by two-phase LBM on various resolution.
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(3) MBVARN R, TURER. #iXE):

1)

2)

[5080918] [published] [peer-reviewed] [Numerical computation in this work
was partially carried out on the supercomputer HPE SGI8600 at the Japan
Atomic Energy Agency.] Y. Sitompul, K. Sugihara, N. Onodera, and Y. Idomura,
"Gas Entrainment Simulation for Fast Reactors using Freesurface Lattice
Boltzmann Method", EPJ Web of Conferences, Vol. 302, 2024, p. 05004, 10p.

[5081078] [published] [non-peer-reviewed] [Numerical computation in this
work was carried out on the supercomputer HPE SGI8600 at the Japan Atomic
Energy Agency.] Y. Sitompul, K. Sugihara, S. Watanabe, N. Onodera, and Y.
Idomura, "Towards Efficient Gas Entrainment Simulation for Fast Reactors: A
Shift from Navier Stokes to Lattice Boltzmann Method", Ft% T 2fi#E S5 CHE
HAGHR 1522, Vol. 29, 2024, pp. 648-652.
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5109 SREBEEZZAVEREZHEREHEICETI[EERETILOMRE

Development of a Bubble Coalescence Model for Gas—Liquid Two-
Phase Fluid Calculations Using the Interface Capture Method
MR K, Sitompul Yos, HAK &RZE, 7= b, N F
HPC - DX ARl BA 8 ==
(1) MAB/:

JF- 0 L5y B CLI DR G RO R | 2 38 VW TR —AH
TR N EE 2% E 2 R7- LT b, Y & KR E o
FAEAERNCER T 2 EMER RN A R X e~ VT R —)L
BGRHr O FBUZ T T, A—"—a s Ba—% (ARay)
ZI5H U= 5dEmiik /1% (CFD) f##r=— K JUPITER OB
BB LONZOFFEEE DR FLx v 7 L 72 5E 7] Poisson fif
HEOEE bz I L C& 7=, CPU A/Xa % Hu - Imm #
FARAGIE DS RIVIRR DA, S 512 GPU A8
a AW EEIC LY 0.6mm TR DT % S8
L7z, LIpL7Z23 6, EEOMATIZIE N T b EEHS R [Ren et
al., Meas. Sci. Technol., 2018] DR A KFE % E &M T
Ehehole, ZROKIAEZAET DN EFHET 2RISR
TR T L L FRTIINET DL O —ATH-oTh,
PER D F L TIFEUEMIC AR LT L E 9 FHI LT

(X1 28), K[IEOEEHAEE A RIXIRERRUC R & e B4 R T 720, #6h L72X
R ENEERT oG NE 2y bu— LT D0ENH D EHZ2, K[OG K% ]
AREZR~ LT« 72— X7 ¢ —)L FKMPP)EZE A LTz, MPF & T RIER L O A ARIZEL
DRI, [IEEEROBEGRET LV EMAGOE TRHIHAT S Z & ¢, HEMNERERT
T2 K HFRET MICEDWTERIEERBER 2 R H 2 5 R €7 VORI 2D T
Do

ARFGENTI1T DKM ABVE R R B B L O SRR 1 & BT A - Dt 2 A b
MDENT= GPU 2z %R H L=,

(2) FIRARNE-ER:
TN 6 FEERRE O R B AT
TG FEEIILL T O 2 ma @R IR L UTRE LT,
(a)Multi-Phase Field 5% W 2 KYEARE T /L OREEE
(b)ENZEHR 11, Bt EERSER Lo D WITHES 1 1F
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AN 6 FFEDOBIRSR & T OEEM:

5 I JUPITER-AMR 21— RIZHEHE LIZREET  Periodic boundary
IV R — 2RISR E T VORI D -, IR &
FKhiti L TAA FRIATLHPEEA 70 &2 FBR & LY
PERRREZAT > 72,

(a-1) & NRIEHE D ZERERRAEARAT

KIAE L OEERE T 5 2 & 23 AT RE 722 FL ik il 18 T95 T
& % MPF L0 ERERGERE & LT 2 12737 L 5 HEN
SIATRENT 2 ot L, TR R & o kbl & Fof L7z, FEBRIC
BT HELE 40mm, £ S 3.17m OFE A Z 0 £ F AT ER
LT DDIIIEMRINTH D72, AetHE CIIEWIBER &%
AWTEEMZRDTZ, L Less bR Rt 2w+
5 LRHEBEFICBWTIEAFET 2 2 ENTERNTZD FE
BRARIFICBIT DM EZ T A LN L Y, & 2T, HilEEE
i CIL W BTV S PID il I L E A AEOBRIHIENIC X v | FEE RO/
Mraewgee Lz (K 3&MH),

X 2 DX ME EMER S L, EAZRE L FMICER L, By
A TH 5 Navier-Stokes HEERDHNTJTHZ Fo=-Bz+ (p-pave) g DL IITHREIKIC
—HRIZB < T1 8 CERE AR & EAMHEDOAR) LiZJHTES LT, Colin T X
D EBRO FREKIAMEM “D3” LEERIC, BA FE 7.5%, K[k 4.2mm, KRR
0.823m/s Z % E L7z, X2 OFREICH L CHEAHK T (256x256x384) % M7=, &t
BOFAT > 7T LT ARBIRR | & BARE jrarget & DAL HHEIRZE =) jrarget. 1HAF
BEBLEERLTCeNBAOTHEICT 4 — Ay ZHlHEI TS T2, K4ITRT LI
AR AITIEIE BB ZR D, $90.5s TERIRREL 7rolz, £, RFTORA KFEL
A Colin & O FEERFEF & g L7ofbR, BLh—Bd R s (K4, M5 %
)

62.83mm

nD =

2 AT BN

o

500 1.0 [ 1.5
— 0.15 ——— Present
400 7082 Colin(2012)
g Z =
= 300 O.Gé L L e \q
& g % L
< =
£ 200f 4043 ¥ \ =
m g 0.05j \ -~ Presem(gas)
100F 028 % [ o Colin2012)liquid
L L \‘ Colin(2012),gas
C n n n | L L L L | L | L 1 |
0 3 00 0G0 050 075 Too Q00 025 05005 00

Time(s)

r+ 1+
3 B LIRFETTRDOEFHZAL 4 BTG RDORA B 5 AT A D
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(a-2)KIaAEET NV OBRSR
KRG HET VE JUPITER-AMR = — RIZHLAGAT 72 D11, WRAREHE O IFH A
Ty FIZB W TERIE O IIEHRA FHII L, 2l L 72 K0E 07 I AR O Al ] E %
179, KIBEERBRAT &4 THIE, MPF 0% ID Z[F UfEICEF 5 Z & T,
RRIFHEIZEB T 2 RMFHEICBWCH—OME LTEHERE SN T2D, RERNIZE
ST 2 2OKIANEERT 5, AF 6 4 EEHEE Cld(a-1) O FEERGEATIZ 2 < OBH3 HIf
ZELED, FRETAOEBICITES R o7,
[F7:BR¥EHE]
Pk 72500 A AOED
Y=z oRia7T —42 (friE, EE, B OIS
E % ORI D FF A FEBERI R DRk
ClHfidep) &
O& R ORE
CO&Ja ID OZEH & ID O U %

RIAEHRET VO FERBAFEE ON, K 6 1277 &9
YA ZDRT D KIADFHR, KIGOALE - HE - EE
T =X OF MR ETFET Liz, FRIEOT A XARNLE -
W 22 IXRIOTMARRN LRI Lz, 720 OBRRHEE
A T REEREICBOWTER L, 7 VOB LW
FRAEE CEE T SEDLTETH D,

FHH L 7= &R =
MEREDEEN X 6 FHHI L 7=&7alEmofte

LR OFGIRCE & 2 EHERHRE T D ¥ A 7 ORI MR RIL, T TR0 E
WCBWTAS HWOLN TV D EALET VEFRESEDLFIETH DS, Lol BEFOSR
HE 7 L ClE e 2 JE R LS 2~3 #5 TREE & TRl 972 L EERMIC AR L T L E W,
RIAR L ORKFEEENHE TERNEWVWIIENRH 5, AR (- DIZ X > TREE
RAFEAE L7220 K 5 RO KIaR T 2 AlRE L 72 0 | (-2 K> THELE T LTS
KIAENATRER REET VOB EED D Z LN TETZ, /. FEREMEL LT
BT D REIROMEREZBFICEH 25 2 & 23 LW EIBE RGO FEICH LT, PID
FIEHELRIC IS 7 40— Ry ZHIfll &7 5 2 & CHRIERREOMT &2 /e s Lz (R
a-l)e K7 4 — RNy 7 FEITBIROIRE Z —EIRDO L 9 MBGHER E 0 L) 72,
X0 BEHEAMERICH L CHISHABN I T& 5,

1)

Q) HRVAMES, TLARR., WXF):

1) [BB20240099] [Hik#E] [BEE - AWFIEOFHE O—EBIEL B ARJF 7 HHF7EBR HAE
DR HHE THPE SGIS600) ZfH/H L7-, it L CitE 27, ] 5 ok, /o
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dFEIE, 7L A HER BE. LT %, "Multi-Phase Field {£%
T RIATERENT . 5 29 [MIRHR Tk (6/10-12, f#)7) .

[BB20240092] [Hih#F] [BHE: « ARGHE X B AR J1AF 58 BAFEHAE D KRR G FR

HPE SGI8600) #fEH L7-, seL CHEEZ =T, ] BF B3, B R
23 R, HER R/ZE. "EHEME Navier-Stokes HFER O ERAUIZ L A KK A HAR
FHAE. O Poisson midfb", # 29 FIFHE L34 (6/10-12, 7).

[BB20240083] [Hihii#F] [#FiA] [3%F : Numerical computation in this work
was partially carried out on the supercomputer HPE SGI8600 at the Japan
Atomic Energy Agency] Kenta Sugihara, Naoyuki Onodera, Yos Sitompul,
Yasuhiro Idomura, and Susumu Yamashita, "Bubble flow analysis using multi-
phase field method", SNA + MC 2024 (10/20-24,Paris), EPJ Web of Conferences
302, 03002 (2024).

[BB20241985] [HihiizA] [3EE « ABFFEOFE O—31% B AR 1 150 R 3 i
ORI THPE SGIS600) #fiH L7z, st L T#fEA4~d,] ZEEA, “ b
VNI A HFRRE, W TFE, "wILF T 2 — X7 ¢ —)L RiEE AW RIATRE
it~ PID flomE A", H AR )52 2025 FHEOFS (3/12-14, 74
V).
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5.10.10 GPU MITELFR 7Y T LT —4E{Ea—R CityLBM-LETKF (R $

CityLBM-LETKF: Ensemble Data Assimilation for Turbulence
Simulations on GPU
BN HER, HIR KR, T fath, R . PR RZE. DESE B
HPC - DX AR LT BA R ==
(1) FAEM:
VAT LEER TR 2 —
HPC - DX HAERH B2 Tl

Observation
L P g s R

o A
S
g %

. (NN
GPU /5= i ORIl Oy ;,"E" ,
A L\
ARATIC BT BRI 2 L e =iy

T3, AT, HHc, gif  HesE==
IS & QR A MR R s 1
BB + RSO T 2 2

A OBEZAME LT, KT > > E[‘Q; ;'.'-;:.;‘1@;@
, 4 e SR
By~ (LBM) 6505 DA A SRS
LR T (AMR) 1053 U:ﬂﬁhﬁl-f
5. ® P b_!

< B AH WK R AT =2 — B

[CityLBM*] o Bl % % HEite 1 BT o 77— 2 Ak oMK, Nature
LTW5, AMEETE, #lc.  runt EfEOELHEY, Observation: / A X% & ie#lilll
CityLBM O FpgEEM -4 0 fE. Forecast: 7 — Z [A{L & 4T 5 Al O Fh 55 5 |
Bl LTy 75—  Analysist 7—ZELIZ L > TH LN,

[l (b oD 38 A2 B3 2 AfF 48 BA

2179,

INFETIT, 2 WorZERMBRE 128V T LBM B X ORI T v TV T L~ v
7 4 % (LETKF) (223 < ELi T 9 v 75 — Z [Afb o i #RE A = — R TLBM2D-
LETKF (X 1; g4, 9D ) #BRFE L. 246 OFEN MR SBT3 27
P INTF =LA FEE LTHESTHD 2 & &R Lz, AFRETiE, LBM2D-LETKF
THLNHRLE S LT, 3 ot AMR #1125 < CityLBM @ 3 IR ITELIRARHT % %
%L LT LETKF OBz i#ED 5,

*1 Onodera, et al.,, “Real-Time Tracer Dispersion Simulations in Oklahoma City
Using the Locally Mesh-Refined Lattice Boltzmann Method”, Boundary-Layer

Meteorology, 179, 187-208, 2021.

(2) FARE-HBR:
1) 0 6 AR O Rk H A
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wRIGE LT, BRSD7 Y v T AR R A O BIE LB LS < B b & SR EL L
TS 1), PEAREE £ COMIECIE, FHRS R EBRE OALE & [/ — & 3 5 2R @il
L0 TF—H UL OIEERGEEED 5 & & i, BUHROHKTEE LT, HEE TR %
—EOZEMBR T 7Y 75 kY7 Y 7 ) ZRHOTWe, —FRBLIIITIE,
FHERE T RUCKT 2B OfMRE p LT 5 L. 2T TOEE T/ p2 12, 3T
e OEET 1 p BB EZERT 52 LN TESD, LhL, ZOHETIE, Bk
DD ST OPCEMEIE—E O (F—F FEfbZ S & L2 W) 12 F TR 22
BLTLED Z LMD, BUHIORRNBEN T,

SAEEORIZIEBN T, T — X A O LEED 72 ORI S BIHR 2 HUY Br< 72 DtE
L LT 7o 7T ERERAE] 28 AL, ELS OE A K & WEZ E A
IV TTE TBEEY TV T EHICEB L, 2T, REFEFEORG D
{Tolemld, bebeT o ITAT =L TIET U TG REZFHRE L TWnWDH 2
Lo BBFEOT U T AFGETEE WD FEEERA Lic, 7o T AR m=1,2,
M. mBEBOT YT NHETHRONTCEHES Fun kT 5 & T U T OVIEYER
% o IILLTFCERSIND,
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1 ., 1
o= 57 0, W= W=D
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o D/NSWEENE, HWEOEB /NS SBRFEAHRICEE S 2 Lb, 7=k
EREEE LRWEINTH L EMRTE 5, T72bb, ol TIRIEZ T 7 BMEALELIC &
D, Tk bE L LW OBRI R ZHINT 5 2 L3 TE 5, SEHTEREDDY
AL EJRAFERRIZI T D o DA EH 2 1R T, ZOFITIX, IRMECSLFIRDE D),
Wikt s CERD ICELVERR IS AT D, MIERORTST (ER) B2 T, #ENE
FIFICER THY ., T—FFHLIIARELEZ LD, K 2 (b) ITRT oD MMITIND
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RELT, V7V 7 BRI 7Bl 7Y vy RREEIZE
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CE, BRIV (o) TlE, RMSE O EFRNIZIERWVIKEET, 0=0.10
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2K DBUHLEHI A A G DED Z & T, 077 —ZFMERE 2/ H 7203 HBLHLEEL
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Vo7, ot RV TV 7 Hybrid: —kktho 70 7 L EEH 7Y 7Ol
JiEwA (o0 =01, p=1,2,4),

- 130 -



JAEA-Review 2025-044

(3) MBVARN R, TURER. #iXE):
[EFESER ST (Eidh )]

1) Y. Hasegawa, Y. Idomura, N. Onodera, "GPU-enabled ensemble data
assimilation for mesh-refined lattice Boltzmann method", EPJ Web of
Conferences 302, 03005 (2024).

[(Erzi e L))

2) EWIHER, AR, NEFFESE, "LBM-LETKF %z /- 3 RocAtEE v o
TRV ODEBIR IR D7 — Z FMESEER", 55 29 [RIFHE TgkiEs  (2024/6/10-
12, #5) .

3) ERIHER, HrAfrtgezz, NEFFE S, WS, "ELiKT —Z ML) 23 E S
ORI K DGR O A", 5 52 [l Al HbiFH > AR T v A (2024/7/19-21,
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510.11 EHLGI[REHICHELI-BARRETFEDORSR
Local Wind Analysis Method Using Complicated Meteorological Data
NBFSE O, A RE. BRI OMER. B
HPC - DX AR 7 BAF8 ==
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Z A DL RNCIE A T&E 27200 T2 < BB OB TH 5 2 B iE R <7
INRLFIRE OIEECF 78 E A~ — b T 4 3R - EHE O - S FRAE I =R
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OIS I R T~ VT A — )VELIRIRIT AN AT R Cdo %, MEEEEE T, HOX TR
¥ RLKR) B TET VA2 RO BOURITICI LA TE T2, L L
b, ERGET —F & MO LREL ORBUFENTIC I T, iR s & B22 TR
B DRGERMOBGEIT, FTREMET T 2722 EORMER ST ROD o T, 54F
B, BT AN A EEBT D ETHMEE D BUENRRREE~DOX IS0
FT. AV AT = NVRET — 20 b RFTRGUEIT ~D 7 — & [F b 2TV 8L & 75
R D Fikz TS %,

(2) FIARE-ER:
1) AFn 6 FEHEE DR H A
A6 T MR KGR L R B s TR OBR¥) CEL T, [T
DR F15Td 5 CityLBM & JKIED A Y 2 r— VKR T — 4% OF — X A% & E
b9 252 &C, RZ2 L MiRmLEO RN D K 5 7Bl IR AL KIS FTEE 72 AT
FIEOWELX B LTz, ERLBEOERICIT T, JAMEERZ AW WELRRE A FIED
FHE - KREERRGE A i L7z,

2) B0 6 FLE DR TERR & & D EEE

BfED CityLBM TlE, BLEORNEZHELT L7202, AV AT — LG THET IV
(2 L B AL (RANS: Reynolds-Averaged Navier-Stokes equation) & J&#5E i 4412 &
D 3 S 7= LBM O (LES:Large Eddy Simulation) (Z%F LT, B4R 5%
RE L TR RA ST 5Ty P 7iEZzEH L TWD, KEAZ TR~y T 4T
D BFHYLEL IR R 2 FEREMRHT L CTlE, JAHIBER S ORR S 412 K- 4 1 D JEm) 23[R
HTholorow, FHRMEEIG > CHIEMZ2 BN IS 2 R T& T
oo —J7. ZHRLRGGE IO O BT VX VY A Tk, FHREE N TR 2321l
THRMICORIST DMENH D720, FAPERSEZHOFICER A ZESEL 2 L
ISFIREZR FEDBANME L 725, £ 2T, RANS OBk L THREELZ MR 5 2 &
TELIEYS O AR S fTRE 72 BLE R A2 i (CPM : Cell perturbation method) *2 % 324&
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L7,

CPM D IEARMZRAGERRFE L LT, —HRIEA 2 3% E L 72 SRSk 2 T & 320 L 7=,
FHAESEIG 2 IR TR, AU, B S FAICENE R 20km X 2km X 1.5km & FRTE L,
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NV R L, B E 600m (2 THEGE 10m/s &7225 X 9 IZFEE L, @ S 800m LL Eix—4%
JEGEE & L7z, CPM 1%, FHESIREZ x5 L L, &S 600m LA FofEikicx UCiH L
77

4 112 CPM fE Lis XU CPM A Y @ F3i 5 a1 Wi N O $hiE 7 [l B o0 Af A v 37,
ABEREMHETH DT vV 7B IO CPM ML, MOS0y &85, FHHEMG
it CPM U CIRABE AT IS ELTEAMFAERE T, i EAHIT A &2k 2 (S ELIE DS FE 52
LT BB TE D, — T, CPM A Y TiE, MABEROEZNS CPM 12X -
THMR LB R TE 5,

¥ 2 \ZHIZ T COME OEER2ZO EIR G HA~OREEZRT, @S 55m OfER
2B W T, CPM M L Ci, FEABERE 25 x=2500m & THLAS R A L, x=5000m
FBRETER & 725, — T, CPM AV TlX, A THER S A2 RWELILYY x=2500m
FRETER LD I EPHERTE D, B3 105m OFERIZBWTHEERIC, CPM %
3252 LT, BLNWBER L7205 F TCOXBMNKIBIZEME SND Z EDBHRTE5, |k
FLORE RN D, CPM & MWW CRMEB B TR RANICELIT S 2 B TE 5 2 & 2 fgRd
L7,

LT ¥ Z Y A OEBUST T2 9 — D DOFEIL, HHERA Y A — VKRBT —
K % ST A — RN A T o A e — v d 5 FIEOBR TH 5, CityLBM TiL, KV 4
R & O EHEOFEEERERIC S LTy Vv ZkE AW COESROER &M 25 2 C
W5, ZOFEE, RIS EZEORMAE USEEICBW T, FHEEER O FLE
IZBWTHRICELFE AR E LN G on s 28, FHEERN CRf S K E < EbT 5
X9 izl v i, iFRmEITEO RS EEORAICT & TN TR Y A r—LEK
LT —H LB DR SN T LESMENRET D E08® D, £ T, FHAEME
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*1 Onodera, et al., “Real-Time Tracer Dispersion Simulations in Oklahoma City
Using the Locally Mesh-Refined Lattice Boltzmann Method”, Boundary-Layer
Meteorology 179, pp.187-208, 2021.

*2 Mazzaro, et al.,, “Random force perturbations: A new extension of the cell

perturbation method for turbulence generation in multiscale atmospheric boundary
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layer simulations”, Journal Of Advances In Modeling Earth Systems 11, pp.2311-
2329, 2019.
*3 Kanda, et al., “A New Aerodynamic Parametrization for Real Urban Surfaces”,

Boundary-Layer Meteorology 148, : pp.357-377, 2013.
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