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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.

As shown in the fact that about 20 percent of papers published by JAEA are concerned with R&D
using computational science, the supercomputer system of JAEA has become an important
infrastructure to support computational science and technology.

In FY2020, the system was used for R&D aiming to restore Fukushima (environmental recovery
and nuclear installation decommissioning) as a priority issue, as well as for JAEA's major projects
such as research and development of fast reactor cycle technology, research for safety improvement in the
field of nuclear energy, and basic nuclear science and engineering research.

This report presents a great number of R&D results accomplished by using the system in FY2020,

as well as user support, operational records and overviews of the system, and so on.

Keywords: Supercomputer System, Computational Science and Engineering, Simulation,

Numerical Analysis, Annual Report
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5. KRB EM AT LFIRICELIARAR

51 REMELII—
Nuclear Safety Research Center

5.1.1 RuOs & NOx (X=1,2)D 7R FRRTU v ILICET 2B HmIHAER
A Theoretical Investigation on the Intermolecular Potential Curve between
Ruthenium Tetroxide and NOx (X=1,2)
WoE K
VBT T VT MR v—T
(1) FABE/M:

06Ru 72 E DN T =0 MR IR O T 7 7 27 v MRRZIEFE M O @\ TR b
N7 =725 (RuO4) 72 EDORETRAT LT W o0, BREH &S EMICERLT R EEHR
R D—>T o 5, BBREHFUBERR I 3\ THE S D 8 LV BEIR O Wb iz [ S5 T,
RuO4 ERIFIZ NOx W ADMEAF L, BIRIRFEBRIC IniZzi s & OMAEMERNIZ L > TBIT2E
ARESLSEBIND ZENTRREINT VD, — T, TOMAENEHOEMES 26 FEEFAE X
AL, BT TE DRI ET LV EMET L2 L3 LS, ZhETIEEALLH
SEN TV oTz,

ARFFETIE. RuOs & NOx HADRGHNZIB N THI TR ZIALFERIED 2 b, BHDOAT v 7
EEZ N5 NOx A (X=1,2) AERETORT vy Lz L X—iifi (PEC) &1k
F315A (CASSCF 5, CASPT2 1%, LR-CCSD(Di%k, DFT i£7: L) #HWTHHMIiL, £ b %
W95 2 & TRYMAMRGE LT, 2 OWRRIZIE NOx O @m#l H#E D & RuOs DRIKIESH
WUBE~DOEFBE) & N-O BRSNS T L1, FHZEN ORISR Z 2/E N ER I D 5
T HEREOHE EAERITEME 25, 205 B, LR-CCSD(D ik H % HPE SGI8600 % >
TAT o7, AHEXEVWVERM: L S EMAITIEFITZ K D AE VEWIET 1 A7 ik A 2R 5
7o, PCR/INEZ: PC 7 7 A2 FHHEBECIXZ b2 b IATAENINEETH 5, RBFIUAR 5 &
T &9 RN S RIS LTH . KGRI L2 ETHAAI R TH S,

(2) FIARE-ER:

I OHA L, AR TIENO EOMAEERIZ W TR T 5, K112 NO 2EEskiA(1), NO
k@), £oMIZH 2B BIRE (TSi2) O FHEEL R LI, ThbOy iR
DFT(UMO6)EIZ L » Tk Sz b O Th 5, FIEBIEUE Ru (2 LANL2TZ, O & N (2i%
augccpVITZ ZZNENEHHA L TS, ZOBEBREIZIRCHEIC L > T1 K2 L8k T 5
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T L EMERLTWS, &bIc, N1-O1 HifE% 3.5A &L -7 HixEn b IRC FHE A2 BT 2 & HE)
M 1 O E 5 272, 2O IRCHREEEZ 1706 2 £ TORK LB L TRUSEEE L, W<
D J7 % FWT PEC Z 3 L7=,

LR-CCSD(T) D&t R IT B L5315 v 77— NWCHEM 7.0 ® TCE £ ¥ = —/L % H\»
72 NWCHEM |32 T2 7R & CUSULDEN A 7 — 5 Z ERmbi iy KREGHR
BWCTOEMTICHE LY 7 hy =7 Tho, 21Zx35H 480 =27 @ MPI WHIFHE TIX 1.6 K

(EREM) 23 U7 -, 72 WERE O L~ & EIF 784 (Ru ce-pVQZ-pp. O & N:cepVQZ)
1£960 27 D MPL WA a 712 ko THEE 6 A L7z, ARTIIRE 2V, NO: &
O ESEACIEBRF T2 1 2%\ ), WHEMFE CHE, SHERHITE LT 2 HEETH
Do

2 ITHEA R RETIEIC L > TR BN PEC 2R LTW5D, ZORIOF Tl bFEEMENE
WO 15 T 13 WLED B 72 HIEMEZE M 2 B 58 L 7 CASPT2(15,13)1% (FikE O EHEH) TH
%, N1-O1 BHEfEA 1.495A 123 C LR-CCSD(T) (koo Pufy) &ried 2% = & T,
CASPT2(15, 131D Z A MGET 2 Z LN TE 72, KV EEMEmIC OV TIX, Friomk®
U A MR SR E 2R SN0, NO2RuOs ZOFEE G &6 THERE R OEHEMED &
0. AERA AT S FITHES IR TS e nTE R,

1.682
ZRu-0O1-N1-05 =102.4 ZRu-0O1-N1-05=110.7 ZRu-0O1-N1-05 = 180.0
£ 04-Ru-01 =100.1 2 04-Ru-01 = 936 2 04-Ru-01 = 95.7
14C) TS,, A (88

1 UMO6 {EIT & » Theifb S 75 14
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() BRYRMNER, TURARR., WXH):

1) Kentaro Kido, “A theoretical investigation on the intermolecular potential curve
between ruthenium tetroxide and NOx (X=1,2)”, Int. J. Quant. Chem., 121, e26781.

4) SEROFATFE:
AR ORFIT NOx FAIMAA BRI I TG HERRRE DN FET D2 Z L 2R LTV 5, Z ORI
L UL BER DO WBIERE O KA OIRE (100CTH 5 120°CELE) TiE, RuOs @ RuOz ~D H 27 fi#
RIS LA L TWDHREEENH Y | XV EEOE WV RuOs OBITEEI O EE/ILE B LA T
VY X NV —H O E TEL TS, ZOMFHTIE CCSDIMIED K 9 7 KA Hikk
WZBITDmHT a 7 OFATRMEOREFTIELE D,
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512 YRalb—2avEERALEEFOREEFROERMMERRN X7

Simulation-based Dynamic Probabilistic Risk Assessment of Nuclear Power

Plants
USTI N
U 27 5 i - BISESE 7 v—7
(1) RAB/:

A3 EROU A7 i35 ik E LT, #EHNY 275 (Probabilistic Risk
Assessment: PRA) 234 2B THOWOL LTS, Y TFEOBEDO—-> & LT, KK TF
PEZ AT DY AT LOEEMEET AVORVFEWRRETH D Z L RET b5,

FROBEE RIS D0, RSB TIIY I 2 b —Y 3 VEIERA L8N Y A 7 G
FELOZEDOTZD DY —/L RAPID ZBRH Th 5 (1], Y% FIETIE, BT W aiElicio
WIZEHI A AT O 7o, WRZRBUKDMHT A LI L 72D, D7, ICE X O HPE SGI8600
ORI MLEARF R T T2,

A2 T, BETFECEEOY T ) S FEEEATAZ LR, FE a2 hoHl
WEADT, £, VA7 T TN SRIFORREIZ K - CTEHER R 28/ Nl 3~ 5 Bl 4

(VA7) 3, SETIETEOREA T 2 2 00 E&MIZHHE L7,

(2 FIANE-HR:

AHETIX, BZT O RAPID ICEHOY 7Y v VP REZHLIAT, FHE X SOl AR
T sid T 5, BUK DIATIZIE THALES2 212 fEA L., 77 > hET V& LTI R
JF+4 (BWR) #A4 74 %®E LT, ¥ 112 THALES2 TOET /LA RT,
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ERFRE LT, 2RMERERL S ZJAMTERERZRE Lz, YFERIZBNT
T & DB IX. I EEER A A% (Reactor Core Isolation Cooling system: RCIC)
K ONE W LEASR (High Pressure Core Injection system: HPCI) & —->D % — & L BREHD
VAT L Th D, MY AT MIEREFRITEFEL TEBY . Ny T UV —DRBIC L > THNETR
R DI O FEIE 8 W], ARMEMRE 1 FF O EH D ANITAE > TFIE T 2 ERE LTz, RE
LlcA R FY U —%H 2177,

mﬁﬁ-;gye lﬁfg #ﬁem“‘y'-fm—m» RCIC HPCI
I 250
F3T

CmRmEAEECD, | I
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TV T ROMEER T a7 v 7 B LA O R DR EREL O RIE L G R
ORfRZ M 3127, KEOEANZGE, FHREEAZHEOET, WInod o7 o 7 FiEd
) 11.62 FEfFHIICR Lz, 2odhTh, e T a7 ) o 72V ESE, kb
DI WEHEEECCRBMEADOR Lz, BRI, 7 hrnaik R LT TR
% ER 2oL, T AukETIE 10 90 1 REORITREE TR Lz, Z O
HELT, AJMEE LTHEIXIEREREIN, e THAaiEERnDZ ik, iy
YINETIR L= 2 ERE T b5, filé LT, RCIC OEILRZIOFHMEE Vv T %D
BIfR A 4 1277, ZORERIE, FFT OB FIECEY) 2 7Y o 7 Rk AT G
BaX MEHRCE DA fEEE BIRMIORLEZb O TH D,
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— ErvFAHIOE _ — EUFThNOK
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Q) HRUARMER, TLRARR, ®XF):

1) K. Kubo, et al., “Quasi-Monte Carlo sampling method for simulation-based dynamic
probabilistic risk assessment of nuclear power plants”, Journal of Nuclear Science and
Technology, Epub ahead of print 2021. DOI: 10.1080/00223131.2021.1971119.

2) K. Kubo, et al., “A Comparative study of sampling techniques for dynamic probabilistic
risk assessment of nuclear power plants”, Joint International Conference on
Supercomputing in Nuclear Applications + Monte Carlo 2020 (SNA+MC2020), Chiba,
Japan, 2020.

3) K. Kubo and Y. Tanaka, “Evaluation of risk dilution effects in dynamic probabilistic
risk assessment of nuclear power plants”, 31st European Safety and Reliability
Conference (ESREL2021), Angers, France, 2021.

4) SEROFMAFE:

B2 FEITr—AL PC 2 W TSR 50 TIZR1T 2 WK FER A~ [B1IE O
(ZHAR R R O S WBLE 7 v &2 IO T2 RHR = 2 ORE(4] 237 72, 4 © HPE SGI8600
KA L. MRS B S & o 7o R K LIS D AMER R 50, L0 Sl D BLFER 22 5
BT U AR L TR O FEZET 5,

[1] X. Zheng, et al., “Severe accident scenario uncertainty analysis using the dynamic event
tree method”, 14th International Conference on Probabilistic Safety Assessment and
Management (PSAM14), Los Angeles, CA, 2018.

[2] M. Kajimoto, et al., “Development of THALES-2: A computer code for coupled thermal-
hydraulics and fission product transport analyses for severe accident at LWRs and its
application to analysis of fission product revaporization phenomena”, International
Topical Meeting on Safety of Thermal Reactors, Portland, 1991.

[3] K. Kubo, et al., “Dynamic PRA of flooding-initiated accident scenarios using THALES2-
RAPID”, 30tk European Safety and Reliability Conference and 15th Probabilistic Safety
Assessment and Management Conference (ESREL2020-PSAMS5), Online, 2020.

[4] K. Kubo, et al., “Case study on sampling techniques using machine learning and
simplified physical model for simulation-based dynamic probabilistic risk assessment”,
Asian Symposium on Risk Assessment and Management 2020 (ASRAM2020), Online,
2020.
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513 MERE=RIOJICHITHMME BT EEMETFEDORS

Evaluation of Terrain Effect in Airborne Radiation Monitoring
i FE
U A7 G il « B SARGE 7 —7
(1) FAB/:

T =F ) T THLNDH Vv BRAT MVITER A 2 ffFTRE 288 T, i RFlcBsir 5
ZEMMR RO RRIRE IR SN D, ZOBE, MEMR L ROMP L2 FHLEBR LIZET V
BHWHENTWD, LarL, BARIZIIMAZ L 77— FHRERE~OHIE O RIZ OV T+
FIRFI ST 2 nodz, & 2 Tk ZREIRMITE O MR m AR & 5 KR T, M2 E=4
U P THESND A ~<DY I 2 b—3 a3 2TV, HIEORIRIC X 5 B8 L2 5
Lo, HIBEOR 2 R&METY I ab—ya v LR 2 RICHIB B OMIE S 5D
HEIT I,

HIE A 22123610 D BESAE I RIET B AT 2720, T 7 LITEIE S L2 EHE
R T A a YR 2 b—y 3 UEITWD, EHARREOSE &L EME OSSO EZEICE
FOH~T7 Ty 7 A% LT, EbIC, Ho~#7 T v 7 R EMBIZET 537 A —
& L OMBBRETE L, KT —% OME~OMERZHRFT 5, EHEICHTLI 21—
YarTiE, M1 oXoc, BHERERER TR E e o iRm A =ARY T TRET D
7o, FHROBRIZZ DAV EEPLE L5, £lo, IR ORESRE TIIEE m BET
Do, FoeEREZ R T 2720, KREGHREEO R OFHBLETH 72, REIC
X, BEET — 2 OB k- T, MBHMIECTHENT 5357 XA =2 2 FH+ 2,
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(2) FIRRE-ER:
IR L D~ T T v 7 A TG E TR T 2 2 &N TS, 7T v 7
AL OMPERREZRET 537 A =42 & LT, EHOT PSR & THERZEE L, ©
NN OFHBMREBUIE DT PR E OE 13 0.923, AHREKOEEIE 0.889 &2z (M
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SN/ BGET — 2 20D Z LIk > THLNTMIENRT A =2 2L T,
W ERERIM T =2 ) 7 TEBEICHRONTET — 2 O PR IE 2R Tz, £ D
it R 2 it LA & ST TARRRGE TR 2 AT o TR R, DAAT L D b M ERIEE IS ViE A
/o ENTEI, Ak, HIBREBMIEFIEZMIL 5L &b, MMERICK 2MEDHIEL
BOETIOROEEN 21T,

Q) BRURMER, TLRHER, ®XF):

L

(4) SEROFMATFE:
A OFHRMER AT, MR EMEFEORN 2D 5,
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514 HEBRICETEIRT—ILBAR—HFZLHoTHEEINDELRERFELIME
E A EIZEI S RIEF AR
CFD Investigation on the Turbulence Production and Heat Transfer
Augmentation induced by a Swirl Spacer

R A
BoK 1 e v —7

(1) FAB:

ART 4 v 7 IF PO RN ERE ST LB, BACWEORGIEED DI D
Do FRFIREME A FAIZBW TS, (A OFIIC & - THI & Z S 2 IRE) 2 (R
L720®D) 7V FAN—HIC RN L BYRER LA B E LT, BRx RIZIROIEG PR
RESNTWD, ARBFE T, SLIRBLG OFEMBLAR D 7= D DFR T 72> — VT db 2 Bl 7%

(LLF. CFD) ZHWW T, ZAKHEMGEMHTICHBIT 2 4 BPRAID AT — L 2AX—HTiFk I

DRI A AL & BMmEm LA TE Lc, Zeds. ABNT O AT T — Z 3R IR T b ZFEATSE
(CFRY 31 AR EEJR-F s B S R LR 8 (BKIP O Fi i BRI A) F3E) THi L 72
HDTHD,

(2) FARE-BR:
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MR L —NAER SN TS, —J7, realizable k-e 3 XU SST k-0 TlXthnfiz bh
TWb, ZOENWR, AX—VEFHETOBRED TRIMEEDOEWIZEEL T\ 5 LismiTT o
o, E6IC, BIRT=RXAXF—DOWEFIERT 5L (K4, EERITHERF S T DHIZD
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@) BRURMER, TLRHER, wXF):

1) Satoshi Abe, Yuria Okagaki, Akira Satou, Yasuteru Sibamoto, A numerical
investigation on the heat transfer and turbulence production characteristics induced
by a swirl spacer in a single-tube geometry under single-phase flow condition, Annals
of Nuclear Energy, Volume 159, 2021, 108321, ISSN 0306-4549,
https://doi.org/10.1016/j.anucene.2021.108321.

(4) SEOFAFE:

AT K VFECIAGATA L, BYsEm B A =X Lo fEn RIZEgD 5, Fro, E
BROBREHRE SR D L 9 73y RATRAR TIE, SLIROIFE TR N BB D, £ D12 (5
B35 7 RANS €7 0% WV 7203) EEMEEEE L RANS X° Large-Eddy Simulation

(LES) f#thzFEhid 2 TETH 5,
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515  S-CLSVOF &IZ&5=HHik CFD f#4#TVIL/A~D AMR EDiE A

Application of AMR Method to Two-phase Flow CFD Solver on S-CLSVOF
Method
[ EHOER
BOK LB n—=7r
(1) RAB/:

VETT VT MREOT =AY T TIFRIZE N T, KIEEENIIR FRREICRE
BERIFTELTEY, ZOAD=ALEWAOLNCTLZEEFEETHL, 20D, Bk
K715 (CFD) =2— RIZ X 25 miBEHE (Volume of Fluid (VOF) 7%, Simple Coupled Volume
of Fluid with Level Set (S-CLSVOF) %) # AW =&RJaitfitr 217> T\ 5 (1], Sk
%, REEZfGT 27200+t EfMGENRLE L 720 | FEa X MBRRER DD, K
HRAEEFIALEE 3 AT E 72 ICE X & OY HPE SGI8600 #FIfH L7=, LA T Clid., Z OfNTAFIED—H5K
22V TR,

(2) FIARNE-BR:

T2, A —7> Y —A CFD 22— K OpenFOAM ok B VOF % ¥ /L2) S-CLSVOF %I
E2A4V Uy E iz, S-CLSVOF 1£1%, —fikrY72 FLmBmiE T 5 VOF AT,
VOF ¥: & Level Set ka v 7'V v 7352 L CREZ LV IEMICTHITHZ 6N TE5, L
MWL, By 7YV 7k, VOFIEL D b EDICHEAMITIREL D, Flo, 5% Ehiz G
LTV 2 RS AR 2 B8 2 X 5 22 CIE, FERER SR Z ML L7 sH RS2 24
LT 50N, REEOLDITRATIZROND, T, KRERLHEAR R EOYHEDR
R U T, RHERS A O B i (5 i 2 B 128 L S8 2 &4 701k (Adaptive Mesh
Refinement: AMR) 5% T v L N U, ST & SRR &, GRS 2o b Lz,

Z DOWRFERATRE B A 7~ f#ATIE. Cano-Lozano & [2]10 HiAk i b F-AT O BEAERFZE & JeIc 3
i U7z, B LICEHRARR ISR 2 n T, KT 27 ) BEAT 5508 (KIefED = 4X103m)
DOFIENLEN ORI ET D £ TOXIE EFHEAZ KD, AMR 4@ L7z —A (AMR
mesh) L3 L720>> 724 —A (Fine mesh) (ZB W C Ll 247 - 72, 58 AFRIZ. AMR mesh
TlE. 8D X 8D X48D & L 773, BEMIC K 2 58 112IE 72 & |l L, Fine mesh TIX, 4D X4D
X48D & L7-, K%L, AMR mesh Ti3f 38 7/ (40X40X240 /L), fine mesh
TIIH 4900 &L (160X 160X 1920 £/V) O—EENY A XAONEEKE % HA7-, AMR
mesh O ML L ~Lix 3 & L, H/ & 781X Fine mesh & —&3 25X 9ic L7, K2IiZ
AMR mesh O S E AT OGRS 1277, KAED O REAEOFER 3o Ih T g
ZEDHERTE, AMRIENEH SN Z £ 0025, AMR mesh & W72 BEOFHRER L,
Fine mesh &l 23% £ CHffi Sh7-, X 312k EREE 2R, mifs Rk, SR —E
S ECHEIZ EA%Z, DEARK - PP IRORZEREHC LD, K R EEICEE) N
Aoz, KiEE (Kig EFEEN A — — a— F LEBROESIE EFEE) 13, AMR
mesh TiI# 0.25 m/s (K% ¢t =0.21-0.72 ), Fine mesh Ti3# 0.24 m/s (¢t = 0.36-0.72 s)

_30_



JAEA-Review 2021-022

Thotz, EBFFMEAXIC X AL, Clift 5031 TiX 0.24 m/s. Peebles and Garber M 3[4]
T1X0.25 m/s TH Y. AMR mesh 3% . Fine mesh (Tfi#H & —F L. THIMEEICFIEN 7
W2 b AR LT,

1) Y. Okagaki, Y. Sibamoto, S. Abe, Numerical study on bubble hydrodynamics with flow
transition for pool scrubbing, CFD4NRS-8, 2020, 12p.

2) J.C. Cano-Lozano, R. Bolafios-Jiménez, C. Gutiérrez-Montes, C. Martinez-Bazan, The use
of Volume of Fluid technique to analyze multiphase flows: Specific case of bubble rising
in still liquids, Applied Mathematical Modelling 39, 2015, pp.3290-3305.

3) R. Clift, J.R. Grace, M.E. Weber, Bubbles, Drops, and Particles, Academic Press, 1978,

pp.172.

4) F.A. Holland, R. Bragg, Fluid Flow for Chemical Engineers, Butterworth-Heinemann,

https://doi.org/10.1016/B978-0-340-61058-9.X5000-2, 1995.

X 8D *)
(2 AMREZ A L7 3HEK T
48D
AMRmesh = e===-. Fine mesh
g 0.35
= 03
> | ae=lTTTT TS —al
2025 F R Pt g
2 02
>
g 0.15 |
S o1
z Dy, 35 005
A @
, 2so] N AN N N .
o 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
X l(_SD_)I *) Normal mesh 4D Time [s]
P11 FHEARR R OWI S K3 Ay kS E

Q) HRUYRMER, TURARR., RXHF):

7L
(4) SROFATE:

A%, S-CLSVOF 0 ¥ 123 & Multiphase Particle-in-Cell (MP-PIC) {E®D Y /L 3% 7
v 7Y 7 &%, Euler-Lagrange fEAT ~DILIEZIT 5> TETH 5,
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5.1.6 FEMAXI-8 a—k D1 -ERILEE

Optimization/Refactoring of Fuel Performance Code FEMAXI-8
FHI B
IREV L BT SE T NV — T
(1) FABE/M:

FEMAXI (X, 1.5 RuOAREFR N FEIEET V. B LT mE 1 IRTTOBGHE, K8
IR A v v 2 TR Y THNTFE L OEWM TR OMAG DOEERRIC L > TR SN D,
WREHED FRETZRENRNT 2 — R THh 5, IeHi/3— 3 » FEMAXI-8 13 2019 FIZHMBAB L. i
T HHEIT. R WRFEAT. REE A — T —, BB TRIKWFIHRH %, T TN T
b BRBFLZ BT TR~ O DA, SRS L s g B A SR A 1) U SR
EE AL MOX RBFERT LW Z A T OB ORGIBARIIRICIEA S T b, AEETIE. K
B 72 G HRAT ~DIGH T, [Fl2— ROAS %O E 72 57 MEHOILRITM A, Frio 7w 7 J A
Ot iR, mECKEE R a - ROV Ty 7 B2 ) T EFET D,

(2) FIARE-BR:

AR, BASSEREL & 2 /XA TR D BT 2 KAUGHEMEREE | OB S 7= Ui E A -
DREAITHIN LIeT Ny 7 Intel 2231 T KD eV RIZH1T 2 A SR 72 i AT
=BT DHEY 2a— VARSI, BONDADTFa—=20 —HETY 2—/LITBIT
% SIMD EATOFAT, A€V T 7 v AMREOFAL, 2 Ly USRI HEZBEOH & 20
WIGE LTY 7727 2V o ZEEEE LT-, AW T HKEALOBRFNC ZE, BiEHE oA
MOZHEG, F¥ viaty NRIZTHBD TEVKEIZH Y . AERMERER EIXRIAD
BN ERRER SN, —F . ALy RIEFHRIZ K0 KRBUREHRREO A1) 72 A v—7 b
FIERIAD D Z b, WHHLT REEY 2 — L ORF & T — 2 BEOPERE VB Y 7
F IRV U EET L,

(3) FMBRVRN (R, TLRER. #HiXF):
L
4) SEOFATFE:

AREERMNTHEONTREEZRE 2, CICHLBE RV 77 72 ) T REROLE, AV—T
R EA~DHEENRIAD D A Ly RS2 ED 5,
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5.2 J-PARCt>A#2—
J-PARC Center

521 PHITS ZHWV-ILERBEEIRER S R T LIZEHT SV 2aL— 3y

Simulation of Accelerator Driven Critical System using PHITS
Hp AR
TR AR v a v
(1) FIAB:

IMEZFERENZ IS AT 2 (ADS) 13RIRE ISR & REGFUF D&l s bz, ~ A
FT=T77F 4K (MA) OFEFEER - BAEEBE LIV AT LA TH D, BN ERE
L T35 ADS TiE, FPEFRERIRGEIM & LT e A~ 2444 (LBE) O HZEE L
TW5, LBEIZ 1.5 GeV — 30 MW D51 B — 2% BT UBIBIBOG i 242 & T, AT
DR EAIZ K D MA ORZAE#Z1T 5, LBE 133H B L EOEWICH - » TRMER
— LI HINDTED, KBNWOTAZF LU ETOHLPLITLENERIIND, ADS OFEHIZ
XIS DOARREERE L ZOFERSRROFMBRAIR CTH D, Fio, HEFHKTH D RKIEER;
FIEER & miR O LBE I0fifi7c SV REESFFOIE, ©— LR TN S 3 mm FEDIEFIC
HOEEY TR TON TS, ZOE—ARITNESRN S OB B — A LIF LD O HET &
OEIRLBE IZE b &, BERECHWONDZ EE2D, ZOE—ABORNMEETETIL,
FTVIalb—va VX DAMEHEGEF MR LI L 22 5,

INOHEEE X BT VR G E = — N PHITS 2 VT ADS KR 2 fifE L7z~
Rab—YaraERL, E—ABOBEFAMMCMNEL 2D T AERBEEOHEED RESL O &
O LBE 1 OFEARME & FFERRBEOFMZ1T 5 2 & N RAGFHEKROFHEN TH 5, FAT
R 0.98 FREED ADS DE LT /L I 2 b—3 g UEAITHICII R 284+ 5, £
Z CICEX &' HPE SGI8600 ZFIH T2 Z & T, +o7eiitlc CGREROFM AT 5 2 L3
BRLD,

(2) FARNE-ER:

JFIIEDN IR LT D ADS FEOMERRIC TR FHiiE Y R =2 L—3 3 V2TV, E—A
BNERO AT ARGRE (KFE « ~U U ARNLEK) ApkE, DPA, BEVEE %2, £7- LBE HoikfEA
AR & FE R A R R LT, KA R 2R L& LCh, REEFALOFREICHI X 2 mm
DN — LB O T AEFE LR R A+ 723 TR D D OIFIEF IR TH D, £ 2T,

1. REESIADRIR 21TV, B — 2B P ORG-S0 E 1 Flux 2 3HH 35,

2.+ B — ABIICE T R OV R 21T AGPRL - R VX — gD H AR
RRTIRIFE 225K D 5

3. Flux L Witz i abds 2 LT, B —aBHOTAKREEREEZRD D,
DIV Iab—varEXYS I ETHRMNEREEZFRE L, K121 0HETHED
7= ADS JEELBHAAT 400 & 600 H H O B — AZENE OB T, T, Y67 Flux 2R3, BT
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IR 5 D 1.5 GeV IZHWE— 7 NIFE L, BRIGMZL 0 =5 =% Ko T2l N T
IV TV D, T3 E keV ICTIEAWE — 7 28> TEBY, —FT10MeV UL EOETx
X —AS T LBE OBBESOSIZ L D A EN-bo e E2x N5,

—— proton
1073 10~? 1 =—— neutron
—— photon
T 107 e 10
I ©
a8 e
™~ ~
E e
& 1077 i~ 1077
* u
] b
2 =
e ™
10°° 107°
10—1] g T T T 10—]1 4 T T T
107® 10~° 107 1072 10° 107 10* 10°® 10° 1074 1072 10° 107 10*
Energy [MeV] Energy [MeV]

1 EEE% 400 LT 600 H BIZEH T A B — ABNOAI T Flux

LBE T OF MU RE & B4 s BT PHITS 726 O H /14 DCHAIN (2856 L TiT > 77,
212 LBE OFFEMEHE & % O L% 5 DO S REHER 27, #1313 Bi-209 & k-
W L0 R&ED Bi-210, 211 WER SR EREGEZ DD Z R0 5, FRFIC Bi-211 O
% CTd 5 T1-207 & Bi-211 & [ UK RE &2~ 37, S E DI 230 THEEIK 140 H @ Po-
210 LML TN Z LV LTz,

leld

175 { = Total
- Bi-210
150 {1 ==~ Bi-211

----- TI-207
—:= Po-210
—— Pb-209

Activity [Bg/cc]
(=] [ b
a8 &

(=1
w
o

o
(Y]
w

0.00

0 25 S0 75 100 15 150 175 200
Time [day]

2 EERPHAATR O LBE OFEMIHE & T2 0O i e

() HBRYARN L, TLAREK. WmXE):
2L
4) SEROFATFE:

A% ADS V2l —Ta VARG L., EEATMET A TETHDH, £7- MEGAPIE %D
ADSICRHHET 2 ERD Y I 2 L— 3 b7V, EBRE & HEMHEOEK LT TETH D,
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522  J-PARC FRaEtEPiEF o i B ENRBEBIEROMEICL OB FF 130

AR
Simulating the Neutron Phonon Cross Section using the Density Functional
Theory
I B
HErRIHEZ va v
(1) FAB/:

J-PARC %> SPring-8 IZfXF &2 KHIME T B — LM OBGIC L 0 | RO EZBREAT Tk
REEZRRE DR &2 L A[REE 72 o7z, FRZEER R IEHME S AR DO BIGIZ L - T, AL
DENIREE (7 4 / - RBERUINE) DD TEZNRNORGERPENRFREE 720 DO b 5, £
D—J ., GO ERFERAZMMICHR L, TohnbEERERE M5 & v 5 HEEK
RS- EThs,

AW TlL J-PARC X° SPring-8 (28 A SN efr#l oMy e & 2 e 7 + 7
HRIEDFEMT O IENC R RE FIE B AT 5 2 & T, FEBRT — & O ORI E O3k
ZHIET, 29 Vo RIS O KB E T B — AR BV TR 2 SN T 0D —F,
BENEIIRELAKZEZDH TN TWD, ARUFFCHEE CIIE ENEEHH (Density Functional
Theory, LAN DFT L H§) 2SS E R T + /) VHEEH W T — X2 O %475 Z & T,
TR E T RWE IR T D E AR EEH OBEEZ B4, AEREZEL T, EROK
HFL R ©— AR O B R R O RE DS HIFE S LD,

(2) FARNE-ER:

HEEH 1% J-PARC (Z361F 2 M P MET- 0 S FEZBR O HAf O m Bk D —BE & LT, HB—JR
HEETIEEZRM LT — 2 ATIZiE I LTV 5, FEZ DFT 2RI Lz 7 + 7 UEHREICHES
R XBUC K D 7+ /v OBGELBTE A (BIHREEIRF) OF—JFHEEHE 21T > TV 5,
2020 FHEIFFHEFEOR L Fv—TV R BRO—B L LT, O T x ) VA~ bV B
R L ORI AT, ZTO—HEK 1127357, J-PARC OIEMENHIEE 2 AV THED
NI FER DA~ Mg (7 /RSP BELIRE 72 &) AT I 2L —3 3 Tk
STHFHICHERSBEINTWDLIENRGNDL, 74/ UoBOFMIZIE, Quantum
ESPRESSO ([T SN TV o & EILEEEE EG (DFPT) % vz,

FEEMEBLEL D Y FIRITTAE, B LWIREEZ XS, £ - B OB BN ATFEIC 720 5D
HD, FFICK1LIORTEHC, R 7 5/ VEHEE O TR0 X RO BELGREE O FEfh
LAE L e Do, ERNREZRELT D L9 RERFMEOMRF L AiEE 7D, 74/ VO
TLHE OFHI FEOR%E - kB A HFEEITED TR Y, 5%I1% J-PARC O =2 —H —EBRDO L
WZHFIHT L TETH S,
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Neutron scattering DFPT

Energy (meV)

3 0 1 2 3
(0,K,2)(r. L.u)

X1 FHAEELUCLDERO 7 5 ) A5 a AT kvt DFPT (L A1k
IMmEEY I 2L —3a D

() BRYRMER, TURARR., MXH):
[Fi 3]

1) Naoki Murai, Tatsuo Fukuda, Masamichi Nakajima, Mitsuaki Kawamura, Daisuke
Ishikawa, Setsuko Tajima, and Alfred Q. R. Baron, Phys. Rev. B 101, 035126 (2020)

“Lattice dynamics in FeSe via inelastic x-ray scattering and first-principles calculations”
HARR I 22
[FRFEEK]

2) Naoki Murai, Tatsuo Fukuda, Masamichi Nakajima, Mitsuaki Kawamura, Daisuke
Ishikawa, Setsuko Tajima, Alfred Baron,

APS March Meeting 2020

“Phonon spectroscopy in FeSe using high-resolution inelastic x-ray scattering”

3) AIFEM, fmEEL, hEIEE, WADER, AR, HEHIT, Alfred Q. R. Baron,

5 34 Al A AT F 2R - IR EARY YR Y T L
“rE o IRREFEHRIE X MR T K 2 BRBISEAR FeSe D7 = / L 43 DMFIE”

(4) SROFIATFE:

ZHVETER - BB T7 + / O3 F —OEIRE O 21T > TE 723, A%IF%
AU AT,

1. BT THEERICERT S 74 /7 ORBIEOFHE
2. BT HNABRYI 2 b—a AR LT ERSEEED SN

BHAAEDEDLZ LT, KVBEICALIZEHEER AR MEEDO I 2 L—v a2 B
7,
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53 RFHERIFHREEF—
Nuclear Science and Engineering Center

5.3.1 BREFEFRBEMSTEETES X7 L STEAMER 281+ 55884 V0 X r—1)
VU HRED R
Implementing Regional Downscaling Capability in the STEAMER
Radionuclide Dispersion Prediction System

(1) FIAB/:

STEAMER 35 40 8 OWEHEHUH B O 1w & EEIRHCE 7 v 22 HI O CHliE K o K OV IS HE
D ORF G OWRIEZ TS5V AT A TH D, L0 MRS &K ORIk 5
O S VTR T E OIRE A O T HREZ S 5728, A7 Al Regional Ocean Modeling
System (ROMS) ([ZX25¥ VA —U o Viiea 8 A L=, kD STEAMER TI3RE 7
WD T2 DIT T oW s & B GBS L7e 7 — % UK ER) 10km) 2 A S LTz,
BB LIZZ T A= v 7V AT NCHERE RS OKEAEEER) 8km) #7155 =
EMNTEDL—FHT, EROBIFICREZE LT\ iz, BEERICRNT, 2o o FRIEHRIT
TELRITHEICHFTE D ZENEE LV, LIeh > TREWESIFH R AN ATHE T 5 ICE X
ZHIH LT,

BB AEETAM 2 FEA— N —a v Pa—2FIHILR D 77T I v T 3ERIFEIC L > T
EINT=bDTHD,

(2) FARNE-BR:

STEAMER (35N FERERE D & O T T — &% D25, A7 — % OER, MFEILH S 2
2 b= a VOFETROHEBREOHEALE W) T AT XATHE SN TND, 2095,
b ETLPICR 2 B L CW OB EILEE T NV ~D A 7 — 2 DIETRO—2Th 5
ROMS (2 & AWt D E TH - 72, ROMS & MPI MG 0 ST R O M EE 21T - 17 5
WAL DOEENNZ L, AR R R OEMEN R SN (R, £, ¥ A=V 7
BRI L A TERAE IR & OEREZRTTT 5720 2016 4F 1 H O B 5§ — R R EFT ) B
HENTZ B7Cs 2kt L Li2T A MitRE 21T o 7=, & 1Bqht & Lz, #0 A r—Y
v T RERE A N U T m G O GRS B & AE R DARAFAG L O GRS R CILIR B A (BN 7 72
BRI (K1),
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# 1 ROMS DOFEATEFH (FHHEMIM 3 H)

MPI (351%%) EATHR (F)
32 3224.31
64 1595.00
96 1062.79
128 826.77
-2
[Bgm“]
39°N i 10”7
30'
: 108
38°N -
? : ‘ 107
37°N . -
10
30 -
36°N X - =L =11

1 MBPERIE D HOKER 100m £ TR L7z 187Cs IR ORFFRIEE (91 2016/1/21-31)
R AR EER) 8km, A1« KRG 10km

(3) FMBRVRN(EE, TLRAER. #HiXF):
L
4) SEDIATE:
BifE, STEAMER [FiR=ftHCEM L, 20 TR Z B OO N — R —1c7

v — RLTW3E, 5%iF. ¥ xr—L o FEhes E4E L 7= STEAMER % ICE X k
THEMT D TETH D,
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532 RBRESSFEASIILBETILEAVERFOBEREDOKXIILE - REHE
iy
Detailed Analysis on Plume Dispersion and Air Dose Rate in the Vicinity of a
Nuclear Facility using a Local-scale High-resolution Atmospheric Dispersion
Model
il PR
BREZENREAIZE 7 L — T
(1) FAB/M:

ZAVE TORSEDE O RKILE T 27 2 (R 180 SPEEDI, WSPEEDI) I,
JR A TIHER 70> D D E O BTk 2 B0 BB~ O se B0 R o gk < SR &FFl 4 B 7Y
LTS, 2072, 100km~% T km F2 5 OFFAM G i 2 50 m~% km F2 5 O FHHER
FTHEIL THIREIIRZ BB LB O Z BB L TIHBGHE Z 1T > T\ D, L LR 6,
JFF- TR NP T D i) D 5B % 52 Te EHE R MO 2 BB T E . £ K 5 R
BGTHE & Y O M 2 B R L 7o R e &Rl 23T 2 2R o 72,

HEEE L. FEEFERLIE SO HIICEN - Large-Eddy Simulation (LES) & FEIZIL S AL
T VS < JRPTIR E  FRBE R XL EE 7 /v (LOcal-scale High-resolution atmospheric
DIspersion Model using LES : LOHDIM-LES) OB %#1T->CW\W5, ZOET /UL, Bl
R OBLEIZ B RTHIHZER 28U AME T2 Z LIk 0, @Y - MR EZ T 7o IE—4%
PEDFRWELS IZ BN T, st lifs COZMRE B JOERBREZ I T 5, ZE
TOMGEL, MZRELEERWEMA T —/L & o T [RERZREFHIZ IV T, ReIAICZE L
LW —ERREME T TCORKIEE A B - 7= BN EGREER & X RIThbil T\, D7z
W, FHEXGRERIIE R, BRI R & 35 2 3% < HERRY BV R TR
BETRZITo T, L LRG| R IMsRIZRFTRICHIEER AT HaiccL . £
DJEDIBAREIZFHENTND Z ENZ NI, BTN BRI OB L ZET 5 2
EHMETHD, £lo. EREOKGIRDUL, ®IEKEDOBE LRI Ol E (2 5> — i) 7
FURRE, BRSO ERCIRVRIE S 7 — R ENEL LT ENH D | KEIICELT 5, 290
o T M iR BRIV IR 2 WGBS L. IFR RIS 2L 2 BUERY R R GRR DU LT,
FHREIRCa X FORMBES &V RKBRFETH -T2,

% 2T, AWFFETIE LOHDIM-LES % AV T, N4 B RS E% 7~ B f ) & 40 2 i i
il 22 XFGUZHL km WU 5 D JRFTR A - — /L T O @ FRRE R RILE « #rERHliZ . ICE X KIUGHE
B — F% 50 AL MM U CRHBEEMEI R 21T o oo [RERUPIFRZET 5584 T To
ZEMBMEEOE=F ) T —F LT 52 LT, TETAVDOMRGEZFEMICITY) Z &2 Hg L
T

(2) FIRRE-HER:

2017 FEEH B OREILIEEIC CEEL vz LOHDIM-LES =t— RZHWT, A7 ik
RVER Bt % 2 %P B2 U 7= R Tl R &S E T - BREFT R 21T o 72, 1 IZEHEME 2 T, B EE
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Wik, EfifEm - FfERmME T — % 2 O OIS Uiz, K7 EIC 5km, $hiE 7 I
1km & L7z, FHERFIE. KFEHMAIC 5m, $AE A A 2.5m-20m & L TR b Ly FEMNT T
WD, B HIEEKITS DA, BEREEIBERIC S U CHUMREL - BEmAEME L - i R %
AWTCELIRI R 2 KRB Lz, SLIAEKR TEEZ AWV CHIRMOICE R E IR O LR Z1T 5 7201
500m DFELITEREIER Z 5% 1T, 7 7% A7 0 v 7 2 TERICEE L,

Skm| p—

o

— 004

f; MP2 | - ES RS T4
G oo —LOHDIM-LES |
B D02 [ormerrresmmmenn i
o

o001

=

B

4 -S@ \"e \"’9 \'5@ \“@ \"‘?0 '\5@ '\\9 '\‘50 \"Q

B4
[

> 3

B N O S
— 004
= oA
< MP3 | T=HLTTF—8 |
gom — LOHDIM-LES
T T
)
oot
E o # )
B, RS M LI rgudt agd %ae
TP LSS, LSS

T R S A L A
R I A R SR

X 2 ISy PrALER T35 OHER R £ 0 B S A7 i AR o KRR & 2SR E R O RR
AL REHEREFRE O R 3 RTTIRE DAL, BRI TERWVBELLE TORLTREY, K
SRR ENEE SN AP CTIX2e v, BESSOFAE TIHEHNICE T, ZRBEED
ERIE, BRSRRIC K DR EROEBORMBAN L /e o TWND,)

BLEM R RBEM T TORKIEHMETE AT 5 72010, sk N TR S - KRS 8100ME %
LOHDIM-LES ®AJ) « BEREMHICH 2 7o, £z, PR m SAHTICEB okt &% 5 2 72,
FHECISIRIIL, 2008 456 H 17 H 9:00—19:00 & L7z, #HHESEME LT, BB
SERB G ARE LT, MRERHIE R X, AR Ei#T = — R PHITS (Particle and Heavy
TIon Transport code System) Z H N CTEERMZR 3 T U M55 1R 2 520 L CIERK L 7202 B
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#H7— 4 ~X—Z SIBYL (Satohetal., 2021) ZH\ 7z, X 21%, N ripi TG oHERE &
0 B ST O AR O RRIE R & ZE R ER ORRSNZE b 2R LTS, BRI RT L 91T,
BHINDE=2 U 7R A N TOZERBEROREMZ, FHHRICKY BAFICHERT 5 2 &Ik
LT, REBEFIEOWHSIZE Y | FEHEEITIB T D MR O BRE I DV TRk 7eBhfe
THlE L OGRS FIEE & 72 0 | R MR JE 0 E R OB & 20 OBERICE T 5 2 &
NTEHHLDLEEZTWD,

(@) BRYRFCER, TLAREK, BXF):
EFE Vv —F

(1) H. Nakayama, D. Satoh, H. Nagai, H. Terada: Development of local-scale high-
resolution atmospheric dispersion model using large-eddy simulation part 6:
introduction of detailed dose calculation method, Journal of Nuclear Science and
Technology, 58, 2021, pp.949-969.

4) SEOFAFE:

BITE, PRk 30 MRS A REE LI T A RFA IR - AM B Rt R MR B Sr
a7 A BRIEE [0~ RER AT RV IEEIC KB m R ER BT O Eifg kI &
% iE RS R A RIS ) (ST DR IR O R & U CHEMT 2 RRIEEGHA &
TS RREHI 2 RS U CRRUBH S 7o R PR RE O R FE 3 A & Bt B & #EE 3 5 FIEBR S I
YA TN D,

I — IR SR ERT O BEE TR CTRAL O 2 S EWE O KRKBH &2 185E L 7o REAERK
TRIOKEE R LD, R IIEENICH 282 i FIFgE & R 72 LT, £ DJEE ORI
OEFBI & S JEB ER Z K95, [IOEPBLN & LCiX, d58ym L0 o0 N
M Ry 7o =94 X —%5%E L, EZEoR#E % 3 RthIlE « BAST 2, £72. &9
AR AR I BGERE A % L CL BER OB TAE U IEEHEIEOMN MR IO & L
T, @A AR A RE - BT 5, SR IHER & UL, R EmE O A I A
FRAAIC KDL, IR FOIMHORF A RO T A AT TRRLIMENLIRE L, 5
O AV BRI L0 3 IRGTHEHUMT /N 7 — o e AR 2,

ICE X KAUGE#E A AV T, LOHDIM-LES T X ¥ & 5 CHERTEIE L7z P8y « LRSI
B9 5 KT — 2 _X—2 & 3RTRRBAT — 2 % Hh v 7V v 7 S8 G IERET V& H
W CGRE DD IEHEIC KRIER PRI T2 Dt A TEOREEIT O PETH D,
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5.3.3 DCHAIN RU PHITS OB

Improvement of DCHAIN and PHITS
L E—HR
TS BRSBTS 7 v —
(1) FIAB:

i« A A ik E = — F PHITS (21X, SR ¥F—k i8R — R
DCHAIN-PHITS ® A )7 7 A VaA{ERT % [T-DCHAIN] # U — 23524 < 1 C\» 5, DCHAIN-
PHITS Tl RO REN G I SN D T v O =R — 27 MU % PHITS
THHTE LA THNA T v a U RELESNTHDLED, ZORRITEEDTR LT —A vy a
EAZRET DI LIXTERY, £, TAT7 7B ION—=ZHZONTEL, =RLF—AX
7 VAR Z 9 D BEEE BARDME D o TV g,

PHITS (21X, #RIRE R E U TR L 2 ORREZ R ET 5 2 & T, T OISR
R > THUIH SN D SR Z MR & LT3R A FATCE 2R 5, £ 2T, ABHHET
I3 DCHAIN-PHITS OFHHE TH b 5K E S REDIE i 2 PHITS O#RIEHRIZA TH AT
% X 912, DCHAIN-PHITS Ok E %179,

(2) FARNE-FER:

DCHAIN-PHITS T, xyz A7 U7 A v o CHEHNREDZE M A % H )3 D i%EE
M- TH Y, PHITS TiL, MIEE2RAE IO E EFRT D HIEE LT, xyz A v
v a ZEf A (s-type = 22) WMo TW\wb, & ZC, DCHAIN-PHITS ® xyz A2 7 J 7
Ao OFE TH LD K-S OFEHEEZ . PHITS ORREE#IE CTH 19 D H%HE % BY
LT,

BEUCBITE LI-MBEDOBIE S LT, 110 10ecm DN H KD =27 ) — R 2 100MeV DR+ %
E— AR 0.1pA, B — A48 0.5cm T 10 /RS L7=t%. 50 oMW A LTz & & OFE it
REDIFMZA % DCHAIN-PHITS THtH L. 50 /MW EI L 7=tk OFE S REN & i S
R—= B LT o~ B OEEGE 2 PHITS C%EhE L7z,

LI FE—L2BHREO =27 U — MO T7 7 v 7 AB LW 7 T > 7 2D ZE[H
DHiERT, AR E—ATES 4om FBE TEIE L, AR EEN & OBRISIZ LY AR
SN a7 ) — MNZ BT 2R R TE D, fit\ T, X 2 28— AU
HEXOWmHAFT O a7 U — NNOTSTREDZE M A ORI L 2T, B 23 S 7= &
FrOKERRIEE < o B FOJRZRWGEIR S “IRPHEFIC K » ThH 2 BERHET 2 Z & 23R
T&E5, £72 50 SEOBAEAITHHAEBIZ 2HRERT T2 bbrot, 6T, K 31Z50
SEBA LD a 7 ) —  RICBTL2E T BEFRONTFT T v 7 ADEMB A ER~T,
AR5, BHFEO B WEIKICBWT T T v 7 ANENZ ERHERTE 5, FRHCHEIT
BB — A Ko THEHME S NI W T T T v 7 AREL D 2 ERbhotz, 728,
7T I AN—RRIRIEEHFENEA S D, 21X DCHAIN-PHITS @ xyz ZEff] A v > o %A
RITERT 5,

UL kD X 512, DCHAIN-PHITS @ xyz A2 7 U v 7 A v 2 TH LIS AR %4 PHITS
ORIETEHR E L TR TE S L oI -7z, Znick v, PHITS & DCHAIN-PHITS 2k %
R RE D BIRFHR DI ATRE & 72 0 | IESS MRS 1R 72 £ OFFE BN RE OFHEIZ BT 5 PHITS
OFIRIERDBEIR SN D,
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—eqe-

z [em]

M1 Bre—2althoar sz )= AOBEFBIOHET 7 T v 7 2ADZER S

Avay Pl

5 &£ & 4 § % § &8 § §

0;:‘ 104y 204 50'5} #ﬂﬂ#ﬁﬁ'
(E—LMBSHEIEEE)

2 WwHM D=7 ) — FNORURRED ZE /340 DRIk

B 1 S e e

= i *

w 4 - L
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| 1w g 2 e g—

w' ) L
; : LS 1K.:
a a

0 e} A

we e

-4 =
wt ot
wrt e, wr
0 2 4 6 8 10
z [em] z [em] 2 [em]

3 Whiltko=r7 )= AOET, BEFBLONEFT T v 7 AOZEHMS

() BRYRMNESR, TURARR., WXH):

L

4) SEROIAFE:

4%t PHITS KO DCHAIN-PHITS O R##d 5 FETHH, HMEMIZIE, PHITS C
R 7 O Z "all" & EF LRI, O RS i PR 72 i R IC W CH B T
NTF Y — AR D BEE A BT 5, N2 T, DCHAIN-PHITS T3 aeDE# %
PHITS O#FEEROERTH AT 2EIC W TS, Bk FofE 2 all" & L= B TH
NTEDHEIITHBET D,

_43_



JAEA-Review 2021-022

534 PHITS a—4HYANXZEVIFIZ 7 DR
Development of PHITS Graphical User Interface: PHACE

EHIL VRS
TR BT 8 7 L —
(1) FIAB:

R+ EA AV HREE = — R PHITS 1, EEOIR - WE NI 5 SR iR o 268
AT AIREZRILAE v T v et a— R CTh b, SF1 34 3 ABILE, PHITS OENA D2 —
P EREHIT 5,000 B &, = — FOISHDEIZ, BB TR I EREEEE .
R ERHMESE, Zikcbi=b, —J7, PHITS 2—%—3% << ODANT 7 A L DIRT R
— R EE 2T VK VBT AMERND D20, FRIPILEIZ E > TiX PHITS OF|HO
HIENRENEWIHIRRRT- TS, £2TC, 22— —NENRT A —F ERKGIZHEE L TA
J1T&E % PHITS ANJZHEO T2 DT F A =7 1 % PHACE OBRREZ1TH, AMEEIZELVAIE
iy —nam D Z LT, PHITS 22— —NEHIINRT A —FELHEL AT 7 74
NWEAETE D L9175, £D7es, Fifle—¥ —o PHITS (x4 2 BAREEICHE® L, =
— P —HOERDILRBEFEN D, £o, BEfFO PHITS =—H — 232 AR S FHE
L%,

(2) FIARE-BR:
KT T ORI EDBEE F T e 77 LA0F%E, PHACE OFEITT 7 A VOERK, K&
UENEMR 21T > 72,
OEEEREE (0OS)  Microsoft® Windows® 10 (PHITS O @Eh{ES{ 1 HEHL)
QON—Ko=7T Windows PC (PHITS O@EH{ESH: 12 HEHL)
Ol Rt Python
@PFAFE BRI Python3.7/3.8, wxPython

BRI TPHITS 2— AN SR Y 7 b U =7 OfFR] EEICB W TER L7z PHITS A
NZEDTDDTF A b7 1 % PHACE OBRRILFT A M -7, LFICERT v 7T ADER,
F OB R Z R T,

DA =2 — =D HRERK

OFRERRED /N T A — & DIRAFE, RIEFERE DB

OF G EHOE A=t a0 1 BRI |

@FHEARRHE Y 7 & Angel, KOV EEHE = — F Dchain O S 7HRE DB

K12, 7% A T 4 &% PHACE ® A = 2 — "—%,5%, PHACE TYERR LEASD T 7 A
IV IRIA AT, TPHITS |, #HEARHEE > 7 F TANGEL)J, & OV bat & = — K TDCHAIN |
BEIITTEDIT 0T T ALEER L, A=a—"—DT A AL ORRNE N5 EFEITT
EDLEIICUREIT T,
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& * PHACE BNIER
I74UF) REE) BT |RENV) 91UE9(W)| PHITS ANGEL DCHAIN }\JW’(H)
JEEH 8© 82 ¥ 6@

1 PHITS M7 %X F =7 ¢ % PHACE D A =2 —/3—

B 212, R OV T A=a—N—%R T, $ T A=a—N"—2FBREIET, —fEOTFA
FNET ¢ X THEE SN TWD TEZOFRR), [CFOHFVIRL) FEOMEEZY 7 A =
2—N—PLIERTEDHLIICKBEITo7, /2. ZivH PHACE ORE/NT A —F ZRAF
T HREREZ BT 5 Z & T, PHACE b BIFRRCHIEEE) L7= & & D L5 DR E D it/ iA
HFRE L 72 o T2,

&b * PHACE - O x
AR EBEE BFE FTN O WMUEIW) PHITS ANGEL DCHAIN  AJLT(H)
DEH @@ Y=Jle f{~(T) >

1 SEMPLE ~ AT-9RI-(5) ~

2
HETHYELW) Ctrl+Shife+W

v m==0z50 Ctrl-ShiftL
TAYHEF)...

2 IFHFR| OV T A=a—"—

M 310, AAEFRRLEWEERFTOA = 2— ROV T A =2—"—%73F, PHACE NFE T
DXFHNERFETHITZA D L) ICE S A ERL LIBIN L7z, RIEETIL. 2HOERRE
%@ﬂbﬁzﬁg%ﬁ57774ﬁw-n—#~-4/&—7:—xi@&ﬁﬁ\m%?~&
ELTHARGELHEGEICLDEREB Ny 7 ZER L, /XY 2 D PHACE OFETRED v 7r—/L
DHARTHAGAITHARFE T, TNLANOGARITHRFEL 705 L 5 BEINICR NG 0 Bb 51
REABH%E LTz,

& " PHACE & * PHACE
F74IAF)  HM(E) WE(S) J|EM VAUEIW) PHITS ANGEL DCHAIN AJLT(H) File Edit Search View Window PHITS ANGEL DCHAIN Help
D& te mEsw CleZ J & Undo ez § 2@
JENEE 2 REGR oy S - ¢ -
& 9YmYm Ctrl+X 4 Cut Ctrd+X
43 =g CuisC 43 Copy CerleC
B BYEHe) Ctrl+V
WD) Del Delete Del
¥ 2urL & Cear
FTATHARMA) Ctri+A Select All CirleA
< <
AREEEI-LTIVIR-FiRELETY. Copy the selection and save it to the clipboard.

M3 HAFHEFRREFEFEFTRDA =2 =KUY T A =2 ——
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SFEEORRIZLY, TFA =T 4 # & L TEANRKELZ > PHITS 7 XX b=
7 4 % PHACE 2n525% L, PHACE T PHITS, ANGEL K O DCHAIN DT AIHE & 72>
7=. F£7o. AREUWERL L7 PHACE 28 PHITS O/ 8w r—JIZEENLBIEONS 7 7 A v

(phits/lecture/basic/lecO1/input/lec0l-end.inp) % 1E L < fitA A, Z D AT % v 7= PHITS
OFENEFICEET S22 L 2R L7z, £/, DCHAIN ([ZBET5HIEDOANT 7 4 V4
(phits/recommendation/DCHAIN) (235 T, PHITS & 225 /1S4 5 DCHAIN O A J)
77 A NDEIiAIE . D AT E VT DCHAIN OFFE D IEFICEMET 5 2 & 28 Lz,

Q) HRYRMNER, TURARR., WXH):

D) BT S, HOMBSER N BTy 2B < IERGR R OB LS (3) Ev T A im
— F PHITS OBUK LIS, BARTF %S 2021 EHEOES U LEHBE A
tyiar, 742 202143 H 18 H.

@) SEOFAFPE:
A%, PHITS %7 % 2 b =5 1 % PHACE |Z>\C, PHITS A 3 kochiii Y 7 b v =
7 (PHIG-3D) & Oulilly, /37 A — 2 EOBHEREIE R AT T — 2 Semt A ERE DB 217
5 &b, BfEREE (08) IZHKAF L7ev PHACE 2{Fikd 2 TETH D,
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535 PHITSIZEITSDHHEEDRF

Development of Estimation Function in PHITS
A JERER
TS MR BRI S8 7 NV —
(1) FABE/M:

PHOE T v ki Tl st 8 = — RPHITSIE, e oo M 5 <0 Bl 7y BF 12
BT D EAAG 2 & O x 2RISR SN TEY . 2—F—0HbEL ML TV 5, FE,
BIZIFAI E— L DT XL F—=NRELFOLEIT, L ORENWEFHORRITE 2 2 E
BT H5=—ANEL o TETNDH, ZOBITIE, HEEHLERIE—LDZRLF—%
A S THEEEIOEIEF R ZITV., TNLDORRE A7 ) 7 NEOINT T v 77 KEIEH L
THHICED, Ll M7 077 AOMBIET v 77 I v FHiipsnE s <o
— =B ET L2 L IIREETH D,

Z I TEHRAIL, BRSO AL S B o EHEIO@mEF R A2 FAT L, o R%E M
T HEHAAZ U b autorun OBIRZED T D, 2019 FRET, R FOREEH T 5[t
track] # UV — (22T, # VU —33RBRE M NIT 2L RT) THHATE L H5MFE L,
2020 L ZNEFHE S, BRI WEICA 53 D8 8% 117 2 [t-deposit] # U —T b ]
MTE 2 XD ITHREDILIRE AT > 7, BRFE ISR+ 1B O KIUEH AR ICE X 2R L TiED
BEREIX 2021 4F 3 HABH® PHITS /N\— 3 U 3.24 12935 L7z,

(2) FIARE-BR:

2020 FE X [t-deposit] # U —IZOWTEHHAZ UV F "BFIHTE D Ko EIT-7-, 2
R0 BIZIXBERWEIAT 5T 5 EEZ RO DRI, AR R LF —IZE RN
5.2 D508 % RN S & L CRHMIECE 5, PHITS Tidom#itr (ANOVA; analysis of
variance) Z 8 AT 25 Z & T, HitF7E ostat & BRI RFED & Usyst M OVERFED & Utor Z A
LTHEY., TNHIEIROBMRARTZT,

(Utot)2 = (Usyst)? + (Ostat)2
Z 2T, HEIRAZE ostar 1X. AR IED S Ustar & E 7 A FHROFRITERL N 2 H\ T,
(0stat)? = (Ustat)2/N 12XV RO BN D,

PHITS & H A2 U 7 | autorun.bat (Windows H}) <> autorun.sh (Mac, Linux H) I,
KD Z3HODAT v T THEGHIHMHTE %,

1. PHITS ok HOANEREZE LD LA Ty b7 740 (LT,

ParticleTherapy.inp &3 %) % HE

2. HHAZ VS NDEDDA LTy k7740 (LT, autoruninp &3%) ZHE

3. autoruninp AN 77 AL LT, HEHAZ VT N EFT
Lo CRr L 2HEDA 7 b7 74/ (ParticleTherapy.inp & autorun.inp) 2372
SHESRTW S, A2 U 7 M &3TT34 % 2 LT, PHITS Ofkst 5 s B #RICFT
S, WEATRRZE & RIS L OVEAHED S OFHFE R ) S D,
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LUFClE, REMBINC L OMEFHHRAZFELE LT, 2 FEOA 7y M7 7 A VOIERTT
EEHEMAZ U7 FORMARRIZOWTHINTT 2,

1. EaXEHEOA 7 v b7 7 A M(ParticleTherapy.inp)

IRFRROELEFHE A PHITS THEITT 572D A 7 v b7 7 A /L ParticleTherapy.inp (7
7 A VAIFEFRFE) Tk, BROSRMEERD D [sourcelt 7 v a VIR D X 5 B E L 72D,

[ source ]

set:c1[200]

stype=1

proj = 12C

e0=cl
Z 2T, stype ITFROICIKIZEET 537 A—=2TH V| proj & e0 ITZNEIFIROFELH &
TARNXF—HBETH/RXTA—HThb, EOFITIE, e0lZa—F—EREL c1 OfE[200]73
RASNDT=8, 200 MeV/nucleon DT R/ILF—% HDKRH%E 12 DR E L THRESND, &
MiHRED A A 7 V) 7 21T L7ZBRIE, ¢l OfE) autorun.inp THEET HHEIZEL L., Zi
ZNDOT R F—THEFH R 2 ET LA B O D,

F7-. OHTHEREZ R L7z W t-depositlZ 7 & a3 » DE%ZIC, IRD XK 9 72 anatally 7 &~
VarEBinT s,

anatally start
manatally = 1
sfile = dose_ana.out
anatally end

Z 2T, anatally start & anatally end TEeAZFEIKS anatally 7k 27 v a L7225,
manatally (08 HFIEERETHA 72 a L THY ., DEONTIC LD RMEARHENS ZRD D
%813 manatally=1 &%, HSHEROH 17 7 A4 V41T sfile IZE VIBET 5,

iz, EHAZ VT N CHAT D2 EE2RET H720IC, [parameters]z 7 > 2 2B T
ientl=16 £ 9%, LLEIZX V| ParticleTherapy.inp O HEIXE T 5,

2. EHAZ V7 vDA 7y b7 7 A Mautorun.inp)
BRI VT N eFTT IR T DA 7 N7 74/ autorun.inp (7 7 A VA4 ITE
HATRe) 1 EROEXTIERT 5,
file=ParticleTherapy.inp
seticl
ctype=1
nc=3

199 200 201
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file=D#%\Z, R TR LIEWEGHROA 7y b7 7 A VA EIRET D, settDEIT, DA v
7 N7 7 A NVNTEAE ST WEESNE el OFHREZH T 5, seticl DIRDITHNE ., e-type
BEPHE)—DA v ad AT LERIUERT, cl OF =X Z46ET 5, SRIOFTIE, KE 12 O
AT 2L ¥ —% 199, 200, 201 MeV/nucleon & 1 MeV/nucleon & A TE{LIETEY, %
cl DEZfE - THFF 3 [ oG 2 B ERIZ T 5,

3. ERAZVZ bOFIAGR

HEHAZ VT N&F 735 &, PHITS OFREERE 2 € —7 5729 D outfiles 7 4 /L& ZA{E
Y%, BICEDOHIT/L, 121, 1318 WD LETO T 3V E B L, 4 ¢l DEZE-> CEHE LT
2 —EREZNENDO T 3NV FIIBEISE 5, B autorun.inp 7 7 A /LMD nc THRE L=
FI% (A RIOFEITIE 3 H) OlEFH AN T35 & outfiles 7 A+ VL FIZH HHE (5 RIOH]T
1% 3 0) DOFHEMERETIALILN BT 21TV, £ OFER %A anatally 727 >3 0
sfile CHRE L7 7 A MIZEZ T, x1079)

112, AEOFIEOFFEER L LT, 200£1 T -]
MeV/nucleon DRFMZ KICHE L TR O 15 |
VRS I OB &, BRI 2 TR '
RS FEICH > THRE L THBY . z=8.T7cm O\LE
TT7 I v =7 %R LT, ZOMEIZEIT D
BOFHRESEROFFREITEH T B/ AI W
D3 RAFEHIAFED S TR ERRE TR R ICHERR S
. ZOMEITH 30% & 7e 7=, LA LD X 5 IZBR%
LItie 2 AT 5 2 & C A TR AT 0 e e
MESDOERDO—DERVGLHE—LTR/LF— z[cm]

JREZE (41 MeV/nucleon) %o m M4 ¥ 1 200%=1 MeV/nucleon O JRFEHR%
S5 - b CER LT AN HES U 72356 ORRE DR X 43,

ARBFICE Y, HESMOMRENTHERRICH 2 5522 % [t-deposit] # UV —THLEHMET 25 2
ENATRE L 72572, 2021 4 3 A HEC PHITS OENSO 2 —H —$1% 5,000 4 &2 2 T\ 5
5, AREREORIH Z 8 T, WO E 2 2RI MG N D,

10

Dose [Gy/source]

TN TN TN N [N T T Y N NN T N O N |

Q) BRVAMER, TLAER, WXF):
L
(4) SEOMATFE:
SBIE. RS DR 4% 117 % [t-product] & U — <O HURHRIC K 2 B DB E A H

H1F 5 t-dpal # V —%, PHITS |[ZHHAAENT-MD XV —IZOWTHEHAZ V7 s B3FIH
TE DL HOMEEDIEZIT S,
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53.6 PHITS @ OpenMP £HAEYR LS| EMEGEEDR LEBiELI-HE
Improvement of OpenMP Shared Memory Parallelization in PHITS
wH o EKak
TS MR BRI S8 7 NV —
(1) FABE/M:

R« HA A U @kFH R = — N PHITS 1%, ATE O =R ITIR R O 2 722 U 28 8 & 15 ¢
XHMHDE T ALY I alb—Yara— RThHY, T, [EF, BHY% sk ERp 725
DRk & 7253 B OIS HAFFE TR ST b, PHITS 121X, #HRIHATRIMAENE 2 B & LTIl
FHAERE N ST VW . OpenMP (2 &k oA A€ VRN HIFHRAEREIC & BEIC S LT
%, PHITS TOMEARIZ, ASHSHRO v 2 bV ok z2 s L CEHET 2 2 & TRIRDFT
Rl 2 a2 — i C. WRRAE VAR ELZ HOBLKRT — 2135 a7 THRAE L, KA
BOAEY 2R RVEEBETOWSFHRA TR E 2o T D, L, X HlikitHE
HE 1A MY OFRE A RN WENZISWT, WA W25 = 7 HBaf o x4~ 2 5
D ERE) BRI RN ERDI>TND, £ T, KEGHEK ICEX) 2#FMHL, WwW<>
DOFFEFNZDVNT OpenMP D FHLINRED G HMEREZ g8 L, MgER L2 B L= — K
DR % FEfii LTz,

(2) FIARE-BR:

FERMEREIL, PHITS O/ %8y 77— VWNIZEREY 7L & L THE ST A OG KT g
R X BIEHF RSO 14 MOFFEFITER Lz, M CAEFH e A N EOFHFEFIL L, OpenMP
DWW AEZ Ty I ab—ra a2 F4T 0, ETRMEZRET 2 2 & TR AR/ L
oo MERERO—H L LT, FTWEFUEZRPE @B R BTHR R 3 L 00X SRS E
DfERZR 1ITRT, ZORIZBWT, WHHE n OWFUEATER ma ik, WHEOEIMNT, IE
SV FEATIRE I OAE3 ti/tn 7R U, WWAMESIR 1T Z OERLZHABETH D n THI- - %E %
R, 1 ORERIT, HEKED 1 A MY OFFE a2 MAVAS W @B OFHEBNZIB T, IS
B OHENNTKT D WIHEIROLE PR TE T, FEHRT D720, T —F oo —7
T 0T 7 A VIRNT &2 FAT LTSS, WA 2 7 B CRIREZE— A € VI 7B 295 A
FUBAEEHTZOOHMAFEDO L L KED AL v KT A4 _— N (I8 = 7 5 ORAT
EH) DEFRICL DA — "=~y RRHEEROERTOERIFR L o> TWNWDZ Lo oTz,
ZZ T, ARIOWRTIE, LTFOX S ICOEBHLT m 2D —T5~0OBH), @% U —
FEHNA T a rDFEE @AV Yy NT T4 _X— NEKOHIEIZ LY . OpenMP (2 &L 25
FHEOMEREAL M E T,

O EHEMILT v AONL—THN~OBH) . 20—V —RHBETDIAN T 7 A LD/NT A
— A BEIIEND, RN TESNAOWEET WK BERERONE bz 2 R Y L—
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THNCE T 5 KO IEE L, ZRIZEY . USET VOO Lo gk faEo
MERBSAE L 72 1) | ZAUCHE D P bR ETE T,

#F 1 WRATOETRH, WIHLRERE LONEFH R

GG n: WHIEL | ot FEATRERT (BD) mn! WFUEREHE |t WEFIEZhE
1 1009.26 1.00 100.00%
(a) BZSOG 2 553.63 1.82 91.15%
W i A 5 474.79 2.13 42.51%
10 539.99 1.87 18.69%
1 1124.17 1.00 100.00%
(b) X #RipE 2 655.55 1.71 85.74%
AR 5 269.94 4.16 83.29%
10 147.31 7.63 76.31%

@ 2 V=K TV a 0L jEka— N TIEF Y —2%% OpenMP D527
MICHAT 270, Bk EOEE 2 2 FAMROEHEFITIX, # U — O LA G E
RE DR bRy 7 L g o Tz, 2 27C, RERD AE Y fEAE LB L LRWEHRH
Tlid, # U —EHEIELHT DA TV a v 2HET D 2 L TEHFED OpenMP 41
R A FEH LT,

@ ALy RTTAN— FNEBOHI : k= — RTIEAL Yy R T A _X—= LKL LT
Toh T 1 B A R HIZAERS D R ERE 0L F =7 o ID OfF
BT Aot e —2BINT 52 & T, ALy RETOMN 2R L-dag 8% e L,
ALy R7TA4_X— FDFREZfMR LI,

* 2 WRBOETRHE, WHMLERE LIS LR

R n: WKL | tar FEATERD () mn! WHHEEE | et WEHEZNE
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i
Dose-Estimation Code for External Exposure to Radionuclides in Air and on
Ground
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Systematic Theoretical Prediction of B-decay Half-lives
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Comparison between Simulation and Experimental Results for
Measurement Sensitivity of Hydrogen in PGA using Various Neutron Energy
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Analytical Research on Improvement of Neutron Resonance Transmission
Analysis System
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Simulations for Experiments of the Neutron Rotation Method
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1) M. Komeda, Y. Toh, K. Tanabe, Y. Kitamura, T. Misawa, “First demonstration

experiment of the neutron rotation method for detecting nuclear material”, Annals of
Nuclear Energy, 159, 108300 (2021).
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53.12 TEANYNIZEITAHARMMEEB T FEZDORR
Development of Numerical Simulation Method for Molten Core Behavior in
Lower Head
Kk
BuRE BB 7 v — 7
(1) RFABE/:
PSSR O VSRR ZE B ORI, R AR EITOL AN RICEE TH 5, ARETIL,
TSy RICBIT D5 LR OB AT+ 2 Z L 2 B & U, R 154 F5I U7 Bl it
FIEORRE L FEMT 5,

(2) FIANE-BR:

FRNT FIEOZ LR O—BRE LT, AU x—7 VEN LRKRFECEm ST SIMECO &
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IZOWTORBRTHY . BT THE L i UBEMROME Ok—RHEK) ZREL. T
WEOHZNMET 2 L CHRMRZEZ L, 202 BORBZBIET 26D ThH D, fiflT
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5.3.13 ﬁﬁ EJ]‘/;.:\( §O<ltb*ﬁl}ll.ﬁ¢*ﬁ%—:/fﬁﬁ%

Development of Multiphase Flow Analysis Method Based on Interface
Tracking Method
BH O EZ, A BT, W0 Es, BE RS
B ENEAINBASE 7 v — 7
(1) FIFABE/:

AR TR, FUEBENAICEE S <R T ARRAENT = — R TPFIT O3 - B Z21T77 & &b
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WEAEEE & TR « BEREBIN &2 1T o T2t ik 2 W TLUT Offt 2 F2ki . 5 R ORI 217 ©
ZEThD,
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(2) FIARE-HEE:
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(2. RS2 RO T b RE e —il & LT TSN O ARk rI bR R x Fig.2 ([c2hZh
R AR A AR U7 B PO AR E A2 TPFIT ICKViMEiT 2 2 &N TE L2 L%
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7" — )V OBCRE - A 5 e TR i S EhAR AT

KERE LI=Few (F—) IZR LT, EHICKRE Lz, A bk 2 & KM a2 EA
L AR & TR S D RHT 2 2 U 7=, TERR S ALiz 4 (KJ8) O FEBIZEFED HAKFIZHE
B U7 obi 082 SHEAET DARF A MR LT, R FOBATRENC OV CEEMICHER L7z & 2
AL S ANV EDEH LR 2 ER U &ia EE SIS EIT A 2 L (Fig. 3). BEIL
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THRN R 2 REE TAMREEGL LN T,

EARKT— BT DY =y T LA 7T v 7B OFHE

S BRI & E . BT —VNIRIKY = v MREAZEEWRNT A i L7, MRATHRS R
D—filE LT, Kl 250ms RO R E RO I LR % Fig. 4 (@IZ7~T, 72d6, Al bl
BRIC L0 R &OHE SN ROV TR R 26 TERL TS, I, Mk &
PN OFE A EGN B TETWD Z &N 0D, Figd OITIE0 B S 7= OEFE» 5K
D TR R AT 27, SRS TR S 72 EBRRE R L RBRIC, K Imm TE—72 ZH
D, BPKELRDIC LT TEEPEAD T 2EABHRTE D, SRITEE T A—FD
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[l PR itk

1) H. Yoshida and S. Uesawa, “Numerical simulation of microparticles motion in two-

phase bubbly flow” Proceedings of 2020 International Conference on Nuclear
Engineering ICONE 2020) (Internet), ICONE28-POWER2020-16393, (2020). # i A
D, FERE.

2) T. Suzuki, H. Yoshida, N. Horiguchi, S. Yamamura, Y. Abe, “Numerical Simulation of
Liquid Jet Behavior in Shallow Pool by Interface Tracking Method”, Proceedings of
2020 International Conference on Nuclear Engineering (ICONE 2020) (Internet),
ICONE28-POWER2020-16213, (2020). #&#HiA Y . KA.

3) Y. Iwane, K. Takase, T. Suzuki, T. Nagatake, H. Yoshida “Evaluation of Dependence
of Coolant Flow Rates on Void Fraction Distributions in Fuel Assemblies During Light
Water Reactor Accidents” (5th STI-Gigaku 2020) .

EN =

4) FHZZ, Kikin, DT, REBRR, FEEE—, [TEKEEIEEE OB%,4, i
TF v ROV AR R 2 b—a v, AARFA %A 2020 RO KRS, 2G15,
f& it (online) FEF.

5 AR, milifns, SAEAT, K, EHHEEZ, BAKEIER OREHESRNAR A R

AT OWMAMFERARAAECBI T 25, 25 34 RIEUEFIA S R U D L FERE.

4) SEOFIAFE:
THVE T, SHEBENEIZEES < ZRVRANT FIEBSE D 7o B 7o ST OMRMT 2 RALGHR
B ECTEML CXiz, 4% b, SRR HRBROHEZ B & U7 KRBT O FHi<
fifthr == — RBHZE D 72012 HPE SGIS600 Z 42 FETH D,
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53.14 RTIFvIaBRRITHNT HFHMERREENTI—F OB RS SR EHR

Applicability Evaluation and Issue Extraction of The Detailed Multiphase
Flow Simulation Code for a Splash Phenomena
sHH OBz, IWE . KI EkE
BuRE BB 7 v — 7
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5.3.15 BEREUVEERICEITAFDRNETEERREERTMBFTFEDORSE
Development of Numerical Simulation Method for Thermal Fluid Flow
Phenomena on Severe Accident Condition in Reactor Pressure Vessel
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(3) HRUAMER. TLRAER. RXF):
E el

1) S. Yamashita, C. Kino and H. Yoshida, “A numerical simulation method for core
internals behavior in severe accident condtions, Chemical reaction analyses in core
structures by JUPITER”, Proc. 2020 International Conference on Nuclear Engineering
(ICONE2020) (Internet), 7p, (2020).

2) P. Chai, S. Yamashita and H. Yoshida, “Development and validation of the eutectic
reaction model in JUPITER code”, Annals of Nuclear Energy, 145, pp.1-13 (2020).
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AR, ZHUERE T VOB AN N B R~ OB 21T~ 72, 5%I1%, KB A
TARATC SA By DSR2 BT 72 & 2008 U 7o 2 9 MERERR &2 F2fi L T <,

_73_



JAEA-Review 2021-022

5.3.16 ADS ERET D= DFMENTREN T

Detailed Numerical Studies on Thermal-hydraulics in a Design of ADS

System
T B B PR
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5.3.17 HIBRIRARRRFEEILD-HD HIREEEEN
Numerical Simulation of Two-phase Flow to Develop the Evaluation Method
Based on Mechanism for Critical Heat Flux
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1) A. Ono, S. Yamashita, T. Suzuki and H. Yoshida, “Numerical simulation of two-phase
flow in 4x4 simulated bundle”,Mech. Eng. J., Vol.7, No.3, 2020.

2) A. Ono, H. Sakashita, and H. Yoshida, “Macrolayer Formation Model for Prediction of

Critical Heat Flux in Saturated and Subcooled Pool Boilimg”, Heat Transf. Eng., DOI:
10.1080/01457632.2020.1826738, 2020.

CARHERB KO HERER

3) NERET, U, RETT, SRR, “FEM T ARRRARNTIC X DA RREHE S RN T
FRENC R 2 _R— R, HARFRA15722021FEFDOFES, 4o 74 VB, 2021.

4) SEROFAFE:

At%1T. RBHE AR IRSRIZ W TREIE T CoO TR 4 M L, J7 1 I RS L Tu
DERT —F =2 L Wi+ 5 2 LT, JUPITER = — FOMGEZ FET 5, £, fli5ibE
BT NV A BEEE CTOWBERICEMATE 2 X9 TV EHET 2130 BEHESRIERO UL
Vial—vallBWTETAZEATED L) a— FoBEE ERi+ 2,

_79_



JAEA-Review 2021-022

5.3.18 MMM FHEZEBOFRAFMF EZDOFFEICET HME

Development of Numerical Simulation Method of Aerosol Particle Capturing

Behavior
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Development of Evaluation Method for Aerosol Particle Behavior in a
Reactor Building
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5320 FRIDLDFHEFHZLT —FIHT IV FI—VFE
Benchmark Calculations for Evaluated Nuclear Data of Sodium
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[1] F.J. Muckenthaler, R.R. Spencer, H.T. Hunter, J.L. Hull, A. Shono, “Measurements for

the JASPER program in-vessel fuel storage experiment,” ORNL/TM-11989, Oak Ridge
National Laboratory (1992).

[2] F.J. Muckenthaler, R.R. Spencer, H.T. Hunter, J.L. Hull, A. Shono, “Measurements for
the JASPER program intermediate heat exchanger experiment,” ORNL/TM-12064, Oak
Ridge National Laboratory (1992).

[3] Tatsuhiko Sato, Yosuke Iwamoto, Shintaro Hashimoto, Tatsuhiko Ogawa, Takuya
Furuta, Shin-ichiro Abe, Takeshi Kai, Pi-En Tsai, Norihiro Matsuda, Hiroshi Iwase,
Nobuhiro Shigyo, Lembit Sihver and Koji Niita, “Features of Particle and Heavy Ion
Transport code System (PHITS) version 3.02,” J. Nucl. Sci. Technol. 55, pp.684-690 (2018).

[4] Japanese Nuclear Data Committee, Shielding Integral Test Working Group (FY2006-

2010), “Integral test of JENDL-3.3 based on shielding benchmarks,” JAEA-Research 2018-

017, (2019) 72p.
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EFLARILDIRILF—ERE T
Atomic-level Energy and Stress Calculated from First Principle in CuZr Bulk
Metallic Glass and Iron Slab with Acetate Adsorbate
Ivan Lobzenko, Tomohito Tsuru
MRS LA 98 7 L — 7
(1) FIAB/:

At the macroscopic level mechanical properties of materials are defined by the behavior of
structural parts at microscopic level. In case of metals such structural units are single atoms
and it is vital to know their stress response to the macroscopic strain. While performing
computer simulations in classical approximation it is relatively easy to calculate atomic
stress. However, in many cases classical approximation does not reach required accuracy.
Ab Initio calculations are much more accurate, but there is no conventional way of

calculating atomic stress in that case. The purpose

of this study was to extract atomic-level data %4 [cu ‘atoms
Zr atoms

(=1
(5]

(atomic stress, as shown in Fig.1 and atomic energy)

= ]

]

& K n g [ ]
for two different systems: (I) bulk metallic glass , o Mﬂ' II|f"|I 5\.;"4 Vi E’JT ‘l«‘ll'll r'|II ”.'-.’.'I |1‘

X ' | |
CuZr and (II) iron slab with acetate molecule g _ , l"lfl || ,‘. ‘,'

. 8 I

adsorbate. In both cases high accuracy was ensured % o et 1.8 [ 1'
by using first principle calculations based on - Bl T

-0.
density functional (DFT) method, as implemented 0 10 20 30 40 50 60 70 80 90 100
Atom number
in OpenMX software. The recently developed b . .
P . y _ p Y Fig. 1 Stress drop in CussZras system
Prof. Y. Shithara scheme of atomic stress

calculations was applied.

(2) FRARNE-BER:
() Four optimized structures of Cu48Zr48

. . 35T T T T
compound have been obtained starting from four il
different random structures. Final structures went - 25t Affine
o o ] :'_': = deformatior
through sophisticated optimization process very S 2r
¥ E
similar to the real process of metallic glass ;*f 1.3
i Lk
formation. Shear stress (of various directions) have 05t 7 O/O (':ptir:iizn-cl i
-~ -y structure
been applied to all four structures and averaged 0'360 1
01 2 3 45 6 7 8
stress-strain curves have been obtained. Using the Strain [ %]

atomic stress analysis, it was shown that Fig. 2 Stress-Strain curve of CuZr
particular groups of atoms in initial structure can

be responsible for the softening. It can be seen in Fig. 1 that in Cu48Zr48 structure under
8% xy shear strain Zr atoms give the stress drop to the system. The macroscopic behavior is

represented by the stress-strain curve in Fig. 2.
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(ID In the case of the acetate molecule adsorbate on the iron slab, the comparison was
made between two different types of the slab. One system has the grain boundary (GB) and
the other system was “clean” surface. Results show that adsorption on the system with GB
is more favorable in comparison to the “clean” system. The atomic energies contributions to
the adsorption energy (see Fig. 3) demonstrate that the presence of a grain boundary allows

molecule to reduce its’ energy.

Atomic E [eV]
aE (eV) \
1.50 b)
GB <H>
Fe bulk!
clean <H>
GBc2 0
clean C2
-1.52
clean <O>
clean C1
GB <O> B 1 4
GBC1 ™ 455

Fig. 3 Atomic contribution to the adsorption energy for (a) the case with grain

boundary and (b) the case of “clean” surface

() BRVAMZESR, TURER. WXE):
@ Kiram X (EFtdH V) (HRF 10 #)

1) I Lobzenko, Y. Shiihara, T. Iwashita, T. Egami, “Shear Softening in a Metallic Glass:
First-Principles Local-Stress Analysis”, Phys. Rev. Lett. 124 (2020) 085503.

2) 1. Lobzenko, Y. Shiihara, Y. Umeno, Y. Todaka “Adsorption enhancement of a fatty acid
on iron surface with 3(111) grain boundary” App. Surf. Sci. 543 (2021) 148604.

(4) SROFIATFE:

We will construct new function for atomic stress based on artificial neural network

potential.
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5322 ADSHMHODE—RIEFHE

First-principles Calculation of Structural Material for ADS
BEES BT, BB FRVE. hp GERL g8k EEL B B
HRES AR L fF e 7 v — 7
(1) FABE/M:

BB OBIRARAE, FRICRRIRTREE & ABINE I EY O 2 MR 2 EERIEE CH
D3, IRF TR E OEIRIRINIT R BRI LA 2 BE TRES BT HETHLH D,
29 LB e e T ME LTS 5 2 & BSBFA RO Z 2RI HT A B DR EHT & - THE
BIRBERLIRDD, D AT = XL O FATHAE % 7248 T KFao AW o3 O M DI A r—
NVTOMBAERDR DY | FEBRIT X 2T Tl R » 2ZZ 27— L COBIR AR 2 7R
WV, 29 LIEFEAER 2 @ EdH i 2 I KRR — R R A2 X— R L LTevw L TF A —
WET VN TRREE 2D, TR - MBI LT s B2 a U VAT LG ER Y 2 —
VR A JIEER B O MERHM & BB ORRFHIE T 5720, @BMEHIR T 287 KON
TR OFEFELZRIE L TV D, 2019 FFEE BRI - B E IR EOMEHNIIN A ADS #f
B R ITN Z BI%E L2 FIEOISH 2T > T b, BEMMEE LT AT oA Mile 4 —2
T A MR BB TEY | KA —AT F A MACIEE —FEE RISV TRME D FE % fif
T DMEN DD, RFEETITZ OREORRZ BT,

(2) FIARE-BR:

RS E LT, A—ATF A MAOR—RAL70D fec BT 5y BAEBATL, Z0%R
TIXT V& DB EIRIE R IV T3t Z L2V SRR O FMES 2 HBLCE 2V 2 M b
TWo, BEEGLNIMALZIGIZ, A rOmE & LT—RTTMOREZHND 2 Y =7
PEDOFHR AT Uiz, ZIRITEMRAY V&5 2 5 HIETIEFHEREN 4 (5 & 72508, ZOHE
FERANOEBIZ NS N2 DTH D, T X LRMEOMMEIET CICHREIAR STV 32
JFi7-@ Special Quasiradom Structure = HW\THDOF 1% EmE Ay ¥ P& AL
V& LIERIE TRIA 2T o 1R, LA B RRE CRAKMICE TIRIE & R TRLE & BT
IR L7z, B 1ICZ OFROIEERRED 2 & Uil &, SQS W THER L7 v 4 A A E Uil
B AT, BREREE TITEED<100>H7 11T A BV N EH] LB S 72, fee & T2
 fet BEENLE LR DTEDHEHTET, Z U X AREEZHWFRPNEALE 8D,

WIZZ ORLEZ FET 16 MO R DA ALEDORF 2 0 BrE . BOBRMEHE 217> THEAL
AT RN X =GR LR ER 2 1077, ZAEAEAT HAEIC K > TLEFE DK T A
EUNKER L, AR RV EE 52D, TOTDEAAK TR LT —ITITIESHD
ENRHD, AV UKIRITEA LIZZEAOBATEZ > T\ T, TOHEEIEDULETHD, £
72 ZBfLEANIZ L0 AV UARIBOMEIX SN FEXHENR K E < o TV D, IRz W TIE
JFRFNEEL TVWD EZATIEAE RBA/NS <20 | W RmE RN 1Tl v s
KO RELRDHHEMNLEFETE D, 2 CIIHFIZ 4 FOME TR LI TZLEAIT LD
Wi T2 G50 9T CAEY VORENEZ > T, k) =X =03 KIEIZIET
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L7722 &L CEAAER=RILF—DREL TR TS,

ZITCIOREE LAY VEEZHWTESEROZ RV —2HHEA LT E 2 A, SQS IR
BEL VY 0.7eVIRVWZ R AFX =N, ZOREEEYEL L TEAERT R VX —2HE L
TZOBRK 2 TERAITRLEBDTH D, thOGE EEXTRFEOTRLF—ITR>TND, &
Y L U= B2 IR R OREMEIRIE D = 3L F— [T HLRIRRE & < 5_XT+0.3eV TH V., SQS ik
RED+1.0eV LV KIBIZ T2 TW5, BI)7Re e B 2 5 & 2L JE0 TR 72 A &
VEENH D FNNEET A LRIEL K BRT0.7eVREOHERH L ET 505, Wik
TIEZ O LIEFMAZDREEN KA L 7o TV DH Z ERNEZBND, LEERn-> T, 224 AERKT
INF—OFHBEIZEB N TIIELEAIL > TR LIZ A Y VEEZ AWV TREM O = XL X
—EHHFE L, MEDEE LD L TR Y R B AR TR X =N EbN5 EEX D
Nod, ZEEDIAETLREZEALTT VA AAL U RETHET AHAICHREEES XD
o,

IO, RFNDEORRETHEE R TIR LN TND AT L AFOE i
HEREPTRRNE W) BUEOM BRI OB OWTHEIT 2HELR LD TH D,

B 1 (a)fec RiCBITDRIEREBO AV UEE, BARDEN EE, FHEAE U 2ET,
() SQS ZHWTIER ENTZT X L A Uk,
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13+
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Vacancy formation energy(eV)

11+
1r e}
0.9

0 2 4 6 8 10 12 14 16
Atom index

B D ZEFLAE R TRV 2 — BT EL Y BRI O

B AAAHEMEE, BAIZIAECDOME EF A ZEHE O,

() BRVAMNZER, TLAFER. wXE):
Fefinm L (ERidH D)

1) Y. Abe, Y. Satoh, N. Hashimoto, “Migration energy of a self-interstitial atom in a-iron

estimated by in situ observation of interstitial clusters at low temperatures using high-
voltage electron microscopy”, Philosophical Magazine, Vol.101, No.14, pp.1619-1631,
(2021).

2) M.Itakura, M.Yamaguchi, D.Egusa, E.Abe, “Density functional theory study of solute

cluster growth processes in Mg-Y-Zn LPSO alloys”, Acta Materialia,Vol.203, 116491.

3) T.Suzudo, K.Ebihara, T.Tsuru, “Brittle-fracture simulations of curved cleavage cracks
in «-iron: A molecular dynamics study”, AIPAdvances 10 (2020), 115209.

4) T.Tsuru, K.Shimizu, M.Yamaguchi, M.Itakura, K.Ebihara, A.Bendo, K.Matsuda,
H.Toda,“Hydrogen-accelerated spontaneous microcracking in high strength
aluminium alloys”, Sci. Rep. 10 (2020) 1998.

5) MEEL, TR I 2 b—3a D TPRpIERHN & APBHREE) L $TY &,Vol.60,
No.1, pp.25-29, 2021.

ENa#E

6) VRS, PG, fh, “FUBHERR OBULERIZ K o TEA S D R 03 ks 1 [8]R 1-4
BIRO—RICEBC 5 2 5 BB, AALREF: 2moﬁﬂﬁké,ﬁyi4xzm0$9
H.

7 VeERERT, BRI, fh, GURHERRFOBLIRIC X o TEA S D R k1R 75
BIRO—YIEBIC S 2 58 (2) 7, AASEYS 2021 EFEYIKS, 42 T4, 2021
3 H.

8) BTG, VLR, MEAE =, “H S EE BB OGEIRIC X AMEk o R Ko
B L —iHi”, BARSE S 2021 FR0IRE, 2021 42 9 A.

@) SEOMMPE:
ABEZOWTIES

‘A OHMAT

e R AN
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5323 AHLHEBHEO-ODEF-BEFIal—ay

Atomic and Electronic Structure Calculations for Alloying and Defect
Structures
R B, BTES BiJr. Ivan Lobzenko
HRSIRPRE Lt 5 7 v — 7
(1) FIFABE/:

RS (GREE) LIEWN (GEME) - I 2450 iR S (BME) 13RS EMEHC B W TR b EBE R
HETHDL . [ FEETOMEICITMELIEMIT L — R T7OREKRICHY . —RITITHL
THZELIIREETH L, T bbb, BMELEDED LT, WLWOWNEL D, HEEMEHC
. BENEGWET TR —EOEREHET L LR RO, ZDX D REFENLEEM
BRI WD TE 7, MEO IR D RE M BIX, 13 & A ERRBRAY 722 20 R 5L
SLHDTHY . M OFEEBRICHEOWIIMEIZ L > THIEN B B2 D720, GfEm 78
A ITIEDMESL ST TWVRVY, bR Pt oREm LIS 27 7 n—F 2ffEd 5 L (1) #
MRHE S (2) AERFHIPT D ENTE, ZNHOMAEDLE D Z & THED M LR S
T X7z, BT I RE 2 R OAEE 2 BRIR AN 2> SR AVICAIRL T 5 7o 012, KEp#ARS A @b o
B FERERAIZ R - TR 2 FEORESEIGF STV D, AT, REGHEE A AV
TR O XM OB B 5 KEEES 0 FE 17 R 2 b—va U &2{TH L L bIT,
FH—HEERICES B FIEEME T L AN E T 5,

(2) FANE-ER:

O HE—RERE R L EACEE O BVEMH LR RIS e T v

BCC % > 7 AT NIk LT, F—JREFRIC X DiaEB 2 et Lz, & JREG R O
B TCTHANLDF R AEAT 5 7212, BAAEE O T T TR O X o 286 & W =205 %
2 12 AR O EMm AL E 2 OO A EZEATH, ZOET MR LT, H—R
HHAEZHOUEEONEDO =R LX — %5 LTz, Peierls N7 > 3 v VBRI B O#R
NENEEN T DO =RV —Th D1, FEEED BCC &JFEDENLIT AT X o 7 I - TiE
B35, U EEAEREE - JREEEN OGN T 5 2 LIIREETH S0, IRNOMBIETE
TV & W CHLIER) 2 5ok 5 5,

. N
W, (x,.0,) = bZ{Vé(xi) — O bX (% )} D).

B FEHE NS 572 Pelerls RT3 v L
ERRIR) DFRE A VT, & 0 7 BT K D ERAL
E#E A L7z, NEB B2 #ENET VOHBE
FEZ RS ST i b kA VT, BRSNS
— AW 5 BE T DM O /= R X — R 2 #R
PO 2= E AW TRBE{E L7 D
X 11T, AN L CTRIERICEL =
THILERLTHY ., SHOKFIEERRTx o Resion wiodione
Do Flo. TOX D 7p o 7 BEREIXIREIZKF L 1 BEIET L DX 7R

Energy (eV)

20
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oz

I

FTEEEMLRIE TH Y . BE&ILEORELFE L, IREICEASF L TIRALO 2 RTEE 274 L

T RAT FiEZ BET L T D,

©® TNI=ULAEEDOKRITL D BRENBIERSOMFH

BIRET VI = ATIE, MEHHFOKENBETH > THABMLICE 2MELZHRTH 2
EMHBNT WD, UL, KEZHEEZERIOICESZOICIEA S Z EIIRETHLZ L5,
IR TGO KT T BT D> Ty,

AW TR, K7 m ba U BEERE W T Vv =0 AOREIRmROFIERIZ L H K
Mt OBIZE, B I OVE IREEHEIC L - TR & KEOBGREHET H L & HlT, ks
ICEL TR AERALNNCTHZEHAME LTI EZ T2, £, EBICHEHICIEES
B RMaEE IR LT ABNEE D AREMEOETERFET VICESSEFIREFFICE - T
Bt L7, X 2 IZEE&HFITIFET 2 k7 Kt ORI & FHRIC L > TR S = A4t
DKFHEAERLTND, ZORRNL, TNETKBENEED LB LN TWERL~D5)
B/ hNESW—F, ki 7 OREIC LK EEF DL EZHALNC L, £, Z2HOKENE
HLIZERO R HIZHE T D6 =¥ — & FianEEET X — DB 2 M 3 1TR-T, £ DFER.
REIIEZEOKRFEPREFT VTN ST, KBS TSN N LERM L5 2 &
Db, I, ZHOKFZOERBICL > THEOEEZ R LT —ITKTFTLTWE—ED&E
LS TE s s, $hbb, KEIZRE TR S Z LR LEMICERL, R
DOBEBENNEIT D2 LI > THRMHEEEZE L TV D, 2O X2 LT, BHk - I1Xm 7R
FEACIZIIAFIR CTH LD —F, KBRZEDT L, FINERET 22 LB LNITR o7, Ak
1. Scientific Reports [Zfgfi 15 & & I, 2020 FI2 7 VAR I N,

BT Y OREBIT (atom/nm?) | BRI

07 00 10,0 200 [ 300 s
2 = RALAAE—| e
= 06 = g;;ijbj—"' KESFRM | 125 S
-l“—‘o.s B GO MO o 1.004‘_
git 0.4 _&_\.Oi; _______ e ER D.?Sé

=2 | |
w03 b = et - e L SRR 2 H
hH o2 t!!!l_{__l = -!--:5\0-_--“- ~-1--|---|- 0.255
_'2‘3129_1 Lahs <{'_--_!_E._._.:¢§:4H4‘{momlﬁ
i 'R EEN o

- - .25
HO H1 HZ H3 H4 HS HE HE HI0 H12 H14 HI16
KEDH 2REENDREY

_ Q0RO 0.0 : !
¥ Sa% 2 B0 0N R 57 3 KFHEMIC L DA T RLX— L R
X2 R o R KikETE & kE X — DL
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Q) HRVAMESR, ILARR., ®X%H):

o
1)

2)

3)

4)

5)

6)

7)

8)

Fefinm L (Bt V)

S. Yamamoto, Y. Miyajima, C. Watanabe, R. Monzen, T. Tsuru, H. Miura, “Dependences
of Grain Size and Strain-Rate on Deformation Behavior of Commercial Purity
Titanium Processed by Multi-Directional Forging”, Mater. Trans.,Vol.61, No.12 (2020),
pp.2320-2328.

H. Somekawa, D. A. Basha, A. Singh, T. Tsuru, H. Watanabe, “Change in damping
capacity arising from twin-boundary segregation in solid-solution magnesium alloys”,
Philos. Mag. Lett.Vol.100, No.10,(2020), pp.494-505.

T. Tsuru, K. Shimizu, M. Yamaguchi, M. Itakura, K. Ebihara, A. Bendo, K. Matsuda,
H.Toda,“Hydrogen-accelerated spontaneous microcracking in high strength
aluminium alloys”, Sci. Rep.,Vol.10 (2020) 1998.

WEE, TRV 2 b—a NZFEED  T)FERERHN & BRG] £ T H Vol.60,
No.1, pp.25-29, 2021.
7L AT

EEE=, 17V =0 5O BRIIEBRROM ~KBTTVINE AL D RKNOME
Bl & BHRRAIC K D mmESe~OWIRF~ AT L3/, EXUNE, i (&7 4248
H) .

HEE, fraiaiE

GEFE) Wl (T W, Ao ba b —&4: b7 T VHENERBTEE 2 mm) (4
FHSEE), PNHEESE, 2020 45 H.

(R Ee ) 7 AR R, 1L B e ks [ K —AT, LA, (7 v =0 a0l
R IR HEERS OB 5 ), ATHEE:, Vol.75, No.10, (2020) pp.48-53.

IR - EN =k

CEFReERE) A, LD IER, WA Feve, WM —, 1H/K—17, Artenis Bendo, &
Mg, FRB.2, [ERET VI =T AEE80O/KEBFEHBOMEER SO - £k
HERSENOLOT Fu—F), BeRFST 139 [HEKIRS, 20204 11 H 7-8 A, F v
T4 v, .

(4) SEROFAPE:

B AT 2ME L LT, BUESRE A & O 28 & 5 — [ RIC S X k42

IZODTEERF LTV D, £z, AL mRES&ITET MR EERT > 2 v L OB
FELT I,
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5324 TFIZZOLBEHRDF/IVFARZEGEUEDHEEERDAER

Atomistic Modeling of Interaction between Nanocluster and Dislocations
e B, AR E
AR T2 2 7 v — 7 i TR
(1) FABE/M:
THAI=U L (Al) IZ Mg, Si ZIRINL7Z AlI-Mg-Si R E&I358E L X OMEMHEICENL Tk
D BEATRIERF IR W LT o= = FEER RO Z &0 n . HEYEHART 1 — /SR
ZHWHNTWNWD, ZOH4E TR, BANEZREIRCREL THO NLRZIT 5 ZBRFIEZ1T
& BEATERIER T IR R AL M F DIV RO R DZNRBE Z 5 Z LA FHIL T
Do —H. BEANE 100°CRE CTHREFL TD ALK AT 5 & ZBRIEFIOADMRITERN
<2 D, T 9 LIZ AR DIREE ST K 2 Wbl b s D R, RIS TE RS 2 T/
7T AZDENIER LTS, L, ZOEWNZHOWTIARRESEL < AI-Mg-Si 26
B DEHETRRFN B &2 BRI D72 DIIEB R TR T 27/ 7 7 A Z OMERZH 60T
L2 EBARARTHD,
AR TIEL, TR IS O KRG E 2 - T, AIF-Mg-Si RAEBICBWTEIRTERT S
Cluster (1) & 100°CFEEE T T 5 Cluster (2D 2 DT/ 7 T AX DT F NN X —% R
HEEICL > CRHMli L, NEEOEWEZMFAT 2 2B E LT,

(2) FARE-HER:

1.8BMAE

Al D AXAXAFEGREFET DO H 25D Al 1% Mg iR+, SiJi7., ZZLCEWRL, £FHEIC
DUWTEHL U721 721322 AL & Bl e & 35 i ds L O BRI (TRl E L 72 R — 3 —
BTV EERR LTz, BB 2 VT AL B LN, 2B 15 D WITZE LN L & &
BN EICH DGO RLX — 2R L, HRICIEE R R = — FiZid VASP
W, B, 2TOFEIZBW Ty hA7Z R A X —(3400eV E L, k 57V 7
({21 Monkhorst-Pack % VN 3X3X3 A v oyl Liz, B4cEMB L OELOKE AT %
NEX—DF L & HIT, A MaRY ZAOHEEZRHWEME T e#HRICL > T, RED
BEWNC L DT 7T A E ORISR LT,

2 fRATHER
@© Al-Mg-Si RE@fIZB T LW EET
DG TRV F—DHH

0.04
[ : Ist nearest neighbor distance

: 2nd nearest neighbor distance
0.02 Si-Vac
Mg-Mg  Si-Si
0 == |

-0.02 I I

Mg-Si  Mg-Vac Vac-Vac

WHEIR TR L OELOMKAEZ R X —
ZEHIT HI2H72 0 . AR TIERE =
ANF—% | WEHRAEIXZZIRE
L CWBIREE & Z 2 AT L CHFAE
LTWAREOZRLVF—ELERL
720 Al-Mg-Si R EeH TR SN HE ~0.04
RFBLOZAOWEEANT—ER 1 @1 FEE B LOELO-A =X —
W2, WEIR TR O ER T &
72fLD 2 REIZHBNT, BB EERESIEI Mg SI A THDZ ERW LML o7, Fi-. Si

Binding energy /eV
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& ZE AT FOE L IE TREIT/EAE L. Al-Mg-Si 6@ HICBWT Si L2182 x 7 v 775
RN DD T EDIRE NI,

Qe T HNaFEER T ) 7T AL DR EREE DR

T 0T AR DOREREE R RIET HT-DIT, Al FFEFIZ Cluster (1)3 5 i Cluster (2)% 1
OETFRAET VA 10 >ERR L7z, Cluster (1)DEF /L Tlix 298K, Cluster (2)DE 5 /L
T 373K DiRESRMF L L, T Ianikid AW CORERRIBIZ BT AR FRLE 2 58 LT,
Vo b—3a VRETB LI 2000 ATy FHEOWEEERX 212, BETAHRICEITH Mg-Sifia
BELUW Mg, Si, ZIDBFOEMNEICEE STHEORER 1ITRT, WThotr ) 77 2A4%F
FZEBWTH, a2 b— g %0 Mg-Si ik aE L O Mg-Si-Vac filt#iE A 0%
X, 22— VANCHRTHEINLTRBY, ZhbofEea2< &t/ 7 7 AZRE N
BVNREMEZ RO N S D Z ENHLNE -T2, £, —#8OD Cluster (D3FF2 @ WEWT)
ZEMEIZIE, Cluster (DO @V SiRER XOZEHLEICERT 5 Mg-Si ftG 35 L O Mg-Si-Vac
RITHREANEE LTV A ATREME R STz,

Cluster (1) ®: Vac ®:Mg @:Si Cluster (2)

Initial structure After 2000 steps Initial structure After 2000 steps
= T =] ] 7 ~"|Monte Carlo =
% hl?r;ltj a?izci)rrio simulation g
,r—: b #!_, N 1 ,1-—: b | J ’t__> . |

X2 Izl —3 a3 RHiBLO0N2000 AT v 7O

F£1 FHREGOE

Cluster (1) Cluster (2)
Before After Before After
Mg-Si 17 35 13 31
Mg-Si-Vac 2 18 1 3

(3) FBYRN S, TLRAER., HXE):
L
(4) SEDOFATFTE:
Al-Mg-Si RE&IZB W T, A4 tRDOBEEIRIE L 2L B DO = RV X — % 5 —FBLE

BICE-oTRlET 2 & & bIZ, 2O 2 MW FE R T o v VEEET 5 2 L A5l L
TV,
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5.3.25 J-PARC MLF KERFHIIZxt 9 % 3GeV GF AST 180 EHHEFIRILF—IN

IR IL D EEHT
Analysis of 3-GeV Proton-induced Neutron Energy Spectrum at 180° for a

Mercury Target at J-PARC MLF
o6 KA
M 2T AR I N—T
(1) FAB/:

i RV — DR R R SRR T - D % OO SRR T I OV BRBREN L 54 s A T LD
B Tl BT RAFX — D7 B — A LR TR & OL (BIERSOS) & il 35
BRISET VINEEREF 2T C 5, BEFRUGNT &> T — AT H 180 BT M AL
H S D k7 (180 EEHET) 13, Mgk DIERGKFHI R E oA X7 NE 52205, 4 GeV
@%i%»%~%¥k%:ié1%§@‘ BT 2 ERT —ZITHFAEL T RoTe, 20
7o, 180 FEHETICKIT HEISET VO TRNEEIZB T 5 EBRNZ2RGEEN TR EE T
7o

ZDOES s, J-PARC WHEAEME FERIE MLF 1C3E S 72 KEIERIIZ 3GeV
Wit B — Lz ST L, KRNI 2% 180 T T O =RV F =27 ML ZRIE LTz, %
BRAE B & B BUGE T VAT K DMRATHE R & el 5 10 1E, ERIRR 2 DEICET Wb L TR i
B2 b= a BT ORERD L, RRIKRDD THHETRR 2720, REWRRGE
BRI Uiz, KRNI/ ICEX 2FIf4 25 2 & T, B> bicAME T
% 180 EHMT DT R NF =AY M EHDHZ LN TE T, LUF TIEEDORERIZOW TR
T 5,

(2) FIARNE-BER:
AT I IE B T H L R FliE Y S 2 L—
Y3 a— KPHITS vz, ¥ alb—v
a v TlE, KL OWE F OZE) % R IZHB
THMEND DD, B 1 IZRT X9 2ok
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1) H. Matsuda, H. Iwamoto, et al., “Estimation of thick target neutron yield at 180° for a
mercury target induced by 3-GeV protons,” Nuclear Instruments and Methods in
Physics Research Section B: Beam Interaction with Materials and Atoms, vol. 483,
2020, pp.33-40.
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5.3.26 ADS E—LZEERET D=6 DR FEHiEAZHT

Particle Transport Analysis for ADS Beam Window Design
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Advanced Science Research Center
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Structures and Symmetry Energy”, Physical Review C ,Vol.103, 55812 (2021) 13p.
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Research for Ground State and Excitation Dynamics in Low-dimensional
Strongly Correlated Systems
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AT DRFEH)T T A b L= a OFERHMMRIR ISR DT o F LR ADEIRE
Z 2 WL KO BWITTRIZONWTHTHRTWD, iz, RN TZHONT S 3Rl Rk e &
ZRSTVND,

(2) FIARE-HER:
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NIZES T, 38 AR T VH LR AL GV AT ADY I ab—varEZ{THIENTED
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FINDWRANTNARASND, FEEIEARMY 2 10% 3 AN TR, &S ROZED A
EUHIENRROND,

() BRYRMZESR, TLRARR., mXH):

1) T. Yokota, “Ground states for a layered ferromagnet with dipole-dipole interactions”,
Phys. Rev. E 103, 012128_1-012128_6, 2021.

4) SEOFATE:

WARBIRALIBRR 2 SIS TR D 2D DN, B~V TR A S o A =1 73 v Y HRA
EZRHOWTEIERICME S 2 2 b—3 g & Tk RERBER /B T & 2 3-F0 A /EAH<° RKKY
MAEMERT D7 o F L8R, 3 RIGHR TIEFHARFHINZ < hv v | Eio. ZEOFHEBIH L
Weipd, TNHOFREICH LT, KEFFEE S 27 2AOFH AR L T &7,
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56 ‘ERFYSIILHERFEEI—
Fast Reactor Cycle System Research and Development Center

56.1 BRFAK[FKEFNTNIVL-KRGEZBERZFTI—FOEEL
Advancement of a Computer Program for Sodium-water Reaction
Phenomena in a Steam Generator of Fast Reactors

IR BETE. B S MR F5A
VAT NN 7 v — T
(1) RABE/:

7 hU LA (Na) @HEEFEORSIHE Ear (SG) ITBWTREVERBEIZIIBAN AL D & &
JEDKIIAZEZ D Na FA~EH L, Na LRSS (Na—/KEUS) Z £ 9 @l « @i -
JEEMY =y FBEREND (K1), ZOMGY =y FRBEET DIRBVE ICE2RT D & FhE
OFE (VAT =) 0, IRELRICKDMEMRTZ5EEZ U, ZREVRMEE (ISR
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TET 2 M IRMASRIT R U TR & 7] B3 25 7 OIS AR FiE O 2 Z v E T
WTE T2, B2 FEIL, FEHER 7 SERAPHIM O RO —B & LT, BEVERED
FAET DR TO Na— KEUSHRERZ gt U, Gk 7 H 22— FORER & Ol & IE Sk
FALDRZFHM LT, £7=, @56 T = — N LEAP-III ©%fi & L C, SERAPHIM (2 X 5%
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5 Q.0
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(2) FIARNE-#EE:
{RBVERIHRIFF OHE IR Na F1K 78 K0 H A A58 U 7o AGR CTREFT 2 980 L 72, #i1K Na 7"— L
|2 43 ROBUEREVE A Bl U, B FEBAREVE O P e |23 7o BRI AL L 0 | miFE DSk 78
KRB LT~ S, X 2 ITHER 7 X OFERE ISR 1 COMITRE R 2R3, k7T
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Q) HRURMER, TLRARR, ®XF):

1) A. Uchibori, H. Yanagisawa, T. Takata, J. Li and S. Jang, “Advancement of Elemental
Analysis Model in LEAP-III Code for Tube Failure Propagation under Sodium-water
Reaction Accident”, Mechanical Engineering Journal, Vol. 7, No. 3, Paper No. 19-
00548, 2020.

2) WIRIET, BNRFM, mHFE, KBZE2, “ICAEHBREER IO T 2 8Effr2— K
LEAP-III O BHF”, H AR5 25m S5, 86 &, 883 75, No. 19-00353, 2020.

3) A. Uchibori, M. Aoyagi, T. Takata and H. Ohshima, “Development of Ex-vessel
Phenomena Analysis Model for Multi-scenario Simulation System, SPECTRA”,
ICONE2020, Online, August 4-5, 2020.

4) WIRREE, FUD6H, BIRFEIER, sHFE, KEZEZ, “F M) v amiElgEEFIcB T 5~
NF LYl e U A 2 b— g UERBIRE e EN A RS — EH M S A T A
DOEF”, AR A T)%42 2020 FFRCDO KL, 202049 H 16 H~18 H, A>T A1 .

5 PIRIATE, HEATEC, JEEE, MM, ISR TRT N ) U A — KRR R T = — B
SERAPHIM OEREARITH$ M7, AABMKT 2 2020 FREFERKE, 2020 49 H
13H~16 H, A 71 .

4) SEOFIAFE:
MR 7 SERAPHIM (2 L 0 | REE, JENSBEVERLE S5 F 0 B e 2 fifthit & Skt L .
T MR ERE DILETE A M D, KT & D Na RRE A0 2l & 7 /S DV T, 2 MR
B BB, FEHEIE~DILEA D 5, SERAPHIM © GPGPU HEH~D#E Iz >W\WT, 4
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56.2  SPIRAL IZLBMABREEH TICEHE T O RERMME SRR R

Analysis of Large-scale Fuel Assembly Experiment with External Heat
Removal Condition by SPIRAL
I BERG. gt RdZR. M IEBE
7T NV AT DR 2 v — T
(1) FIABM:

TR v amHEEE ORI O TR E LT, BRMEERZIEH L7 DB O BRE R
s T s, BARTERFFOFLDE TR, AOBMEI &0 & & biT, BEET 2RI
DIRFE T > TEFMBBATHE L, BREHESRNO L2 B f LR T O /KW
AT LT D, Eo. MREPEERIHZ A TR DaisE i &5 RIEIAR T 2720, REHES
RN DR E D ERT D AIREM 0 . B ARTEBR SR 2 & TR B SR AR OREHE S A D
IREEA G L SRl 2 2 LA EHEL R D, AWFZETIE, REHE S IARBGRENFE AT = —
F& LTI ZED T 5 SPIRAL Z VT, 7 MU U A Al #IE OREHE SR D SMAIA 5
BRENDS & % A T O FRIFFIE DO RERE S OREHE S RN O BVRBI X B O 2 HR9 L LT
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A2 T, MRS TR T 2 EEBEOBEREHES AT U ¥ 458 (GR91
Br) ) 2RI, BEMIMANCER T DT AAT =2 7 A2 RN DKIET M) U Ak - T
LAWIMUD D BREL S I D S D BVRENRHT 22 5205 L . SPIRAL O R U MEA MR T 5 & & bIZ,
RS T COEARNOBUREIREZH LT T 5 2 & & Lin, FEIRBEIREHES IR 2 5 &
T LD ERELN L ARMERMF T TIIBEROERICRIEMZ T2 2 L6 AT,
il CPU (T K 2 KB - R (AT v ) OWSEHEBLETHY . KIUGHHEE (ICEX
J O HPE SGI8600) DFIANMHATH %,

(2) FIARE-BR:
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SN—fEl (ESERMOT N U LR AREE LA T =2 T AWK L L. SESIE. b —
Bl Lo TSN BEIE Y ORBMELZAETEIRSLELTIA T —AR—P KX
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X 2 12 SPIRAL (Z L 0 15 5 U 7= SR LTINS 36 1T 5 ERTE 7 A HIMGHE & 306 M O 1 R 1R
FED A Zn g, FEEGED LTI, BB DR BN LV ElR L R DEARTLAIT, 7F
XD EFREBSERIND T, 7y 3—F T, Ty 3—FE2NLTARAT ==
T AFBN LIRS U TRFTANCRIE L 2 5 2O FTRIEDTER ST\ 5, EAKRNOIESE
L T oINS DRGSR E D RT 2K | BREHE AR BT 22 IGBR TR
HEUIRDZ R ginote, Ty =B ERENE LI2GA O, EAEKRRBEE L EEERHOR
IR BB O FH S D ESIRNOHEEMHM ) ERIREIT AT = 731 CTHH3, A
ENTIRRIZE T B SPIRAL OfENTHEFIE 260 CREEE L 720 | EAERIMUNCER T bz NAT
Za FAWKEDFT U T AL DRBNR L TNWD Z LR ghoTz,

FRBR CH S VTR & RATRE RIS DWW T EA R AN EFIREE A il L, SPIRAL
IZ K DATRE R, BRI A RAFCHBLL TWD 2 L &l LTz,

S

[1] 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.

Q) HRUVARMER, TLRARR, ®XF):

1) N. Kikuchi, Y. Imai, R. Yoshikawa, N. Doda, M. Tanaka, “Investigation of Applicability
of Subchannel Analysis Code ASFRE on Thermal Hydraulics Analysis in Fuel
Assembly with Inner Duct Structure in Sodium Cooled Fast Reactor”, Proceedings of
the 28th International Conference on Nuclear Engineering (ICONEZ28), Virtual,
Online, August 4-6, 2021, ICONE28-65662.

2) R. Yoshikawa, Y. Imai, N. Kikuchi, M. Tanaka, A. Gerschenfeld, “Validation Study of
Finite Element Thermal-hydraulics Analysis Code SPIRAL to a Large-scale Wire-
wrapped Fuel Assembly at Low Flow Rate Condition”, Proceedings of Joint

International Conference on Supercomputing in Nuclear Applications + Monte Carlo
2020 (SNA+MC2020), Japan, 2020, No.3276378, pp.73-80.

(4) SROFIATFE:
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SO RBUEMENT 2 FEhi+ 2 TETH D,
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56.3 EIRILF—FETAHILAI—K MVP ZRW TR LSS RIFOE
DR
Calculation of Core Characteristics for Sodium-Cooled Fast Reactor with the
Continuous Energy Monte-Carlo Code, MVP
A . Ll B, B R FE R H 2 B
SRR AT AT 27—
(1) FAB:
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564 BREFEOFLEMREFMDI-HD FEM FTETILOMAFK
Development of an FEM Based Analysis Model for Core Deformation of a
Fast Reactor
BRSOz A OFHAD, RA RIT2) I BERED, ML BiRD, Bf O IEBED
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() BRYRMER, TURARR, WXH):

1) Norihiro Doda, Erina Hamase, Kenji Yokoyama and Masaaki Tanaka, “Development
of Neutronics and Thermal-hydraulics Coupled Analysis Method on Platform for
Design Optimization in Fast Reactor”, #1552 i# 250 SC4E,Vol.25.(2020 4 6 H).

2)  Norihiro Doda, Tomoyuki Uwaba, Toshiyuki Nemoto, Kenji Yokoyama, and Masaaki
Tanaka, “Development of Neutronics, Thermal-hydraulics, and Structure Mechanics
Coupled Analysis Method on Integrated Numerical Analysis for Design Optimization
Support in Fast Reactor” , F+5 T 5% 256 SC4E, Vol.26.(2021 4= 5 A).

(4) SEROFATFE:
At FINAS 2 KGHER TR 2 2o 0l 2k + 5, Z OEHIC X Y FINAS ©
EdAl - MEFUEZ Y | BRI LR TOFLER., 7T MERE, FEL, BB O,
fiftT & i 2 FETH D,

- 123 -



JAEA-Review 2021-022

57 HEBHREMTEHEHEtLLI—
Tsuruga Comprehensive Research and Development Center

5.71 EEBRT—RERAWL=/NIL/AYNES] EMAT OB EROBERSIaL—23Y

Reconstruction of the Three Components of the Magnetization of Halbach
Magnet in EMAT from Experimental Measurements
INTT FreTsy <wUUR
T~ U T LB v — T
(1) FIAB/:

Numerical simulations were conducted to optimize and enhance the In-Service Inspection
(ISD) of actual or future nuclear reactor metallic components when using a combination of
eddy current technique (ECT) with ultrasounds (UT) as in electromagnetic acoustic sensors
(EMAT). In EMAT, a permanent magnet is used to generate an ultrasound wave in the
metallic material when an eddy current coil is located under the magnet due to the Lorentz
force generated in the test material. The amplitude and propagation properties of the UT
wave 1s influenced by the higher amplitude of the magnetic flux distribution when the
magnet is a Halbach magnet array, as shown in Figure 1. The Halbach magnet is composed
of a periodic arrangement of horizontal (H) and vertical (V) block magnets (see Figure 1c)
with magnetization oriented in either horizontal and vertical direction in each unit block.
While the manufacture data describe only a medium value of the principal magnetization
for all magnetic blocks, the values of magnetization slightly differ in each block, changing
the uniformity and symmetry of the magnetic field when they are arranged in the
configuration, as presented in measurements in Figure 1b.

The research, in 2020 was focused on the reconstruction of the magnetization of Halbach
magnet in EMAT in order to be able to simulate accurately the magnetic field influence in
EMAT sensors. While in 2019, the aim was to identify an algorithm to reconstruct only a
single magnetization component, in each magnetic block, in 2020 the focus was to expand
the reconstruction of the magnetization to all three magnetization components and identify

the algorithm that converge to the same magnetization distribution values.

Halbach magnet

Fig. 1. a) Halbach magnet composed of H and V-block magnets in EMAT; b) Distribution
of H and V-blocks and magnetic flux density measurement of Halbach magnet; ¢c) Geometry
of H and V-block magnets
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(2) FIARE-BR:

In the numerical algorithm of magnetization reconstruction, it is used an iterative
procedure that starts from an initial magnetization (manufacturer data or zero
magnetization in each magnetic block or arbitrary non-zero magnetization) and computes
the magnetic field (using a theoretical formula based on a constant magnetization inside a
division block) that compares with external field measurements. To account for the constant
magnetization model formula used in the algorithm, each H or V-block magnet is further
decomposed in (nx'nymn,) division blocks (up to 100-100-100), resulting in a maximum 1
million cells. An example of the performance of the reconstructed magnetization (Mx,My,Mz)
(using JAEA-ICEX supercomputer) is presented in Fig. 2, for block-division (8-8-10) only for
one H-block magnet.

Halbach magnet

Fig. 2 a) Measurement of distribution of magnetic field outside of block unit magnet; b)
Reconstruction of (Mx,My,Mz) magnetization distribution c¢) Simulation of magnetic field

using reconstructed magnetization for a block

The reconstruction of distribution of one component of magnetization in Halbach
magnet of EMAT sensor was implemented by developing a new code in 2019 that
reconstructed the magnetization in the magnet by dividing in many division blocks and
comparing the results with experimental measurements outside of block (Fig. 3). The
code was optimized for parallel execution on JAEA-ICEX supercomputer using OpenMP-
MPI technique. In 2020 the code was updated to take into account and reconstruct all
three components of magnetization inside magnet. Therefore, the external magnetic field

of Halbach magnet can be computed with high precision in future 2D/3D simulation of
EMAT sensor.

‘11;.
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Fig. 3 Results in 2019: reconstruction of only one component magnetization (My)

distribution inside one magnet block using various block divisions
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Several distributions of the 3-component magnetization (Mx,My,Mz) is shown next (Figure
4) in one block magnet with different division of block in x,y,z direction. By increasing the
number of divisions, the magnetization profile converges to a more accurate description of
Halbach magnet magnetization distribution enabling optimization of EMAT sensor in

future.

Fig. 4 Reconstruction of (Mx,My,Mz) magnetization distribution inside one magnet block
using various block divisions (nx'nyn,): a) (10-10-4) ; b) (10-10-8); ¢) (20-20-4) d) (30-30-4)

(3) MBRUARN (L, TLARRK. RHXE):

1) 0. Mihalache, T. Yamaguchi, “Fast Reconstruction of the Magnetization of a Halbach
Magnet in EMAT using Experimental Measurements”, International Journal of
Applied Electromagnetics and Mechanics, Vol. 64, No. 1-4, 2020, pp.905-912.

2) 0. Mihalache, T. Yamaguchi, “Fast and Efficient Numerical Algorithm to Reconstruct
the 3D Magnetization Distribution of EMAT block or Halbach Magnet”, The 12th
International Symposium on Electric and Magnetic Fields, July 6-8 2021, submitted to
International Journal of Numerical Modelling. (under review).

4) SEROFATFE:
In 2021, the research will focus on optimization/enhancement of the algorithm for
reconstruction of the magnetization, MPI parallel optimization and implementation in the
EMAT simulation code to add Halbach magnetic field influence to the ultrasound

propagation module.
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572 L—Y—A-EEFTI—FDORKIE
Verification of the Simulation Code for Laser Processing
=N
V=Y =G HgE 7 v — 7
(1) FAB/M:

L —H— %R U 72N TS0 AT A0 13 D FEREAb IS0 7 7 A /3% FHV T2 BB~ tianis
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OFAEEICE T 5720, L—F—IEWEAT O & E Iz miT 728 MAE 217> T\ b, £D—
RELT, L=V —DRNFEORE~NENT L7200 — e LT, b—F—§H - BEE
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=B EEND Z LI K HMEIORR - REFEOME, L—F RN L AU DGR
— 7B DR OBGRE), EIRIED T VA b A A L IRE)SoRETEY) & OFR B AER S OB
DAOIRFPAIR A — AT DTe DBIRE W O LE R b D, ZDT, fRHT 24T 5 BRITIZR A,
ZERINC A R 2 NS < T D MEN D D —T7, AR & I 2 /582 < o iim e
BEHETOZOHE I A MRRESRDZ NG, RAGHEBKAZFIH L Ta— FORGREEZTT >
TWb,

(2) FARE-HER:
JRAIA ORI IS W TURIER R SR & L CRERAOMENE SN D, JERAMEOEKIRZ 3%

S IR DO B O TR & YRl O Z E) A3 EH
FETh D, KRG TIEEN D OB
DREVNANT A= L LTL—H—H)
ET VA RNHTADREICER LTEHRE Scanning Direction

Laser Beam
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AN TV DETREONTEY ., REOBEIZ LS B OFB 2B T TW\WbH &
DD,
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A AN Ko TERE A HE SHEEM B A~O L —F —DBENE G272 0 RS S O%
BEESNT-ZENEBmEEZLLND,

T YA A ADEORIIL, WS L —Y — R ST T 5 L L —Y b
F—NERDITRIN S 4, ZOTFLF—=2KFEH NS (x, y #ld7m) (L., RS mo
BWRIHE SN D LV ) SENE 0 JF LRWRER L 2> TR EMHEMZRZEENITIHETE TW
LHbDEEZLND,

[1] K. Sugihara et al.,Numerical simulation of thermohydraulic characteristics of dross
ejection process in laser steel cutting, Proc. of 20th Int. Conf. on Nucl. Eng. and the ASME

2012 Power Conference ICONE-20 & POWER 2012).
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58 WAMYAUILERETED
Fuel Cycle Design Department

5.8.1 CNWG-ELHEREMMETERIFME

Numerical Study of Physical Properties of Advanced Fuel in CNWG
g EAL CETH  BZ 2 PR (2
VREHF A 7 VEREHES, 2 AT AEHER SR L 2 —
(1) RABR/:

HORMBOM I, BRAMBEF OB 2 ZEMEZEESO T, A RRAMEF-HIFER%E D
—F% 77 N—7 (CNWG) 2RI, EEFDOINV—T1L, 2O CNWG NOEZRE
A 7 IVIFGEBIRE R OB E ) 7 U — %0 U — ISR L, SelERE R R 2 A 2 B
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L. TOWME B L, HoMPEORE~ 7B b RBLaRE & T 23 EX0EH A BET., 55
DY AL, BeWBREIOREE, EERFOBEEIE, T 77 VT v N ORHI%E,
xR BRIV,

FREEEERT S0, BEMICIIKE R AT 7 RAENMFIEFTO Z V— T BRE L35
W FEN ) & REEE SN EM LT 5B FEHEF R AMEAG DY T, B4 OEFTZM O 1207
TR, EFEENTIECTIIER 121T> T\ b, ZTHE TIAITObRERER & LT, &
IR 1T DAL IRE O ELBA DT BT, R IRENDN & D% 54 iy 78 )T, &
WREN DD HGZFE—FHFRTHML, £4xOfDER LaDED I LT, WMERMIEHES
WZRED LT,

Z D%, HHFEATIE, S%OMERH I E LT, BB E TH D7 by 7 AD
YHPEREORITE & FHRIC & 2 WP R Ot T2 S5 95 2 L 3 bilz, M. 7 v bl
L KETRIR U EHIE, B bREL & A U < | Bredig #55 & FFIEAL 2 Bl sAHT O @ik g
TORBORM LADR RO D03, B LR L D @NBEWIRE TEOEBREZ 52 &
MH, EBRICBIINEG DO T — 2 NBUGEEE 72 DD Th D, - T, HFHiD
HMe T — 2 LT RBIRO AN = AL E RS 2 2 LN TR AN E /25, W, Bredig 5
BLix, @by 7 Uk iaD & T 2BEIRE BRI L, mIRTORMMEICIT D
7B THD ZEND, BBOREMFHMEIC KR E e A 30 M b2 ZOBROFEM
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KRR T2 T B,
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Cals >l EXPL2 LB HE EEPSy (dn/dT), #E#R1S Bredig #:3%
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() BRURMER, TLARR, MXH):
EFr o Aol & Sk

1) H. Nakamura, M. Machida, Machine-Learning Molecular Dynamics Study of Thermal
Properties of CaFs, Proceedings of Joint International Conference on Supercomputing
in Nuclear Applications + Monte Carlo 2020 (SNA & MC 2020), 2020, pp.104-108.

[E N
2) PR, BTEEEZ, LA, TEEREME CaF: OS> 78 %% A AR5
2 2020 HERKD KRS, 2020 4 9 H.

4) SEDOFIRAFE:
LSt AR 2k L TV TETH B, #12, MOX k& it L 7= CaFe & SrFe 0
RISk BT 21TV, MOX 5 O &322 TETh 5,
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59 18ERFZREFEER
Sector of Fukushima Research and Development

59.1 ZEHHRERZAV-EDREMEFEOEHEEIL
Studies on the Effective Dose for Public Calculated by Air Dose Rate
A AR
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(1) FIAB/:
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) BRVAMZER, TLRAER., WXE):

1) Y. Endo, Y. Uezu, T. Takase, K. Yamaguchi, H. Tsukada “Studies on the effective dose
for public calculated by air dose rate”, ICRP International Conference on Recovery
after Nuclear Accidents: Radiological Protection Lessons from Fukushima and Beyond,
online, December 2020.

(4) SROFATFE:
7L
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510 RFREERFRERAEE2—
Collaborative Laboratories for Advanced Decommissioning
Science

510.1 EBERFHEED-OHDL—F—BRII1L—2avORELICHEITE-FED
B (1)
Development of Stabilizing Laser Melting Simulation for Decommissioning
Promotion at Fukushima Daiichi Nuclear Power Station (1)
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LIZHERE T AR (EIRERE) . X 2 ([T T VIR OMITHEE A » v 2 &2Rd, /X
VAT 0.8 mm, MIEEE 1T 4mm T/ R0 BINEGEIZ 2> TR AZEH T 5, 2255
OJEFHEESR T O, SHAEE O & FHEE S ILRE . KA oD JE PHEE S TRE, B L KB LUK &
BROREEIA TV THERLRS>TWND,
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EE - @b 7 L CE - FIEIC SIMPLE & Coupled @ & L, MM InD
T LA R0 SR AR LAY 2 mmDTR S DRERDIERL S D £ TORBBLG LW @55 72 & [E 1
o ~DILE AR DOECFEDPHR TE . @BROWMBEO TR ATRER Z LRGN -7

(43, 4),
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B BRI OWEBECWEL U I8k OFBERSR 2 5 L722s, ISR~ O 2RI IR0
T, GLIET L Tld e (BLIRBURE) 25, BIET LV TIIENNE B L TLEWERR LR TS
LW TE otz THUT, MERIC L DRI & B Z DI, LE LT fibT & Sk
THINEA Yy v a A XOFENFEHEZEZDNLB, RERFFEAZ PP ->TLENE
FLL W, A&, B L5EMRINTE T LV OTIRRLRMEOMENLETH D,

Q) HRYRMESR, TLARRK, MXHF):

L

4) SEOFIRAFPE:
DL ARAENT Y 7 b Fluent & W2 VARE 7 V& B ENARIFE > I 2 L—2 3 Tl
FIEBFHEB L T LE oo, ZHZM OB EIfENT = — K JUPITER % T, 5l &
ST EIT o T,
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5102 HBEERFHED-OOL—HF—BRMIIaL—2avDRELICAITI-FED
FF(2)
Development of Stabilizing Laser Melting Simulation for Decommissioning
Promotion at Fukushima Daiichi Nuclear Power Station (2)
SeH ELYRI JRRE ERE L IR 2 bR mERR 8. Yo fEES. & Fhz ¢
1 =R AT EABASE 7 v — 7
2 BAREhBANBASE 7L — 7
3 VAT LEERI R o H — EPERE R R BN e
4 RREARB R RS LA sERt
(1) FAB/M:
fEEH IR R EF (IF) OBEFHEED 72O OHNBEEMO—R & LT, L—¥F—I
TEMAFIH LI 7 U U BN OFIHP A ZR I TN D, T O & LT 572
DI, WIERERHEDPIKETEDNTWDLRETE Z 2 L — =12 K 5KOEFESWIRDE
MR EDBEEHONITHLE L BT, L= RNV F—FEREDNRT A—H
G EDE TRBICHIE T2 Z L BMNETH D, £ T, L—F—IZ K DKDZEHE
SCWERORMIR E DB G E VI 2 L— 3 VK> THL ST 5 72O OfRHT Tk o Bl %
2179, ZHETIZ, b=V — ABEAE LTMBEBIZ KT L, 2 ZVS D B IK 2 g4t
L7258 DN 24TV, — W — ABGE | K, FHRE A AR LD T A—4
MY ab—ra URERICKITTRELFHME L, BAERIZIZ, L—F =Tk > THER
VRS 2 B K O Rl KR 2N B 22 2 1MFR T L TR/ T A — I L D THIFER D
EWEZH LML, o, RFHREMER TIHEIROFZENR S | TSR L - TTEE
WIEET H Z & 2R Uiz, ARWFZEHTS X, 2 oG bz 2 KIS 2 T &b %
RIE L. ZHZEFEMERENENT = — K JUPITER % FV N CRMISGIE 2 F20i L 7=,

(2) FIFARE-BR:

L—W =2 K DKDEFECMERDEERMEDB R Z L I 2 L— a3 VL THLNIZT
%o FRMTFIEDHIEZAT O 12, ZHE s E YT = — F JUPITER Z46H L.
L— B 2 1 U - SR AR & KRS A RIRFIZ R 2 B 7 VR 2 1Rk Lg%
FEhi Lz, /2. L—F =M 2 2 b —3 3 TE LIRS R & AT g o /B
%% ParaView (4 —7"> Y —Xda[fUt7 YV —Y 7 ho=T) TITo7,

L — W — WU 2 e L 7o INBC K 5 &8 OFRRL & KBS K DWRA 7 7 OBITE G 2 2 3
2 b—ya XV, BELEETABIRER 1ICRT, ZOET I, AT U VAR
[ D L —H — INEAGEIR ISk L C 15° D4 8¢, KM 1 X 0 KA EZE 9 5, BATIE 14 mm,
L—HF—IT & D INEGEIR T BT & TP Tmm DTS @4mm LR o TV D, M 212 L —H—
AR L2y R 2 b—v a VORI, i E T 572D O A v ¥ 2 2R T,
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HICPEI 2B S5 Z ENTERNS T,
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WRlC X > TAEUT-IEMA T 7 OBITHRRICRT 55T — 2 85 L=, Zhicky, v
— P —ZFH L7 7 U i T - G O HE /2 W BLEL R ORI NI T X 5 2 & O IA
BRE o — FOPHNEER LA cCX 2R L2151,

Q) HRYRMER, TLRARR, MXHF):

L

@) SHROFATPE:
Stk b ZARL R BN BT = — K JUPITER % VT, Bl & & fiataiTo T,
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5.10.3 JKiZENEEET /L 3D-Sea-SPEC M Lj#i-:alOiH~DEH

Application of the Numerical Model of Radionuclide Migration in Water to a
Dam Lake and Coastal Areas in Fukushima
b G, EE ML iR SE
SR ENRBAFSE 7 L — T
(1) RAB/:

JRF R ClE, BT R DREFT O X BRE IS S Ve B W E DB
FCRIT 2B A A, BT 9252 L2k 0, TS BMESDRENRE WBEIRE 2 5 7
WL, BEIHSEOMREARET 22 L2 B LI2ERE L2 1T-> T 5,

ZHVETORE - ITIZ LY | BKREOBERERI M > T LD X LN TOZEEIZ OV T
IFEEAEALTE, L L, ZRE TR L CEX L EO R RBERNBAE LG E DX
DT ASOFHRS, & A OBOKERN R RIZE 2 2B HONT, BIET D4 La xR
TR 2 Z L3, NRASOBEEOILEZR EFRY A7 ~DIF 2 OBR TREBREETH D, £
7o BAFRBHURTEE 7 DT oW TR, HEFEW D O OBBES RS S, Tl COBEAFRE AU
BT LD TROIZDITHEOREAZHEE L TR LEND D, D HHE~RH L7z i
BT LDEIMIONTE, T E TH SR M TOMMT 2 FEl L T X 72N B FER R LT
DFFT RO B D,

ZOTD, A2 FEIZRWN T, 2L - RIS T DR v U @R E ERRE
iz B E L, ZAvE TR IEENBRYE L T & 72/K@EIREE 7 /L 3D-Sea-SPEC %, KAl &
DA M OGE PR A sse~gi M L7z,

(2) FIFANE-BER:

FROBICET D720, BN, & LKA O S48
2, RO T U ADO T RA~OHEIZE %
DR, MR O Dk T O R & T A %)
IZ2oW T, 3D-Sea-SPEC % FW - i & 50 L, 55
ZohT LTz

M 1 ERME LMD 2 2 L— 3 VRO T
o5, BERMATEAE LIZERIC, A0 BB A Lz
IRERERC I EE 7 AN AN EBITL TV D XD
TERLTWD, X 21Ti%, &l - B#lo 2 X7 —
DRBBE R 2 H8E L78HA 0, Bttt v oo
Ti~OWHFEELEH LR 42, EOHEKEOE
BlLHEE L2 b D TH D, MO/ & > T
BT LD FHASOWRHENENTHZ EZRLTH 1 FAHOTIal—ia
Do EBIC, X AHOMEKMOEN LDy I 2L —y g TRROH
ANTED L KA EmWVIZ EREFENMELS D 2 LD
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Mol TR, X AN X AHEEE S T ADkE 60
FRICED LD TH D, - 50

ERERTC 1T B SRR & A
BN TTH S, — T, MIACTIARE £ 2 I
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PN BHEA~TEH Lot o 0 AOZFBERFHEO 7O DY I 2 b—y a3 220 TE, HE
HLCWBEEFIIRT O A~EH Lz, KoI=2lb—a Tk, ZEROWRRET 7 v 7 ABRE
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H s

S
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(4) SROFATFE:
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5104 HREBHREFE—RFHREFROLFD 3 ROKEIAVNGE
Whole Core Three-dimensional Nuclide Inventory Calculation of the
Fukushima Daiichi Nuclear Power Station
PR M. B
FHEE R - BERHE 2 L —
(1) FIFABM:
JRF IR T Te e v 2 — DA LT RO E RS — R 15 E (1F) oA X b
U7 —42~_—2 (JAEA-Data/Code 2012-018) (% 1F BESF AT 72 JERHSE CTIA < FIH ST
W5, LU, 1F FEBEORBB 2 ORIIER ST —4 Th D Z b, DAl Gd
U BB 5B & T MOX IREHE AR DR /2 ENBE STV, QREHES IR D)
T DBRBEIE AR A RESANBE S TR, IEEDHIZEEND C14 X Co-60
DA & 72 HPE AP O LN BB S TR0 DT JENDL-4.0 T72 < JENDL-
33 DT —ANFIHESNTVD, RERBETRERENE A DD, AETITZNL Z AR LT
1~8 5HED 3 IRTTEFEA X N T —F X=X ZH\IIERT A2 2 HWE LTW5b, 7
— A R—=ZERIC M E R REDHAB L O OMERERET D 7 1 7T AOBRIC KA G H
R 5,

(2) FIARE-#ER:

T = HR=2ZERZHT=D, 3 ODA X MUEE (I ~I) 2FfET20ER’HDH, (1)
1~3 SHEDIF LS (RENEE 72 &) g & Lo DIREE+H I EEHE, (1) 1~3 S0
FESFERSEN, (XA T L— R E) ARG L2 BRSPS ERRE, (D) 1~3 5%
DA 2 x5 & U 7= 200 DR O b L,

SR 2EEE, (1) &FBEEHGHER RS L O (1) 2P0 B PR b i & FhE
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BM3EEIT, Zab (1) BRO () oF—I2, () ORI BSHEEHHR R R %
BINL., ke 1F A o XN T2 RXR—R L LTHEREF LD, T—HFRXR—A%2%
< @ 1F BEIFIEGE (77 UMRIRITIR | SEloE Rt o @B b, AKBEIE A BTN, By HhEE
fili. #OX < BREERAEGAM /2 &) ITIEHTE 2 X 5 AT Tl - Bl 2D T,

(3) FBRBRVARNEE, TLRAER, RXE):
1) BATEESY, SORRERE, W —, WEREEE], R, 8RN, KB, & TakE],
“HREIMRES R IR EFT ORI L 3 RTkifEA o _ U HE (DEREER,
H AR 117743 2021 EHEDHFES 3B01, (e T4 V), 2021.
2)  BUARFELE, BATEY, ZWEE—, RS, bt 3RS A, KRB, &1 iRE,
“HRE ISR IR IR EIT ORI L 3 Rt RA X MU R QFETIE2 F
MR D555, BARR /1545 2021 £FEOHS 3B02, HE(A 71 V), 2021.

(4) SEOFATPE:

FREEL TWARWADZ LI, 4% b KRIGHEE AR L, 1F A X2 R 7 —4
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5105 BKREEMEDKSZEEEHI—FORRE

Development of Drying Simulation Code for Waste Storage
FH Bz
TRE BRI R MR 7 v — 7
(1) FABE/M:

GAKBEFED ORE BN TL, BEEBRICER T 2B A ., KOGIRIZ X 2 KBRAESLHE
BB OB REE LB E A T RER RO NN EE CTH 5, BEFE LT HIEHTOFL
T, FBEYWNZBW TR FFREIO T DI ARDPIEANS IV, ENEBEFFRNOMHAK &R
B L THEREB K & LTI FIFRICREICHRE L TWD, 2O %5 A TS K 2
W 5720, WEKPOBHARBIRTHLEL UV LEELT A N TRERET D15 Y KLE S 2
T APEANS I, (GYRAKLENGE TN TEY | fEHEAOE Y T AREE (NEICEAZ
A FEFE) X, PRI THA FNICRE SN DFHTH 5, WEBRERICEKRE T
HKIZEENDWEKRASGT OREE, RE, MERFORAREIHEELRFNEHATHL, Zh
OOBREITENKGREICE > TEILT D720, KOAFEZFEZET 22— FOMRBEEED T
W5,

AW TIX, HREERSE DR BN L DR D B KO IECETE M 1> O OREVEFIZ L 5l
FIFIK 5y DEEEE DAL, R OBEEINZ LD KGBEITT V2 %R LTz 2 IRoTET /MIZT
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Too KIBIZIHTET VYA AR T D &0 n . KEGHRBRIC L 2 R A RHRICAR 2 ED
7o

(2) FIARE-ER:
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B ORI G . PR, FRIZEEIZK 03 LT\ 5, ANSYS/FLUENT % 72 7E IR RE
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L. FERBBT DT AREEEZ OISR 28 L TS 2 S T B HAKBREEE N
O EIR RS E L RE SR BRSNS Z LRI TS, £z, BENTEELE
AK3E, KRB ENTZ_y MENDTHT 50, FERER % TR L CEA 74 MR Ew
BRI TDHEADND, ZNHOFEZFOTRNCANT T, Az— KT, REIFRL N DKy
OEB HF AT VR EEA L. ERBEORE WEREE & G KEEOBREY
Leverett BA% CHEL 35 FIETHEZE L TV 5,
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ENTET VX 2RI TH S, Leverett BIEIL, RFEOEA T A b & HW =R RBRE B O K530
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WKDBHDRHR DD, £To, HasNOKEL, BLOKGDBBENT D626, #HEIXIEHR
(WA, R LT D A~BE LKA L TR Lo TEREA L, THRREZ®EL T
SR —*B/ﬁ{ﬁﬁ’é D, ZLATREER, B X ORI KO O EHIZEHIZ CREME L T
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L

4) SEOFIRAFE:
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WL RIE R~ D E T L iODE?f%@*ﬁnE%DEHﬁE’VNJ( PIRIE BRI 1A 2 Rl LM B
o Atk =— RIEFIHE - @ klc L 53R a2 ORI A D | ROk~ 7R BENEREE 248
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511 JATLFEHZEEVS—
Center for Computational Science & e-Systems

5111 #MHIBETEBRRINTIREFIRFOHEREHAR
Computational Studies for Nuclear Quantum and Related Effects of Light
Elements inside Materials
O B, B RSk, Ak BORD BE Rz TR
VR ab—va VEITBIRE
(1) FIRABM:
AKHFE T, R DRHFERSE 0 B & B 2 PERE SR o THE R & R I JHEREM Bt D
RENZE T DR RR BN OB & . SAEM B IEIC BT 28 Ao BGZ2 B &+ 5,
JFF- DI FERRFE 53 B & B9 2 BEESR T, MRx REEREM B SV B 5238, ARRE T,
MEICE TN 50RO EEBD B0, JRF OB FRIRN B & 2 RS ER &
Er DI R E T D, . WERIZIE, BT (Bl T) baEnd, ABEICT, €0
F 9 iR e B OWHEICE BT 58 AE, BEEEPBEVILREIWENICE ENLOBE, R
DEF NIRRT DGR SOSFEFE N NEIC EE R 2 KT T2, BETFIRAOIGE S
ERT HDERMOGARFHINZLEL T 5006 Thd, ARETIE, LRROBTRLZUWE
BRCHEAZ Y C, ZToPMERRBEICY I 2 L—ra VT D EIREIFERRE T 2, i, 0
YIalb—va e VT, BRRpWOHE (LR Foe. AREE) L Zhe
FIR L2 HoaOB e DR R 2 B & 15, 7o, FricRmiEE s RER P 2 e S
L2 LICRY, IEKFHERTFORBICHTET L2 L2 BT, U TICEKRNRFIE L 250
s

1) Li 25 eEEMEE (A AREK)

FIZ, L0 FE2PLE L, A A AREHICER T 5, ZNET, LA 4 DR8I IT 5
AR BB FANAB < 22 & 9 DMNTHOW T OF GRS &2 o . RINLIAZIEME) < A D5
HEEHETHZ LRI LTEY, ¥Ialb—rara2EE L CTERNREDAINEZ BT,
i) BZEM B OKFEZ DR Z 5T E )

2015 FTie b @ WBEREEBIRE (] 206K) /R L7z HeS ICEH LIFE 2D 5, BIRE
DR E LTE, AT 2KkFE (H) OBEFIRDEEREE 2RI 1, kF H) 0T
BHRIZE D, EREEKT DhiE (S) OIRENC L KREREEELHEZ D280 h>TnD, £
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i) AR (A )

INET, ARSF LBV T IWEIZIONWTY I 2 L— 3 U2 Ei LR 2 Al LT
T, AEGFICBNT S, KEITD CTERERERZ R, KRETIE. 5 TFHNKERE
BN, AR T OBRBREICENCTEARERZR-THE T I a2 b—a VT EERE
fili L. AR OFHEREIZBE S 2 AL O BS 2 BT,

(2) FIARE-BR:

(O Hiroya Suno,Masahiko Machida, Terumi Dohi, Ohmura, “Quantum chemical calculation
studies toward microscopic understanding of Lichen's retention mechanism of Cs
radioisotopes and other alkali metals”, Scientific Reports (Nature Research),11,
No.8228(2021).

B & BB OLAERTH DAL, BEeRE 0L 2R ORE - EHEEEZ AL TH
D, FRFEE KBS Y Y ADONRS FE=F =L LTHOLATWDER, ZD
&R PRFF - BRI IIART H I S Tun iy, RIFZETIE, IR OB EE v 7 A
M7 VTV RJEOIRES - FRHRE MR 5720 MIAHHRR Y DFETEARE ) & BHFLAL A1 0k
DY ab—ya RV L, RS MERTERT LU A 35 0FER
HMTHLY 2V, T RT /D VA=V, LA =k, e b TR Lz (K
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Atranorin Usme acid 1

X 1 HAKHO NI IE & ARy D 53 AT

@ Hiroya Suno, Masahiko Machida, “An Atomistic Origin of Selective Cs Accumulation in
Mushrooms: DFT analysis for alkali-metal cation complexation selectivity of scissors-like
pigments” ACS Food Sci. Technol. 2021, 1, 8, 1381, DOI:10.1021/acsfoodscitech.0c00158.
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U LEIRVEIL, 2 AANTF U ARENEER LT, TV EVEREED 2 OXRRIICELE LTV D
PFWEEFF O TOHRRIVGLZ ERbhroT,

2 X ADBEENNART HOES T SR TF A

[
I
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1) Hiroya Suno, Masahiko Machida, Terumi Dohi, Yoshito Ohmura, “Quantum chemical
calculation studies toward microscopic understanding of Lichen's retention mechanism
of Cs radioisotopes and other alkali metals in lichens”, Reports (Nature Research),11,
No.8228(2021).

2) Hiroya Suno, Masahiko Machida, “An Atomistic Origin of Selective Cs Accumulation
in Mushrooms: DFT analysis for alkali-metal cation complexation selectivity of
scissors-like pigments” ACS Food Sci. Technol., 1, 8, 1381-1391(2021).
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Development of Numerical Techniques for Materials in the Research Field
of Atomic Energies
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Atomic Scale Simulations of Radioactive Materials using Machine Learning
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Investigation of Adsorption Structure of Radium on Clay Minerals
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First-principles Study for the Degradation of Nuclear Materials
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Simulation for Radioactive Nuclides Transport inside Harbor of Fukushima
Daiichi Nuclear Power Station
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Ab Initio Molecular Dynamics Simulations of Hydrogen in Materials
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Machine Learning Dynamics Simulation for Cement Hydrate
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Atomic Simulations of Physical Properties for Nuclear Fuel
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First-principles Calculation of Liquid Materials
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Atomistic Simulations for Microstructural Evolution of Irradiated Materials
gt FB
VR ab—v g VHABIRE
(1) FAB:

VAT LEER T U F — EERBETIRE - B LE T ¢ BV a SR IREER RO 2 ek
A & AR O RENCE T D720, BB BN BT D Ko N e B O A T E A
BI%E LT 5, 2019 4REED B IE 24V E TORIKIF - LR & IF & O EHTIN ZILEERED S (ADS)
MBSt BRI Z BI% LT FEOISHEZ{ToTnb L 2 AThH B,

AR TIL, BATOEAKIFSC ADS - Bl G CHEH SN D HEEMEIN THREIC > TR Z %
JR TR ZA L DR T BRI LIS B2 5 2 2 b 0280 L CTE T, i/ o mun
AR I 2L —va BT 2 LICRY . AY ROV a R — L OMEBHLE T VO HE
TEE/LZEEFRENET D, £, TROOMREOM L L THERBSR 2 b7 0k
DAY FFME D FERERD 72 BRAE . FRICHIBE D BBMEZE oM 70 & 0D A 1 = X L DR - 72 PR
DARFTHDHIZD, 2O OMEEEE) A 1 = X L OFRBFEIE S FIRFICED 5,

(2) FIARE-BR:

a) HERMIE

INE T T TE Mk ToO T ZERIIEICB N T, ~EHICET 20 FEFY Iab—
va BT A (K1) % AIP Advances O HIR L, =7 #—L W EHiwmC (Editor’s
Pick) (i SN7c, ZOMXTIEK 1IZH D L D12, ERER CBIE I D ~Z Bl K
BOFENEL I 2ab—ra il THHASNILIETH D, £, KFEMLHITEICE L
T, KEWGHET D LI L DZEAARKICE L CTET AVFHFEEZITV, Metall Mater Trans A 7>
Sam LA S Tz,

b) HEREEL O R Ba DO BN BT D5

HALR P B EIIERT & ) L. BRSO ZE L 5 X DKFDO—2>TH LK
HHIZIZ AL S 4L D B FE AL L — 7 DR 21T o 7=, BALK I I essles. ARE P
a2 b—va sy aEY Uc, BBV —7 00 AR AR L— b3 2 & a7
DOBEMMEIME T35 L < A ER - HEROW T b8la S, NG A 1 = X A @I
HERFEREZ G-, 2 ORIL Materialia 58I S Vo, £, ENFw=O 7 7 v FOMifk
TR & 725 Fe-Cr &R DBLOET U o Vi E B 2, EiRE Bif 72 —8 a2~ TR
235 541, J. Nucl. Mater 56125 M #E S 7z,

- 176 -



JAEA-Review 2021-022

(b)

[001] [110] [111]
J—‘ [010] J—‘ [1-10] j——’ [-110]
[100] [001] [11-2]

K1 xECTAEZEDOYI2L—Ya yOEER

(@. ). BXOIxth2401100), {110}, {11LH TO~ZBHT I 2L —v
3 COFERT, RPN ERTIENFERBLELFE CI000H THDH Z ENRE
iz,

o) T RARIM E LTDY T AT ORI

KBTS T AT o OEETERPRIDRICRETHELZET VL TWD, Fillan
F AN RIS EE DB TERDO A Y 2 — LR BENTEY . ERERLZ2EHET7-00%F
TV ERIREEICROB L, SFEIIXFRT 4 v 7T T e a— ROEFEEELIT-
7o £, ZNETOIEEZ £ & D7 L% Scientific.net U — X Spallation Materials
Technology (23 THRR L 72,

Q) BRURMER, TLRHER, wXF):

1) E. Wakai, et al. “Effects of Helium Production and Displacement Damage on
Microstructural Evolution and Mechanical Properties in Helium-Implanted Austenitic
Stainless Steel and Ferritic/Martensitic Steel”, Materials Science Forum, vol. 1024,
Trans Tech Publications, Ltd. (2021) pp. 53-69.
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Ensemble Simulation with the Real-time Urban Wind Code CityLBM
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Oklahoma City : Lawrence Livermore National Laboratory participation,” 2005.

[2] R.H.Shaw and A. R. Pereira, “Aerodynamic roughness of a plant canopy: A numerical
experiment,” Agric. Meteorol., vol. 26, no. 1, pp. 51-65, 1982.

[3] C. Paniconi, M. Marrocu, M. Putti, and M. Verbunt, “Newtonian nudging for a
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no. 2, pp. 161-178, 2003.
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