@ JAEA-Review
7 2020-021

DOI:10.11484/jaea-review-2020-021

FHMTEE KEEEEIXTLFIRAICELS
TR RIBEE

Summaries of Research and Development Activities
by using Supercomputer System of JAEA in FY2019
(April 1, 2019 - March 31, 2020)

BT B AR P ==

HPC Technology Promotion Office

VAT LEERZEY Y —

Center for Computational Science & e-Systems

February 2021

Japan Atomic Energy Agency | BARRT DR KRE




AU AN — MIESZHFZERTEEN B AR T e RS N E N RIT T 2 RS H T,
ARUAR— FDOAFWNEEHERRIZET 2 BMWAbEE, Fiid CZBfnEbE T X0,
. RALAR— hOEIEHARR I IEBH R E R — A ~X— (https'/www.jaea.go.jp)
FOREINTVET,

FENZAFZERHTEIE N B AT I FEBa S psAE AT Zesi s al SR R B AP ZE pk S s B
T 319-1195 ZKIkIRBRETAR RVEAS K7 H 5 2 T4
ek 029-282-6387, Fax 029-282-5920, E-mail:ird-support@jaea.go.jp

This report is issued irregularly by Japan Atomic Energy Agency.

Inquiries about availability and/or copyright of this report should be addressed to
Institutional Repository Section,

Intellectual Resources Management and R&D Collaboration Department,

Japan Atomic Energy Agency.

2-4 Shirakata, Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan

Tel +81-29-282-6387, Fax +81-29-282-5920, E-mail:ird-support@jaea.go.jp

© Japan Atomic Energy Agency, 2021




JAEA-Review 2020-021

AR
KRG ERE > A7 DRI X 2 WF5E a4

AAEF 2 B R
VAT R L S —
RS PERER BB TR FHEe 2

(2020 429 H 2 H#H)

A AR e B RS Clix. TR ORAEWIFZEBI R & L TR Ifrb b S &
FRDB OB AT TEY . 26 DR DL AZB W CEERFEHINEH &
TV, FHREBFEMEHO®EVITE L, BARRE - IUFEHBERE ST 53R B 7
Bt 215 L= ZEBR R O IX, 20K 2 Bl 5o Tnd, KAGHEEL AT 2320
SRR TFHEHIN A XX AEERA LT T Lo TND,

REGHERE S 27 A%, BERE S L OMEMT on @B ER (BREOEE - JR1F
FXDPEILFEE) I T2 AFSEBHRE R0, Ml YA 7 VRIS B 2 AR50, IR 0K A
PEE LD 7= D ORFZE, R REBEAERF e & o - EEF RIS S, ARG, &
FoCAEE BT 5 RAGHEM Y 27 A &R L7-FER S O R 2 s, Zha Xz 55
M, FIRESE, VAT 20MBESE2E D7D TH D,

JRAJIRVERFZERT © T319-1195 KB IRETER SIS K7 A 5 2-4



JAEA-Review 2020-021

Summaries of Research and Development Activities
by using Supercomputer System of JAEA
in FY2019 (April 1, 2019 — March 31, 2020)

HPC Technology Promotion Office

Center for Computational Science & e-Systems
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 2, 2020)

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 FY2019, 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 FY2019,

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 REFTEH I AT LFAIZEOARRER

51 REMRLVI—
Nuclear Safety Research Center

511 BWRBRHEEENEHNERDERICLHEGBIEDHEN

Analysis of Damage Progress in BWR-fuel Cladding due to Propagation of
Multiple Cracks
Hwn RIS
B2 BREIE 7 Vv — T
(1) FIABEK:

BV Z BRFFE 7 L — 7 TR 2 E T ROSE SR ORI E RO 2 B & L
T, BEFET NV EZ MW PCMI (R b — B8 B EAEH) & A Stk o v
Ralb—varadEfiL T&E, PWR ONEKBFEFIF) BEHEEE IZ W TiE, £ OMEO
FHERE L TEZLN TV OHEENHRHEDOERIZEH LI BE (BEER) ffTIC X0 5
TR INTBEELZ BT 5 2 LIS L7z2d, BWR (WIS KBUR717) BB E 12
W, 2 ORFRIBERIC BV T L) MR ZRI SN 2 R S EROBENF ST LB A LN, K
HVEEZHHLT 21T E > THRY,

AEETIE, ABAQUS =— REZHW T, BWR BEHEE CHE SN 2EBOBRADOIFEE
BRLIBHEEDET N AR L, TOREGMIT2EZ 252 LIk, BEREDRFRE 22
Hrit kKB OB LT 1ERRNEECTh - 7o E B REmICE T MR 2G5 L2 AN E
LTWD, ZDHIiE, BEREREBRE LI-REZ MR e UToBEGMRIT 22 7 — 2807 5 %E
WY BRLFHFEEERPBEL 2570, RO ICEX zMMT 52 & L LT,

(2) FIARE-HER:

BEMTORBE & LT, £ BMLRZER M 2R >BEROBREA T 2@ EET v (X
1-1, M 1-2) 2B L7z, FET V20T, ROSEFRSSRMAT TRV OB R 2 B8 /) &
L CEDHEENORE (BRER) 284 MBI ZHEEL T2, ZORE, FET
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Development of Correction Method of Topographical Effect in Aerial
Radiation Monitoring
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513 HERENFICRDKBREMETRIZET SR

Hydrogen Flame Acceleration Prediction by Computational Fluid Dynamics

AR S, Trianti Nurit, il &zt
BOK BT N—T + ST T 7T MRS V—T
(1) FABM:

BB RS R T SR EBIT SRR U kBB IL, ZBeIED NI TRFEY AT ITH
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L—va va— e L C& iz, RMEEL, HEXF~—27 7 X |~ (ETSON-MITHYGENE
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WEDZ VMRS N D, BEENFE TRREE S A7z, SEBRAE R0 S I BEE & i35 2 & T,
BUEFARRNTIZ L 2 TR ATREME 21253 5,
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Q) BRUYRMER, TURRR. BXH):

1) K. Motegi, N. Trianti, T. Matsumoto, T. Sugiyama, and Y. Maruyama, “CFD Analysis of
Hydrogen Flame Acceleration with Burning Velocity Models”, Proceedings of 18th
International Topical Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-18),
Portland, U.S.A., August 2019, pp.4324-4335.

2) N. Trianti, K. Motegi, T. Sugiyama, Y. Maruyama, “Computational Study on the Spherical
Laminar Flame Speed of Hydrogen-Air Mixtures”, Proceedings of 2020 International
Conference on Nuclear Engineering ICONE 2020) (Internet) online, U. S. A., August
2020, ICONE2020-16841.

(4) SEROFAFE:
OECD/NEA T3 & 41T % 8 5 5 — I ) JE TR T -J7 it B B OV 2 PN 1T e D 53 AT
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AT CEERTE Z » 7oK FIER OMATICE T T 2, Il LIZKFZRE D43, JEE LT KRIERE
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5.1.4  CIGMA ZEZ RS ESA R OFHER RN B A REERICRE 9 2 MIERRT

Numerical Simulation of Unsteady Natural Convection in the Large
Containment Vessel (CIGMA) with Outer Surface Cooling
Ari Hamdani
BOK 2B 7 —7
(1) FABM:

In the case of a severe accident, natural convection plays an important role in the
atmosphere mixing of nuclear reactor containments. The present study, aims at the
transient 3D numerical simulations of natural convection of air around a cylindrical
containment with unsteady thermal BCs at the vessel wall. A 3D model was simulated with
OpenFOAM®, applying the URANS model. The k-0 SST showed a better prediction compare
to other turbulence models. The accuracy of the predicted temperature and pressure were
improved when the heat conduction on the internal structure was considered in the
simulation. Hence, the conjugate heat transfer in the internal structure inside the

containment vessel must be modeled accurately.

(2) FIANE-ER:

I Experimental Procedure of CC-PL-26

The test vessel of the CIGMA facility was preheated by injection of heater air. The heated
air injection was stopped after the pressure and temperature attain a specific initial
condition. The temperature and pressure inside the vessel were monitored to ensure that the
quasi-steady-state was reached before the surface cooling was initiated. The surface cooling
the vessel by subcooled water was started at £= 300 s. The coolant water was poured into the
upper pool and stopped when the top flange of the vessel was fully flooded by water.
Temperature and pressure inside the containment vessel were monitored and recorded for
about 4000 seconds. Then the experiment was stopped when there was no significant change

in pressure and temperature. Table 1 shows the experimental conditions.

Table 1. Experimental conditions.

Parameter Run ID: CC-PL-26B
Average air temperature inside the vessel T (K) 450
Average air pressure inside the vessel P (kPa) 185
Cooling region - upper pool, middle jacket
Average water temp‘eratu‘re in the upper pool T (K) 303
and middle jacket

Initiation of water injection into upper pool
and middle jacket t(s) 300
Timespan of the experiment t(s) 4000
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II. Numerical Simulation
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The numerical simulation was performed by OpenFOAM. An unsteady Reynolds Averaged

Navier Stokes (U-RANS) approach was chosen, and the chtMultiRegionFoam solver was

used in the simulation. In order to investigate the effect of the internal structure on the heat

transfer, i.e., flat bar, two turbulence models are used to investigate the conjugate heat

transfer in the CC-PL-26 test. Four different simulations are performed as below

CHT_SKE
nonCHT_SKE
CHT_SSTKO
nonCHT_SSTKO

: standard k-e¢ model with a conjugate heat transfer

: standard k-e model without a conjugate heat transfer
1 SST k- @ model with a conjugate heat transfer

: SST k- @ model without a conjugate heat transfer

A 3D model domain is shown in Figure 1 (a). The flanges, nozzles, and solid walls were not

discretized in order to simplify the model geometry and also for ease in making hexahedral

cells. The flat bar was
analysis. The flat bar's
transfer.

ffilattBl?»arZJ. ~_0 1 g
atBar2

flatBar 3 H:lﬂ-?f""" -
flatBar 4 :_‘;_x"“"“l o
flatBar5 &

flatBar 6 ‘-&‘“
flatBar 7 22 [ =&
7 T

flatBar 8 '-LH_'_
flatBar 9 .m_ E

4

flatBar 10°_ |
1 B

flatBar 11,2
T
o g

-

the only internal structure that was discretized in the present

walls were modeled as no-slip boundaries with conduction heat

Cross-cut

(a) 3D model domain (b) Detailed grid

Figure 1. 3D model geometry and mesh.

Table 2. Boundary conditions.

Run ID: CC-PL-26B

Boundary name Boundary condition Boundary condition
CHT model nonCHT model
Fluid region
wall u= 0, T'= Dirichlet u= 0, T'= Dirichlet
(time dependent) (time dependent)
fluid to solid interface T, =T, —x, VT, =k VI, none
Solid region
flatBar ends VT'=0 none
solid to fluid interface T, =T, —«,VT, =k, VT, none
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The summary of boundary conditions is described in Table 2. Numerical simulation with
two different boundary conditions (BC's) was carried out. First, the conjugate heat transfer
(CHT) between the solid (flat bars) and the fluid interfaced is modeled, i.e., CHT model.

Second, the solid (flat bars) regions were not modeled, i.e., nonCHT model.

190 470
————— nonCHT_SKE

—— CHT_SKE
----- nonCHT_SSTKO

185 \ —— CHT_SSTKO

————— nonCHT_SKE
——CHT_SKE
----- nonCHT_SSTKO

—— CHT_SSTKO
Experiment_ CTF75A045
----- water injection

Experiment
-----water injection

S P

[V =N

S 2
-...-;/uu

f

Y

Pressure [kPa]
B
(=]

Temperature [K]
B P B
(5] [
(=1 (=]

170 |

410
165 Focebesdincidevudiciidididibnnl 200 Bt
0 150 300 450 600 750 900 10501200 1350 1500 0 150 300 450 600 750 900 1050 1200 1350 1500
Time [s] Time [s]
(a) Time history of pressure (b) Time history of temperature

Figure 2. Time history of pressure and temperature as measured (black line) and
numerically predicted by means of different turbulence models with CHT (solid
lines) and without CHT (dash lines).

Figure 2 shows the comparison of measured and predicted pressure and temperature. It
can be observed in Fig.2 that conjugate heat transfer on flat bars has a significant influence
on the overall predicted pressure and temperature. Two turbulence models, i.e., standard k&
and SST & @ model with a conjugate heat transfer, show a relatively small discrepancy at £=
1500 s, and its mean deviation is about 0.6%. The mean deviation of pressure at = 1500 s
without conjugate heat transfer is approximately 1.2%. Therefore, the accuracy of predicted

temperature and pressure is improved when the internal structure is considered in the

model.

Q) HRURMNER, TLRARR, ®XF):

1) Ari Hamdani, et al., “Unsteady Natural Convection in a Cylindrical Containment Vessel
(CIGMA) With External Wall Cooling: Numerical CFD Simulation”, Energies, vol.13,
Issue 14, 2020, pp.3652_1-3652_22.

4) SEROFAFE:

The solid flanges were not modeled in the present analysis. Therefore, all solids region
should be modeled to confirm the uncertainty of the wall's temperature. Furthermore, a
consideration of all heat transfer mechanisms in calculations of temperature, i.e.,

conduction, convection, and radiation heat transfer model, will also be assessed in the future

work.
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515 KERESIUSFHIUATHNTOZRKESIZET S LES #47; OECD/NEA
TAMU CFD RUFT—4HF R+

LES on Two Liquid Mixing in the Horizontal Legs and Downcomer;
OECD/NEA TAMU CFD Benchmark Test
BRIy emge s nv—=7
(1) FABM:

4, OECD/NEA 2 EM#T 5 EEE CFD X F~—7 7 A b TIERRIEABSRMA < B %
LI TW5b, ITAMU Cold-leg CFD X>F~v—7 | LIz, HSRIEONFv—IT A
~ (IBE-5) (X, 7% %2 A&M K% (TAMU) THEfi S EREZx G L LTHEMIhTZ, Z
DOEERTIX, MEABFETHF (PWR) Oa— )V RL T LIENREROX D I~ g L=V
ANYNTO, BEORR D 2 FEORIKMIEGBIRO AT EEEHIA FEE S 7z, Zaud, B+
JFEER IR D HIR (ECCS) fFEIRFIC, 22— /L RL 7 & X0 o v BEDN BRI A S
N5 Z L TAELLMERAES (PTS) ([CB#E T2 EMERTH S,

AWETIE, A—7 >V —A 23— KD OpenFOAM % HWCHEfii L7, AR F~—7TF A b
\ZB89 % Large-Eddy Simulation (LES) fEHTOME % 7~9,

(2) FARE-BR: S s Bk & o
1ZA CFD X
~— 27 T A b O
Saond, EREEIDT. 00 s
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D a—)v R L7 % i
LIzKrsg 7L
TEFRINEZ oD
CHERL S LD, M
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ZRET D oI ERIR
Z 7 (NFE0.306m, #ME0.343m) L7e> TV, AMETIE, UHF— =& 7 LAKFER
A T OBEH LA FEEOFUR L Uiz, {FEARIL, NaCl &K DIRGH TH % heavy liquid
() 1064.7 kgim?) L5 ) — L LHKDREYW Th 5 light liquid (4 956.54 kg/m3) 73
Ao, Mg & LTV ——% 2 73 heavy liquid, BRIR ¥ > 7 i3 light liquid Ciii7=
Sz, FEBRICHT DIAFHITFE, OISME, MROFMICE L T, a2Bicshke,
LES ELiET /WL, BEEEEOY 77U » KA —)b (SGS) ELIEHSTEREIC R 2 = B 5k
DMEERINZ Ehn, BHEERNTOmNALE O IZH 7 Wall-Adapting Local
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/i Light liquid
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T Ay vakigol, ] 1(1-b) IHTBREAEND 16 RO X T o~ LR COREa L ¥ —%
AT, R EEN H D 7o DIRADINE dv, 231 7 FEIZ heavy liquid, E#SIZ light
11qu1d DOEEL CHEEL TWD, XU =28 LTz heavy liquid O FEIL, pIEA/LEIERIN T
T LTWD Z Eng0nd, 2k, heavy liquid O 7 /L— AR KEF BT KE < I
STWDHZ L, MLWELMEAENAELTWD ZE AR L TS, RIT, K22 2=-0.162m T
DERE ST M OFLREE 34T (Wmean) | 36 X ONEELE)RE (Wr.m.s) (ZBIT 5 EBRRER L D
A s, FREEICBA L T, ¥ U U v NBERE TIE T N — L O FREEEN B R TRl ST
WDHHOD, MREW—EZRLTWD, SLAENIREICE L Tk, ML IZ W Cild Tl
ENTWD, ZORKO—>E LT, BERILEED A v 2 RBEARENZET DD, AT Tl
LAy v a2 T, BEEE, B R58 JUMSMERBCCTIER U U728 R A x+2034%
BEJTRE ClE 8.6, WEER(F CTlX 2.3 RETH o7, —MKAIZ, LES T OGS Ax+<1 ITT D4
RS DHTD, Ay ¥ affBENARE L TWDAREEZ R L T 5,
[1] D. Orea, R. Vaghetto, T. Nguyen, Y. Hassan, “Experimental measurements of flow mixing

in cold leg of a pressurized water reactor’, Annals of Nuclear Energy, Vol. 140, 2020,
107137.

[2] F. Nicoud, F. Ducros, “Subgrid-Scale Stress Modelling Based on the Square of the
Velocity Gradient Tensor”, Flow, Turbulence and Combustion, Vol. 62, 1999, pp.183-200.

(2-2) (2-b)
(m)

Wmean (m/s)

X2 EERFERLOHE: (2-a) U ~NTOHME

Q) BRUYRMER, TURRR., BXH):

1) S. Abe, Y. Okagaki, M. Ishigaki, Y. Sibamoto, “LES-WALE simulation on two liquid
mixing in the horizontal legs and downcomer; the open-test condition in the TAMU-CFD
benchmark (IBE-5)”, Virtual CFD4NRS-8 : Computational Fluid Dynamics for Nuclear
Reactor Safety - OECD/NEA Workshop, online, November 2020.

(4) SEROFATFE:
KEFEORR W E A, ARIZS DIZEMBBGETO LES T2 £ 425, £O7HIZid, 4
U bEOFAMEREZLEE T2 Z R THRIND, 4% bR 18D ICEX I K UZ D%k
DOFMEZTEL TN D,

_27_



JAEA-Review 2020-021

51.6 IPRESCACFD R>F<—% Step 2 fi##

IPRESCA CFD Benchmark Step 2 Analysis
E  HAHE
BRIy emge s n—=7
(1) FABM:

R OWFZER >~ BT — 27 Th 5 NUGENIA OFfLA THENE S 71TV 5 IPRESCA FHEiiL,
—AY— LEHHEBLE BN E LTIV ET T2 VTV MO T — VR 7 T e TR D S [EH
ey = FThDH, 20Ty =r FTEBINTWDEIERIAT)F: (CFD) N F~—7
Rtz L., SmiBEiE (Volume of Fluid (VOF) 4. Coupled Volume of Fluid with Level
Set (S-CLSVOF) 1) & MW oK MitT 217 > 7, FUmiBENEX, #7500 Fm O G I 2 B
T D7D, FEFICEL OIEFE2MEL L, RFEFMOFRE 25, £07c8, KEEOEFILEE T
X5 ICEX Z#HIH L7,

(2) FIARE-BR:

FHREIX. Abe HU TR TP FEREZ MR E Lo, FHREERIE, M1 ITrT X IC=R
25°CT0.5X0.5X 1.3 m3 DFEIKIZ/AKIE 1.1 m F T/K (FEFE 997 kg/m2, BIFEIEREL 8.9 X107 m%/s,
KHIES 0.072 N/m) Tl Sk =1 Th b, EKROMEA D 7 4 Anb2ER (FEE 1.2
kg/m3, BEEELREL 1.6 X 105 m2/s) ZEANT DAk 2T 5, 4V 7 4 ADOELRIL 6X103 m,
HEAT HZEL O EIL 8.5 L/imin (Weber $t 2000) TH v, BHEMEE % 9.81 m/s2 & L7,
JERERIE, B 1R T X, JRREAY 7 0 AOHL, KFETFm A xlh, $hiE T & ydh, 3
ﬁﬁﬁ%ﬁ%&btJﬁDZ—FﬁommHMMﬂzx%ﬁ%L\VwﬂﬁﬁﬁE%%GMF%\
S-CLSVOF %), W% 213 B BhRsf %14 (K Courant 0% 0.5), ELIRE T /L2 HE,
SRS TS TR M A2 fERE L 72 1478 75|V O RNHIIRKS 1% V72,

X 212 A RFE (KHOEFESR) 0.5 FMmoMa 7, FEAINERITKE8 (globule,
SEHRIAAFE VOF: 1.5%x10% m3, S-CLSVOF: 1.2x105 m3) ZER#. /INRIalicaZi L., <
Bt (swarm) #HAL L7z, SFRISTAMEED OB Lo ciast ERIEH XS ER) 13m Y vk
WT, $0.03m Thotz, KJEHEO/NTILTINH, AERERVIE LN G, [Blis, 817325 X
T B L, KEIZET 5 L RIBITHER L7 (Kya7 A7 Mt (Efila/%8b) VOF: 1.6-2.1,
S-CLSVOF: 1.9-2.2, ZyamfEm o E i L2 EHKaet (dg) VOF: 5.2X103-1X102 m
S-CLSVOF: 3.8X103-6.8 X103 m) , XUWaBEME L, ZEROENMETRE L AV 7 4 A0 B
B3 2B ORI RO X V. VOF £ TiX 9.5 Hz, S-CLSVOF {£Tix 13.9 Hz ThH o7z,
ZEZDOENGEEA 0.7 Limin &8 X 2 50 T, KIAMBERLS D BRIC A - 522 - T/ SHME
IRAEENAE T D Z &S Zhang 52 2> THEINTE Y, AIEMLEBRIZB O T HEE O
DEERNHEREINT, Fo, JITEDBER L TOHOLROKIENBERT 2 Tx2— B & L=55
AL D & 15 7= BEBLE #1X VOF 15 T3k 4.8-16.7 Hz, S-CLSVOF {5 Tidfy 5.3-33.3 Hz
LD Eo oA LN,

3. 4 ITHK KR Z L OWHRINT ALY bR ORI B FEE 2 o, AT R
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E&z=01m DT P LT AFEHTHY, =57 —"— 3 DEHERAETH D, ZOFRREE
MANT, B—RJEMERSe v 7 7 7 7 > Mg = — F MELCOR O 7 — V27 J© 2 7 ET
/v SPARC-90 (Z & iR E DR 21T > 72, VOF JEIC L 25007 A7 b Hid Wellek 50
FARIAE R < —# L. S-CLSVOF {ED&id T A7 L hid Okawa & & Wellek & O F Il oD fH]
(AL L7z, Okawa HOABRIZ. /7 X6 OKIEBENIRHZ VIR DN BT B 2 B8 LT
H DT, Wellek 5DMHBAXD ERE L THERE S LTV D, #E-> T, S-CLSVOF &350 7 AR
7 MEOTHNTIBNT, ZERFREZRLTEY . [JUBEBRFOXTa LI 2 EHECTHIL T 5
Elbis, —J7, S-CLSVOF AIC KX 250 EAHEIT, FHRE Y b R PHlL7, Kiast
DIEEHREDZBIZL D bDLEZZX NN, L VFEMRBRANLETH D,

X 5 (228l DA SRS DRFHR A NRGM2RT, BRI OIS0 THRA FRITHB
DL, Abe HIZ X5 FEERI 2B W THE SN TWD X IIT,z= 0.3 m 1 TEIARENT swarm
(CERB LT Z LR TE %, $£7-, VOF i, S-CLSVOF ik, HM—5ianZ 8 it L7
FATIRTEE D FERFER & RAFIC—E L, globule 75 swarm £ TOWBNER & (F 5 KIaitic
WT, IEFEICARA RRZ2 FRIFRETH D Z L 2R LI,

[1] Y. Abe, K. Fujiwara, S. Saito, T. Yuasa, A. Kaneko, “Bubble dynamics with aerosol
during pool scrubbing”, Nuclear Engineering and Design, Vol.337, 2018, pp.96-107.

[2] L. Zhang, M. Shoji, “Aperiodic bubble formation from a submerged orifice”, Chemical
Engineering Science, Vol.56, 2001, pp.5371-5381.

6 mm E E
y @
orifice

X 3 &

z y L .

0.5m s
X o 0.5m
B 1 FHREAER X2 HRA FEO0.5%MmmEX (10 7))
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+ VOF x S-CLSVOF

T T T T TIT 7Ty oo
o

+ VOF x S-CLSVOF

w = r
2 = 1 = 1F s B
- - £ -
Sa0k Okawaetal.o o0 ;\ _ % . WMSxi g o ]
'.9.., \:6 by I Wellek et al. = Visualization 7‘\4&' 2
© » = Hoc
bt j - g e\
b 5 8, E =*% 7 %" MELCOR
%2 0 e 2 2k a0 . o Z e
(1 B = . e
2 : ‘G 4 wprararati.mg
% 1.5 - \ = E : e o, Ishii-Chawla
< 1.0 [ “MELCOR _ ﬁ
: 1 sl o a el 1 AL 1 11a xlol gﬂ ..u”.l N | X ——— )(10—3
0.1 1 10 100 b 1 10 100

Bubble diameter dg[m]

3 RIAT AT

Bubble diameter dg[m]

4 58 bR AE

M5 zifh IR DR A FR

Q) BRUYRMER, TURRR. WXH):

1) Y. Okagaki, Y. Sibamoto, S. Abe, “Numerical study on bubble hydrodynamics with flow
transition for pool scrubbing”, Virtual CFD4NRS-8 : Computational Fluid Dynamics for
Nuclear Reactor Safety - OECD/NEA Workshop, November 2020, 12p.

(4) SROFIAPE:

A%, TR R OGO CFD R F~—72 Step 3 @t (Euler-Lagrandian fi#4T % v
TeH—SER o7 v VR EERHE) 21T TRETH D,
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517 A—T>Y—R CFD W—/Ly% R OpenFOAM O ifi 5 5+ 5 1% & 0D 51

Parallel Computing Performance of CFD Toolbox OpenFOAM

AR
BRIy emge s nv—=7
(1) FABM:

I CII E T 7 7 V7 v MRRZE T DR A SN EUK 1 28 ORI FIE O @R E AL
ICET DML ED TN D, ZDO—EE LT, AR ERNICI T DKkFE B I L O KERE 5 E)
FIWCEB LEEREZIT-o TS, FFEREIWITL T, BIERA Y (Computational Fluid
Dynamics: CFD) % W=t FiE D &AL, f#TE T LV OBR%E « EES FEha L T\ 5,

JRFIFREANAZRIIIEF IR ERIHEE AT 2R/ TH L7720, O TIIBIRITTHI R IREN
U2, ZDkMERNEITEIZE 2 RIS 5 £ T, CFD f#tridfa 17y —n &7
be Flo, BNEIRD X 9 72 KRR TO CFD T i KB E R R O RN L ETH
0. RAEGHREOFIADB AL 725,

VET T 7T v MREORANE RN CIIK A KERE S E C D720 £ Ol CIIME(LET v
EEETDONENDD, TDID, Fx ORI N—T"TlL, 2— NOYEREG A —T Y
—A@ CFD YV —/LCToh % OpenFOAM®Z L, KAKEEE 7 V% FE3E UMNT 2 6D T
Do WHITFEEITA B OERA T — O KB CFD i © EBL TRt 2 a3 5729,
OpenFOAM D FIFHEMRE D FAMT 21T - 72,

(2) FIARE-HER:

BifE, OpenFOAM I CFD Direct #1:3 X Ot ESI-OpenCFD #EiZ L L FH BTN 2 ST
W5, WEFIPERERHIIZ 33V Tl CFD Direct #E23B%5C T 5 OpenFOAM 3 (2015 4 11 A
BH) . OpenFOAM 6 (2018 4= 7 H/ABH) & ESI-OpenCFD #EA3BHF T CTéH 5 OpenFOAM V1812

(2018 4E 12 HABA) D 35D NR—V g & LT,

FHExG L LT, OpenFOAM IZE EN TV DKIK MR AOF 2a— I T AL THD
damBreak #f#H L7z, ZOF =2— U T TIIWAENE LY fRET 28R E2 BT 5, F
2— R TUZEENTWBEATIZ 7 A4/ (blockMeshDict) #{ETEL., A v 2D /LEN
ZHEH 1100 7 (10M), 4400 7 (44M). 1{& (100M) THD 32D A v aZER L, fif
Fric W=, WABIERHERELICE U C, 162~10368 & L, MPILZ LV 5L L7z, B2
ik IV TC, BRE LW ER ICRET 5 £ CORERMZFHI L, WHIMEGEEZFH L,

Z ZTli%., OpenFOAM V1812 T, 44M /LB LN 100M /LD A v v oz AW -fERICS
WTORTRT, K1, K205 WHEITIIT 23R IATRE 3 X ONEFIE =R & 7=, WA kzh
Rk, /A CTOFERR) + (FIFFECOFERR) oz (FBW55) + e/
) THRLUZEIC L ko7, B/NEAEIE 44M L OFFE T 648, 100M /L OEHE T
131296 & L7z, 44M &/LTld, 5184 WA FE CREAHEN A L L7, fEHAEVIZE LT, 44M
A TOWHFEITT1 7 a0 124~204MB LD 7 < FHET —Z B3 LT, W5
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BRETEHAEEERD D, —J5. 100M B TiE, WHIHEERIZE T4 5 L D 10368 W 51H
KETHY, HET—FHBELZ TR E < TIUXWFINERED M B3 5 TR & 5,

Z 2 TCIERE R AR S o 7203, OpenFOAM 3 136415 (600 A4 ) TOMERENEL |
A FIE 2 BT I hE V. TR A R L7z, —7. OpenFOAM 6 O 5I#:#EIT OpenFOAM
V1812 LIZIEFREE TH -7z, LLEDS OpenFOAM D /R3— = 7 » FIEW, WHIEFHEME
REMREL M ELTND Z LR TE T, £72. OpenFOAM (2 & 2 KEUWEFHHE T D
R LA LT,

2000 : : : 150 : :
_ —4— 44M cells mesh x ]
& 1500 -ttt 100M cells mesh 3 / N\
o) c 100 + H i
£ Q ! !
5 1000 e \ i
(%] ) - ! ]
o ) 50 1 ¥
% 500 N - 4 = —— 44M cells mesh
— — ] 100M cells mesh A2
0 E E i
0 2500 5000 7500 10000 12500 0 2500 5000 7500 10000 12500
parallel number parallel number
1 (TR X2 AFUEHH

ESLE
OpenFOAM DG FIPERERFAM (C F W T .y mPERERHR BRI R HEtE R IRARITR, WO, 1=
W—RRIZIZZRaB I E2HE E Lz, B#HoEEzRLET,

(3) MBURL (2%, TLAHR, hXEH):
2L

(4) SROFIATFE:
YWTIE 7 N — T TIIRKIF D2 eVEn L& T 5720 | ki s ds N EVK /) 2680295
WIEAEAIT> T D, 5% B 51 EHEE . OpenFOAM % W72 MR 2 N BB ARAT DR 21TV
BB ERHE FiEOmEZED TV,

_32_



JAEA-Review 2020-021

51.8 REFNEROMECERNMFENTEL

Development of Seismic Response Analysis Methods for Nuclear Facilities

A OBE, B OE
g i e ERHEAT e 7 — 7
(1) FABM:

ZAVE TIT, 3R TCEEMI AR AT & 7 L & AW TC MRS BT O 72D DB R D—> & LT,
HEIEN) 2o WS RIED it B TN LT EBaR I O 2 B 835 & & CTHE MR O BT % 7]
REE T DM 2 RR L, MG = — R FIESTA [CTEHAL TV D, AWFZEO R, &
HIFRIZ 2 BRCER & TR R O Ll 208 LT IR R O 3 RoTAEMIINERR AR £ 7 LV ic L %

FICEIRATRE R O Z A M2 MRS 2 2 & T, PRIGIROFFoTE LR [E7-rEE & O
fr - BB OEEMERHEFIEO @ EL 2k T 5, | OERICET D2 LIH D,

(2) FIARNE-BR:

W7 —TClE, 3 IRICAERIT EE AT € 7 L % A\ e RIS B RAT T 15 ORI AR 2 AFFERR
OB LT, 3 RITHEMIT RN E 7 /L % W 7o MR IS REAT O 72 6D O FEHER iR iiT B3 O 3
52 HED TN D, Z OB () 12> TER LR FR RO 3 kot HHlim EaT
TTINVORYEMEE AT 5 72 DI BN IERR & x5 & U CRFEEO 3 kot = aE
TEVERR L, 3 A 11 HIZHA U7 ARG AR R RO HIGR I 2 A J) & U 7o B AT %
Ffi LT, AP RRO 3 RICTEAEE 7 /L 06 2 B 1 1253, BT R B & U 5o 6k
MR TFIEIC L DR EMRSR E Ol A2 T L, X 2 (R8T K 5 IS T2 A 5l E W O Rk oy 12 B A 72
—ENFONT & T, BT () OAMMEHRT L N TEL,

ABCROEFIL, FEHEIC X 2BINEEE & TR RO 2w U<, B AR 3 IkotiHM
M ERENE 7 I K 2 MBI B MRS RO RS A MR 2 2 & C FEFHE Th 2R A=
DIEEMEFNFIEOEELOERICEIR L2 Z L IChH D, £o. AFEBEO T, Y27 r—
T TRIFT AN TV DB A DFED 7= I HIEH S v,

2000 T
—EE R
% — RERBIFER
§‘5C° — FEMBRITIE SR
7
D)
r{TOCO
1
12
% 500
0 " e I - e . —
0.01 01 1 10
FEA(s)
1 JREEO 3 RITEE =T 2 3 WRITEFRMRATRE 3 & BLIGC 8k, TE3kE (BN
i7" L D RIRNTRESRL) & otk o f
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Q) HRVARMER, TLRARR, ®mXF):
M (BB E) - (1)

1)

B. Choi, A. Nishida, K. Muramatsu, T. Takada, “Evaluation of the Effects of Differences
in Building Models on the Seismic Response of a Nuclear Power Plant Structure”,
Journal of Japan Association for Earthquake Engineering, Vol.20(2), 2020, pp.2_1-2_186.

AEA%ER - WIEE - Bk, WIEAEEE 1)

2)

3)

4)

B. Choi, A. Nishida, T. Shiomi, K. Muramatsu, T. Takada, “Uncertainty of different
modeling methods of NPP building subject to seismic ground motions”, Proceedings of
25th International Conference on Structural Mechanics in Reactor Technology
(SMiRT-25), Charlotte, U.S.A., 2019, 8 p., USB Flash Drive.

A. Nishida, B. Choi, H. Yamano, T. loit, T. Takada, “Development of seismic counter
measures against cliff edges for enhancement of comprehensive safety of nuclear power
plants, Part 8; Identification and assessment of cliff edges of NPP structural system”,
Proceedings of 25th International Conference on Structural Mechanics in Reactor
Technology (SMiRT-25), Charlotte, U.S.A., 2019, 9 p., USB Flash Drive.

A. Nishida, “Reliability enhancement of seismic risk assessment of NPP: Study on
standardization of seismic response analysis method for reactor building using
three-dimensional model”, The 25th International Conference on Structural Mechanics
in Reactor Technology (SMiRT-25), Charlotte, U.S.A, 2019 (GAfFi#EH) .

(4) SROFIAPE:

HEROBRIORE SRR Y A D OREFN R Dk 2 7 TR 2 8IHRLE & 3 ot

MM ERRAR € 7 /b & - TR R O Ll 247 5 2 & T 3 IRoTREMIM A& 77 /L 2 AV 7ot
RIS BARAT O T b OFEHERY AT BLGH D 2 B VMR 2 ik 9~ 2 TETH D,
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519 GINETLICFPBREFT HREDEMRIER IaL—23Y

Ductile Fracture Simulation by GTN model for Cracked Pipe

ISR SO /N
S R AT 2E 7 L — 7
(1) FABM:

IR, BREF EOBME L X 2 HEREOFELIT LT, R FIRiEs OBLERM /1 25 Hli§ 2 2 &
BROHINTND, ZTDTd, REXZFMEICEIV AL D, s O RER 24 5 MM O FEn 3
HELRSTWD, FrC, BREZAETHWSBNRERMELZITIGEICT, BRHOEREL D
T AR DIEVEIRIE B O PRI LETH 5, FEMEEO TRIGIES LT, HEFICESS
Gurson-Tvergaard-Needleman (GTN) €7 /% HWI=HREZMN NH A2 TEO—DOTH
Do ZOET ML, BRI B TIIREZ R A AL - iR - BT 5 2 & 2B o
BL BT ETNTH D, ARBEEMHICBOTIE, RA RIC X 2 BEOREITES U THEIOR
R 2D S, BRI 2D TS o BREAHIRT 2 2 & TRADE R BT
Do 1212 L. WHARRERMAT Y 7 b Abaqus IZFEE SN TS GTN 7 /LTl MEOHEE
AT 5 ECEERARA ROGKREBGIRE T LNEE TE R, Z07=, bRz %
RIE LW EREED BWENTRER PG OV E W ERH D, £ 2 TYFIE T V— 7Tl
EFITIEE O RWENTRER 2155720, A4 FOEKREZBERRE/: GTN 7 V22— 7L
—F > UMAT TEH L., BHEC XD AMERMTZRELT5L L bic, BREAT DRE
(23T D JEMEA I 26 8h OO TR k- % 38 FH P % Rl L 72,

GTN E7 /WIS < AIRERMEHTIIIROIERICIEZ ML S T Th 0 | FRMRIEIC X 2 IR fFE %
DT, ZHOM 0 IR LFHRNBERTZD, IFEICE OFHRFF# 2 ET 5, £ 2T, iRk
25086 LoD, BRAHEIC X2 BEOBVWRITHE R 2G5 720, KRAGHE ICE X ZF|H LT
Abaqus 2018 % FV 7= fifhT & i L 7=,

(2) FARE-HER:

fRNT R G AN E AT HEE O 4 S FRBRUCH 0 | X 11T ORI 2 R~7, BUE O
PEIE 114.3 mm, HREIX 8.6 mm THDH, ZORBRTIL, Affr—TF —% —EDOHETHENL,
BANHL KO ICEEICHITER 2N -2 & T, RHOIEMEERZ25%/E S W7, AR
DI DITHERR LT AT ET VX, K2 1R T 80, BLE 9 HHILA, 8 HD 6 miA—kR7ELFH
DERTHERIND 14ET NV TH D, BHEOTIIHIZBW UL, ISNOMEOARNATH
HZEMWDL, T EOMR EO7-9HI2 0.5 mm OFE X CEEEMOL Lz, Abaqus 2018 KN
UMAT TiE# L7z GTN 7 L2 W T MEIOBIGICET 5 /37 A — 2 Rkt T 572 D8
T A MY 7 IR BREERMAT & Fi i L, R A A T D BLE O JEMER R B AT ~ oD A A MR
L7,

KA L VG ONT- AR EE AT —T7 —OEMNOBGEEZ, RERFERE & bICK 3 IR
o ORIV EITFER R ERBRRER (BR) BE—ET 52 L3R TE D, Fiz.
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GTN =7 /WZHES S AIRERBITIC LV | A A2 iR KA B M OV L LARE O S i fof B & 287
DEREHEETE 2 2 L &2mR L, AT TR LN, BREAEA LB WHIZR T 58RO
EROMK T2 M 4 17T, MPOREOFEEIT, EIARERNEE L HEHlZzRL T, £
RLDOEEANT DI TEREDBLAE D JE J7 IR D k1 R ORE T RBIz do N TRRER N 1T
TORF MR TE D, ZOMAITHBROBIEHFR L — L TWD, Fio, BEENREIIBT D
BAROEREICOWT, MHTHERITABRBIIE LS — 82 2 L b L7z, BLEickY . GIN
TTMCES S ARERMITIC OV T BREAT HEE O 4 mlhl TR F1T 2 EVEBIER = E)
DOFHE~DEAMEZ MR T 5 Z LTS,

(1] =ifEs, BRiaim, BRE—. B, EEE. AR, “SREATORE OB
MIERHMIEOBIE”, B RMIETT ARG E, 1997, W& ER S T47.

T E
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I |
fif0—5—
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X 3 AMMEL AR —T —DOENOR
FHEASh TN -ER
B ETICKVESSN-ENHER &30
B BRAFELLGUVEE %gtor) EE/
BREO—5—0NZ%ERL - Omm 20mm " 40mm

4 AIRERMTICEI 28R ER I 21—

(3) RBYRN L, TURAHER. HiXEH):

1) A. Mano, R. Imai, J. Katsuyama, Y. Li, “Benchmark analysis for ductile fracture
simulation; Analysis by Japan Atomic Energy Agency”, Asian Pacific Congress on
Computational Mechanics 2019 (APCOM2019), Taipei, Taiwan, December 2019.

(4) SEOFATFE:

TRICHEEL, GIN 7 /VCESS AIRERMTICEL Y, BREATHEEICB T 28HD
UER 2o O SEMERBIR Z 5Lt T & 2 2 L AR LTz, A1%I13 S DICHEME el zesh, #1213, #3k
DRRDOEW & D IEMEREESEB) 2 6 I, T 28 U C GTN 7 VO 2 s 4 5 7iE
TH D,
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5.2 J-PARCt 43—
J-PARC Center

521  MRB[EEEKLEIRS XT L D= D1%HE L Sk E iR O 1

Evaluation of Nuclide Production Cross Section for Accelerator-Driven
Nuclear Transmutation System

(NEIEES i)
MRk FI B 7 v a v

(1) FABM:

SR TR DS FHIET 2 IR G REIE AL > 2 7 1 (ADS) T 1.5 GeV IZ# L 72 30 MW @
B B — AR RRE A~ AR AS U, BSOS TRA L ric kD~ =T 7 F
J A RERERSE D, BT L DS T B A~ A0 B3 A U U PEREFE O Bl ik
FHIM OEERICR W CEE & 72 5, BUFHERETE O & Bi Al 00 72 9 12 13m0 g FE 7 kAR Bl i A 708
VETHY | MAFIekERI D ADS THEET 5 0.4 — 3.0 GeV O+ b — A% FV 7 R AR BT
FEHE % J-PARC IZBWTHT - TV D, HIEMEEME TR E A~ R 21T Tl GHEET IV
EARRIC HBHR T 5 72 OICRAE D D HRL IS DT DRIV Z KR & LT 5,

O N7 EREZ PHITS [1] 20— R W2 3R & teiliaitd 2 721, RKAGHEH ICE
X & W TR A T A O FH R 21T - 7,

(2) FARE-BR:

S J-PARC (T3 CHENE U 72 B A W i AR E Tl 8k% 3 o 7o L FE ~ h AR A 4%
BE LTHW, 2 b ERERORE 258 L6012 0.4, 1.3, 2.2, KT 3.0GeV = FR/LX—DF
FERS Lz, F~=0 g E VT, B LI o~ A7 bV & HlE LAERL
RO BUR e A 3 L 7=t BT BG 750 OBHEOE & Chr3 5 & & CREFRAE R i il 4 15 7=
AFE Tl natFe (CEXE R =56) [ZBL CORMBIT 5,

PHITS KO INCL+H+=— K [2]1ZHWEHN I A7 — KE7F /L (INCL-4.6 [3], INCL-6.0,
Bertini) } OVZ3iEfEZ a9 5E7 /L (GEM [4], ABLAO7) #ZNZ AW CTHIEFHHE 21T -
720 WA T 0L X —FEI CHEAO HIFR C RS ICGHR T 2 MR & o 72729 ICE X I L 0 1A
BHEM LI, ZHICEVYEEY Vg VITHEOAFEE TR 1 FRED DD &AL DA
MDICEXZHWA Z LIZEVEDPALUNTIRET Lz, SHICA Ry EEY—E X E2F]H LIS
FHEAITZ 720 INCLH 7 1 7' F A2 X% INCL-6.0/ABLA07 &5 V& AWIZsHE 21T - -4
B AHEE LD ORMICHEZED D 2 L 2N TE 2RO HERFM OEHEIC &N > 72,

WEETE ("Be. 22Na) AERWTEFEICIV T, Bertin/GEM &7 L3 &K 7- 0 S8 & k< —
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B LTV AN, 24Na AW A% TlE 1 GeV LA OFE T 50%i/ N4l L CTuhiz, — 77, 41Ar~48Sc
AR FEIC BV T, INCL-4.6/GEM £ 7 V3 325 E & L < —% L Tuw /-, INCL-6.0/ABLA07
Wk BEEIE, @fzE L TR EL —&LTWe, L, M 1ISRT X ) ICERA T
(48Cr~55Co) DAERMIEE CIEFRE L X< —HT2b0bd 50, FHEMNRK 3 {FiE KRG

fili. & L <I% 0.5 fFiE/ Nl LTV 282 7 6 4z,

2IZBWTHEH 55 OZHENER S oW (T2Rbb 12 1~2 i3 5 508) %
BAEFHE & k45 & INCL-4.6 DAMIERIED 20%LLN TREAM L TV 528 INCL-4.6 1% 50%
WRFEM LT\ D 2 ENyh ol 7 —4 7477 U JENDL-HE/2007 [5] & & bliiat 247 -
TS, ERIEERE A SO ARl L CERME PO UNTELS —H LT, L LR
DS DA EFE T, FHMEET A O 0 2 = rL¥— (250 MeV) TORERN ST,

IO DR RS, BEEARR TIE Bertin/GEM, B A K Tl INCL-4.6/GEM,
INCL++/ABLAO7 I3 &#ZFfEIZ 072 0 FERfEZ K< HH L TWD 2 Enbhrole, — HIEEREHE
FEA AR Tl INCL-4.6/GEM Btz 9 FLFRBR LT RNE WD ZERHALMNERD  ZORE
BURTDHILETET X OEEICERD EEZOND,

[1] T. Sato, et al., “Features of Particle and Heavy Ion Transport code System (PHITS)
version 3.02”, J. Nucl. Sci. Technol. Vol.55 (6), 2018, pp.684-690.

[2] D. Mancusi, et al., “Extension of the Liége intranuclear-cascade model to reactions
induced by light nuclei”, Phys. Rev. C 90, 2014, 054602.

[3] A.Boudard, et al., “New potentialities of the Liége intranuclear cascade model for
reactions induced by nucleons and light charged particles”, Phys. Rev. C87, 2013, 014606.

[4] S. Furihata, “Statistical analysis of light fragment production from medium energy
proton-induced reactions”, Nucl. Instrum. Meth. B, Vol.171 (3), 2000, pp.251-258.

[5] Y. Watanabe, et al., “Status of JENDL High Energy File”, J. Korean Phys. Soc. 59(2(3)),
2011, pp.1040-1045.

() BRYRMNESR, TURARR. WXH):

1) H.Matsuda, et. al, “Measurement of nuclide Production Cross Section for natFe
Irradiated with 0.4 — 3.0 GeV Proton in J-PARC”, J-PARC symposium, Tsukuba, Japan,
2019.

) SHROFAFE:
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522 $hEMICHTEAIHEFIRILF—ARINLODFAEINSGIBTE

Propagation of Uncertainty in Lead Spallation Particle Multiplicity to a Neutron
Energy Spectrum

V=PIV
MRk FIABRFEE 7 2 a v

(1) FAB:
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RNF—IEBOS (BERESOR) CAR S D FET (B vE) O EIE, fiik ORZAIMERE
AR R FH B R B A 5.2 D2, BT A R Tk E o — FIC X 2 EED
BN EETH Y | FHEF T R F — AT F UK LIRS 28 0 TR+ 2 BB H
Do
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Q) BRUARMER, TLRHER, wXF):

1) H. Iwamoto, S. Meigo, “Estimation of uncertainty in lead spallation particle multiplicity
and its propagation to a neutron energy spectrum”, Journal of Nuclear Science and
Technology, Vol.57, Issue 3, 2020, pp.276-290.

4) SEROFIAFE:

A%, BT h kiR o — RE VT ADS Ol FEiiT 5 TETH D,
KIFFRFEE T L CTOE LT ANV aitiaO 0, AFE L RIRED 5 WXL EOFFEE
FELELTLHZERTRIND, 5B LR T/HEDO ICE X KO O%MEOFIHZ TE L
Tn5,
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52.3 J-PARC FFEEBREEICHITAEANMEEBEIZLZBEANVEREADRE

Influence of Shield Removal on Shielding Performance at Neutron
Instruments in J-PARC

JRE IEZE, HHEOFF lE FRET CHmE E
e TFRIHE 7 v = >, %RIST
(1) FAB:

J-PARC OWE - AmAFERN TIX, 2020 4 4 HBIE, 21 B O HPEFEEBREE D RE S
o, e e ETEBRICER SN T D, 2D OFETEEREBROE~WERIZ, IMW BT v
— LS X0 B VIR CRAET DT B — A% =T AT b o~ WO R A FH R
TELHEHIC, FHERHEZ b LT, EAWEREFREE - RE Lz, ZOFRFML. Ny FOHA
FEERE, AT EREEICESOVERRE I TV LSRG TITo T\ D72, d#lisdx, ¥
SUVMEZAAST T ENTERY, LanL, T8, MEOEZFEH I OHRIC K D RTFEED -0
(2, ERRRFC b AR EBRAEE OWAVVRE NS RERAE U, Z07D, KFFETIE, B~
KENT ZLICE VAL DESWEROREFTMAIT O Z &2 B & Lz, MEFHETIX, &
PEFEERIEE OWSVENET ML ENTE Y, 21 BHOFEEIT O LERD LT, K2R
FHERE A TSN, KEFHBEEOFABLETH D,
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[1] T. Sato, et al., “Features of particle and heavy ion transport code system (PHITS)
version 3.02”, Journal of Nuclear Science and Technology, Vol.55, Issue 6, 2018,
pp.684-690.

(3) BYRNER, TURAHER., HiXEF):
WS Tl L
(2020 HEIZFE/i T EDBMFHEZEOH T, FRBEXETHITETHD,)

(4) SEOFATFE:
ARFHEOFER, EEEANWARESRMEZZE L7BMOFENLETH Y . 2020 FHE Sk
L CRHERHN 2 D 5 TETH 5,
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=
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52.4  J-PARC FEMErhiF ot eBENBBIRROMEICKIBFI (4TI
AW

Simulating Phonon Cross Section using Density Functional Theory

R B
R E 2 > a v
(1) FABM:
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FENIFRFEND,

(2) FIARE-BR:

ARIFFRRECTHIE L 72D 7 4 7 oy, KOE & T EEROFGIZIEL. Quantum
ESPRESSO 234 S TV 2% EILEAEEE EGG (DFPT) 2 W5, HEEHITZY O E =
— FEZHWT, $ERBRER FeSe D —HEL T & / VatR ATV, FEME X $iELF25R 0 515
SNTRRD 7 ) oy EiEE & OE R EZTo7, ZOfEE, FeSe O 7+ / D3 K
EZ EMEICHET 27-D10%, MRBRFEBETL2ZENARARTHDL Z R LN T
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5, LU, SRBRER R ORRARE FIREZ SR L72AER E LT, LUN O L D ISRk
Do
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VARV A (T 7 0 ) R FEDNCKREZ2EVREND, KBS, FeSe L% L T CIIBER
BIFE RISV OD, BHERALY VIS EOAENIFHME P RELER TR ST D,
DFEY |, BRSO SRR AE O b LBRHEICKIT 5 AT vy v a vy FORREEZ | kR T
X =DKW ERBEPERAE 2 (AR A & UL TIAT T UL, BIRMED 7 + ) o ~DEE (b5
FEEE) WUV IAATET CHET D2 Z ENARETH D, T O, SCREBREERD X 9 72580 A
EUREL EENE LIERRAR LR EMLE O A4 A4 7 AZET 282 mAN G sz L
S x5,

FEMMERGEL D FIEITLA, F LWREBZ T, ERlo L 5 ICESR - #im M o B S AT hE
2720 22% %, J-PARC X° SPring-8 D Jeiiif7e /3 e Fik & DFT ITRE SN D58 — R BEHE F
BEEEMET DI LICE T, AFRBEBHONIZE WD SAEMH L2V, £, B 1ITRT
o, WY 4 2 VEVEE AW TR X BROBGELTRE ORIl b FIRE L e D728, FE
BoshEa hii{b 35 L5 RERFHORF B ATREL 72D, T 9 W\ o T BGELIREE O FFAN T4 0 B
B ERFEEIIED TEY A #%13 J-PARC D2—HF —EROLEICHLFITHTHTETH D,
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Q) HRVARMER, TLRARR, ®mXF):

2

[iliii}

1)

3)

N. Murai, T. Fukuda, M. Nakajima, M. Kawamura, D. Ishikawa, S. Tajima, A. Q. R.
Baron, “Lattice dynamics in FeSe via inelastic x-ray scattering and first-principles
calculations”, Phys. Rev. B, Vol.101, Issue 3, 2020, pp.035126_1-035126_6.

(EFREOF ST OFHEIE AT, o KRG E R SGI ICE X TR ZhbilzbdT
b%, KMUFHHEBEAHSHFC OIS TVD,)

FEFERT, fREEA, PEIEE, AR, BRI, HES 7. Alfred Q. R. Baron, “&
Oy FRREFEREME X AREEL 2 FH U 72 FeSe DI -4 A F 3 7 ADHFE”, H A2 2019 4F
RERE, IR 2019.

N. Murai, T. Fukuda, M. Nakajima, M. Kawamura, D. Ishikawa, S. Tajima, A. Baron,
“Phonon spectroscopy in FeSe using high-resolution inelastic x-ray scattering”, APS
March Meeting 2020, Denver, U.S.A., March 2020.

(4) SROFIATPE:

THETHER - BHmETY 4/ COREBOLER 21T > TE ), SRITETNTINA TE

I FAREAERNCERT 27 4/ o OBIEOFN 21T 5, FiZ, KT OB T THAEER~D
WRBROHLZ BT,
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525 HRBELEROE—REFE
Ab-initio Calculations of Iron Based High-T. Superconductor

ey EOKRR
PRI E 7 va v
(1) FABM:
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(2) FIARE-BR:
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EFIIREREELZIT TWDLZ ENbhD, K0 EERRIX, ERIEIEV Se DR HEEIX
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Q) MBRUVARNEFER, TURER., WXF):
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(4) SEROMATFE:
ABEIOPIETIT > 1o L O et 2 EE T HAT O TETH 5,
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5.3 [RFHERIFZHMEE 27—
Nuclear Science and Engineering Center

531 EEWESSaL—3 ETIL SEA-GEARN ~DEIELMFREETILOEA

Implementing Vertical Mixing Parameterization Model in the SEA-GEARN
Radionuclide Dispersion Model

(1) FABM:
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1 RAEBENOSNEILERE (£ 2010/8/1, 4K : 2011/1/1)

() FBRURN R, TLRARR. WXE):
2L

4) SEOFIAFE:
AAEEIC L - THEEEL L7z SEA-GEARN % BREZENREAFIE 7 /L — 7 05 BRFE L 72 BR S REIR A BR B
T HHBEREAM > A 7 & STEAMER (Short-Term Emergency Assessment system of Marine
Environmental Radioactivity) (Z# AT 5 Z LI X0 Rl 0 b A S vz e &
DOWFERREATO FHIEE M L, R OVEHFEILH A 1 = X L OFER T IR CE 2,
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532 RMEESSHFREASKIERET LERAVERFOEREDOX[ILREERFT
Detailed Analysis on Plume Dispersion Around Nuclear Facilities using a
Local-scale High-resolution Atmospheric Dispersion Model

(1) FIAHEM:
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T F S < AT S o fREE K XL ECE 7 /L (LOcal-scale High-resolution atmospheric
DIspersion Model using LES : LOHDIM-LES) OB A21T-> C\5, ZOET /L Clidk, @)=
X DR ETZ RS R TR EAR 2 RS A 32 2 LI L 0 | &R - LIRS M O B RS2 3
WTHEEY) - HITZS2 B2 GRS REBLT 2 Z L3 AIRECTH V) | sl 31031 2 B IR B A 3R M0 i
FC&E2D, LnLedib, ZHETOMGEL, HREL S ERVEM AT —/L & Vo T2 [RIER
PREAPHIC I T R BICE L L WD —E SRR R T CTORKILE A B - 72 2= N R E iR 2
HBATONT b DO TH D, O, FHEARIFREIT 10 /3R, FHEFIE 100 m~1 km
BRELT 520, HRELOREH CIEBGEHR 21T 2N TE e, LrLARs, K17
fis X RFTANCHIZER 243 2T L, 2 OELIIBARTECHEN TS Z ERZ N
D, BTN ABARESCHE DR BEZEBETHEOMETHD, £z, EEOKGRIUZL, &
IRUE OB ECHTHR DI A O — KA 22 FREUIRAE . BUE Y DR LIRVENE. S 7 — 72 83V
CHZ e, FFMMIZELT 2, 2 5 W o o @M R g B aE 2 MU gt L. ey
(AT DBLER R RGRBUT KT LT, FHREBEMCa X FORMES H Y RRFETH - 72,

% 2T, A#FZETIL LOHDIM-LES Z MW T, ANz Bk iR B s 2> & o S 405 Bor sz
Tl 22 56H SR Bk DU 5 D JRFTA 77—V T O S FRERKILE Y R = L— 3 COBBEE 1T
STz, [RERUMPRFRIZALT 5k T TOZEKTIREOHEM & kT 5 2 &L T, 7 /VORGE
ZEEMICAT O ZE A B E T2, o, @MEREDOE L WRFTIA 7 — /T O RKILBCTHIREE
D LDz, IRE TR E MW7 — Z AL FIEZ U BRIE L, KGBLIHIE & o FLiiRaE
IZR 0 U EEREET D22 2 HRE T D,

SR, LND 2 OO T —~ 12 A, TR - mtE s ffee R<ILBE 7 v
Ze T2 JR A B ag S8 O RGEBGEMfET) & U CRBGHREAFIH L, MR m IR 2 Fic
iRt U CRHBGEERIGH A AT 0 7o D3RR, — F% 50 5L B L T2 HORBEHE - FEl
R A LTz,

(a) 7N PITAS FRAL PR R3¢ 2 56 1T L T2 B IR SR T C O R PITOR UL D PR B
(b) JEPTIRARKILH T HIREEE D1 LD 729D D7 — 2 UL FIE D BA S & MG
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(2) FARE-BR:
(@) A7 Pt BAEMER %X RIC L BHERREEMH T CORFBAKILR O BHAHE

2017 “EFES W O Fe L /E 2 TRk S vz LOHDIM-LES = — FZ VT, A 7 Bk FaL
U R% 2 *T G0 U 72 R RSB R 21T o 72, MR mERIRIE, St - KiE R T — & &
FWORSBIC g U, FHEMERT. AR M 5km, $REFIANC 1km & L7z, FHEM 1L,
AEFENZ 5m, $EFHEIC 25 m-20m & LTA MLy FE2NT TS, BARBEXBEICi#E
L. PUFRE - SEMEAEEE - Bfi R 2 W CELIRZN AR 2 REBL L T 5,

BEMRK[GEM T TORKILHF R AT 2 2O, sk N CHRS S - K[ G 8L E %
LOHDIM-LES ® A7) « BEREMCH 2 72, 72, PE&EE SMhnicERoKtE%2 5 2 72, &7t
BRI LHAMIL, 2008 45 6 H 18 H 6:00-12:00 & L7z, 723, stRESME LT, BWIRED 2N
LRGSR 2 E L, EIOT =4V > 7 RA ML D28 FIREOFERIME & k35 &
TREE D B - HRIFZIOE — 7 7 8% BAFCHEL L TO DR R oz h, —F Tk
EoHBlZ 2 RHTE RV L Ao, AROHESG CIIRh ORI REBE L7
Mol R[FTNCHEAET D —< LT — AL D N L —F T AOHMBEH~DEH L % F
BeEhholtlew tBbhd, SRIZAMDRLEREL T, L VBENTKERIZBE L,
REIEHEF R ZAT O MLER S 5, RFHHEFIEOMANLIZ LY | SFHERHIT 5 B AT OB 5 ik
HUZ DWW Tl 72 B RE T 36 L ORERIBR BER A 23 FTBE & 72 0 | JRF- Jhia% 850 A R D BRAE & 220
DEERIZETH Z LN TE D,

b) FRFBRKKILHRTRREOR LD DT — & F{LFIED S L REE

T =2 [FMeFik L F, FAES TR KRR BINE & GHRE & OREICH DR e R ETCb D
ZATJEE LTIA, BREORPUSEWVERZH S D L) ICHFEMEAEEL THSHETH
5o TNETOFEBEICINRA T — NV EMRLE LIEARET NVOLEDIIHESNIZ LD TH
V. EERODONLBIME S 10 537205 1 RFHEERE ORMIRE TREFPE b S h TnD, ZD7o,
MERDFIETIE, B E RE T2 LBIHANME & —B U 72 F R0 315 S 1L 2 23, BREADIZ 221k
TLEMA T — N OFEMEEL NIRRT D, 7, Rz /b S <5 LA R BN 3HE
a2 bOOFEMEABIEISE ST 2 Z LIETERY, £, FEEHZBIERZEZE L
THHEMEZBIIEIEST 5D 7 — Z ML AT Z I E TIHE L R o T2,

Z 20, IRETREA A A U O RO B ER A HERE L oo b SRR OB 2 LES
BT VAT 27 —FEULFIEZ BT L, T OFHIFET. BUE & FHREDORAEIC
K VR & L D R ED R AU OIRENIE & AR K A 3R U TRy L. T & FieiREE) 7 2 b o 4t
JEELTMAD bDTH D, ABREHR & LT, AR TREBUIC X 0 15 5 7ol &
MANWTT =2 L& T o7z, 1%, 1kFiE (BB BIUEBEEFE (TR 2857 —
Z Ak L7 B s 2 R LT 5, HERTFHE TR, BN X 2 RFRESEICE ST LE - -
iz, 7= UL L D L ABI A SEITER L TWDDOR 05, —J7, B FETIE,
REVGRAOEMIC LV HREBDRET 2 L < T XAk LR TE I, ZhbITk
0 ARFHLTFEILELR A B MR 2 MR L oo E R OBLRIE IS b d 2 & 2 FERE LT,
JRPTSAEHC T RS E D10 B DR N D e R 2 A T Z N TE T,
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1 72 X o WrmmuE Y (LB« lkik, FBe : Bl FIE)

Q) MRUVANFER, TURER. HXH):
ERMGEVY—TF

1) H. Nakayama, T. Takemi, “Development of a Data Assimilation Method Using Vibration
Equation for Large-Eddy Simulations of Turbulent Boundary Layer Flows”, Journal of
Advances in Modeling Earth Systems, Vol. 12, Issue 8, e2019MS001872.

Fuy—54 07

2) H. Nakayama, T. Takemi, “Development of the data assimilation method suitable for
large-eddy simulation model using the vibration equation”, Proceedings of 19th
International Conference on Harmonisation within Atmospheric Dispersion Modelling
for Regulatory Purposes (HARMO-19), Bruges, Belgium, June 3-6, 2019, 5p., USB Flash
Drive.

AgR%ER

3)  HLERR, PERERHM, ETHRR, KRR, RSB S AU B R AR O R B 43 AT & B
By BREHR ) DHEE T2 TIER(2) KA PEEFERE AT OFE” . A AR T 71%4 2020
FEROFES, 2020.

(4) SEROFMAPE:
AN BT AL R A R 2 KBRS L 7o LSRR AT T T O SR FrisoR SUE B o0 #5 BT 5RIZ 8 L BA 2
LTe7 — 2 b FIE L M AR AT . RIUGHRRIC X 2 RBGEEIGH R 21T, K0 @V TOHL
B FiEOMNLZ BT,
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533 {LZE#EEET /L GEARN-FDM IZ&53AV % 129 DEEBIHEEDHE

Estimation of Terrestrial Emission of lodine-129 by Chemical Transport
Model GEARN-FDM

(1) FIAEM:

BB T E S 45 E N O RN fE R 2> O & B AU S 5 B E O O & 2l
B E 3 129 (129D b5, BALBRNE ICER 3 5 KA O 1291 QBB AN 4 3 5
ozi'1%1@km$%ﬁ®ﬂ/777ﬁ/bﬁ@%ﬁii%f&é ] PN D P AL ff 5% LLA
? 1291 1%, FITES O BB R S Rk 5, FHALERERR > b A S 47z 1291
IRKF AR L, BHROMEE~ILE T D, A L7z 1291 IERKR ~ % L, BOMRE S b,
WELEN D D 1291 OFEFITZTE I VHRDIEIIE SV THEE M Th CE 7, LnLAann, b
B 60 1291 OFFHOHGAMARLED T T v 7 AT HFRITZ L, 1291 Oy 7 7T 0

REDOPFRIZ T D REEEDRRENZ ERFETH D,

KGN —7"Tlik, KRB D 1291 O@EHMZ Hiy & LT Lo (b FfE T L
GEARN-FDM % H\\C, BIEDOREE S D 1291 OFEIE T T v 7 A L ZD53Ai OHEE &l 7=,
BE & CICRBE) L7172/ L0 200 F R FRALBR 5% 2> D fltH &7z 1291 ofstslkib %% > 2 =
L— M9 212iE, RRF O 1291 fEBRICHET 2568 OME < 72 ORI O[5 BN L EE
L%, MREOFEAMK IR REERE ET 572D, KR NV—TBHNHR[RET v
ZIRA IO KRB RE TR CTE 2 L0 v AT L3RRS ¥ =B A L T2, K
FACix, PAHABROFERIZOW TR T D,

(2) FIARE-BR:

R alb—vaiiekextg s Lz, 1291 OfEliie v v a VHEEDO PRk & LT,
[REET ML DV 2 L—ra VI 2006 4025 2010 0 54L& L, 2006 a2 AT
> 7HIM, 2007 £ 5 2010 20 4 FfllE T I v v a VHEBITHWE, AHEE TIE, 1940 1%
VIR 2 B8 L 72 KB (B R B R U i s (v 0 — v, 97 —27, 897 4—L K, =
YU, BT 2NRT Fx LX) IANRART N T F— R, PR F U R—) (THEH L, SR
D6 DORKHINTEK T2 1291 OWWHE DA ZHEE L, Z41HITHESWTHAED IO 1291 DfH
KT T I AERE LT,

B4 11235 B L2 FBiisk 2> & 0 1291 OERTEE RO RS2~ d, Fhiaki Tid 2007
DD 2010 D 4 FEFOKRIGITH LT, 120l OILEEE > 2 = L— b L, EiFEY &2 ERT
FEEL L, K220 FRaSE BICESWTHEE SNV BIfEDRER D 1291 O 7 7 »
7 A, AHEE T, RIS R S & PG OB@WIR T ORILE £ FE L, FEE)
OORED U RDEROKRER L AND Z LT, BUED 1291 OER T T v 7 A 2H#E LTz, Bl
TED 1291 DR AR 7 7 v 7 213 1.7 GBaly &R S, BEENZE CHEE Shuiz 1.0-2.2
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GBaly Dt & RnW—8Z R LTz, 5%, 1940 RO OBUEE TCORRL LR L, AFiEL
MWD Z L TRV IEMHRHERE T 7 v 7 APRHEESND LBEZBND,

180 120W 60W 0 60E 120E 180 180 120W 60W 0 60E 1R20E 180
i) Savannah River
60N
30N ™7 deposition (uBqm™)

EQ . -
308 10 20 50 100 200 500
808 Annual ] emission flux (uBgm™yr)

180 120W 60W 0 60E 120E 180

0 10" 10° 10' 10* 10°

X1 B RARE FALELHER D & O RN 2 ABFSETHEShiz, bbb 0B
% 1291 OAERIEE & (@~ /7 —IL, (b) LED 129] DAERIIER 7 5 o &7 25
ST7—7. @7 74— F, d BLDRe
~¥7,. Otv=LRT (@F =L X/ AN
2z, WINTr—F, QPN F U R—

Q) BRUYRMER, TURRR, BXH):

1) M. Kadowaki, H. Terada, “An estimate of the global budget of atmospheric iodine-129
during the 2000s with a global transport model”, American Geophysical Union 2019 Fall
Meeting (AGU 2019), San Francisco, U.S.A., 2019.

(4) SEROFIAFE:

REET/NVT 1940 FRVPOBUEE TCORGLORMGIHRAZFEML, v I2b— x4
% RN C 1291 ORI O OFFE T T v 7 A HEET D, £z, RET V% 1F FRUEHT I A
L. FHREC RGP B SN UM 3 O RO IR R A HHEE T 5, KET LV TEET S
KA D I 7 FACFERIEDOEZHERL L, REH D 1291 O X V) ZEM 72 B BE O BRI 1) 1) 72 55 fi s 2
a2 b—va U EERT DEICIIAS L EOGEEERPLE L 2D 2 L b A% bR gD
ICE X B XU O#%MBEOFIH 2 T L T D,
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534 DCHAIN XU PHITS O®E
Improvement of DCHAIN and PHITS

KB
WO BIRATRN S 7 —

(1) FABM:

Wiy« EA A Uk ERE 2 — K PHITS 121X, B RX X —h 8GR a— K
DCHAIN-SP O A7 7 A NV EVEKT 5 [T-DCHAIN] # U — R FEE S Tv%, DCHAIN-SP
TiE, HEEZT Y RO EE U THEIA v 2 (reg) ICMATxyz A7 Vo7 Ay va
(xyz) MEFFARETH D, PHITS IZIXHEE Y 7 b7 =7 ANGEL AN SN TEY | xyz A2
TV T Ay 2O EERE xy, yz, zx D _IRTH T — 7 T AX—T7 1 v N THITT DEERE
Mo Tnsd, —J7, Bk DCHAIN-SP 1%, WU CAERZ ROt ey L7z
X ZAERCTE DS, Xy, yz, 2x D IRTEH 77— T AX —T7 1 v M%7 2881 >
[AYAQAN

% Z T, ABA% TIX DCHAIN-SP @ xyz A v ¥ a2 Ot BEiERE RGN T —7 T AX—T 1
v FTH)TE S L 91C, DCHAIN-SP #t 4%, £7-. DCHAIN-SP OFtHE TH LN L
EHGRE DR 2 PHITS OMFIEHROE A TH 17 2 HEEDBFR 1T 9,

(2) FIARE-BR:

ANGEL 1%, #fli7 —% 7 7 A4 )V & WERAKIRO M4 (ANGEL S38) CTH S - fli# e 1
YTy N7 ANmb, 7F 7% EPS (Enhanced PostScript) 7 7 A WVIEAXTIER T 5, 2
T, DCHAIN-SP ® xyz 227V > 7 A v 2D EERIC OV T, ANGEL CHOLHE A[HE7Z2
WP L7277 AV LTI T DELRERR LTz, 72, MNT 5 RGCh 73— FAE—T
7y hOFEEZIEET H7-HIC, DCHAIN-SP IZHi7272/37 A —# “iplotmode”ZiEBM L7z, Z
AT LY, 180 DCHAIN-SP OFEIT T, KN Txy,yz,2x D _RILHT—7 T AX—T v k
B 3 M aRIRFZH 192 Z ERFREE 2o T,

HHER L7 REREDIS I E LT, 138 10 ecm O HFKRD =27 U — R 2 100MeV O+ %
E— AR 0.1 pA, E— 2 0.5 cm T 10 MRS L2, 50 0mH L7z & & OFFE U RE
DR Z IR L7z, K 1IC PHITS THONEE T 77 v 7 ABLOH M7 T v 7 ADZE
W54, [ 2 (2 DCHAIN-SP T b L7z i E R OFFE i RE D 22 [ /5 A ORERZE L &2 =2
AT, BT IRE SN EHTAE < EHE STV D — 5, BT DR R WIRVERTH ik
PEFIC L > THEHEEN D Z L MR TE 7=, £72. 50 SEOBH THEMSEEN 2RI 2
HIf W95 2 & bboroTz, I, 100MeV D510 a7 U — FHIZE T 2RI Y 9
DS 4.3 e B DOHERRICE L Tl METEZITEIL & KELRWHERE L 78> TV D23, 50
S DOEBHEGITEIL & A THAER R 72D Z EBdbnolz,

LD X 9512, DCHAIN-SP @ xyz 27 Vo7 A v 2D EERE R T —7 T %
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Z—7ny hCTHAFREE 7eoT-, 2T XV | EREDZER 54 %2 — B THUYR 5 2 & A AlhE
L7 0 INEESH RSS2 E OB E N RE DR R D PHITS ORI ARSI N5,

T ™

T z , T T T
v BFIS5voA |

4
= al =P
.
2 .._'-:l al T
- - T T
= o db| e é
50 N | 3
> S . g> g
[ g z
b - “I - -
“2 Ty es 1‘\-.' gE
. @)
AR N
-4 &T
| | s
0 2 4 6 8 10
z [em]

M1 =227 U= rPoBFRBIOTET 77 v 7 ADZER 34
(v : EFGMA, z4h: RETM)

Aectwity B

3 8 &8 &8 & & 8 § 8§ §

| 05 105 204 505
AR

N

2 =227 U — MR OFEBEHEDZER 534 O RFRIZAL

(3) RFRVRF(ER, TLRAER. #HiXF):
2L

(4) SROFIATFE:
4% 6 PHITS kU DCHAIN-SP Ot Bz 5 TE Th %, DCHAIN-SP TitE S L7
Bl e 0z PHITS OMIEEH OB TH 3 2#EN e+ X, PHITS &
DCHAIN-SP (T & 5 B REDBRGI R AIRE L 72D,
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535 PHITS a—H%AAXEVILIIT DR

Development of PHITS Graphical User Interface: PHACE

AL FEIT

TS RRE BT IE 7 NV — T

(1) FABM:

Wit « A A UEFHE 2 — K PHITS 1%, REORIR - WEWNITEIT 2 LRI U D2
a2l ie AT T AV aHEa— RTh D, BfE, PHITS OENI O —F —2 gk
FHUT 4,000 4 2B 2, 71— FOISHERZ, BB LR B . M ERHERER G, RIS
WMEFMES, Zkicbi=%, —J, PHITS 22—V —3Z DANT 7 A NVDIINT A —Hi%%
V=2 T VL VBT OMNERSH D20, FRHOLEIT E - Tk PHITS OFH OBUE R &
WEWIEIRRR N TWVWD, 22T, 2— P —RBENNT A E2HEIZHMFE L TANTZD
PHITS ANFKBEDT-HDT XA h=F 4% PHACE OBREZ1TH, AMEEICLVIER SR
V= EHWSZ LT, PHITS =2 —H#—NEHIINTA—FELZMEL AN T 7 A NVEAE
KTEDLIITRD, TOD, FHH=—F —o PHITS [Zx3 2 HFEHEIZHEBR L, = —%
—BOFERDIRPMFEEIND, 2, BEFEO PHITS 22—V —Zxt4 2 AN EL AlfeE & 7
Do

(2) FARE-BR:

PRk 30 AR E TIZ PHITS A7 — 2 Oz E5%7 % [material]l £ 7 > = KROMH
a2 ERT Dleelll 7 v a v HREEROHEEZEERT D [surfacel 7 v a VEOT—FFHH
AN T r—2HEEBRIE LT, REEIL, ZROAN T +— LD L 72 %5 Windows & O Mac
BREEICKHSRIRE 72 7' v 77T MBS S8 Python (2L % PHITS fiH 7 % A h =7 ¢+ ¥ PHACE
DR EIT> 72, BERIIZIX, Python 71/ T AOBRBREOBEL T XA =T 4 XD
077 AOEREFEBL, TX A NTT 4 ¥ & L THEARNZERELFE 27~ PHACE OEIT7 7
ANWEAERR LTz, AREEITLLTORMZEDBRE T T r 77 LDFA%,. PHACE OFET7 7
ANVOER, ROEMEH#REIT -7,

o WifEEEE (OS) Microsoft Windows 10

& N—RFy=T Microsoft Windows £ PC
o [PHRESFE Python

® Bi%IRIE (Y7 hou=xT) Python3.7/3.4, wxPython
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12, 7% A b7 1 % PHACE O£l Z~T, M1 DOO~@Dix, #hEth, O 77
ANMRTE), T2 —), TR HOT XA b=TF ¥ & L TOEARKIES PHITS O HE#RE
Frol [ A=a—n"—] QWK ONDEAREREDOY a— MUy hARZ 2T [V —/LR
—1, @z A b &I ATREZ: PHITS A7 — 2 MREHRT XA =7 4 &%, KUO@BHWT
WD T 7 ANDIGITRA— Y VOITR OGN E BT D (AT =2 A= ZRT,

&r PHACE — O *
i I7WE)__BEE STV HEQ. ATH <)
D[s[d] #(e] &[a] x[na] i«@®

[ Title] ~
minimized input file for lecture

[Parameters]

icntl = Q # (D=0) 3:ECH S5:NOR €:5RC 7,8:GSH 11:DSH 12:DUMP
maxcas = 10 # (D=10) number of particles per one batch
maxkch = 10 # (D=10) number of batches
file(6) = phits.out # (D=phits.ocut) general ocutput file name
[ Sourecel] (:)
s-type = 1 # mono-energetic axial source
proj = neutron # kind of incident particle
dir = all # z-direction of beam [cosine]
) = Q. # radius [cm]
z0 = 10. # minimom position of z-axis [cm]
zl = 10. # maximum position of z-axis [cm]
el = 100, # energy of beam [MeV]
[Hatexriall
mat[1] 1H 2 160 1
mat[2] 63Cu 0.6915 6&5Cu 0.3085

[Hat HName Color]

mat name colox
1 Water pastelblue
2 Copper darkred

[Eurface]

10 =0 200.
11 - c W
£ >
i |File: De¥work¥tmp¥testinp | Line: 1 | Column: 0 i 4—@ Y

1 PHITS 7 %A =7 1 % PHACE D F /R4
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202 [ A=a—nN—] @ THE] OoFRfFE TPHITS OFE] OEE% 3, PHITS ®
FATIX, TPHITS OFEAT) RE 2/ Vv 745, $lidva— b0y FXF—2RETHI L&
THREIZ 72 5, [PHITS Ok E ) BiEOO~Di%, iz, OPHITS FEAT7 7 A LR ED I
TWAT 4 L7 MU DOARRERET S [PHITS EI77 7 A VDA | @QPHITS 477 7 A )L
G uERET D [PHITS 3477 7 A V4 ) @QFETRIAEE OMEE L (T 57 %5 [PHITS ETRD
F7vav), KOOEESHEZ Ry [V—25 4127~V | %Z~x%, PHACE T PHITS % %
TT5EXIC, TNOLDOBRENPMLE LD,

PHITSDETE

ped

PHITSET 77/ ILDIIR :
I
PHITSE{T P ILE :

PHITSE{TEFDA 23y :

|
D-974Lak :
& PHACE |

IR BE(E F|mV) | HEOQ ALTH)

® © O ©
i e e

. -~ [ PHITSETEHII-IT1L I IEEES D

_1|3| | |g,|| _|_ PHITSOE{T

[Title] — _

|1'r.inin'.ized input f£ils SrlhETE [ PHACEQ'GPHITSEE{TI S oK | Foul |

K2 [A=a—R—] O [HE] oFRE (£) & TPHITS OF%E] OWEE ()

SEEOBRIZE Y. TR T 4 2 L UTEANRMEIES &> PHITS #7 %2 b=
7 4 % PHACE 255 L, PHACE LT PHITS OFETRA[REL o7z, F72. AEIERK LT-
PHACE 7 PHITS O/ Xy 7 —IZG&ENDHED AT 7 7 A4 /v (phits/lecture/basic/lec01/
input/lecOl-end.inp) % 1E L < G iAr, Z D AJ1% 7z PHITS OFENEFICEET S
L EmGB LI,

(3) FBYRMER, TLAHER., RXEF):
1) CEITEES. “PHITS OB OB, EAMFHRY 2 = L— 3 UBFES 2019, <X,
20194E 8 A.

4) SEOFIAFE:

A%, PHITS 87 %A h=F ¢ % PHACE (2, /X7 A —ZZDOFHHFRERE. ik 30
P E CTICBE¥E L7z [materiall, [celll, [surfacelt 7 v a v %DF — X HH AT 7 +— L DORERE
EAEMU, BfERE (0S) I2&fF L72v PHACE Z{E&3 2 TETH 5,
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53.6  PHITS [2HT5 2B I E D GHEHRE DB 5
PHITS Development of Estimation Function Based on ANOVA

EZ NI =W N
TS MR BB AT S8 7 v —
(1) FABM:

Ri 7« EA A kst o — N PHITS 1%, REORIRSCWEI 1T 2 TS #r 0> 25 8h & fighir vl
RRARNHOE T AN BRI — RN TH D, AT /L — IR & D AR UG 2 B D %
DT EMNTE DI, SRR EHC T B E BOHREIFEIIE 7 & DRk % 72538 TR
INTW5,

I, MHEEE (7o b)) 2O LEFRELEGEOMHERE (TU N7y b)) ~OREE R
ENT T LIz, LD =P —DHEANR L o> T D, FIZITMEOREIZRRAEN G £
LYe. € DOMREDNREFH RO RICEH 2 5 B2 M+ 2 2 L%, #ROEEMEZ E &R
T ETEEREREZ R T, BMEORBLMARDL DI, £ OREOHE TEEZZLEE72
VORI R A FATTIUIRTH D, LinL, A7 VT NEOHINRT v 7T LaET D 0E
Db, %< DA—PF—=PEGITFHETERVIRILTH D,

Z 2 TCH AL, R IEO KA ERE ICE X 2RI L, FHREEEO a2 B (LI TR 5
BEIEOEEHE A FATT 27200 A 7 V7 M ERF Lic, £7o. track ¥ U —OEHOREEH
DU SN R AR e & & 33~ D 866E 4 PHITS ICEE L7, 2 HIic LV EHR
SUEOEALDPFERITE 2 DB ZEOAMHENS & L THGITHHEATEE & 72 5,

(2) FARE-ER:

2019 FHEIX, FHRFENED S I25E ORI R OER L 50T 5 72O OBERE A B L7,
Z OMBEIZEH A 27 U 7 | autorun.bat (Windows H) <° autorun.sh (Mac, Linux ) #f# 9
Z L THRIHTE 202043 A1 Y U —R &7z PHITS version 3.20 D3y 7 — 233 7z,
BIZIIME DB ERREN T ENDLI GG, AERELFIHT 52 & T, iREOHM THEELEIS
WM R AR I T L, BEORRENTREMRICG A DB o T2 Z LN ATRE L 72 5,

BAJE L 7o o Hrinel ik o & 9 22 fiv TR %,

® PHITS O#EFHEDOANEHRE L L DA Ty V7 74 (2 2Tl phitsinp &7
%) #HE

¢ HHARIZUTS DDODOA LTy h 774 (ZZ Tl autoruninp £ 9°5%) #HE

® autoruninp AN T 7 AL LT, HHRAZ VT N &7

FLREOBIRT, 2FEHDA 7 N7 7 A /L (phits.inp & autorun.inp) (272 1T HLIE,
HAR 7 )7 FOFEITICE Y BERIC PHITS OkFHENIITEN, SR Ez L 07 7
AN S D,

FWT, ATy F 77 ANVOIERFIEEEHERHAZ Y 7 FOBAEIZOWN TR T 5,
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I. &XEHEDOA Ty M7 74V (phits.inp)

LRI E OEWM A £ & D7z phitsinp (7 7 A VAIFEERRE) TlX, 23720z =
— P —TERXEH ciG=1, - - - ,99) [ZXVIEET D, £7-. [parameters]z 7 v 3 2B T
SIINTHEREA 7 U 7 F ORI 7R T dentl=16 &35, i, ofrEEZRA LZWwWF ) —k 7 v
a2, DKL D7 anatally V7 &7 v a U ERET D,

anatally start
manatally = 1
sfile = track_a.out
anatally end
Anatally %" 7% 7 3 3 1, anatally start & anatally end TEEA ZZFEIK CRRET D, Z Z T,
manatally IZ0HTNEEZ RO H AT 2 > Th Y | manatally=1 DA X, HESME 0 O&1L
NE Y —FERICE 2 5B E 580 (ANOVA; analysis of variance) (243 & RFEAIRHED
S L LTS %, sfile 130 RE N T 27 7 A N4 TH D,

II. EHXAZ VS DA 7>y 77 A/ (autorun.inp)
HHRAZ V7 NI 5BIEHT 547 N7 74 /b autorun.inp (7 7 A VA IFE R

AIRE) IZRDOIEA TR T %,

file=phits.inp

seticl

c-type=1

nc=3

0.0 1.0 2.0
file=DH%IC, WEFEOHERE £ L0z PHITS OA 7'y b7 7 A VAL ERET D, set: Dk
2y ZDA Ty 87 7 A NN TEAESETZWVERERIE o OFREZTLHET 2, seticl DROTT
Wb etype EDOX Y —DA a2 AT LEUKAT, el 0T —FE2ETE D, LOBITIEL,
cl DfEZ 0.0 725 2.0 £T 1.0 ESATELSELZEZHKLTEY, % cl DEZHE-T
Rt 3 RIOWEF I % ETT D,

III. AR 7 V7 hOBIE

HHAZ VT M a2FETT L&, FREFROKREZ L 1T 57200 outfiles 7 #+ /L& & AERT
Do WITEDOHNT/, 121,181, ... L VD ZFTD T NV F % ne fAIER L. % ol OfEAfE > TEHHRL
72 PHITS OfEREZ 47 AN FIZBEI S E 5, nc vl (REITIE S [E]) OEFENK TS L.
outfiles 7 + VX2 B FHEFE R Z FEARIABTIL D B3I 21TV, £ OfES % anatally 7
7vard sfile THRELLLY 7 A MIEESHT, R LT, @EOZ ) —HiROFHHE
EREEIRAEE 0 stat (TN 2, BRI HED S Usyst & BARHENS U DN NS, 206 OBIRIT
ROEY T %,

(Utot)2 = (Usyst)? + (0 stat)?
T I T, MEFRAZE o stalE. FRHARHEDN S Ustar &7 IR EORITEE N #HWT, (o
stat)?2 = (Ustat)2/N I XV FHHE SN D,
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F7o, sfile THELLEZ 7 A MIZiX, RO X HIZHhEIN5,

hin z y1(all ),hh01

# z-lower zZ-upper all

dyl=[y1*y21]

r.err

0.0000E+00  1.0000E+00  4.1156E+02 0.0017 0.0015 0.0009
1.0000E+00  2.0000E+00  4.0919E+02 0.0012 0.0000 0.0012

all OFNT U —fEROFEER 1 Shv, EOLEMNICEARHEN S Urot, BB S Usysta
WERTRRZE 0 stat 23, MEISPIMEISK T DHMETH A SN D, 2k, BATREAD RWNGE135%
ME R S OHEEMDNA L7220 . ZDHEIE 0 LiHhEn D,

B 1124 MBS L7 BRE 2RI L TR DI AER
DL LT, 100 MeV i+ 42 a7 U — il
IS L7258 ORI EDIRS A% 7,
ZIZTIE a7 ) —brhokoEE 0, 0.2, 0.4
glem3 L B LS, FOREL RTINS & L
TRl L7z, FHRasid o/ h &< R
MEFBEEBRTRLTNDS, KLY, BB
L7, RENSDRELS 2> TNDH T LD
Mo,

KRBT X0 FHRE 02 b2 PHITS OFHHE
FERIZH 2 2B L ZROAHES & LU CRHET
5 ENAREE 72D, BifE, PHITS OEWNAD
—H—HE 4,000 HEHE A TEY, AiEL@E T
T, WEBROFE L DRSS NS,

Q) BRUYRMER, TURRR, BXH):

effective dose [psv/source]

10°

—_
o
-

X1 100 MeV 1% B L7-54
Dary ) — RO ERRE

1) S. Hashimoto, T. Sato, “Estimation method of systematic uncertainties in Monte Carlo
particle transport simulation based on analysis of variance”, J. Nucl. Sci. Technol., Vol.56

(4), 2019, pp.345-354.

2) S. Hashimoto, T. Sato, “Total cross section model with uncertainty evaluated by
KALMAN?”, 2019 International Conference on Nuclear Data for Science and Technology

(ND2019), Beijing, China, 2019.

(4) SEROFAPE:

A&, track SO X Y —IZOWTHRHAIAHED S 23T E 5 K O REDILEZ1T 2,
o, BRI L 2723 5 PHITS Okt 5 2 BRI AT 2 RE 2 J8 i S8, FHRRTERN
FFEDL IR D &L 974 7y N ERET DERIBLREDPHFR bitED 5,
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53.7 PHITS [C&DRFRABE—LODER

Reproduction of Heavy-ion Therapy Beam by PHITS

KR
TS RRE BRI IE 7 NV — T

(1) FABM:

TR TR (RFERR) TRIIIER O HFIER L 0 bIEREHS~OMREOETHENR L, EWFN
IR @R EOEAMEZ R > T D, —FH, R FThoRFELE—L L LTHEMT L
B, BERIGIZ L > THERT 2 KRB TICE D8P A Y A7 OFHMENER SN D, Z OFEM T,
TR OB A IEREICBR T AMERH Y BT A nEkHE - FERH LI 2
—valrPNEEIRD, £ 2T, PHITS 22— REHEEE L2 REBIBIE OB RN S AT LD
B ZED TND, ZOHITE, ETREMRBHO L — MR Z HH#E L PHITS I =2 L
—va VIR o THRLN LRI B — LR EEDOIERKE — L OME RSMEBSME) 2 BT D
ZEEBERTOIMERD D, T T, KT 7 R AICIKFERRD SOBP (Spread-Out Bragg Peak,
VERT w7« B—7) BE—bzx AT 5HEMBIHARZMHE L, FENEL T 52 & T,
PHITS © 3 2 =2 L — 3 VR E ORGEE Ehii L 7=,

(2) FIARE-BR:

AR & A T BTk T RHAHAR A IR B R O BRI 188 03 AT E e HIMAC TOfR
FM SOBP b — A& 5 Z L 2 MEL TS, SOBP E—AIX 1 1TR-T Lo, V7o
=< 7%y b EBERIZ L o TR AR L, U v U7 4 L Z—IT Lo T — A8l —Fk
IRESAAEKT 5, MAT, Fa) A—F—BLORL Iy 7X—IlL->T, BEOEE
(R SRRt S ¥ TR 5 A TS

72—
27 %y b

4

IA! o o
e

y -~
Ii"‘ ALt vos YVougy_, mE  K77VEA
. 78— Gy gegl AUA—K-—

X1 REH SOBP ® b —AKZE

T D DIRR Z IEEE TSR O F — & 5 & HC PHITS OfRABZEfNICHESR L, I 21—
3 NZEDIKT 7 B ADREMRIBH OWEHE 2 FIT L, HEERE2EIERETICED
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FERNE & T 5 7200 MEFT OF BRI Y T 2K 7 7 > b AH 5 mm [EAO FFEREK O
WERREZ 0.5 mm XA TR L, IRSHERESAM 28 LTz, WEf a4 3R 2 58RO 4
DINEWTZD | E T J1 v GHRERE R T A HE R EE 215 2 T2 011X 1 BRLF-RREE D A
YR FBAROEMEF E A LI T, WRARHAERAZ ST 52 800 ICEX &2 AW CEHRE A Fhii L7z,
2 [TRE R A FRNE & g L2 b 0T, WPRERE D434 CTld SOBP fElk (z=12 ~ 20 cm)
IZBWT b FHARBRESANC /e DT IRFEMRO LR A MR U 72 4 S 7o i B A 035 ©
o E oI TS, PHITS OFHHERERIT SOBP O FH] (z < 12 cm) 725 SOBP
TEIRICE D EC, EREOYIIRESMAIEFHICESHRT L2 LI LTz, E6IL7 T v 7
E—27 % (z> 20 cm) OFEEOYEIREITKORERR T & IRFBIROMZECTHE Uz 2 ki D%
BAC X BTN, ZOFEBICHE W TS PHITS O FERITENELZ B HRTE 520D
Mole, V2 lb—a r TIEEIMMEEROZD DT A —AHEEL2IT->TE LT, AR
PHITS (28 N5 RFAIAHY 2 = L— 3 VKB RIIEREHE T 0 2 Yokl FER O
RISET NOZAPEERREE LT 2 L ITHY T 5,

1]
[ 4
s
(.4
¥
»
%
,K‘*

02 i 'r.h!
005 10 15 20 25 30
FE [em]

=

o

(0)]
xx—-«-w

x

xXx-

X2 K77 b ILNOGESBREST O

@) BMRURMFER TLARR. RXF):
L

(4) SROFIATFE:

IR FERIAIR DOFRERIM > 2 7 L OBIFE 25 2 FELURE bk 2 TETHY , 2DV AT 4
DT A ARG KRR AR L TR 2D 5 TETH D,
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53.8 PHITS OI5—HANICEATIHR

Improvement on the Error Messages from PHITS

Ve #EZ
T RREE BRI S 7 v —
(1) FABM:

JT IIRERES P 2o CRAF LT D PHITS X, FiET BT - 67 - BT - EAA VR
ERk & 72 R O % B A fRAT ATRE 2R IR = — R Cdh 5, PHITS X, BT v matHa—
RCHDHID, D AN —HIZS U CRAERENR L, ICEX R A arzHng Z &
2LV, 1ERkD PC TIETERD T KM ZRZT RN FREE 225, —J, PHITS i, 2DV —
A a— KRR 100 HITICH KSE KRR a— R Th Y 22— =3 5E LI &H3ME - T2
B TR T T AFATHICMENE LA Sl anbd =T — A v — I3 HTIc b 72
b, L7z~ T, PHITS E{TRIC= 7 — XA vbe—U R ishThH, TN EMENICED 7 7
ANVDMITENSH TSN T ER LHTOIEZ KT 1 TH Y | RN OL T & 7
STV, TZTOAFRETIH, T — A=V RNHIEND T 7 ANL YT I—F 4 -
TFRGZHBCESHT 2 77 L4038 L, PHITS ([CFEET DA B 2 T2, AT,
A Sia—Ro7ra 7T ARBEMIFED—RE L TER LR TH D,

(2) FIARE-BR:

PHIEZBRMA L 724003, 1 21 20T —IZFHTID BT TV ZEE2F i, =
T—RA =T OENERKRTZDHEN TR LBy olz, £ 2T, HEITPHITS Y —
AT 7 ANDLET—HESERHL, TOTT—RXA v —URHIENDL T 7 A NVE BT
N—F 4 ATHF ST EEEHT T 7T 02 ME L, £72. 2070 7T Az AV TR ERS
O PHITS V—A7 7 A NEEXEZ, =7 —OREEFINH 1SN Z LR L (K1),
IHOOEIT, WY U —Z =2 3 >0 PHITS ICKRT 5 FETH 5,

Mtatzulnizhtingale erridl$ phits_Linlfort < lecOl.inp
D= L:31%/F  read00/F tread0n. f
ID = L:28126/R ‘paran/F iread02. f

sk Error Messasze from Input File sk

Error Line ho:
error = lInknown parameter

job termination date @ 2020/05/28
time 1 23130120

END
Mtateufnishtinzale erridl$

K1 MEWZET PHITS DA 7 7 A VEFEITLIZEEOY 7 VEER, ID = 1:313/
Riread00/F:read00.f 1L, read00.f] &9 7 7 A L2 H B YT )L—F > [read00]
D3BITHTZIDOZ T —NHELLLILEERL TS,
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RSB EORRRIZ LY PHITS (XENANClEA < & &3 AFIoeHE O EN K ONESS
Pl —V—HiL, T2 500 4 K OW) 400 44 & 7e o7z, ZOBIE, SRTEEICRT D%
o~ 7a 7T MEMEEO 9 Bl EEZH5ET 258D TH S (httpi/ecse-intra.jaea.go.
jp/library/teikyou_rO1/index.html), £7-, KFEIZIKIT 2iEER COF &2 BTHIZIB W HE IR
PHITS %, 2013 475 O B~ — - —%7)5 30 #&BAICEIE L7z, X 2 (2, PHITS Z /A5 L 72 2010
75 2020 £ 3 AR E TOEW PHITS 2 —HF—HOZ b E "7, & 52, PHITS 134% < O
XITHEIH S TE Y 2019 Fi2H1T 285 HEERT 125 B Tdh - 7= (Web of Science #i) ,

30F
= 20f
g 10y
0
4000 — -
& [ e T Amms 3589 |
T 3000F —o— RFHHIER |
2000} ]
g |
Emooo: 0%

\ 1 1 |
2%10 2012 2014 2016 2018 2020

-

2 2010 4EN D 2020 4F 3 HARE T PHITS EHN=—HF—¥ L
PHITS ZE hs Sk B4 D 24k,

Q) BRURMER, TLRARR, ®XF):

1 ez, BT, ARG, “PHITS OE L 2 OIS A7, BRIt s T
SRR O AEARZE BRI~ D 43 BP AR I & 2 Bk . mU#B, 2019 4F 5 H.

9) {EjErE . “PHITS o — RO L~ A 70 R A MY ~DOJSH”. BARZHHERS ik
Bl oI F 186 ZESF 31 MIAfFsee. 4R, 201945 H.

4) SEOFATFRE:

PHITS OFMMEH L, FF 0B ORL LT, By - T - BEREZIKICE->TEY | R
ThHa— KBS FICHIEATED 2 L 2R LMD CHERBITH D, —FH, 2—HF =KD
TN, Z O e — P —FNEME O ) EICxT 2 BERLHFE SN TV 5S, 4%IF, ]
T a— FoEsblEE4FIM LT PHITS Om#b 2179 & L bi2, 7'u 7T ABIFEmIF%
R LT, PHITS GHREAN 7 7 A VOVERSHRY — VOB 2 R L 72\ e BEZ TV D,
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539 TOF-PGA ZHW=KFHIEICEITHHABBIRDOFZE

Influence of Sample Shape on Hydrogen Measurement by TOF-PGA

AT So

BT Iie sy FE T —7

(1) FABM:

EN%& v #20 8T (PGA) (X, JIEREHT e T2 B LB CREOG 23 & 7 BRI R A5 2
By MOTXNXF—LEEREST L2 L T, ABPICEEND LR B L20EZGITT S
FETHD, PGA XM O EV, BITHRIC S rTRe, FEMEE T/ L 7 3B O 5381 53 F]
DR 2 FF IR e T EAT T 5

RERPFERS 7N g% (J-PARC) (ZR¥E S hrE TR SOSHIERERE (ANNRID) Tk, HH
PEF N BES S TOIRNT R F — 7RO P72 FIH L7 PGA S FREToH 5, WM
FAT—RENTEAPE T 20 BOSHESR (BUSKETERD 2ARE < BYh e b R 2 Fr o Ic 6
WTIREPE T 1 0 SOSKIEREAS K E W D320, ANNRI T, 2 b1 %2FIH 45
Z L CEHRPET 0L AR L7z PGA X 0 @2 ERPEN R TH D, S HIZ ANNRI Ttk
T ORATIRE & HEHED D2 D= RV X — &2 PET H2MITHREE (TOF) & PGA e SH7-
TOF-PGA MEfETE %, TOF THE—BANIISEN RN T L — e EORHERMEH S
DM, BWIRITHEE R & 5 2 & CTIREHE DS D Ge PERRHAR THEMMATRETH D, Lol
HFET RN OB D oD iafiit B a5 Z E03#E L < 72 5, ANNRI Tid J-PARC TH LU
D REBPE L AHPET- & @30 Ge BRI A FIH T2 2 & T o 7 RATHRRE & #eat R
Z M L7z TOF-PGA ¥ A7 L% FEBL L T\ 5, TOF-PGA TIEIAH MO 3L F — % HIE
L2 S PGATT ) 72, AFHTHEFT R —TL OHIF y AT bAERETHZ LR T
X5, ZHUCLY, BEBEFROBRTIL, TOHBRLX—L—8T 25 LI ARFPHETT R
NF—ZRIE LIZ AT MVEEITT 5 2 & T ORI L5855 v MO ELRRT 52 &
MWTED,

PGA OREREE WEEYT-0 Oy i) TP EF= R =27 MURET 5, £
DI, FEHITKFZED & 9 2P PEFHELITEI RO R E WIEN G LTV 25613, BT
AR SABEAL L CTRNERERZE D> TLE 9, Ziud, ABHIcEEN O RN FE T T
HZNLSN OO BEDE S LA, B2 EEERNMEOND ATREERSH 5 Z 2 B®T 5,
DFEY | B ORI R T DT REEZMIE LRWIRY | S OENMETLTLES Z
Ll %, FERD PGA TIXETMET 2RI T 2 72D e T EELC £ 5 =3 v F— 2 I3 EE ©
5, LL22nn D, HETOBELIC X 0 BB ORITRIE RN E T 2720, BEELBrmfE 23 K
TV O L ENZ X > TREH O BT o ET IR ERERIE R LD > TLE 9, Mackey T
BRI O3 28 A AU EGELIC X DI TIRIE R OB & < 72 0 | BRELIR Y OBIE DK & Wik
B Cho THRELbZ REEMTE D LMt Lic, — 5T, s, 8o 2517
% TOF-PGA TIZHFELIC L 5 PHEF =R X —DEb b BEET 50N H Y | ERIEORE %
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THETTIHREEREZMZA D Z LT TE RN eEEXL NS, £ T, AHETIEEVN BT
P AR L7z TOF-PGA HIEIZIT 2 HIERREL TR D AG =1L £ — LGBk O
BT U7, TREZAARIZENR v MEBHT 2B CHIUTTHMICE 5720, AR TIET
27 U VIR O ok HGEL D S A KR DOWEIREEZAUIZ LV SR~To, £z, RELLOMIELE
DFESLDT=DIIE, ERN G IIRS DL Z PR VW HBIRZ I 2L —ra kD i
SRDMENH DT, TOEBROFHMEGFE L7z, OB, =2 b—3 a3 U TlIEEROR
BHEAR, BE DO AT T =RV X — 27 bL ORI DT — 2 ZFH L TH&E 100
r—ALL EORREEIT O BN B 72D KAGHERE Z R LT,

(2) FARE-BR:

K& DT R CIE AR R PE = R VX —% 5 meV (WHPET) . 25 meV (BvbPET-) |
1eV @Stkr) L, Bt LT 27 VA BoE X 0.5, 1.0, 1.5, 2.5, 3.5, 45mm (&
&4 59.7, 118.8, 180.5, 294.8, 412.8, 534.2 mg) ® 1 cm A DOHCREUEN, F6 X OEE 4.8,
5.6, 7.9, 9.5 mm (FH X4 67.2, 106.8, 313.7. 540.6 mg) DERRABIZMEHALL, K 1127
7 U VB OKFITRT D EEE DO FERER KOV I 2 b—va VIR DRIAERBRE R L
oo B OSITERER, BRI I 2L —a UERE2ELTEY, AT A+ LEF—I1C
EVEST LTS, £z, BRI OEE, HEKER 74720 0y BEHTRENL LK
FHERETH D, 2B, KEREREITHLB D72 DICK T FLX—, BIIROHR/NRBIOET
L LT 5,

B P ABS IR R CHIEIREE SR 10%FREZE (L L TV A DIk L, BRIREUEF T
PACEITHR KR 3% EIFEALE —ETHD, . BIREECIX 294.8 mg & CIFBEN EH- L.,
ZTALLEEL 22D ERENED LTS, ZE 294.8 mg £ TIEEGELIC X 0 BN T £
DFATRE N R 725 2 & TREFEED BT o b+l %, L. 2k &EL (B
) 722 LERENROFTNREL 2V | REOERE TRAT 2HETF2EAD T 5 2 & TRl
ONFEEHYET R T 5720 TH D, —J7, BRRRB T —#RIcHEL S D 720, T O
TREEOE(LIFEEIND, O, FTHEFRITIEEA BT TRELIZE-E L 2D,
Z O X D ITHRFRBHE B W TR BN RFE DR S THAIZZ2 0 | BRIEUEHZ B W TR — & 1272
% LW o AL Mackey EOHE & —&H L T\ 5,

WM SRR, Bk, BCRICEBIR KR X <72 LIRED 15%FERD L, #Ukdbt 1
NI RHIMCRFREL T 24% ., BRIRBUENCIX 16% I EN R 5, ZHIZLL T L 5 ZRBIICERE
LTW5, BHPET X 0 IRV =L X — 2R omhtE T, #ELIC X 0 KRR FOBGER ) 5
TRIX—%155 EFHENEL 20 FEF O KA =03 NT 228, KFEO (ny) RIGH
FRE T THE = 2L X —DMEROE ERE WO REHEENME T LRIERRE b3 5, wic#g
PEF LV ST R F—Z R OB PE T Tld, FAHHELDZ < 72 0 e+ O =101 — 03
T 212 DRGSR & RIEREN LR 5,
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(a) )]
L4 . mE1ev 14 mEg1ev
LEal—ialeV “Ealb—iariev
1.3 ¢ RE25meV 1.3 ¢ E25meV
rE2al—i3225meV 2al—i3225meV
o S2E SmeV * o U SmeV
- 1.2 LEal—i35meV 7] — 12 Ealb—3a 5meV
o =
# 1.1 B 1.1
-xr‘.\ % L ]
£5, =
T ¥ 5 1 i
5 E
~ 0.9 ~ 0.9
0.8 0.8
0.7 0.
0 100 200 300 400 500 600 0 100 200 300 400 500 600
BUH T i [mg] HHEE(mg

1 () BolkERE () BRRRBIOERR & > 2 2 b— 2 N X D KERERE OFHF LR

o, EFRERL VI 2 b—rva VICKDRERREIET 2 & R BRIRWD7 OFEHCIE
FiIR—E L TV e, Zhic kv mEFRELC L D = b F =B LB BEL R e &
OWERREZICEAD LI AR EEZ Y I 2L —a il BGond 2 EDnERINT. &
%, YIalb—va rEHWTREZICED 2MEBR 2 ERIIIERE LN 5, £ OMIEE
ZBRFET D,

(3) HRUVRMER. TUARR. WXF):

1) Eﬂ e OWILIESE, WERRE -, G, PAREEE]. AREL “TOF-PGA % RV 7= /K FEH
B HREHEAR OB | H AR 7154 2019 FFFkD KE, &1L, 2019.

,
\_.

4) SEOFATFE:
A% I ThE 2 TR KR FEORR % 7R & B B OBERE R OMIEERFE D720 £ < OFHR SR
HCTELYTHINRYIalb—ralrZT) PETHY, LVE OFHERFEEZNEL T 570K
R R OFIHEZ TEL T\ D,
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53.10 HEFHIEBADSTEEDSEIZRIF -

Investigation to Improve Neutron Resonance Transmission Analysis System

+EB X
R Ire v o T —7

(1) FABM:

IR X 2 )T 4 ORI B W TEEHIEERECT 7V e E O St & E I
LEERFH~YA T =T 7 F ) A FOERSHT 2 IR T HANBHFE O EEMEDR & E > T
Do 2V AHET B — A EFI A L7z HRiE i oo #riE (Neutron Resonance Transmission
Analysis : LN, NRTA) (&, FEMELIEI O > TEMEWEICEN TS 28l ch s, L
U, BEFO NRTA HIE S A7 L, EISFHRRTEHRICE T 570, RKIEE— Lz 4
LT 5, TODRAONERZFIH UEENA KB E 220 . SWAERRESND, &I T,
VAT LEERENUET D Z LI X VB F O A S CEAL AL T Ao, HAKE - R
F U LHRPETRAEE (DLT, DT 3AE) 2R E L THWZ/MEO NRTA JIIES AT L0
eSO T D, ABFIETIEL, /M NRTA o A7 A ZFH U CEWERIE ORI 0
b2 ER T 572010, EEREIEREET 2 2 EPEMNTH D,

(2) FIARE-BR:

NRTA HIET AT LW TEWER~A T—T7 7 F /A R EEBELISHET D721
W RMET OIRBUE A EE L 72> TL b, NRTA OHIE Y AT A TiE, AR TRA S =9k
FEal A—F T TRENCIRE L, B OFB L T 2T 2E5 L LTIRZ D, £0
7o, 2 A—=2B U GRKT DT v ARSI TE A2 A S0
AR ZAEZE L T2 72, 2 2T, R EEOER, =2 U A —Z oo+
A FHPEFIEDD O HEF ORATIREE R E ORE(bDB NI L 10D, TNHD/NNT A —F ZRH L
DO KAGHEME VoV R 2 b— 3 VR EN L, SFOTEE IS FO X 5 kR a2 57,

</ NRTA JE ¥ 27 5 F 71 HER A O 5 ERAE DERA O A X DWRIE >

X 1 (2R T & 9 72/ NRTA BIE S AT L TlE, IR c3ed L, BIEste 2@ 4217
ﬁ%#ééL¢@%(ﬂ1@*ﬁm@%m)@&%@m%f%zé:&#ﬁﬁf%éoL#L\
FEEIIT P E IR TR Lz P iE, AP OBERRK 72 & O JELDBREE TS LS R MEE L 2 D
HYETROT v EE T SED (M1 ORGIFRARAD) . 295 Lo 8 MEE 1L M7 b as o
PR CH S Z & I2 XV, TEARETREB~ORBAZEBIEIMLERNH L, £Z T,
R E LTHOWDEMOY A XIZBE LTy ab—ra ryZHW TR L, BPEEfdR E L
TOHETHRNAIZGAE LA AR =T L o7 b FULADRY =F Lo & et
Liz, ZOfER, 7oLV F T LAV R ZFLURAR Y AD R ZF Lo bR e~
AT 2PN 72D O OERUCE N TH D Z EBNbooTz, Mx T, Hor~fulEfifk s LT
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53.11 HEFHREEZRAWN-AIRE 7T FEZEEDIIaL—3Y

Simulations for a Transportable Active Neutron Device using a Neutron
Source
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() BRYRMNESR, TURARR., WXH):

1) M. Komeda, Y. Toh, “Conceptual study on a novel method for detecting nuclear material
using a neutron source”, Annals of Nuclear Energy”, Vol.135, 2020, pp.106993_1-106993_6.
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53.12 BERRVEERICSTHFLAEEERRDERTMAZTFEORSRE

Development of Numerical Simulation Method for Thermal Fluid Flow
Phenomena on Severe Accident Condition in Reactor Pressure Vessel
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1)  A.Ono, S. Yamashita, T. Suzuki, H. Yoshida, “Numerical simulation of two-phase flow in
4x4 simulated bundle”, Mech. Eng. J., Vol. 7, Issue 3, 2020, pp.19-00583_1- 9-00583_12.

2) N. Onodera, Y. Idomura, S. Uesawa, S. Yamashit, H. Yoshida, “Locally mesh-refined
lattice Boltzmann method for fuel debris air cooling analysis on GPU supercomputer”,
Mech. Eng. J., Vol. 7, Issue 3, 2020, pp.19-00531_1-19-00531_10.

3) S. Yamashita, T. Tou, M. Tanaka, Y. Nagae, M. Kurata, H. Yoshida, “A melting process
simulation code for fuel assembly based on CFD and material science models”, Material
Science for Severe Accident and Fukushima-Daiichi Decommissioning Workshop 2019,
Fukushima, Japan, 2019.
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5.3.13 ADS ERET D= DFMETR BT

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

System
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5.3.14 HERMNBRFRRFRFEEILOLOO ZHREEREN

Numerical Simulation on Two-phase Flow for Development of Prediction
Method of Critical Heat Flux based on a Mechanism
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2) A. Ono, S. Yamashita, T. Suzuki, H. Yoshida, “Study on the two-phase flow in simulated
LWR fuel bundle by CFD code”, Proceedings of 18th International Topical Meeting on
Nuclear Reactor Thermal Hydraulics NURETH-18), Portland, U.S.A, 2019, pp.666-677,
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3) A. Ono, S. Yamashita, T. Suzuki, H. Yoshida, “Numerical simulation of two-phase
flow in 4x4 simulated bundle”, Proceedings of 27th International Conference on
Nuclear Engineering (ICONE-27), Tsukuba, Japan, 2019.
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Development of Numerical Simulation Method of Aerosol Particle Capturing

Behavior
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DIEFE L LT, AT VA RBEF SO H AR ZIARIZ L DR DI ~D T 1/ VR T-fififE2
END DN, FHORGE - R LT, [RIK RO 72 5 T 7 1 Y )L Z T D1
KB O OEBINLETH 5,

AFETIE, RETEOHENEETHD Z L5, dEH Y E TR 5 BURE R 5 7
=T E B LTe, REBENEICE-S < 3 ot HIRENSMENT = — K TPFIT 2 A3 5%
sl BT, RIBREZN LI 7280 Tl FiE% TPFIT ICEAT L5281k, =7 rY
VR E T T2 BT D, AN T, ~A 7 minb ) ) R — )L ORki 728 % 7%
MICHBT 2 ZENEBETH L Z LD, SRGETOREGOFEPLEATH Y REGHEK
ORHANMETH D,

(2) FIRARE-HER:
O REAE~OLEZEOTRKER L
ATV T, PHIFHEFEOME L LT
TPFIT (25 7' 5 ¥ = K T- B BE O HLA 2 fE
HaFER L, BIRFEM L TV D HE—EHEE » o
T | Y VR ) AL SRR TR S T
birZEho 56, HRPRA & TRmARE)
EHBTHZENTE R, UL, FEBRTHA
Shis TRERE ] ICoWTIREET 5 - L it (s

Mso |
TERM oIz, AEE T, T ORI EFE L, j
SIE S ~DUEEZEE O TG L2550 25
72

AT, REREC R s R s M,
KT EEZEZ T0WDEEZ . K1DEHIZ RIE
KL FNLE 7R S ORI DRl ki DiEn<e
T X) ITxbd 2 RmESE (PILS, $iE T%, :
Vol.75 (2003), pp.545-551.) ZHi DB [X 2 KR I & OTRBAMR T 2 B FEAT 75 5
mAEm L, (80ms = & ORif-EE DO ERA DY)
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COWEEBMUIZE OB AEHE Y O T v Y VR B OMITE RN 2 Th D, TR
AL, AT ERRER & [FERIZ EERIR O O B b =7 v v ki % & A T2 &I & R E AT 72k
RTHD, HIIKREOKF28% 30 ms ZLICERADEZEB TH DL, SEEITBMLE
B F~ORMERNDEIZL Y, R 5 mm ORI ICHELELZHRT LI ENTELL IR
Too ARERIZE D EBRCHER SN ZFENIAETHIATE L) T T,

@ HBE—EKEEY o7 o VAL FEE AR ER L O

Bl 2D TWVWDHARTF
T EgiEe 1000 g
D RS ok ipl =
B, Fht LTV D & L RN B
JE 0 O TR - 2 B A FIETEF) 100 =
BULER & 0 b % i ;
ALK & DILa = X HEE 1
U7zo B3 I s & = 10 d
DIRFBEL A h—2 2 ﬁf@fﬁ?f&{%%% 3
® EEA .
B R DBEMEDORE S A BELE } g _:
BRI [CxF T DR X REE i u L (1957) =
ey é = 4 ‘.a" (1] T
B R LR T B, A s R o :
v B i i e ||||IIIIIIIIJ‘rIIII|IIIIIIII]IIII|IIIY[HIIIIIII
HRATARE T 2B & R b A 3 e “
AT R ISR & It HTEEOM® [T00 02 04 06 08 10

ARN—=7 AN RENE
T HEHFEA LT <D
SV E X IREILE LR M3 =7\ K28 e AL FEER & oD bLig
FTWRER L otz Fiz,

WP LA BN DIEE, REICEETE THE I K R D2MEMAHR Sz, L L2
B, FEBRTIEA F—27 2% 30 [ILLFIcBW T, RmCEIETE TRV F 23 25 ST
WD HOD, RN TIEE OFEBIZE W T HIRTRASLCHTEILE R R i, EBRE T T—H L T
Wieho Tz,

B ORI, W & B2 R T v ML ERE LT & E DA b —7 ZFUTHS DR D
PHERSNIE OFHEA R (LM, B A PS5, Vol.23 (1957), pp.309-313.) ThH D,
Z DR I 0 Wi DA ORI X I E S D & LT D, REHTHERICE W T HAE L
WP Ol ORLFITE SN TR Y . BEFERRE —E LT,

LLEX Y AN TEE, B R L 0 —BudfR c& - b oo, AL ERER L 13—
HA—EREPR DY, WERLELEZZ LD,

00 10N IR HORTEEE X []

@ ZEB~0IG AT T T

FEEA~OISHICENT I & LT B— A K DT 1 Y )L ORI ~DWR X AR Ot %
Bias L7z, BHRMARITK TR LIZAZRO P00 3 mm X 3 mm DO IEFE /) AV b 25 %
3m/s HEFA L, k¥ CKift 4 mm, EEEHE 2000 kg/m3) %/ X/LH 0 G —E L= R
BT T AR THDL, =7 YV EZRPICRE AL Z & THRAROZT v YV VR RHPIT
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BATT 2 2 CIXERTHEE SN TV DD, AT THIRPICBAITT 52 L 2GR LT,

S SICEMEA~DISHIZINT 2T e LT, 74V ER MEBRD—DOThHHRF 2 AT T
ROTIR AR ZEE) &R - H BT 2 BAA LT, FEBRCIIRIRIC X > THEWL S| 7oK e
INDHELBIIR T 2 R7 TANBEZIRIEDNTER SN D Z & PRSI TV D08, KT T
bR STz, Eio, =T B Y VR ARKEER L KB DIRTICEITT 2 2 & bR S i,
DX T, FERRNTDATREIC Ae o 72 Z & D SRR FHCIR DTG U 7o iR 8 o £ 525k
WAREE 720 | Il 72 B T IE ORI CX 5, 7o, fEMEED BIERRL O 7o O iRk
FORELHFICE DL EBZIOND,

@) HRUARMNER, TLRARR, ®mXF):
BRinmXFER (EHA)

1) S. Uesawa, H. Yoshida, “Observation of aerosol particle behavior near gas-liquid interface”,
Mechanical Engineering Journal, Vol.7, No.3, 2020, pp.19-00539-1-19-00539-9.

EfRERBICB) DR (EHA)

2) S. Uesawa, N. Miyahara, N. Horiguchi, H. Yoshida, M. Ohsaka, “Observation of Aerosol
Particle Behavior near Gas-Liquid Interface”, Proceedings of 27th International
Conference on Nuclear Engineering (ICONE-27), ICONE27-1972, Tsukuba, Japan,
2019, 5p.

3) N. Horiguchi, N. Miyahara, S. Uesawa, H. Yoshida, M. Ohsaka, “Development of
Evaluation Method for Aerosol Particle Deposition in a Reactor Building Based on

CFD”, Proceedings of 27th International Conference on Nuclear Engineering
(ICONE-27), ICONE27-2158, Tsukuba , Japan, 2019, 8p.

EBEBERLRVCOERER (EFHE)

4) H. Yoshida, S. Uesawa, H. Naoki, M. Naoya, Y. Ose, “Numerical Simulation of Capturing
behavior of Small Particles through Gas-Liquid Interface”, Proceedings of 27th
International Conference on Nuclear Engineering (ICONE-27), ICONE27-2277,
Tsukuba , Japan, 2019.

(4) SROFIATFE:

AIRATFIET, BT R R & O—BudfEsE CE 2 b o0, AL FERRE R & 1T —8A—E7
RIRDY | WENPLELEZDOND, S&IT, A —BRRAORKEREZED S & Lbiz, e
fifHT & HITT —Z DILFEATV, HUMERGREZED D TETH D, £/o, =7 v LOFETIRE
AT 72 DN F 2 U R 7 T 2 MRET DR G PERGE 2 i3 % 7250 FHRAE R & DI & 5
fal, ZUMEEHERTLTFETHY . 5% b RFRHOFMA L TEL T2,
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5.3.16 FEEHNEICEDGREBRMATF AR
Development of Multiphase Flow Analysis Method Based on Interface
Tracking Method
HH OBz, gek BT, 0 EAL BE R
BuREh BB 7 v — 7
(1) FIAEM:

AFRE T, SmBENE S-S < FEM ARIRENT = — F TPFIT 0%k - iR 2179 & & HiT,
BRBAGT 2 E T — X Z AV CORGEEIT>To, Y ET 727 7 v M2 — Ro@EE
L DR OBHER BIREN LR MU ET b L, it =2 — RICKRS 2 L E R H D, K
FFETIE, ZAVE TRIK ARV 2 PR ITHAFE U C & 723 AT FIE 2 . TR REREHE T I D B\ )
FREFTIZRIG TE D KO ITHET 2 2 & T, BHREM Z2NOT 50 T 7 LT Ak E~n,
RIS TR OB EN B 2 FE IR C & 2 FIEZBRR T 5, S HIT. BAFE L7ofifth +
B2 AWT, WRRERE TR OB EN 228 2 T 2 8IEE 7 V28T 5, AREEIR, FRR
30 FEE TIZHR - REIBINZAT o 7o FIEZ VT AR —VINIKIEY = v b DR AZE
T2 £ L, RASEL Y =y FORMESLHEGIA TH D KR ENNT A =2 L L, JiEY =
v N DFER OFFMRLEOFEMR R 2 D -, o, BBHES AN ZMimicE L,
NR—T 2 EOFBIZONWTHRFT ETT - 72,

(2 FIRRE-#ER:
BARKS—NCBIT Ay NIV T T v FEBIOTE
MEEEEE I 5] X 5 | SR oM S 7 Bk 7 — L NIRIR Y = v MEAZEENEIR O LRI
EAToTz, MRATRROIE, BATE, @SiTLhZih 220.0,200.0,50.0lmm] TH %, FHHE IO
RRPIHARFED & U 3 2 A A L CiliTe ST 5o KR EEFRITITRIEY = v O A
AR L2 A0 (N slmm]) ZFE L. HHINWDWEEY = v b OWMEEICIT5ER & Rk
Z 2D B Y LK (34wt%) Z AV, 2 D O HGEE L 2.0[m/s] & L7, BERSpRIE
EERD 7 ZVELISN E BB, 2 RVECIRIRA S & 5 2 7, BB R AR, T
Bk OB < FHRBEE Uiz, 2 2C, il L TEM3 2 8k (2 SV TSR 00 F28R TR

0 —{ I Interface except droplets .7100
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005 _
y [m] 005 x [m] Droplet diameter [mm]
(a) FIHfk (b) AT

Fig.1 KT = v MRAZFERHTHR

_88_



JAEA-Review 2020-021

Shi- 1830 &R LT,

fENTRE RO —fF & LC, Kl 250 ms BB O R E R O LK %2 Fig. 1(@IZrd, 728,
AIHMEALER I & 0 R &M E SN REICHOWTIZRAR LA TER LTS, LY, Wkt
EENDANOREDSEINC DRI TE TNDZ ERND0 D, Fig. 1O B & 072 O A FE >
B3RO TR R340 % T, B K CHEME S 72 EBRFE R & FIARIC A 1 mm TE—27 20 |
BPREL 2 DI LTy o TEEDBA T 23R TE 5, ARITHFE T A —Z DB
DUNTHHM 2 FEhi L, SRR R & OFEMe ik 217 9 TETH D, L b, SFEITMRITHE RN
DIRALEDOHEE 2 FM LTz, obs, ZORMRIIEBROLET T 7 7 v Ml 2 — RO &S E
EIZIANT T EBE R TH 5,

PREME S AN A28 D 14l

BT 72 IR FE & ARG BE % e L 72 L CRRI 7RG 2 FEfi 3 5 729, STAR-CCM+(T &
% BRI AT A 5 2 IR O BE RS & U CH W TPFIT (2 X 5 HH it 247 - 72, Fig.2
(ZHLFRVRAEAT CREH L7z, PWR BABHES R Z MR L7z 5X5 1y RNV RAOGRERRE =T,
FRNTClX, "= ORFWENRT A —H L L, £72. Fig. 2 FIRR TR SN D ED DS KI0 T i
L TH Y, [ENIL 15.4 MPa, #7V A X34 5mE £ 0.6 mm, H7F v o LD
LARKEEANT D Z L TRANICRIARZ K S 7=, K[Iafisiho—6l% Fig.3 IRy, N—r
HELIZXE L TR—=VF D OFFTIHER SN D KIERNRKE < ZHUER— 12 K0 S W A
WELNDMIUT L T, 7 F v R AHLEIZZIANEE -T2 2 LIT LD,

EIBOHZ KT RBWR N 2~ —378 “HIFR A ENIC 5 2 5 508 % 513 5 72 %, RBWR JREHE
B % 8 5 R U 72 P IR &t L C TPFIT Z 3 U CRpbT &2 920 L 7=, figbr i, %
NV OF DY A Xp EH/RXT A =5 LT, MITRRO—F% Fig.4 12, [FRIZEKMHEEH
W AT RE R O —F & L CHE TR O MR AR bR % Figh ICENZEIURT, AX—H%
R IAEE U728 PH O i ZEh 2 TPFIT IC L VM52 2 L CTE D Z L =Ml L7,

: «<E%ﬁﬁ
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B ol | = | -\
oA
IS 418 s M
S ] 1 ML ) B
S &
8. J | 16
P | SIAR 8 ‘-i ,“. 3 (‘.‘v Q
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- EMER 3 L e
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(a) Without vane (b) With vane
Fig.2 Numerical domain Fig.3 Bubble behavior (t=0.07s)
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100 mm

0.08500s

Fig.4 Numerical domain Fig.5 Simulated annular dispersed flow

HRYRF(ER, TURREK. WXE):

EHERRR O OERAER

1)

2)

3)

4)

5)

6)

4)

T. Suzuki, H. Yoshida, N. Horiguchi, S. Yamamura, Y. Abe “Numerical Simulation of
Liquid Jet Behavior in Shallow Pool by Interface Tracking Method”, 2020 International
Conference on Nuclear Engineering and ASME 2020 Power Conference (ICONE-POWER
2020), online, U. S. A., August 2020.

B, BOARRT, MOERL IR, BT, Bk — RIS T BRI = v
R DRAFEBIDFERINI & 5 BORALH B OREE . H AR T/17%5:2 2020 RO ML,
2020.

mHEZ, e MEEY, KR, “REEPNEICESHIEY I 2 L—v 3 UITk
%5 PWR REHE SR RIS E ORI, A AT /1585 2019 KO R, &I, 2019.
H. Yoshida, A. Ono, “Numerical Simulation of Bubble Behavior in PWR Rod Bundle by

Interface Tracking Method”, 27th International Conference on Nuclear Engineering
(ICONE-27), Tsukuba, Japan, 2019.

T. Suzuki, H. Yoshida, F. Kimura, Y. Abe, “Numerical Simulation of Liquid Jet Behavior
in Shallow Pool by Interface Tracking Method”, 27th International Conference on
Nuclear Engineering (ICONE-27), Tsukuba, Japan, 2019.

H. Yoshida, S. Uesawa, Y. Ose, “Numerical Simulation of Capturing behavior of Small
Particles through Gas-Liquid Interface”, 27th International Conference on Nuclear
Engineering (ICONE-27), Tsukuba, Japan, 2019.

SROFMATFE:
TR ET, REEHNAIZES < THTIEIT FEBRIE D72 % 2255 T OfRAT 2 R EH R

ETHE L T& e, ARIE. FEMARBROEEE B & LI KRBT O 520 <0, FRAikeE
BN L7t = — R OB D72 MG REZFIA 2 FETH S,
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5317 RFFREICETHIT7OVIILHFEEFTETFEDORSRE

Development of Evaluation Method of Aerosol Particle Behavior in a Reactor
Building

O ER
B EN BB 7 v —T

(1) FABM:

R TIREFTOET T 7 T v MBWTHRMEDE % &ie=7 v Y VR 1 I3 AR 28 D>
B TIFREREATA L, —EIEBEE ~ILE LR D TR~ SN D, BERNA~ORL IR 13
IEE L TERINTE D, BEE R IR ETFSR ORI TILE LI+ 5
HERL T X RV USRS CAEEDI T L o TWAH Z &b, Y ET 77 V5 MO TIF
EEANTT v VR BITERBORMENEE CTHSH, Ll MAAP % 7 7 7 7 v MET
o — NIT K 23l TIXfE 5 72 BRE 7 L O ST T-IF R A 18 O FRBLIE O AR X 2> & T 1A e
PSR D D, £ 2 TS S FIIBAER A5 (CFD) f#fr 2 Wzl FRdEREAN T T 1
VKL RENREAM LA B L TR Y ATEIIE - A — MUVRB O R TR RN Tl 55k
~A 7\ A— MV ORA B 2 BUERATECFHE T 2 2 & T Y ET T 2 T v Mgt a— o
fEROE R T BEET, ZHE TREH CFD fi##Y — /L ANSYS Fluent % ~_— & |ZBH% -
R ZHED TR Y | JF TR R L O E 22 M O SR L & R SERER O fR T F2 0 25 w3 &
B &2 72, Lo L Fluent (3R FIE0D 72 30 i AL % T 0 RV N EBERE] O fhr 25 IR i, Ji
TR T — & N IE A C RIS R ATRE /et 4 U O F b o — RO B R ATRE &\
ST-MER® 5,

AR UL, ALY E A TR T S BREV AR BR S 2771 — 7 03 B IS BRFS L RBUREH R A3 vl RE
72 3 WotENRENENT = — K JUPITER % % F\W\ T R R B PRI 7 2 B R FIEBR SIS 381T 5
FENT IR R D R AL & RV IR ORNT 2 i 5, Z OfFTFMED 72 D12iT, KRIUFHRHEO
FIA L OK O FRRE O AR N LETH D,

CFD fi#fT % W2 i AR N = 7 v Y VR E M A ORI L v T 7 v T v
MEHT =1 — R ORHED S MBS D 2 & 13, B EFBOFEFEEDONETE T Tl R Rz
D HFHEDE R CIAOVERETHNC X 2R T T 7 o7 R A~OWE L b HIFFT& 5,

(2) FIARE-ER:
@® CAD F—#EAR L OERBEIC X R FIFEBIEEOFEBMR
REBEHRIC LD R RERN T v VR 28 OFHEIZ [ T, A 4RI RIEER L 7R
AR D CAD 7 — % % JUPITER (ZHE A IA B 517 i 2 At U 7= AT AR OREE & | 1
JFREE O T b A S 2 FF b =7 v Y LRI OBATIRIE D —>TH & D BEEE 43 D
RO Z A& LT,
Fig. 1 IZfEp L7z CAD ¥ —# & Ziv% JUPITER (ZREEAABLMER LT it IR & =T,
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(@) 1X CAD 7—# . (b) IIf#EEE 0.5 m/cell DFFHTIAR, (¢) 13 0.1 m/cell DHLDTHY | Ji+
SFIER O —HAVEEZ B S L C OB T2 R T& 5 K 912 L7z, CAD 7 — X IR IRz
Hi b 1~5 By DO AMEECIX SR & 2 b DRI ER D 2 7 Y — NRIK AR L TV 5, (b)
fRIEFE 0.5 micell DA, EEMICITERBEEZ HH CE TV D L IR L, HERIH)
WIEIE T 7 1 Y VR FRATIRIRIC © 72 D BEBEEE /013, B LW IC BRI A T & THoIc i
BN TERMDoT, &2 THEE 0.1 m/cell IZEMREEL LSRR, (©) \RT@ Y BBy &
BHLCX 7z, £72, LD JUPITER Ot 564 B & 2 CTARMATICE S 5 2 7 & 35 L7fs
F. ) 4L 0.5 m/cell 1X 48 =27, (¢) R 0.1 m/cell 1% 6000 =27 & 720 | (¢) DFEHNTENE
IR ORI E AR SN D ¥ 2—2 T 2 h5184 °h10368 NMLETH D Z L AR LT,

(@)1 2KX_jr7—4 (CAD) ()1 2fRX_0.5 m/cell (-1 2fAX_0.1 m/cell

(@)-ii JEKX_e7—4 (CAD) (-1 $5KX_0.5 m/cell (0)-ii  PEKX_0.1 m/cell

Fig. 1 JiFra B O F SRR R
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@ RFFRENREGMAT OMREE

JEFIF R RN ORI ZEE AR ORTE S & LT, O THEEE L2 fEHT 5% 2 HT TR B
Rt 2 Eha U, TS EET 5 2 L MR Lo, TV E TOMMTRE RN G, ERFH 1 RF#E
DFEENGIRAT DIERITIE 1 2 A BRELE & O TR R 2157,

VLB Y | RHTAR O @i B AL 2 SEf L BT R o RRFEMEIC S O 7,

Q) HRURMER, TLRARR, ®mXF):
ERSRBICB) D@mXEER (EHH)

1) N. Horiguchi, N. Miyahara, S. Uesawa, H. Yoshida, M. Ohsaka, “Development of
Evaluation Method for Aerosol Particle Deposition in a Reactor Building Based on

CFD”, Proceedings of 27th International Conference on Nuclear Engineering
(ICONE-27), ICONE27-2158, Tsukuba, Japan, 2019.

2) S. Uesawa, N. Miyahara, N. Horiguchi, H. Yoshida, M. Ohsaka, “Observation of Aerosol
Particle Behavior near Gas-Liquid Interface”, Proceedings of 27th International
Conference on Nuclear Engineering ICONE-27), ICONE27-1972, Tsukuba, Japan, 2019.

AMHERKOOERER (EHE)

3) H. Yoshida, S. Uesawa, N. Horiguchi, N. Miyahara, Y. Ose, “Numerical Simulation of
Capturing behavior of Small Particles through Gas-Liquid Interface”, Proceedings of
27th International Conference on Nuclear Engineering (ICONE-27), ICONE27-2277,
Tsukuba, Japan, 2019.

(4) SEROFIATFE:
AR ITFRNT DOREIE & i R O MRRE 2 FEhE L | AR BEIIRET- 22 E) O fRAT-CHEEURAT = — R D HgRIC
Ko F~—I T DL TETH D,
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53.18 [REFIFABITROZDHREKYEEMREITY—IL CHASER DRIF

Development of Analytical Tool CHASER for the Evaluation of Fission
Product Behavior during Transportation in a Reactor

“hwmo A 0 E
PERE S AL EAN BRI 7 — 7

(1) FABE:

HOR B S5 — R S ERT O BEF LR B KA & O aVEm o712, /EEBSPAR
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DD, RFTZRRE, FRIHKERMIEEZBE LIALFZRE O 2 TRE &L 5720, P
H CFD fi##T> —/v ANSYS FLUENT % ~X— R (2 BREN S O FP . =7 v VLR DA Rk -
R, WEEDE FP ZEIXH4 57 VEMAIAT Z LIZ XD FP 28t —/L CHASER

(CFD analysis tool for FP cHemistry And aeroSol bEhavioR) % B#% L7-, CHASER /%, &
WZEIG . v D% E ORI 1-I2%f L C DPM (Discrete Phase Model : /3 BUFHET V) &
TR I T D720, RKEGHEOFANLETH D,

(2) FIARE-HER:

Table 1 (2 CHASER O 7 W% % /73, FLUENT OF 7 4 /v s OFT/VTI A, BZRREND
LI ENTILEICED ETO FP ZEE A M nliE & T 572, FP fttl, KE-FEAHM O
ISET IV, RS RIIRDET NV EBIIL TV D,

STTEE L, ZNHDOETILON, BT T VOMAEZ1T 7=, MakT. Fig. 1 1R T L9
(2. EEROIEYFE )N B R D SRR EIR D HARIR S E TO FP O b5 8) 4 Bl e /g ERR AL E
TeRRa DAFRIZT Csl 2765 S CTIRIRFIRICBAT S ERZ T+ 56 2 LI To 70,
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FEFL, Fig. 1IZRd X 5 ISINEESI 7 8 OB E AR & 0 | BETEEOIREE DSEXTNAR< e o 7,
7, BELREIC w10ﬂ®ﬁ%ﬁri%MLto_Mi\ﬁ IEFC BT DIREK TIZ LY Csl
OEFIZAKEME T2 2 & TEMEMEES NS Z 2R L TEB Y | AEHEE T V0N E I HERE
LTWAHZ EERLTND,
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Bk 2 B RAR AL, MBI, kL% — (R
FP i O | 7o rme g
il
o | KT o
=T 7 L= RSO LR R F
il s
S | S -k, B | O M
VRS — RERM o
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Q) HRURMNER, TLRARR, wXF):
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of 27th International Conference on Nuclear Engineering (ICONE-27), ICONE27-1993,
Tsukuba, Japan, 2019.

2) N. Horiguchi, N. Miyahara, S. Uesawa, H. Yoshida, M. Osaka, “Development of evaluation
method for aerosol particle deposition in a reactor building based on CFD,” Proceedings of
27th International Conference on Nuclear Engineering (ICONE-27), ICONE27-2158,
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5319 RBBICETHZLEMEN L TRIZISREDEN
Analysis for Multiple Scattering Gamma Ray Dose in an Entranceway

FAH B
SR BREE o — RfFSE 7 L — T
(1) FABE:

i 3R FIED—2Th 57 /L RIETIE, BRIED b B S 7 U2 2K B OBE THGEL L T
M~ EE D TSRO 1S > TREZFHET 5, FHlAIH L TERE LT AR Rik
12 X D RER IR K D AR OB E, KON ORI L 0 SR 2 ERELIC L DR EDOE S %
HONCT D L, TARNEIC L 2 5ENRBEMOMFHI B W TEE TH 5, AL
ki f- - EA A VLG = — K PHITS [1] (EfgC1X, PHITS ICHAIA E 72 EGS5 [2], BLF,

TEGS(PHITS)) L\29,) #HWEH U ~vHOFE Y I 2 b —Ta vy aFE L, TR RED
BRI L DREDINT 2 BN & T 5,

(2) FIANE-ER: : -
Ry F<—7 BBEIZIE, Terrell ® Z 5% 7 MBI
s}
5 SR &R Uz, RIBEZ LIS 5720, 5 2 Rl B [T AR

DL A TR & U7 SRR & FHIA DO BIR A X 1 IR T, R
Fo, B 1 OBELE A KRB OB E LI &0 2[HT 3
VR REELORBE OB (LBE—-PEEE, —K/ K, —FaEE)
X 1 IR LT, K 1SR L2 KAV ER 2B o —
BT, EFEOMHTCIXEE 2 OBGELIE & 72 5 PHEE, FRIKFH, "R
R 2 R D REIR I Ay E LT,
91 OBILE 2 LR RE L b 2 ot R e W1 ST Y 7RBIEST S
B ZoL x| FHEAICHE 5 S ERELAROREOE FRIR. & P00 B
FEFRIT 2.74 mR/M TH o7, 1EEO2 BT LR REELIZ L 2 EOFHEREE (LEE—FF A,
_@E;& =R, ) 2K 21277,
%51 OBGELTE & ALBEICERE Lz & 2 OFER R, 1R FEGELD 1.49 mR/Ah, 2 [A]7 1
RHELEL O JLEE—FEEEAY 0.093 mR/h (= 0.063 + 0.023 + 0.007) . dLEE—FE2Y 0.215 mR/h (= 0.002
+0.019 + 0.041 + 0.064 + 0.047 + 0.031 + 0.011) , JLEE—FEESY 0.268 mR/h (= 0.053 + 0.088
+0.087+0.040) Th o7z, KK DEMOFHITENRT 525, 2 [TV~ NHELOALEE— K I
.#rﬁff*% T BRI OVFEAT AL & @E%e WNALBE— IR L R TH D20, ILBESROF R R &
FIFF U 0.213 mR/h (= 0.002 + 0.018 + 0.040 + 0.064 + 0.048 + 0.030 + 0.011) T -7,
IO L, 3ELLEDOT R REELIC X 28 EIE, FHI I D L EBELIA A O & O FHFES
o 1 EKRO2 BT AN FEELOMREOH A RO A LW fl 0.461 mR/Ah (= 2.74-
(1.49 + 0.093 + 0.215 + 0.213 + 0.268)) & 725,
TR RYEIC X 5 A BRI BT OMEHIE T 5720, EGS(PHITS) % AW 2 77 < # D2 H)
Yialb—varaEEEL, TR RNEONRKWLRE (27 VR NHELE T) X 28 E

_97_



JAEA-Review 2020-021

Al AT o 72, MEOFEMARIT, 55 1 OBEE ZALEEICRE Lz L 20 REAER (M 2) TR
L7 L2102, TR RNEORE LGRSO TE &z, 217 NEELLL EOEELR R 2
BRET DI EIFFE S —AOHEMZ 72N 570, 5%, ZEMOFAMNRERE 5 2 50FEH 72
&EWD R ERL B EELR ISR T D EAR U OV TRET L, A BRI &R 0 715>\ T
Em A ED DL TETH D,

y b8 Total: 2.74 mR/h Total: 2.74 mR/h
1.49
o
il i
JeBE —FEAf A
dLEE Total: 2.74 mR/h JLEE Total: 2.74 mR/h
ol = n|=]-
5 34 LS g 8 = O  Y—
cloc|/oc|| o |c '\c | 0.053 0.087 Pl
0.002 /| B PRl | 0.088  0.040
—A = s iR
S o
JeEE —pR JbEE —pghE

2 B1OWEHZIEECHRE L2 ED 1REIK O 2ET AN FEEIC K S
MO FRER (K OLKMEIL mR/h HAL)

[1] T. Sato, Y. Iwamoto, S. Hashimoto, T. Ogawa, T. Furuta, S. Abe, T. Kai, P. E. Tsai, N.
Matsuda, H. Iwase, N. Shigyo, L. Sihver, K. Niita, “Features of Particle and Heavy Ion
Transport code System (PHITS) version 3.02”, J. Nucl. Sci. Technol. Vol.55, Issue 6,
pp.684-690 (2018).

[2] H. Hirayama, Y. Namito, A. F. Bielajew, S. J. Wilderman, W. R. Nelson, “The EGS5 code
system”, SLAC-R-730 (2005) and KEK Report 2005-8 (2005).

[3] C.W. Terrell, A.J. Jerri, R.O. Lyday, “Radiation streaming in ducts and shelter entrance
Way”, ARF-1158A02-7, Armour Research Foundation (1968).

Q) BRUYRMER, TURARR., BXF):

D REBZE, FAmEHSE, RO, SFERAFIA, T LN REEIC K2 G BER 22 2K B O BT 5
EORGE®) E T IV miEI KD ZEBELOMNT | B AR 152 2020 FERDFES, 2020.

(4) SBROFIATFE:

BT HNREFHE - RICEDREO T o~ fgEh s I 2 b— g i, REUGHEREIC X
DIRMTMLZETH Y . SHRLAAEZTEL TV 5D,

_98_



JAEA-Review 2020-021

5320 ADS#HDE—REHE
DFT Calculation of Materials for ADS
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Atomic and Electronic Structure Calculations for Alloying and Defect
Structures
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Evaluation on Cs Adsorption Behaviors during SA and Uranium Phosphate
Compounds using First Principles Calculations
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ANEAD XRD OfgRKE—27 TH D 30° (o —7

ITEE SN, MO — 7 OB LRIV T L BEB SN TV eV, Mmoo~ o, Ca
LU P ORLE Z# ANEZ 12T S IZ OV T DFT 250 XRD it = — RI2 L A RSN 4
FEhi U CIRFRLE ARV AT, B OIAALT BT NAREEIZONWTY — UL Mgt OREE 2T -

Too 2B, Mf/AKOFEIX XRD /¥ — 2
OB NN, BT VGO BAL
JaokEk & L TICaUPO2ls % Fv 7=,

BEOETNAEE OV THRFT EZIT-
72, ZORT Ca URPICHLFA—
TLRMNILVMLEIZ B DHEEIZONT, U —
OV Mg ORETR 21T o 7o, £ DORER
ZR 217, M2 L EERE—7 O
EIXFE & L7z, LR -oT, 2O
IZ X D)7 Ca ° U ° P OFELEMN
BohnlctEZZond, LLians, M
IS Lh—H L TNk, &5
RN 2 FEREE L O &5 o CTHUF-ELE 2 iR
T AMEND D, TS OTRE DA —
BEOHR & L TIE, FishK DR 2 B L
Ll ENRBILND,

@ SA KD Cs WEZEFM

T —RRLMEHIZE B
XRD O R Hr it 2.

Intennsity (atb. units)

10 20 30 40 50 60
26

2 N4 O XRD OFEHTE R & BRSO RIER R

SA KfD Cs WoEZEERHMEO —BRE LT, AHRRHMEFIETH D@m= R — B4tk

(HAXPES) Dt D78, JoA A ALBHE O E O O -FIRREFHE 7' 7T K A28 A
LGt 2 980 L7z, £7-. SA K SSICWAET 5 AIREMED & % Cs (LB W) ThE S IBIE DN ARIEE 72
Cs2S81409 D it 2 XRD K 0 g3 5728, XRD fight = — N ORRGEHE & Fhi L 7=,

Q) BRYRMNESR, TURARR. WXH):

1) gnARZnNE, SESIEE. TS, “XRD fi#tht & DFT FHEIC X 2 N4 OfE s a .
HAR 711595 2019 O K%, 2019, FiL.

2) C.Suzuki, M. Osaka, T. Nakagiri, “Evaluation on the crystal structure of ningyoite using
XRD analysis and DFT calculation”, P Proceedings of Joint International Conference on
Supercomputing in Nuclear Applications + Monte Carlo 2020 (SNA+MC2020), Japan,

May 2020, No.315847.

(4) SEROFATPE:

S%IT. CsALEMD T~ 53 AT b ZHONWT, Bt R a2 T 5 TETH D,
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5323 F—HREHEICLKIEFAMBADKZERE BAREBOME

Hydrogen Adsorption and Permeation into Nuclear Materials using First
Principles Calculation

TR EE
DI g B BR % 7 v — 7
(1) FABM:

IKFEHEALITH P ITIRA LTZKFIZ L > TRBRE NSNS Z L TRIDHRTH D, K
SEMEAI B 2 TR THRAET D TREM DRI SN TER Y L b LBA LGB T E R
BB DWREMED DD, F 7o, KFWACITIE AT B O H 70 &P R EEH &2 FIV T D — A EHS
EOoTHORRDPEENDHRTH D Z 0o MBIt OREM 2R 2B BIKENE L O R
BLOTFHITHEHN == R KREN, KFETIE, WETIZEZENDRBEA T BEEA~DKHER
ANCRFTRBELZORBZEMT 52 L2 ANE LT B RERRE L MV -gRmoE R
REMRNT 24T o 72, AWFZEDFEREIZ L > T, EBRTH LN TV DWIRTA A > OFSH & EE D
BRICOWTHRERA I = XL DTN D Z &, % LT%Jr%ﬂ?E’Jiciiz}%l S RIHNC IR D
B OREN2 SND Z LPIIRFTE 5, AT, EFREAITICH KB EZ1T O 20
Z < OFEERBLETH Y, REGHHERKIC L 532?7‘;‘%75)%??8@07‘:0

(2) FIARNE-BR: H7ZE AT T VIR
ABFFE TR, WiEICE '
ENDEEA A DR
RMEITH 2 5885
T B, F R L ‘
VLT (Bl 2 S A o T B-R S A
Quantum ESPRESSO +
ESM-RISM /A 7'V v R
FENTIE 2 AN T2, AT 2 e RILFEBR CTRW 8D Tpk 0 Th 2 8RR, &R A 4 O
Nat, Mg2+, Zn2+& U7z, FEHTICA W TR 7503 8K 1 80 8 + &)@ 1 4 1 ., NaCl Fik %
IR L LT, T ET NV OREEFIRBMIT 21T o72 (K] 1), STORR, WiRhe&REA
A OWAEENIE Nat~Mg2<Zn2DEH TH Y . FEBR T O 7= I &AMk O A & #3747
Wdotz (K 2), KirlsOEE B2 T LiofER, WEBMNOKE D o7 In2H IR HEH O
B & ORICEFEEOHMA R oz (¥ 3), Ziukx, MElEw 53 28 FH 80 Likks
ARIETHDHZ AR LTS, LLEORERNS, EARR L OVKEEBREZMGT 502N H 54
BA A B ERT AR TIE, @BA T U PEREICH L THREG LT WERAIA S 5 Z &bk
KR EDER. ZORRE R LU 2 KFFZEAMmbl S b 2 AR s,
ABFFENTRIUEH R DR FRRRE T35 — JRBREH RIS K D IR TSI B~ DK R A - 12 AR O
WF%2] 12T SGIICE X ZFIH L TiTbiLr-,

TR LR IR (RISM)

B1 vI=alb—3 3 AMEEK
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5
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s [T@

n S~s

> 46t R
>
-~ ~~\\
%% 44t Tl Na

it ~“~\
e Mg - @
X 42t ‘ Tt
4
5 10 15 20 25 30 35

HREIEE— 7 / mA

X2 FEBRZLABRERE—VHE T I 2 b—3 3 N2 K AWEBN O

WA F U OB FHED = 7 —X

X 3

Q) BRURMER, TLRHR, wXF):

1)

2)

(4)

LHEEE, “CRERNEICKT LI/ e - v uiERENT T —F7 HIEKFEER
MBMIFZERT « SR B o #— [2a 77 2 v a7 No.2l) 2 F—, #Hibk
FABMEMFERT. Ile. 2019 (FBfFRE) .

AR, R, ANEEET MaEl, BB WAESL, g, “RHER
FFREE AW @BIERIE”, 2019 FEKALFERFRE, WAL, 2019 (HFAHEE) .

SROFIATRE:
INE TOMRITIEETBEA 4> DITER L, TORBEMT L TS o, — I TEISBIC

BUFDEREMKE LT, WHPIZHRE IR Z AT I RRELNTWD, LrL, EE
HHAE S LG HERA 42 & OFELREOIEME A B = X DTSN TITHMEZ 72 > TUHVRW,
SRITENS DEBIZOW T KRB EMKE AW 2175 FETH 5.
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5.4 EimEREAE 72—
Advanced Science Research Center

541 KEABRBRBREHFICIDEFZOBEMIREDIL R

Description of Superdeformed States in Nuclei with large-scale Shell-model
Calculations

FHRE R
S PR B 5E 7 v —
(1) FABM:

JRAFZORET X — (H&), hEENE R & ORI ZRMEE IR, £0o—h A (3%
) 1L THRENTWASZENFIONTWD, BlZIE, BFRHIEE TEEaITEA
L., ZOROEHGE L OMICKE R INT —ER’H D56, BT IIMHEEEZ &0, D TRE
LD, ZO LA E & DR ORI I BE SR R, PR 2 I F Dk
JERREDTERIFERIE CTH D Z LN MBR TS,

& 2O, BEEANEOFEFREICIE, BT R X —DORVIREE L LT, BTE LI IRIEDN R
FUCHIBL T 2 Z & B RAAIN S K< BN TN D, BRIB LA L9 2 DORZRHIRE HDREE
BIFFELVWZANLVF =202 b, 29 LEBREIERKFLEIEENS,

SHALOREE, KT NV~ =0 ARHEIC L D H o~ EBR ORI, R ED B
FRPHEA TE Tz, BIZIX, V7 40 15, HPETEE I 20 OBEERZ b oDIC D
b b9, Bt r/LF—2 3 MeV IREIZH HilE ORE SOERIRREICIN A, il & alho
REOWMN 2 ITIHWVBER A RLIEZ R VX —5 MeV HIAE D Z ERlbhrolz, £,
29 LI RERERIRREZ, WD L 40 72107 T, B 3003 18,20,22 O 7#41C
RHERNCH D Z & bbhotz,

2D XD AR RED R = R L X —2MEN T & 1E, BT R R IR T E T,
ZDANZADZRNIEIRN ST TW D, 29 LICBRZ EEIICRERT 51213, KERG%
BREHE & MR D . B P OB E B AERIECHIS T 2 BEH AR R AN TH LM, =
DOFEIZE R R TTEDITH 2 R T 20BN H 57, IRONZFENTLOMEDN T 7
Dro oo AW TR, SLRIBFZEE 23BRA%E L 7o RAUGH R O E = — K KSHELL % vy,
AN T I 40 UEE OBAETIREZ RFAICFid 2 2 L 2 HAV & LTz,

(2) FARE-BR:

TN 40 EEOETIRREZ FLalk 95 721 iF, ¥ 1 ITHRMIZE T X 912, sd iz,
pf D~z N L Akl UTEIRICH) A7e < TER 6720, ABFETIE, 22TO sd il
1B (dsie, si2, dz) OMIZ, fue, pee il 2 LD AN TG RE 21T o 7-, dERGE TlX, 2
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DS ZFENDETDA L —Z—4THIA A EJERT VT L o TV F =T T8 Z %f £
LT 2B ATOHFI S LignE NI L =T UATHIORTTIIR & 3 X TEREHE DS R ARRIZ 2 5
72O, AR TIEL, sd @b pfi~ 6 £ TORNEZ Y A7z, §ilfR S 7o M2/l &
LitEEAT o Tz, BRIBENG | ZORIRESNARZERTH, By T A 40 OBAERIREE
DS DOEFIRIEITHEUNCFER TEX D B2 N5, ZOREDL &, 363840Ay, 40.42Ca, 4T D 6
RO ROREEZIERY 7 4 KRE, AE LV 16 £ TRHEMICIT 72, T OMIAF 2N
VR =T UATHIOWITEIE 109 RRETH Y | FATH DWW H T2 OIEE afTHIZ ) 1,000 F2E
DBATHNE 725720, T F a AL 2EEREOHENFH LD,

e ———

———
- -~

s S
—00- -OO——
NS id
sd ==
proton neutron

1 AWETEET 5 LTARRED SR B RLAL

20 42 Exp. Cal. N
I Ca —16" i
15— 14* Exp. Cal. —
—14"
—~ L — -
% (12 —12" Exp. Cal.
10,12") —12*
= 10 8,107 — 10" B2 —12 " |
+( ’ ) +
e 10— o ——910=—""10
T i o (6.87) §+ g —8"
gf— " ° T g +
5 EXp Cal . _5: 65— ?f
o 5 e 3P —2
=T T R
+
—"2 0 —0'
0~ o— —0" —

2 ANTT L A2 ODEFLF—ENOFHFE (Cal) ZEEBRT—% (Exp.) &
i U726 0, IR, fk, F§ TR LAY Rid, 201 6 ki1 2 Z24LN0 K
ZDOH <N R 4R 22BN REFRT,
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Bl2iz, —flL LT, AU b 42 OFEBREFERT - 2L, ZNET, FB|T
I, IRCTRENTBE Uz 6 K 2 Z24L/3 2 ROFESL SV TV Ty, MO HERL OPEE 1T & 7>
(2722 TR T2, AWFFETIZ, ZDIENT, FRTRENIZHET o~ /30 B (BB G R
ThHHZLIZEDNAUR) & HFTORINEZ 6 K1 2 ZZHNY REVIIERO/NS T2 4 Kt 2
ZEHL N RBFET HAERDBGE DT, ERIZIZZN D DO FREEIIHESL STV R)ho T
D, ABFECITFERRICESE M2 DR RTHA U AV FERE L, 2D O A4S
TV REEZ D DETDHE, BT T A A2 1F, ERDD > T2 L 9 R BEMZRERE - £2F 4
R TIERL ZRRDREIRENRIET 5. ZEHERER L 0D, ZEERLAZIT, hé =
T ND—EDOITAREE AN T 40 < HVLPHHNTELT, ZOFFEOTSNIE LW
EDMNIEBDOT o~y FEBRI ETHLMIEND LD L /ISR D,

Q) HRURMER, TLRARR, ®mXF):

D FHERERAE, IRRE KRR KIEFER, “2Ca i 1T L IEERI PR AR RE & 2 A
A7 HAMET R 2019 FFFRE, I, 2019 49 1.

2) HVEPEL AR, JET O, #EE, “0Ca 0 B0 IO KBUTHINFE L Z oM,
AL T5 FUEARS, bR, 2020 4 3 1] : RaITBHBIETIEC 2 57208, 2
WHEER 2 b > TREITHOIL T 5.

(4) SEROFAFE:

ABFFEICE L TS Em X e ffmth TH v | Bambtst & L TIO & X8I0 Sn7es, Bk 5
FBR L ORFEIFENERTEINTEY . ZIUTKERFREITS SRt 5, REBRARAG
FIZOoWTIE, r cRAMERICED L 7T —~ THM 2 EEN L ORMIE 2R L2720, £0
WHIEAAT 9 To DI KRG R AR 92,
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542 ERTREEROEERESIVHES(FIVADHE

Research for Ground State and Excitation Dynamics in Low-Dimensional
Strongly Correlated Systems

Ko 5L, A BHI & OERE
A = TR =R BRL S 7 —
(1) FABM:

IR STCHRAE B R CIE, RV T O D72 D YEHIGHGER e © OB Fik 2 Bl c =
FLEEAOTECE DB MBS E R TEE L CUAEA S TWS, AWF%E il 9 51751
FERABZE S3iE « B EEAT AR 0 IAZBEIE T, AR STTRAH B R 0D JLECIR BB — R L — b K g
JihEE A7 v §RI L OBIRIMHBERE R, B PR ik a e BB AR T 5 BT TF
ETHD, FrZ, BRI A7 FL oS E - = %L X —(KFE A2 REH ICFHR T& . J-PARC
O - HGEL SR BR CELH S D BRI 227 b L O FEBRRE B & B LT A E U %
BIHAE % A S RN SO TSR/ T 5 2 L BN TE D,

Lo L. BEJAVEB R « TR LF—FERTO 7V AT M AEET 5100, EE#E s =L
F—IZONWTOAF Y DD, OEDDNRT A =2ty MIxI L THTRE AT LA X
XIZRNVX =Ry aff) OMSE LR EZETT LI LI, WRARHEERLZET L LN
Xy 7 lloTWD, Flo, BOVEEREZROICITMV IAZTHRIRESE K& Ledhid
T, REEATY ERFFMIATHLEL R D,

AMFFETIX, 2 9 LIoEMERTA LR EE 2 RMEH 216 U 7o REBWIESIGHRIC KV ek
Do Kk 7o JEERBLIN G & PR LR FTRE 7R BRERIE A R A RIICHS 2 72 D OFUEF R A % — L & HEEE -
EEAL LT, J-PARC 72 & COFBRIII & O 2 TR ICHEET 5, Zhk7e A B WPEDOTIY
AN = ALERERANT LT, MWVEBIEREEBRIRE O FER, SR~V T 7 zaA v 7
DEAFE, @AERAE ROER - $IfH, L — V=R L D E o EEIE L, B L
Z A T OWERLA- DT DEEB R e & BibkRe - ZHE6E - SAEM BB ICER 2 1G5
no e END,

(2) FIARE-BR:

AR, RO BT J1 & YOI BERCRENE J2 ORZHHH EAER R B G35 7 7 A b L— Mgk
IR\ T MBS T o0~ 7 ) VISR 2T 2 A 8 U (AR~ T 1 v )
WHENEB T 5 Z ENBRmIC A S, HEE SR TWD, LarL, A UM IR
F o JRFED A L LEEES LW, AP RIBEZ IR D Ol E D e BGEL Ok
BRI 72 EOFEBRFIECEHSERM T2 Z R LV, 207, MENIZ, AEUR<T 1
RN FEB L TWDIREEE X D &V BURTOMFENER L TW5H, RIFETIE, A X
<7 4y VRO E N X A T X7 ADBRTHL NI T D720, AV VAT ML
(CHRAE FEBE) . A IUMRTRIE A7 Fv (R B AHEE) . A B2\t 2~
v SR E AR ORI 21T 72 > T\ D, ZHIVE THIS, P IRELER THIE
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SNDHAC U ANRT bAOETGTEEBHT 52 & T AL R=T 1 v 7 REOMHERYFEL
NEHNDZ LA L C& 7 [H Onishi, “Magnetic excitations of spin nematic state in
frustrated ferromagnetic chain”, J. Phys. Soc. Jpn., Vol.84, Issue 8, 2015, pp.083702_1- 083702_4
(Editors' Choice)l, AV R~7 1 v 7 IREEDEHEGELZ 1521213, AU OF v v 7
L AR A2 B 2 BN B D3, A UMM A EER T 5 ERFIEIIREE LT, A
AT 4 ZIREDOBEERGHLEZ RN T A2 FREAMSI T2 Z ENEHEERBRELE > TN 5,
AAFFETIL, A UM ORI Z B CTE 26 N0 ERFIEE LT, LRI X #RHEGEL
(Resonant Inelastic X-ray Scattering, RIXS) (27 H 3 5, RIXS Tix, AdHt & K& sy
Wz 5 £ AT 52 L TRAE UM O FER ZBINTE 5 2 L25, fPEICES < Bigm
TPEESNTND, L, BIRmTIEEARNREELRRO T EARF I TR LT, ERL oD
ST BT, 22T, ZNFETEIT L TE LAV UMBAFhE 27 sV OMFFE 2 58 &
ST, AR A7 F LB X O RIXS AT MVOENT 21T 5, WiE Z g LT,
RIXS A7 FVZEWNTAE AR 2 SKRLAC R D S 2 i L, AV R~T 4 v 7
REEZ FFUAT T 2 A MR- OFbL 2 RIXS CEHERHT 272000 FE2 5252 L% H
59

SR, TOHFERE LT, XHVEW%%Ex&ﬁhw®%ﬁ*WDﬁAEO73x%v
— MEBEMESE LiCuVOs DRSS T D RIXS EBR & kT 5 7201, KRGS T ORISR
(ZOW TR IBNT 24T > 72, X LIS A B DU Jihid A~ I\/l/@qu il R g, LiCuVO4
ZRE LT, KM AR O XXZ Z A EAL TWD, ML (E#Eq, =X —e) Z2H
TDOARY MVREGAZ T —7 1y FTORLTWD, —/R LT, AEVEHEANT FLd =z
B IR AR BVBREESM IR E K B o TV D, BEBIRIFIEZFEICE D & AT b
IBREE AR IS & & BB L TO S ERF D TIN5, BB E T )L — (R %
D & EEED/NE VT AT MRS & EBITERLTWD 2 EBah5, Zhb
DOFEFIE LiCuVOs @ RIXS FEER L HEAS LT D, UL, FEBRCTIE LY B SR #
Ty, ZOERIIOWTERZL TV LR TH D, BUE, BEGTKFEES, A Y
Fg - DD HONT I 218D 5 & & H1T, RIXS A7 MV AT 5 72 OFH R 21—
FZBFETTH 5,

0.5

05 10 05 10 05 1
q/m q/n q/m

K1 77 A b L— MEEMESO A B IR 227 R L Qx2-y? %457, (a) h=0 (¥ 1 i),
(b) h=0.154, (c) h=0.299. J1/J2=—1, A=0.8 (AHARAANEM D XXZ EJF51E) , N=64 Y1
DOFHRAER.
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HRYRMER, TURREK., ®XE):

FAhTEm 3L

1)

K. Sasaki, T. Sugimoto, S. Sota, T. Tohyama, “Magnetic excitations in magnetization plateaux
of a frustrated spin ladder”, Phys. Rev. B, Vol.101, Issue 14, 2020, pp.144407_1-144407_9.

2) H. Miyazaki, T. Sugimoto, K. Morita, T. Tohyama, “Magnetic orders induced by RKKY
interaction in Tsai-type quasicrystalline approximant Au-Al-Gd”, Phys. Rev. Materials,
Vol .4, Issue 2, 2020, pp.024417_1-024417_7.

3) T. Sugimoto, K. Morita, T. Tohyama, “Cluster-Based Haldane States in Spin-1/2 Cluster
Chains”, Phys. Rev. Research, Vol.2, Issue 2, 2020, pp.023420_1-023420_7.

4) H. Onishi, “Magnetic excitations and transport properties in frustrated ferromagnetic
chain”, J. Magn. Magn. Mater. Vol.479, 2019, pp.88-90.

ER=E

5) H. Onishi, “Spin quadrupole excitation in spin nematics”, 60th REIMEI International
Workshop on New excitations for spintronics seen with quantum beams, Sendai, Japan,
2020 4= 2 A (FAF5REED)

6) T. Sugimoto, T. Tohyama, “Critical Behaviors in Quantum Spin Cantor Lattice”, International
Conference on Strongly Correlated Electron Systems (SCES2019), Okayama, Japan,
2019 4£ 9 H.

7) T. Sugimoto, K. Morita, T. Tohyama, “Cluster-Based Haldane States in Quantum Spin
Cluster Chains”, 7th Euro-Asian Symposium “Trends in Magnetism”, Ekaterinburg,
Russia, 2019 4 9 H (Bf5kE) .

8) H. Onishi, “Dynamical octupole structure factor of frustrated ferromagnetic chain”, 10th Joint
European Magnetic Symposia Conference (JEMS 2019), Uppsala, Sweden, 2019 £ 8 .

9) T. Sugimoto, K. Sasaki, T. Tohyama, “Magnetic Excitations in Magnetization Plateau

Phases in Frustrated Two-Leg Spin Ladder”, Spectroscopies in Novel Superconductors,
Tokyo, Japan, 2019 4F 6 H.

10) M. Mori, “Electronic states of phonon Hall materials”, Research Frontier of Advanced

Spectroscopies for Correlated Electron Systems, Sendai, Japan, 2019 4= 6 A.

11) H. Onishi, “Magnon-pair excitation and transport in spin nematics”, Frontiers of Statistical

Physics, Tokyo, Japan, 2019 4 6 H.

12) T. Sugimoto, H. Miyazaki, K. Morita, T. Tohyama, “Magnetic orders induced by the

4)

7

RKKY interaction in Tsai-type quasicrystalline Approximants”, 14th International
Conference on Quasicrystals, Kranjska Gora, Slovenia, 2019 4 5 H.

SEROFABFE:
7 F A N L— NREBEMEHDO A R~ T 4 v ZARBEDRGEERFEIZB LT A B U TUART-fEhE A~
rLE X ORIXS AT MVERNTT 5D, A B2 TURR7-Ofihi 2 RIXS CTHEEZM T 25 720 DML

ARG LZ e AR, £ WERECBE LT 2RO~ T VRS~ ) 0 T
AR —=NRNDIRE TS D T, A - BGTAHBIREOM IR 2 A F- X 7 AOfT 21T 9,
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543 FREREZIZEBLENRICAET-IYONLAMERKLREER R

Exploration of the Photocatalytic Function of Minerals for Recycling of
Decontamination/Removal Soil

FmOHL BA R
F RIS IE T e — 7
+ VAT LARERFEEC X — U Ialb—va VHIRREE

(1) FABM:
2011 ﬁ@?g %%—Jﬁ%ﬁ%%@?$ ﬁé;ﬁ;ﬁ >1,300°C
HIZ K> CEEOHBINMEE T L0 >

BRETICHKH SN, B ATt
B o oI AT D
O, BHFEE LEICE E D8, B
IFEOFR LR EI DI KD R
BRYC Lo C, BUEIX —HOERD
JFENFER L WD, LivL., B
TUTBERTH T2, KED 650~800°C i
VRS LA ST, Ok CFMiA

= TEEIIBR GBS OIRES D S

& I 2 — R - 1 38 R T U IA D [T

SRR A S, BUETIL, HHE

ITIE iR 33T 2 bR 18 L BEEM O ALEE - fiisk D4 TR CIElR 2Bt L T b, 20k, BRE
FHIIE R BAORKUSGIC CREIMRE SN PETH D,

FEHIRE LB 2AMEZRKT 5720, BRETENSOMHEE Y T AREL, BETLZ &
DTSN TV D, BEOFESE LTE, HEFR TIIMHRL T Td 248 TIM~DWE R LN 2
EMD ., RIZ K o TR AT BRE | B2 U MRENEN DO LRV DI RIT 5 H kA
DEHINDTETH D, FRIAPEE FHEO ST T, [BrETEEORE - BARMAICW T,
BICRASBE OEHE D T, Mt OB A 17203 5| HABARCIIEF E2 FEM T 5 L & biz, FE
FIRGEO BRI a2 L ST, EMRBERIEDRY &I, Ao BARHEICS
WTHRDBILTND,

SRR LI DI HANBAFE B U Tl BULBE N b A LA E BEhTnd, 20k 9
TRULO T, HFEREE DB T D 0emEEnt st o ¥ — R m S #r5e 7 v — 7 1%, #hH8E
WNZHEAL I V> BRI Z TR T00°CTRERR L T v U A E & R0y Lkt v v 2%
AT D Z EITHRB L, (b U A B K THEST 5 Z LI X D IFIF 100% D& > v A A Sy
TOHEMERBL, ZhE ey A7) —gikik (CFM) ) 407 (K1),

W, HEEHE BIZ X o T CFM ABR% OFLM A Yl & U CHRET 5 2 & A 7R3 % FEBAS 1
NiELNTZ, Thbb, CFM kL, (5150 Cs rE L, Cs BRER O LEOMREMEA B

1 &Y AL7Y—§i{k (Cexium
free mineralization. CFM) 1%
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ELTCORAFIHZREE T D THH 50 100
BRFETHLAEESRSNE (F2), L 2 |
MLBRE, Z0 LD 7 A0 =R LTI g °
BEREAE % TN B DAl 72, 5% '6°§
SRS D A J7 = R BFEHU I, 320 | 40 g
BARESAHTHS ZLBMORTE oy | I
D, KHFETIE, KEFHEBIC L8R 50

HEREZ AW, VX 74 ~OSLiE RS
DA =X LORAEZHIET 5, ZOH
ERERSNTEHE, BRYRE HEORA
BAERMOH L WHAEFHIEZRETE
5, Zhid, EROREZ2AHEL 2> T
2% BRYBR 2 LD I3 A H 2 R ER B O
JFEICHDZ LRl TR, HOPICEZ DA /37 MEEH MRy, SHiZ, VX774 |k
IR THHAINTWDII TH LD, UH T A FOJAMERA 1 = X AP T E 1254,
D RIRHRIEDIZ DOWT Bl L L CORBEMZER CTE 2 L 912 &2 LW KRR
ROBEBEMWE OBFICORB D AR H O MBS L L TRWA X7 b a b 2 5 ATRENE
BoD, LD X S5IZ, RUFZEITEESRICEAT H2FRMICHYE T2 (@EEO), AFTIE,
JFF 18D ICEX ZFIH L, % —JRBEEHR /N~ 77— Vienna Ab initio Simulation Package
(VASP) % IV T CFM MLER LG (U 47 A ) OREIERE R L OV RREETHHIZ DV TRk
T 5 (RASGHEREFRIRRED) .

X 2 YU LAT7Y—HALIEICE T D BERR
FEIZ X DR DY 7 AMERROE
W EOSBEREEE IS X B Cr(VDIE TR =R

(2) FARE-BR:

ABFZETIE, Y7 A7 U —§i bk (CFM) 12X - THER L7- Cs BrE#Y (CFM #54 -
FRIIET X T A N) BT D IATEME DR BRI DWW T MR E R KO — BRI RIS
KONV RERZBLTELE L, K32, fHRICL s TH oY MEEE T, CFM i
W%, UV S FIzB 0T Re(VID (£° = +0.5 V)iZiEm T¢& 3, Rh(IID (£° =+0.76 V)X° Cr(VD)
(BP=+136 V)EZETL T D,
R D FHiE+0.5 2> 5+0.7 DETH
DEHEEL TV, M3 XY, Fed3d
XY RDNDAERR SN D ARE R O T &
BHO TR L. V& T A bR
PR L UCHERE T D 2 & TR
MERILTWD EE X,

L2 L., CFM ¥ 7 /L o =38 (R ek
AT D 121247 » T E AU IE
b SIANEGNE S 1N 7 S AN Y g Wl of=- A7 3 FHREICHWEZD ¥ 4 kO L Total DOS

160

140 1

120 A

100

80

60

40
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DBl ST (X 4), CFM a9 -8k =< -LightON  Light OFF
BEEHLTVS v BT agen o] | T Ho,
Rmoto, TIICEY . HHTELTOE B
BRI % KB IS B S B & 372 o gJ"_;L_ e
-, BARIICIE, CHETOETELR | |

: CFMgq

TSRS 3 e 5212 CFM ALBR (2D
HLTWDZ L &ENT20ERH Y, 1 i
v FEIOAT Y %O, Kk (Cs I -]
HEER) LU (CaCly) Z0H 0% w11
SRRBETEE 47 U722\ 2 & ORER., TEHA
FOWERE, ERICEHMREIT-> K4 TiO2, BER:, CFM ¥ 7 Lo yaaEiH]
Too FERE9IC, FUBRCVRILC & 5 oAy

MR HIF . CFM QFRIC & o CRRIEHE ARSI A MR & 72 5 = L IXFERR S h
Fh, EBRICH L ORBZEI 2L L0 | MO BRI ITE bR T,

£4% 1%, CFM ALERIT VN 5 65 308 R ORI % 2541 S B 7= 33 B DR e e 35 L OV v B
G DR R ZFT D L, IWHA AR F—E UV 7 HRIC L DBV T LT D,

Q) FRUVARMER, TLRARR, ®XF):

[FFrHRE ]
1) EZHEEL FIgE, Ot Rl e L ONE e T, FRE 1019-196519, HFEH 2019 4E 10
H 29 H.

4) SEOFIATE:

S% b CFM WEAL AR O/ FREEOFHE & AR AL Off IR 2 1 5 & Ikiz |
CFM WE % OWE D F 1= HHEETZT T <, R L U TIFET 20RO, WA 4
HOEBIZONWTHLEETHINENRNH Y, SLUEOREHERZLELETLZERTRIND,
Lt bR 18O ICEX H0F %2 TEL TW5,
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55 WYEREZEMELLZ—
Materials Sciences Research Center

551 EVIVLBEREDEHDSFIRER

Screening of Molecules for Cs Solvent Extraction
Simonnet Marie
TIF A MMeEtsE s v —7
(1) FABAM:

This project aimed at determining the geometry optimization of organic extractants for Cs
separation from aqueous streams. The main goal was to get the chemical complexes
geometry to analyze EXAFS spectra. Geometric optimization was thus calculated by
Gaussian software. Additional molecules were then optimized to compare the metal-ligand
and metal-counterion distances, and to better understand the effect of the ligand structure

on the overall complex stability.

(2) FARNE-BER:
The basic compound that was used for both experiments and calculation is
dioctyloxycalix[4]crown-6 (abbreviated DOC[4]C6) that was extensively studied in the

literature.

Figure 1 Calixarene crown-ethers used in this study, - C6, -- BC6, -- DBC6

Several functions and basis sets were tested, and all results will be given at the
B3LYP-Lanl.2DZ level.

The effect of slight structural changes was studied by experiments and calculations.
Schemes of the different studied molecules are displayed in Figure 1. A benzyl ring was

added on top of the crown (Figure 1: blue) to make it more rigid and thus more selective.
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Extraction experiments from acidic solutions showed a higher distribution ratio for
DOC[4]BC6 than DOC[4]C6 but formation constants determined by UV-Vis showed that the
Cs-DOCI[4]C6-NO3 complex is more stable. This was explained by a higher HNOs extraction
by C6 than BC6, which eventually leads to a decrease in Cs extraction by DOC[4]C6 from
acidic media. Geometric optimization showed that in both cases, the nitrate binds in
bidentate position. Calculations were also performed in the case of 2 benzene rings addition
(Figure 1: red). In that case, the nitrate binds in monodentate position, probably to
compensate the shorter Cs-O (crown-ether) distances. Average Cs-O distances are provided
in Table 1, and we can observe an increase in Cs-O (NO3) distance and a decrease in Cs-O
(crown) distance with the addition on benzene rings, probably due to the higher rigidity of

the crown-ether ring (shrinking).

Table 1 Average Cs-O distances (A) of di-octyloxy calix-crown without (C6) and with 1 (BC6)
or 2 (DBC6) benzene rings. The numbers in parenthesis represents the number of

oxygen atoms considered.

Cé6 BC6 DBC6
Cs-0 (NOs) 3.22 (2) 3.26 (2) 3.30 (1)
Cs-O (crown) 3.42 (6) 3.37 (6) 3.23 (6)

Based on these differences, calculations were then performed to determine whether the
shrinking effect of the benzene substitution is mainly due to the shortening of the C-C bond
or due to a m-electronic effect. I thus replaced some of the alkyls of the crown-ether ring by
alkenes, later written as their chemical form “=n” with n the number of alkenes in the

compound (1 or 2). Distances are summarized in Table 2.

Table 2 Comparison of average Cs-O distances (A) of the alkene extractants (=1, =2) having

respectively 1 or 2 alkenes ; nitrate oxygen in the first shell are respectively 1 (mono)

and 2 (bi)
DOC4 (bi) =1 (bi) BC6 (bi) = =2 (mono) = DBC6 (mono)
Cs-0 (NO») 3.22 3.18 3.26 3.17 3.30
Cs-O (crown) 3.42 3.37 3.37 3.35 3.23

When comparing the alkenes, we can observe that there is little change in the Cs-O
(crown) distance. The main change comes from the nitrate shifting from bidentate position to
monodentate position, similarly to the benzene substitution previously described. In the case
of alkyl substitution on the top of the crown, we can observe that the average Cs-O (crown)

are similar for =1 and BC6, showing that the shortening of the C-C bond is the major effect.
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The nitrate is also slightly closer to cesium with the alkene compound, maybe due to an
easier access (steric effect) or to compensate for the absence of the m-electron. When
substituting on the aisles of the crown, once again the nitrate is closer for the alkene than for
the benzene substituent. In contrast to the previous case with only one substituent, the Cs-O
(crown) distances are about 0.1 A shorter in DBC6. This shows that the nitrate position is
closely related to the size of the crown-ether ring. The complexes with shorter Cs-O (NOs)
distances are expected to be more stable in apolar diluents as nitrate ions are hardly soluble
in such diluents.

In order to investigate the diluent effect, cesium extraction results by DOC[4]C6 were
compared in chloroform and 2-nonanone diluents and showed a quite different behavior in
laboratory experiment but a quite similar environment by calculation (Table 3). This means
that the diluent has probably a direct effect on the solvation, either in the first or second
shell, which cannot be accounted for with the SCRF calculation. The difference can also be
related to the nitrate ions solvation ability. However, including a few solvent molecules
around the ligand yielding a too big system for performing calculation at the same level, it

was not attempted.

Table 3 Calculated average distance (A) to Cs atom, DOCI[4]C6
crown-ether (6 O)  Nitrate (2 0)  Nitrate (1 N) Alkoxy (2 0)
chloroform 3.43 3.27 3.71 5.59
octanone 3.44 3.27 3.73 5.64

() HBRURMEE. TURARRK. HXE):
Nothing

4) SEROFAFE:

Another project focuses on Ln-An separation. Gaussian software is also used to optimize
the geometry of the complexes, followed by frequency calculations to get the Gibbs free
energy. Difference of free energy then provides an estimate of the stability of the complex as
compared to the ligand and the metal separately. An estimate of the selectivity can be
predicted through the comparison of these differences for several metals, although caution
on the results needs to be taken as many additional parameters affect the actual extraction.

Calculations for the screening of new molecules for Ln/An separation are currently on-going.
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552 RIBEHERBERTHIREVEZELDHMEEKICE IT52MBNHIEBIELIaL— 3
WAnlyisUN

Simulation Program for Microscopic Magnetization Processes in Magnetic
Materials with Long-range Spin Interactions

RBEH s
ZE H HEAREIE S v —
(1) FAB:

REMEARIC BT DI AOR LB FE 2 R D Z &, BIMERSFOEaA L L CRIHTE 2 &) HE
e KO ARE — B E WO BLEN LA SN TE L, VI ab—va e vk
TR, EBRTIEI S 202 LIS WNETOREXAIE R & &2~ 25 Z LTk L TR AR E -,

Z 2T, AP m%%#zt/ﬁﬁwmﬁbw@%ﬁwﬂhtﬂ4t/«w7ﬁm (RS o B4
TR =0 7 Y HFRREHWEY I 2 b— g A REEREA/ER TH 5 RKKY FHAE
RRRRREFHESEH 2D ANTIT S 7o D7 1 75 (rkky lle) #WF1HE L, @t L7z,
RKKY MHAEMT 2RICEBNTIE, FEMEREFICED T X AARRICONTHHMRLZ &
IMTEDLEWVWIREN B D, £z, PREFHAENERNTT X TOBMRICFE L, BIFIRREI S L
THBEIIRDZIERDD, 2070 s T MEfWT, MR Y — kT DR EGHERR
B AEAERICT VAR ABANS 2RO 8% 2 IRTEK O 3 RTTRIZOVTHRITWD, &
7oy BER AN T AT DN TS 3IRTEI R TEIR2 E 2T D,

(2) FIARE-BR:

FHEEA MM AEERZE 10
TonA B o~V RN Z DN,
TrHEy=10T7v Y RE i
WM AR 71 75 Bk 0D
3252 LT, SRR T X
LR AEGy AT A0y a —0.0 % 000
L— g URARBIZAR S T2 D T,
2IRTCRICB T DHMRAF L IA —(.5
VIR ED MR B YV RN
TNRERHZFioTo 3 IRILRID 1.0

BIFAWRAXRALI A 25T
XA EIZ OV T, ATV D,

AEMAAR BRI . BB -FE AR

BRIV, SRSy, ERE K1 3 @D 5ROFRED A Y UEEOH], L
DAEIZ & T, Kkx 2B IREED VT LT [ O REAL D RSy DA % #3, IEL 7 1[0 A

B, NIA THEEER D ZLENTE D, ﬁﬁﬁmwmm
M1, 3ENDHRHROFH EAFn LT < T mNTREEME B IE LTV D,
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DAY VEEDOHIZR L TWD, HESROARA T A THEEERLD 2N TE L, HEHMO

AbiZfiafn L e < T, m RN S FE L TV 5,

X 2. 17T EBNOLRARICBITAAFANIF AN U TIZBWC, ANV YT 4 —F =

NROENDHEITHSL, Erbi ME, FlE,. R EEICBITF AXFALIF AN TR
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MEARLTNT, TREN, KEFFHEDYD | 2= R0 BFEHED &0 X912, A RY U7

TNV T A —=F = VBRLND,
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2 oy h FAR A g v Yt i L et A LI R S R S
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(3)

1)

2)

3)

4)

naEl, ErokTE., vEE. HEECBTAARAIF AN VDAY DX
ERLTWT, TNEI., KEEHEIY . 32— BEEtED E ) Ko, ARV I
TNV T 4 —F =2V UNRAR BN,

HRURMER, TURHER., RXF):

BEmes, “MU- M EEH 2 & 2 WRoTRBEMERIZBIT DR ATV 47, A ARMES:
22019 FFRKFERE, KR, 2019.

FEEDYGEE . B -AH BAE A 24 o i e e R o JL R RE” . A A FLFE 5 75 RIFER KRS
R, 2020.

T. Yokota, “Various Topological Spin Textures in a two-Dimensional Heisenberg
Ferromagnet with Dipole-Dipole Interactions”, Journal of the Physical Society of Japan,
Vol.89, 2020, pp.014706_1 - 014706_6.

SHROFATE:
AR IR LR AR 2 FERIC TR D T D DA B NV TR 2 5 o 2= 72 Y A%

HAOWTHEAEMICHELS v = b—a o Tlidk, BB AER TH 5 RKKY AHAAEH <5141
HAEHT A5 o A AFRZ, BREOGFEL G 3 IRIER TITEERERN L 2 . -, 28

DOFIFEBIBBE L 725, 2D OFRITK LT KGR 27 AR 2kl L T E 72wy,
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56 ERIRFHAERFZELEI—
HTGR Research and Development Center

56.1  MCNP6 [2&5 HTTR{FIL®D 3 Rt FEFRAMEE
Calculation of 3D Neutron Flux Distribution in the HTTR Core using MCNP6

Hai Quan Ho, 7 %
HTTR #HAfrag

(1) FABR/M:
Calculation of detailed neutron flux distribution in a nuclear reactor is important for

understanding:

@ neutronic behavior of fuel, control rod, burnable poison,
@ estimating detailed power distribution,

@ core optimization and safety analysis.

The purpose of this study is to show the detailed neutron flux distribution of the HTTR using
a Monte-Carlo MCNP code with FMESH tally.

(2) FRARE-HER:
(2.1) Methodology

The HTTR is a prismatic type of HTGR, Fuel CR
block block

containing 30 fuel columns with 5 stacking fuel
blocks per each column. The fuel block is a
graphite hexagonal block, with 36 cm in width
across and 58 cm in height. There are 31 or 33

fuel rods in each fuel block, in which the average

enrichment of uranium is about 6wt%. The

Permanent Replaceable
reflector reflector block

guide blocks, 12 for replaceable reflector blocks, Irr;iiia‘;(ion
oc

Fig. 1. MCNP6 modeling of the HTTR

HTTR also contains 16 columns for control rod

and three for irradiation test blocks. The whole

core of HTTR was simulated with as much detail
as feasibly possible. The MCNP6 modelling of the HTTR is shown in Fig. 1.
MCNP6 provides the FMESH tally, which allows the user to get the tallies in a very fine

mesh. This study used the mesh tallies with dimensions of 430X430%10 in x, y and z directions,
respectively. The tallies were divided into two energy bins, thermal and fast, using an energy

threshold of 2.38 eV. The KCODE option was used for neutronic and criticality calculation.
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In this study, the number of neutron histories per cycle and the number of active cycles

were 20,000 and 1000 (excluding 50 inactive cycles), respectively, to achieve a small standard

deviation in keff. As a result, the neutron flux could be achieved with a relative error of about 1%.

(2.2) Results

The 3D thermal and fast
neutron flux of the HTTR at
normal operation are shown in
Fig. 2.

It can be seen in Fig. 2 that
the thermal flux is highest at

Y direction (cm)
Y direction (cm)

X direction (cm) X direction (cm)
the center of the core, followed Fig.2. Detailed thermal (left) and fast (right) flux
by at the replaceable blocks. in the HTTR

The thermal flux at the fuel

rods is not so high due to less moderation here. According to Fig. 2, the fast neutron flux is

only significant in the fuel region. It decreases remarkably at the reflector region and

permanent reflector region because of the good moderation of graphite moderator.

In conclusion, this study calculated and constructed the 3D thermal/fast neutron flux for

the HTTR using MCNP6 code. The flux could be obtained in detail even for every fuel rod.

This result is useful for understanding the neutronic behavior as well as for future core

optimization and safety analysis of the HTTR.

() BRYRMER, TURER. WXH):

1)

2)

3)

Hai Quan Ho, N. Fujimoto, S. Hamamoto, T. Ishii, S. Nagasumi, E. Ishitsuka,
“Calculation of 3D neutron flux distribution in the HTTR using MCNP6”, In: AESJ 2019
Fall Meeting, Toyama, Japan, September 2019.

Hai Quan Ho, Y. Honda , S. Hamamoto , T. Ishii, S Takada , N. Fujimoto, E. Ishitsuka,
“Promising neutron irradiation application at the high temperature engineering test
reactor”, Journal of Nuclear Engineering and Radiation Science, Vol.6, Issue 2, 2020, p
p.021902_1-021902_6, DOI: https://doi.org/10.1115/1.4044529.

E. Ishitsuka, K. Matsunaka, H. Ishida, Hai Quan Ho, T. Ishii, S. Hamamoto, K.
Takamatsu, I. Kenzhina, Y. Chikhray, A. Kondo, N. Takaki, N. Fujimoto, “Report of
summer holiday practical training 2018; Feasibility study on nuclear battery using
HTTR core; Feasibility study for nuclear design”, JAEA-Technology 2019-008, 2019,
12p., (Japanese).

(4) SROFATE:

Future study will develop a new utility tool coupled with MVP-BURN code to

automatically seek the critical control rod position of the HTTR. By using the new tool, the

determination of control rod position becomes simpler, the handling time is also reduced.
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57 BRFYAVILHAERFELL2—
Fast Reactor Cycle System Research and Development Center

571 ERIFAREESRNTNVL-KRICEZBERZTI—FOSEL

Advancement of a Computer Program for Sodium-water Reaction
Phenomena in a Steam Generator of Fast Reactors

IR BETE. R SR MR A
VAT WNERFENTRAE 7 v —
(1) FABM:

TRV TA (Na) GHEERFOESIEAS (SG) ITBWTREVEREIZHHEANAEL D & |
JED KT ZEL DS Na I~ L, Nakm®m%ﬁﬁ(Na;M%*)%&5ﬁﬁ i
BV =y BB END (K 1), ZOKIBY =y MRBEET DB ICHET 5 &, FRED
I (V=27 =) @I LICEY REIR N A5 & 2 L, BREEvE 3 &%ﬁwﬁ(@%
B88) ICEDAREMENA L D, SG ORREH R OGN ClL, BEAVERBEHEORET L 6
%ﬁﬁ#é:tﬁ%%f%éoﬁﬁm?i\h%ﬁﬁ@ﬁ%ﬁ%ﬁﬁ#é%ﬁﬁ%%ﬁi&(v
AT L) L, FEERBRARE T2 Z L2 mREMZRERE LTS,

RFAM > A7 L ORERRE SR & L C, Na— KR K OVERETEZ Aoy 240 & x5 &35 2ot
it 2 — K SERAPHIM D BH%& 5 % D T D, BERITHEE T2 AV T id | BEVE OFF
TET DEHERIR R ISR U CTREE 2 1) 13 5 72 0 & 7 AR THE o i 2 £ T
DT &2, AEEIL, FEERKR T M SERAPHIM = — RO 2 MR ERBOILFTEZ B L LT,
REVEREDIFET DIRRTO Na— KGR 2 AT L=, S D2, REFRMMD T — v
D—>Tdh 5 LEAP-II = — ROEHIZE T 5728, &R 7 H SERAPHIM = — N2 X 58k
1R TO PRI & ke 20 U, RIS O MRHT S E 2 HE58 L 72,

ﬁf it

&IKNa

Ry Z Q?\O
VIRT—Y
O OO
HEE BEEE B E T IS @30

Wi (BRI TFv) BIHMERIRDHEE

1 RISV =y b, BHEEORE, KOBHEISRE
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(2) FARE-BR:

FEMEERS 7 SERAPHIM = — ROFHRZENMERCZ Y A MRS 5 70D AR BVE B R DR 14
Na HKZ KIS H 2 1555 L 72 SWAT-1R G5k 2 cF SIS 2 2 L 72, 76, AIEEE £ TR
THREHEZEICET2MAEZER L, 24 227 v 7 BERFMEOTRD HF, A v o IR
LT LRI 2 E 06 U7z, B2 IS, AT IRR Ot A v o 2 2o, A BR TR,
MR AR, IR Clids 2 [EE SNz 43 AOBHRGEVE DNHRBE SN TR Y . eI iuic
Na BFEENTWD, it FEICH DREE O IRICERIT DI BEEAL L 0 . &EofafnK
KR B~ 5,

B@IZ/RTHY | HARILD EFTRERICL Y FEEZ B2 28N BTN D, 2, &
KILD EFHTIHARERINEL LTEET 2 —FH, 2R X0 EH IR RS LR DK FEKEE
ftF FU v (NaOH) BFELTWD, F7o. X 3MIIMENT T O I 7 IR E /540 2 3B 5 &
L= D THY (EBRFERORAIEERT ORE ) . FETRE RO mIREE X ERE R LY
HIL A LTV D, FEBRTITMAE LY D BN 72 R © Na ISR S, (mEVE R O
BEX O—EITEIEREZ I L TV D 2 ENERDFERDO—2>TH D EEZXLND, —F., ¥
HALITEVWMBEVE A, B OJEFHIXEREE CTh 0 ZESHIB B RAKMHIREZFHIIL T\ Dd b o
EEZDLND, IREVE A, BOREETIE, EBR, i bICk®IEEETEL, £OREIXFRR
EThdZ LE2MER LT,

BEFER AT — N D—>TH 5 LEAP-III 22— R & LT, KFHHE =2 2 T Na il
FE53AR % B9 AT E T L 2 HFS R T 5, ATV ClE Lagrange B I LV RS Y = R 2E
A FHET 5, ERRoIEEER T SERAPHIM =t— RIZ X0 | BEOSM T it &2 3
i L. LEAP-III = — RDET /LT A — & It & OWRRE L& 9 D TS R & 1572,

(@400 MMy Na#HEE RS 470 °C
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> KFEFURE :352°C
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> BEHERE AR 43 e
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E i
8 it SHiEES
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-~ EHEEEE i
EEEHE i
FKEEFRD S
FEKAEYKES i
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HERAR AR EHEET AV 2

2 MRETRIGR, FRATIRSR L OFRIT A » & =

- 126 -



JAEA-Review 2020-021

.1 0
I [°C]
00 .1400
I4OO

] [kg/m?3]

r .2.5 B
Io.o KA

o EKEREER fETHER
KEREE
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Q) BRYRMNESR, TURRR, WXH):

1)

2)

3)

4)

5)

A. Uchibori, H. Yanagisawa, T. Takata, J. Li, S. Jang, “Advancement of Elemental
Analysis Model in LEAP-III Code for Tube Failure Propagation under Sodium-water
Reaction Accident”, 27th International Conference on Nuclear Engineering (ICONE-27),
Tsukuba, Japan, 2019.

A. Uchibori, H. Yanagisawa, T. Takata, J. Li, 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, 2020, pp.19-00548_1-
19-00548_11.

WIRIEE . BIR B, sl KBEZ., “BEAERBEEFS ST 2 8Effira—
LEAP-III B3, 24 [AlE) /) « = VX —Hfrs AR A HE, 201946 H.

NIRIRE . BIRSR, mHE, KEZEZ, “BREHREEEFRIC T 28 Efr=— K
LEAP-III ®OBA%”, -2 08, Vol.86, No.883, 2020, pp.19-00353_1-19-00353_6.

A. Uchibori, Y. Shiina, A. Watanabe, T. Takata, “Application of Unstructured Mesh-based
Sodium-water Reaction Analysis Code SERAPHIM”, Proceedings of 18th International
Topical Meeting on Nuclear Reactor Thermal Hydraulics NURETH-18), Portland, U.S.A.,
Aug. 2019, pp.5315-5324, USB Flash Drive.

(4) SROFATFE:

Stk HEEER T SERAPHIM = — FiZ &k 0 JREE, JEERVERLE RO R 72 5%

TOMENT 2 F2h L, 24 PRI O R 2 X St & LT\ 5, 72, LEAP-III = — RO
RETNREICET D7D O b FE T 5 TETH D,
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572 ERIFFHRMEIEDY)—TRFBEGICNT HIEME T
Structural Reliability Evaluation of Fast Reactor Static Components Against
Fatigue-Creep Interaction Damage
mE %
TLyUiRe s N—"7
(1) FABEM:

TN U U L AEIEE ORFEZ J 0 B0 LGB S RRG 2 BT 572012, Y AT AMb
BUSHE S IRESN TS, FEETIE, B (12 5BdEMEEZ 5 WoE) 2HEs L TT
DOBEIHIRTT 0 BIREARE L, Y4B BEMEEAZER T2 L0177 FOFHEEBE L T, #E
SRR TR R, A ORE T 2 EME BT AMEAR ST 2 2 LIk D BEE
EEHOGHYb L  ZatE L RFETE A TN LSRRG 2 e s 20 2 &2 AR L T\ 5, BRIZ,
K ERSAR T2 [T ) 25 20 M OVBL A% 1A% Section XTI O A4 @ i HIF FIHERFBLES O ELE  (Code
Case N-875) OBRRICFBIENATRHA SN TR, SBOERBHFHINTVWD, —T7, VAT
DMEBUEBE S OFEAIZH 7o o T, BEMFHMENEE L 22525, F U U LmEIEEE O F 5
FHIRT D EEMEE 2 — FIZEEHRICEH SN TN D LITE R R, 207, 47—
Tl T M) U AREIEHEFONRKRNBRBEA W= LTH L7 ) =TI EEEZIR L LIZE
FEPERHN = — N REAL-P OB ZHED TS, AR = — FOMGEEZ B E LT, BIIRMAZIZB
B ST HEMEREA 2 — R & OB AT 5 72012, JF L RS 2 x5 & U 72 (S FEPERTAN 2 5266
L7,

(2) FARE-ER:

REAL-P # HHW\WTC, F MY U AWmHIEEF OO FEE L R & Lo, 7 ) — 7575
£ D B A R K OV R R & A L 7o, B R OV AL R ICBY T 2 T FIEIX, B
AT BRI RS SR RER OGB4 R F A ICHEL L 72, st
JRFEMTIZ OV TR, AR E L CES 1mm O2FRMEIE L, SMHRIL, Bl E B
WhEY T AR Y ab—ya kDR, ERHESGEER 1. 2 18T, IBAICoW
TiE, BARBAMEROBRERERZE LT, a— FEOKBRES IS L H1T, EBED
ARV D EMICESEEL TWD Z LICHEREPLETH D, KRB OEFMEREAGRS R~
DEBZMERT D10, £, 22— P TRRIZEDNE UG E OBER OIS TH 2O,
K2R LTIERETCOEREMRERET D0 —A2 (=2 1), ISTNZET 2B x OB % fe#
B LT, TOMITMEMHE L Lizr—2 (r—2 2), EICBRZREMRITHEG T DM EEE
BT D2 EBO A EMRES L Lizr—A (F—2 3) ROEIRMERITM R ORI D 7 & e R A
BeLler—2 (F—24) OGH4r—RA&2FE M Ll, £z, #7703, wWinhod
AH 104 Lz,

BAE MR BT SRS R (BRERGX DRI DD EHREL L LIz r—X 4 %5
<) X VITRT, ISHOFMEMAEZESHEELTWVDZ D, K 8.4 - CTREEA D S FEk
KB BO%ICES>TND, F—A 2 & 3 TlE, BHARBERENGVEIFTENR N, 7
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— R 2TONWTIE, EEEENE—Th Y | BRR MR 2 RITHIC IR TH D720,
BAREMER N 5, 25, 50, 75 MU 95% OFHlifEi 2 & T7 m v b Ui, fiftradiifiiL, REAL-P
OFHEfEE < —HLTWD Z EBnbnd,

BAUERMERICET 2FHERE R (30 T OREEREO REMES M) 2K 2 1277, B
=R 50% D 30 FFix DBLGEREIT, MIHIAZES 2 1 mm THDHDITH L, K 8.8X105 mm
LHEINTHD, T—A 2006 4 ODREMERDSMAICRE RETRroTe, —RA 21220 T,
1 EREE, fEMTRHMIEZ ST 7 e v b L7223, REAL-P OFHMEfEE K< —&H LTk,
REAL-P NEM LB O 2K L TWDH Z ERbnd,

IS DOFEFERICOVWTIE, (B T3 2T A X% L7 GENPEP & o Hfgiofik &
. 7V —THREREHREIC I T 2 R 2 OEW O BT GRS R %R E D 2RO b i
20D, WTNDT —ZZHONWTHRREMHRSMIT 8T 2 2 LA RENT,

#F1 FHm AT A—%
IRNT RA—H i
ipet 304SS
£ (mm) 1875
HWE (mm) 60
TERTERRIF OIRE (°C) 530
IR IR DIRFE(CC) 200
FEEAE R (n) 210000
v — 7 BVOT BiM H O REHFE (°C) 5
E#—wii) (MPa) 1
JiaJ158 S i (MPa) 350
P — R IBS T 0
= < 5. " #V C “;‘\
DI R DA 0
(MPa) TRIFEI S 0
RIS 175
A7 FE Y (MPa) 215
O A EHE (mm/mm/s) 1X108
30 4 T O ElE[A %L 460
# 2 HEREH
e RAHL SariTEil rh e fiE ST EE Y (e 75
BN RER L, ¢y () K IE A 1.00 0.078
7 U — TR W IR S, ar (5) SHEOEH 1.00 0.560
7 ) — T OT B, ac () R ECE R 1.00 0.800
W 55 FH IR L, ar(-) SEECE IR 0.10 0.420
e Sl e e T
7Y 7%?%%5@;5? % G SEERL | 1.59X1072 0.422
¥ 57 € SHE R FTA X DR EL, Cr(mm™ ™ /N™) SHEOEHL | 6.34X105 0.422
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) —TRFaRERRImm]

2 AR R R AR A

Q) HRUYRNESR, TLARR., RXH):

1) S. Takaya, N. Sasaki, T. Okamoto, H. Machida, “Verification Benchmark Analysis of
Structural Reliability Evaluation Codes for Fast Reactor Components”, E-Journal of
Advanced Maintenance, Vol. 11, No. 4, 2020, pp.124-131,
http://www.jsm.or.jp/ejam/Vol.11No.4/AA/AA165/AA165.pdf.

(4) SROFIATFE:

AL, FD B 2 65 & LR 2 Sl L7228, AR b . R Sl an o B S A
EH LN b, mdir s O fF il 2 /K L. A% = — F REAL-P OMEEICHRLTLTE

"G‘gbéo
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57.3  SPIRAL O—FIC&kAHEREXRH TICHITORBEMHESARNRRBEN

Thermal-Hydraulic Analysis of Full-Scale Fuel Assembly under Low Flow
Rate Condition by SPIRAL Code

FI O OBEE. ZGH ko, mR OIEBE HE RS
TN—T T N AT LEMEHE v — T
+ VAT AEERE X — SRR RS e ==
(1) FABM:

etz L7c T b U U A HEIEEIE OBEERESE I T F O G F R S TR R oD
i 2 e U T O B R & [BHEE T 5 7o oD REHE S IR DI NIZZETRROWNE X 7 b2 f 35
WREHEG R (FAIDUS) OHOMIZ, HARTEER 216 L7 F OB EEER L > X7 L OB D3R
FENTWD, BARIEERIFICIX, FIDEREN ) & 7220 | BRBHE G IR O AT Wr i IR EE 5347 A3 -1
b3 2% & &bz, TREPFERFEIZ LA JFOamIE it 25 KIEITAR T 3 2 7 OPREHE B IRIN O i =i
X ERT DRSS, 207, BRIEERSMZ2 5 IR EREREOREHE S RN OIREE
DA EREE LRSS Z ENEE L 2D, RS, FAIDUS Ok Z2 M+ % LT,
K% 727 Z o MBI T COEGERNOIRESMITKT H2NESY 7 S ORBEIZ O\ THET
LB B D, AMFGETIR, BREHMES REREREIENT = — R & L CRT 2 T\ 5 SPIRAL
a— REMHWT, 7 b U AGREIRAECEA S5 FAIDUS % %502 BARIEERFE Y ST
FENT ZATV . WEBGRENFE OEEA B & LT 5,

SRTTAEFE T, SPIRAL = — ROIERFRE S HRERUT R U CEFEARVE 28 L2 ORCRMERER
BEITH Z & TEEb 2K 5 L & bic, FAIDUS OEifESM: FIoR T 2T 2 3206 L Ttk
K ONREE AT R Z AT T 2 & & b1, ERid & O @i AR O fEHTHRE R & D R & il
K ONBESAFHEOBENE G5 2 & & Uiz, FEHIRRBIREHE S R OMITICITER N £ < |
IR B F IS OERICERMZEST 52 LD, &K CPU T X 5 K - B (%
ATy 7)) OWHEFHRIMLETHY , KAUEEE (ICEX) OFMHRMUEATH D,

(2) FIRRE-HBR:

E. Tn s T amdd L - WHHEIEE L LT, SPIRAL =t — ROIEFRIE S R fiREIz O
TR AR Z ECE (BICGSTAB 15) . — LR ARE (GPBICG %), ML E
&1k (AMG 15) S OAFEfEEZ#EH L2 OBORIEREHEZ Fi L7z, WHOZ7 A4 77 U D T)K
BWiRET 477V Lis) & MBS EKTIET A 77U AMGS| OFLAAR BT, ik 72
ATALER & ATHIfRE DM AT DMGES N7, AMGS (255 AMG B & CG iEIC L AEERN
IV HMERE &2 KIS L= L L TE 1ITRT,

T, KHERENT & U< KRS T2k 5 FAIDUS OBGREMENT 2 i L7, X 11
FRHTIARSR & R E 2T, BT RITNE S 7 N 255 AR E v AR E LT, REHE
AN LRV 2 7 R 1.000m 285 TE2 1.844m(VA Y —E v F 9EBESDOEX)
IRMTRIG L LT M UISRT L9187 v/ —"ETAHMAE 1 EpTICNE X 27 k2% L 7=, SPIRAL
TOMNT TR U7 L OBEERIBIIN 4,600 T EFZETH Y, 2,048 CPU |2 X DWW HIE
BEFHALT, A4 L5277 1048 T 300 B E CTOMMT 250 L7, BEREMHIT. AR
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ANIREA 395CE LT, BARMERIFAZIAE L TRt EEIFEDR 8% L 2 M E EiiE (M=
1.026 kg/s) M OMEARRFEEE (@=0.249 MW) 2% E L7z, AABRICIZV A P—E > T 1
By T & ORI CEBIER S A Lo oM a2 ORIV APy T 1
oy Byl & OB CREBER S A EH L2 E 0t EhEnG 2 Tnb, BESERIT
Non-Slip &4 & L7= T Re £ 52 vk U7-BER5c 2w A L=, £7=. &LfiteT v e LT,
JE U~ & ELIREIR & TIeBRENRHE 2 RAFICHBLICTE 2 Hybrid B! k-dko-coT7 V2B H L7201,
2 IR ESAETOBREL 27 Biin & T O KR 23 1T 55 7 F ¥ o RV 7 i
OO, K OMKH R & @RS Ta T B 7 T v U RV BRSO ik A R T,
PRI LT RIS TIRRE I O RIZ L0 | BB = 7 BB W CTHREARNRE N SV ES
Ml O FRIE DS A L COFRRBNS T v N E R OFEEHAME T D8R & 72 5, IREEICBI L T,
EEERFMU DTN EH-3 2 Z &1 X 0GRS M OB AR S 4, @i &R &t
L CEAREARNT R 2 —EIC LI BB IR KT U TR0 & 72 DR
B,
[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.

F 1 IERIPRE 7 R A TR ARA ISR MR RE 00 T E G R

fig 1k Solve_p+ [sec] &R
Original ICCG . 8.922 8107
ILU-GPBiCG 88.627 25381
SSOR-CG 9.066 7965
ILU(0)-CG 8.753 4306
Lis SSOR-GPBiCG 90.419 30571
ILU(0)-GPBiCG 33.947 7643
AMG-CG 620.051 114605
AMGS AMG-CG(RT A — & KFHE) 146.007 28056
AMG-CC(¥T A — & FHEE ) 3.323 368

4

() 255 AL EGH (VA Y —1%%) (b)  FRFWTHZ SR & (—H)
1 FRATIRSR & 2SR5
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:‘; — a7 L% '

----- a7 T
0.5 i
-1.0 -0.5 0 0.5 1.0
rir, e [_]
‘H‘ 7?2 Y V*/Vﬁﬁﬁﬂﬂﬁﬁﬂﬁﬁﬁ . Wsubch. “]j‘ 73" Y V*}Pﬁi@?ﬁfﬂ*ﬁ{ﬁg : Tsube.

[ﬂtﬁﬁiﬁi{giﬂﬂjﬁﬁﬂ{ﬁﬁ . Wmean

(@) Y 7F ¥ EHETEELRE () 27 BT T v R E LR
(R ESEToa T e T (IR & & B )
2 fEHTRE R

Q) BRURMER, TLRARR, WXF):

1) 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+M(C2020), Japan, 2020, No.3276378, pp.73-80.

2) N. Kikuchi, Y. Imai, R. Yoshikawa, M. Tanaka, “Validation of Subchannel Analysis Code
to Thermal-hydraulic Design of Fuel Assembly with Inner Duct Structure of an
Advanced Sodium-cooled Fast Reactor”’, 27th International Conference on Nuclear
Engineering (ICONE-27), Tsukuba, Japan, 2019, ICONE27-2293 (Presentation Only).

(4) SEROFIATFE:

IREHE S RBVR BN REMARNT = — N SPIRAL D2 4MEMERR & . IREHE B IR OB TT I BBAT 3
MT 256 0OBMEHRZOEEZ AR L LT EERMUIST N U LAGKEZ AT 5T F) U A
RBRIAR (GRI1) TOEAWIMUN LERBA S N 56 DR A FNBGREN#T 2 Ehi 3 2 TET
H%, Flo. A% b4 OBRBHESARIERIC & 2 2 M MERERRMIT 2 0 5 & & b I, R A~
Dl & LT, ke IR TSI £ TR & (RN O BB R MERT AT 55 D AR R
Wrahid s TETDH D,
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574 EfIRILF—ELTHILOI—K MVPZRW=FRIILSHEERF MOX 4
FHF D DD RRT

Calculation of Core Characteristics for Sodium-Cooled Fast Reactor MOX
Fuel Core with the Continuous Energy Monte-Carlo Code, MVP

ZANE I N <7 T TR A e NN § /AN~ A 7
R LR AT R 27 L —

(1) FABM:

ISEHE B RCHIBEIREE SR &) o TP DA R B35 2 FE SR ISR L 72 24P D o= f /L F —
BT AR GHRIT B RARET AR ET 2N T EUNEE A ERWERTFETH D Z Lk,
FEERFI AR AR/ L ZENTE D L L BIC, B EFLFETH HDRERNFEOSREE L
THHIFFTE D,

AWFE T, EERR - EEO T TEBINTWHERPIE 7m0y = 7 b T E &R R E
EBROFMEIR S F~—7 ] O—B L L TEM L7 OZRERIT I W T IRERRRYTFED
BIR AT D720, KREGIREK S 27 AaFH Lot~ —F 7 H/bn =2 —F MVP
(Z kD RHR A LT,

(2) FIRARE-BR:

RBHESIRNOIRELE > YT w8 | IR A RN OWIUA & o 55 4 ]G FE T L 72 0P
CORR ARG L, A0 O (BRSUE, SIEESOS AT, 7 U O AR A REOGES) 129
W, MVP 22— RIZTHEIBEEROIMFFAEDN 0.001%LL F &b ETrtAEEFEM LT-, 725,
7 —4% 7477 VX JENDL-4.0 2 f L7z, X 1A OEERZ, X212 MVP =2— R T
HEER DB 2T,

MVP 22— RIC L OO iR & ERRBIIIT FIE TR DAL 3RS R o bl & 32 L 72
E A, REMMNBNT FIETHEONZEMEEE FEITIR O N T,

) MRUVARNEFER, TURER, WXF):
Ak, ERSHRELZBECTINOOMREBRERFE L T FETH S,

(4) SROFATFE:

DI KERFIESR, T =2 T4 7TV B8 LI ORI 2 i 2 TETH L7
D, WHEELIES KAGHE#K S 27 LOFARARATRTH 5,
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1 HDALEX

2 MVP TORGEMAZOG] REHE SR ZHER)
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575 EFEIRILF—ELTAHILOO—F MVP ZFERALEFR)DLSEGERIF MOX
PARHE D O IS 353 7 R AT

Numerical Analysis on Thermal Stratification of Sodium in Rectangular
Enclosure with Conjugate Heat Transfer

T R, B IEBE
77 v NV AT MR 7 v — 7
(1) FABM:

TRV YA (Na) HAEEFICEBNTERT RS HERBGRHBGZO—DIC, LT LET
DOWRFERE LR 2T b D, Na HEHEF Tld, PR E%OJRFFAEGEN TIEFEOE NS
OARIET R U 7 A5 EE 7 L F AENCHRA T D BRI FENUARIR AR, IS e sEIk S PR S
DIREEREE A L, g St BT 100CREDIREAZZECH AR H D, 2D,
SFRE SRS O EVEMEROBLEN D . g i COWREZAIRE AR, RER O & 256+
DTENEELRD, RIS TR, KBRZBEMITICESETHET 2 2 L2 B Lo FiE
WEAEDTH Y, BIRAF My FH%OEERELE FERITH A U wEDIFR Na iz
AW 4R A D T D, — T, EFICBWCTFE RS L ANICH HIZ & E R E T
HHA T ORBEARE Y AT L& O D5E Tk, BEEECRBVERE e RESED 20 L TEOWN
SV CEZ LD 72 SO DR all CIRIERE AT D, Z OFMIC I, BASHEE & i i & o
WM ZED BN LEEL 12D,

AW TIE, (AFE CEA THEME S 72 MBS EL (L O AN Na 15 RE LR
(SuperCAVNA FR) %t R ICERENRAT 22 e U, BUEMEAT I BS < T 15O 2 Y PR
EITHZEHMNET D,

(2) FARE-HER:

1 ISARMFZE CREAT® S & L 7= SuperCAVNA RER(A[1] 2 7~9, SuperCAVNA 1T, AL
DERD—F77>5H Na 3R A L, BENE A2 EER L72% . SOHAIDO R 225t T 28R Th 5,
T O A ERBE T TSN GRS & B3 2 MEEE (R T L AR) Lipo TR | sBRIARPIES & gL
BEFEHE ] CEAZHAD 2 S v, BUBRIAPNISIRE R R 2N S D 2 E R CTH 5, ABFZET
AT RIS & LTCRBRARMHIR 1 IR d@Y) THH . =7 L (Pe) 73 16,000, VFv— KV
# (R 7230.6 & L7, & 2ICEERMITRMIEZ RS, AT L= — Ni&, 22— PO
ZATO Z a2 AR E U TR I TR 2 oD T & T2 U BAR BRI = — K (AQUA)
BLORH CFD =2 — R (Fluent) ® 2 >% Mo, £0O LT, SMBIREE & 89 2 InEEE T o4
BHBMRIE A B [E LT2 1,800 B DIEE FEIRNT 21T - 1o BUEMHT. BER b X VLT T Mgk
2R Th D, o, MBEEICOWTIE, FRERIRP &NEEE K I O AR BYRE O B EN
WEIRZ LD BUSHIBENT S A v v a2 BRE L URBGHR 217> T\ 5, BEE D b iifE~D
BVmzEld, RE LTI A v ¥ 2 O FRED HEBRIAM (BZM) ICOWTITEMEE & L, B
NI EFHEIZC (Subbotin ) & v 7z,
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R [Cl
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Ezes.r
-250.0

(N — — () GRA) —

(a) AQUA (b) Fluent

— (L)

X2 fRATAE RO GEE /AR O )

X 2 (ZRHTAE RO —fF & LT iENTBIAAD B 1,800 RO DR BR IR ZE 23R OO Wiy 0O 1R /3 A7 & 71
T, AN & AREBEEIC OV TIIARE LT D, AQUA, Fluent Ol =2 — RILZ, BEBRIKD &
SHMOPEEfHE AR E LT, EFARICREARN RO T Y, B8R E BAFICHET
XHZEmbhot, —5 T, AQUA IZ X BENTHER T, Fluent |2 & 2 fbTis Bl o~ pk g
SN CIREEIRHA K & < ARIRSEIDS A WEIFHIZ M L TR Y | W DERIZHOWT, BlfE,
B2 EDTNDE EZATH D,

[1] R. Vidil, D. Grand and F. Leroux, “Interaction of Recirculation and Stable Stratification
in a Rectangular Cavity Field with Sodium”, Nuclear Engineering and Design, Vol. 105,
1988, pp.321-332.

Q) BRURMER, TURER. WXH):

1D JEEE, B, B EEE O N o A EIEEE O AUE LB S B3 2 B i
Br — BB 2 2L ) AT N U U AR B A2 X8 & LT TEO AR -7, B
AR T2 2020 LR IR K SER R U5, GHBAE > S08110, 2020, 5p.

(4) SEROFMATFE:
S b REHEBIZIW T, Fluent 2— FEZHWZEHR 2/ L. AR L7z — R
DFFHTHER D ZEFIT OV TR D & RIS R R LR RT3 2 B AT #F Al T4k O 2% 4 4k
fifesd 2t D> T1T <
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58 HEREMRMARLELI—
Tsuruga Comprehensive Research and Development Center

581  EERT—AZRW=/\L/NYNEES EMAT OB RODBIRIaL—ay

Reconstruction of the Magnetization of Halbach Magnet in EMAT from
Experimental Measurements

Mihalache Ovidiu
T~ U U LB v — T
(1) FABM:

The simulation work is conducted to understand and simulate the In-Service Inspection
(ISD of future Fast Breeder Reactors (FBR) components using a combination of eddy current
technique (ECT) with ultrasounds (UT) as in electromagnetic acoustic sensors (EMAT).
Higher amplitudes of magnetic flux distributions in EMAT can be obtained using Halbach
magnet arrays as shown in Fig. 1. A periodic arrangements of horizontal (H) and vertical (V)
block magnets with magnetization oriented perpendicular in each unit block creates a higher
magnetic field focused above one surface of Halbach array than a standard periodic
permanent magnetic array. However, the performance and accuracy of EMAT signal
depends strongly on the performance of the magnet (magnetic field amplitude and
uniformity) used to generate ultrasonic waves. Also, the magnetic field of each individual
block-magnet is slightly different than the published manufacturer data, resulting in errors

in estimating the total magnetic field uniformity and amplitude in Halbach magnet.

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

The present research was focused on reconstruction of magnetization of Halbach magnet
in EMAT in order to be able to simulate accurately the magnetic field influence in EMAT
sensors. The reconstruction of the magnetization is based on experimental measurements
conducted outside of each magnetic block or even all Halbach magnetic structure (after it
was assembled). In the algorithm, an iterative procedure starts from an initial

magnetization (manufacturer data or zero magnetization) and computes the field (using
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theoretical formula based on constant magnetization) to compare with external field
measurements. In order to account for the constant magnetization model formula used in the
algorithm, each H or V-block magnet is further decomposed in (nx-ny-nz) division blocks (up
to 40-40-40). An example of the performance of the reconstructed magnetization My (using
ICE-X supercomputer) is presented in Fig. 2 only for one H-block magnet (the error in the

external magnetic field computation is near 5% when compared with measurements).

Experimental data
»

Error [%] -

Fig.2. a) 3D plot and contour lines of measurement of magnetic flux distribution above
H-block magnet and 3D plot (simulation), contour lines and error (difference to
measurements) of magnetic flux distribution above H-block magnet using
reconstructed magnetization with a magnet division (nx-ny-nz) of: 40-1-40 ; b) Error;
¢) My reconstruction

a)
b)
W
. == n““m‘*‘.,."' )
‘ | \“
® H U Lol ‘
=) ) = (=)

Fig.3. a) Experimental measurements: contour lines and plot of magnetic flux distribution
above Halbach magnet (0.45mmlift-off); Reconstructed magnetic field outside of
Halbach magnet using b) manufacture data; c) the present algorithm
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In the next it was investigated the reconstruction of the magnetization model of Halbach
magnet of EMAT, after all H and V-block magnet were assembled (no measurements of each
block before assembling), the magnetization is individually reconstructed in each block
magnet. The simulations conducted with ICE-X supercomputer enabled a division of up to
(40-1-40) of each block magnet (66 unit blocks in Halbach magnet). Fig. 3a shows the
external magnetic field measurements and reconstruction using the magnetization model
based on either data from manufacturer (Fig 3b) or using the present algorithm (Fig 3c) to

determine the right magnetization distribution in each H and V-block magnet.

(2) FIARE-BR:

In 2019, the focus was on the developing of a code and benchmarking of the magnetization
model for the Halbach magnet. Because the Halbach magnet is composed through a
combination on horizontal and vertical magnetic blocks, their magnetization is not uniform
resulting in up to 30% difference between simulation models and measurements. Based on
experimental measurements outside of individual blocks in Halbach magnet of EMAT, the
magnetization model is reconstructed individually for each magnet block and then added in
all blocks of Halbach magnet in order to align with measurements. In 2019, the focus was to
establish a code that can reconstruct only one component of magnetization (main

magnetization component) distributed in the 3D volume of Halbach magnet.

Q) HRUYRMER, TLURARR., BXHF):

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) T. Yamaguchi, O. Mihalache, “2D Visualization and Optimization of EMAT Signal for
Small Defect Detection in Thick Metallic Plates”, International Journal of Applied
Electromagnetics and Mechanics, vol.64, No.1-4, 2020, pp.895-903.

4) SEROFAFE:

In 2020, the research will continue to reconstruct the three components of the
magnetization model in Halbach magnet of EMAT. Based on the reconstructed
magnetization model of Halbach (using one component), numerical simulations of EMAT will
be investigated for focused and far-distance detection/propagation in ISI of metallic

structures in FBR.
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59 AR A0 )L ERETER
Fuel Cycle Design Department

59.1 CNWG-LHERE MM ERIFME

Numerical Study of Physical Properties of Advanced Fuel in CNWG

g EA, BTH O BT, PR T
BB A 7 NV EREHED
+ AT LRSS —
(1) FABE/M:

HRMBUMIX, RAEMRF W03 5 “ERZESO T, HRRAMRIFERE D —
X7 7 N—"7 (CNWG) ZHEIET, FEHEO T NV—T1%, CNWG NOBEZREH A 7 Vi
ZERRRE N OB EIRY T U —X L F TN —T R L, SR RIS A 2B L. B KR
DRFGEW %47 > CTE T, WM. ABFZEH L, 5O X A7 120N TEBINTEY, ZOH
IR R PRI D2B I bEEN TN D, FEEIL, TN X X7 OHT TER{LIRE O FEE
Ytk & THREBE 2RI 25T ARV I ab—ra ] ZHYLTEY . ARBGEER]
MTIE, miE TR O BfEME) 2 FT- 2089855 & LTz,

Z A7 AR O BREYE) (B L T, EBRIC K 5 M OMICERRRIC L D
FEHEMERHE R E ENTH Y FRRICE VAN E@EMEEL I 7 akfilarbdiflT5 2 & %
AL 95, AIG, BRLWIREL SR i x BB O B A I 7 e LV TR L, %
DWEZE L, B Ok % 7oA REATREE T23HEXLZEHT 52 LIChHD (FHh
DM FERT, BB EORGE, EERRFORBESIE, BT 7 7 7 v b OIS, ik
HABICHNLRS),

FRBAEA R T 720, BRICIIKE AT T E RAENAFRFT O N — T R LT 5l
Wy FEN ) e FRENEME T 2E - REFAE LG DY T, K4 OFEFZ4MM 5 7217 TR
<, EFTEIENTETHIER 1 21T-> T\ 5D, ZivE CIZiThn=msem 1 & LTk, miRick
(T 2 A CAIRE O LBV D FHIIC B T R FIREND & O F 52 iy 78 ) F T EREEN D
DHGZFH— R R CHM L. S x Ol E R LAEDED 2 & TURERWHEHERIC D) LTz,

Z D%, VR 30 FEIZEBWT, B AT T AENAFEAT TIThN - HMFE LA TiX, 5% O
el LUCL BB E Th 5 7 b v 7 A OPEEORIE & 3T X 2 YRR Ot
YWYET R Z RS D 2 EBNRO DT, M, 7 oAb T AR LBl L, B bRl &
i U< . Bredig /% & FHEN S @AAHIO@IERE COB DR e EAN R S50, Bk
YL & 0 B NTIRWIRE TZ OB N Z 5 Z L5 ERINCBIINE S il T — 4
DESFEREE R DML TH D, o T, HONDIeEMART —& LI, KBEBDOA =X L% B
fR9 52 LNEERAMER D, M, Bredig 858 & 1%, WL 7 v & 4h) &3 W LRE
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TEBANCRAEL, @I TOBMIEICEIN R E L B8R THL 2 L b, BBt O MR
D= DIZ, = DOBROFEMIHERRA NI TV 5,

AR EREF A HFETIX, ERR7 (b 7 LD Bredig B5BICESEZKY . ZOBEO
FAEREEZ I 7 n 2LV THLMNCT 22—, ERDOEONEBICR BT — % 23
THZLITHD,

(2) FARE-BR:

F— IRy FE A2 VT, CaFe OBWIMEHE ORI #1772 o7, v ab—a vV OFik
& LTk, VASP =2— RZ VT, 300~2000K DOIRFEITx L CTEIR%E (NPT) 04y 18 )%
FHREZITVD, BUZRE, = XV BEFIli L7s, T, VAT LAY A XE L TE=
v MEMZX LT 3X3X3 OA—_—t /L (A1 384 &) OREZHN, A LAT v 7 1fs
T, FHICETHET, BEET 1~4ps Dy Ialb—arafTiotz, K1 () ITKRFEK
DOFFREFER L FREZ R L, SHEERIIESRERCETOTAR DD bOD, FRREE L <
BLTWD, £, M1 ) 3T X9 ICAERES EREAZIZTHH L, K2iZiF=r%
NE— L HBOREERE R U, BT v AN —% T T 4 T LT AT 5 2
ETRDIZ, K2 () OB T 0 v T 4 TR TH D, K2 (F) 12BN D X HIZ 1250K
FICE—27 2O E Ny oTz, Zh) Bredig 5 & MEEN A B — 27 2S5 HDTH
HEEZOLND, ERTHOLND E—21L 1400K TH DO T, EBRIE L 0 FHEMEITRVEIC 7
STz, ZiuE, SRIHAWERBEMHE =L ¥ — (PBEsol) OERIZES LD THLAHEMEND
D, X 0EURZHEHET L - NS TWET LI NSNS, £ V2L
— ¥ a UVRERICB W T, R OB & SRS LR R, B ER L &b ICBEIR T REN T
DIV, R ZELO MRS Bredig 58 & RWBIR A & 5 & OFER G LT,

5.75
=~ 50 p— -
- 57 ¢ 1 Exp fit
E“ £ 451 ExpGPR T
= 565 S 40 } AIMDGPR ——
E 56} & 35
g A = 25 :
8 55 _ £ 20 /—'
3 345 FT § 15
-
5.4 10
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Temperature T (K)

400 600 800 1000 1200 1400
Temperature T (K)

M1 HJRESFE IR L D CaFe O e (EX) LBZRE X)) O
&AM, EXP 13528056k, AIMD (3% — R ES FE IO R TH D, BUR

KIZH L TIE, B T8 2 Xk (BExp fit) £72130 7 2 @#EEF (Exp GPR)
THATEHE 7 v b L., TOWHNLRDT-,
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140 " y - -
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120} AIMD —e 41 2 140
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X2 HBFEYFEIFRICLD CaFe D Z e — (X)) & B (FX) DR

() BRUYRMER, TURARR., WXHF):

ERaE®

1) R. Tsuchimochi, M. Kato, S. Hirooka, T. Matsumoto, J. White, K. McClellan, “Property
measurement of CaFs” 13th Pacific Rim Conference of Ceramic Societies (PACRIM-13),
Ginowan, Japan, October 2019.

EN=#

2) g EA. HEF A, A B, J. White, K. McClellan, “CaFe @ EuEE M0, 1 ;
EBRT o —F" BAREAFE 2019 FRKO KRS Fil, 201949 H.

3)  HRkHERE, BTHEE. MEEEA. “CaF2 O L EME D EAM,2; DFT (255 < Ea s,
A AR 11154 2019 £k k<, BIL, 201949 H.

4) SHROFAPE:
LS8 bANIZE Z kG L T PETH B, BT, 8 FEFHR ORE R 2 I LB 8 0 1
B m IO AT 21T X0 SRR MR R 21T > T <,
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510 (FERETHED
Reactor Systems Design Department

510.1 TR LBRBREREARFRITO_EFNEICLLIEDERIRE
Self-shielding Effect of Double Heterogeneity for Plutonium Burner HTGR

Design
e ]
il A ARG 7 —
(1) FABM:

BIE, AARTIE., M4t O Puzfifi L CW5, 2O PulZkf UBAIEER OB B KE DBt
RSN TBY, B NEESL ZOFELZEZITIED, PuoffAEE 2L EES S 220
itk LCWD, BIRICIE, BUIE, N7 ATEELERR O pE AR R ST b 23, Pu LA
DT AT IUE, BEORANTY T, Putldlic o7 N AR OMEIEN TX RN & &
%, & 2T, B MOX REHZ X5 Pulklie, Wb D 7 —< L OAKE AR S 5208,
R — R/ EETELIOR, WO U BREHEKIFE T 6, B # L VRRICHY . 7
— VB ANIZKT B v— RUEE 2 @< oo T D, 2R A E 2. B AR 1 IR FE B4
WK, & LEME., BB L3I ILE T, 70 h =0 LBREERIR T A A CleanBurn OBA¥E %
ToT&ETz, U, MiRTAFOBmNEEMEL, @ PuBBERE 2RI Lz, 7V h=D A
BB T D, ZOBEITIXYSZ LFHIN 2 IEE TR AN L ERME TV b =0 A& [EkT
5 LIk IR IEE @D D TR SN TWD, ZHUC LY, Pud YSZ THAIREND
LT DN, RIS, 2O ZHIFEMEEEM ST 555, REIOGE ARSI S, L&
BITRBEN TR LRRRHC 2 5 2 E BRI BT, £ 2T, AFZE TR, 2o EIYEMED
FEFNS GG EREIA) RIS D72 S DHERR O 21T 5 2 L 2 HINE 5,

. . 1.25 —Pu0; mole frac. = 50%

2) FRAE-HR: 120 —PuOs mole frac. — 40%
A% TIE, MOSRA-SRAC =1 — FIZ X BT 24T, 11y T —PuO2 mole frac. = 30%
—PuO2 mole frac. = 20%

1.1

T TALE TR RO, WHER AR U OB S
TS S BUSENIRETTV, R OBHERIIMIAZ T > 2O sgEmsmT AL

095"
72 MOSRA-SRAC =— FHKIX, PC TN O EHED 0.90 —— y
b DT B, RITERI B SRR ﬁj%mmg\ :
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DRMWoTNDZ EN ML, FRICEVRTFHPEZ, S 780X 0 a 7{FERE<720,
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Q) HRYRMER, TLRARR. RXHE):

1) Y. Fukaya, M. Goto, H. Ohashi, “Self-shielding effect of double heterogeneity for
plutonium burner HTGR”, Ann. Nucl. Energ., Vol.138, 2020, pp.107182_1-107182_9.

(4) SEROFIAFE:

ERT AF DR G 2B ET 272012, BH VAT LD EED D TETHD, TDD,
REFHFR ICE X Ot HEE _%ﬁﬁé&&%:\mn7477jﬁmﬁ%\m%ﬁva7v
AT WOREGAE WS 5,
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511 RFERELR#HIREL2—
Collaborative Laboratories for
Advanced Decommissioning Science

5111 RwBERFHED-OHOL—F—FBETIVEMIIaL—a v BFE0R
#* (1)

Development of a Numerical Simulation for Laser Processing of Fuel Debris
at Fukushima Daiichi Nuclear Power Station (1)
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5112 wBERFHELED-OHOL——FEBETIVEMIIaL—a B FE0R
#* (2)

Development of a Numerical Simulation for Laser Processing of Fuel Debris
at Fukushima Daiichi Nuclear Power Station (2)
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1 fRHTIASR

X3 L—Y—RRERIBSMNIIE R T IR

Q) HRURMNER, TLRARR, wHXH):

1) Y. Yamazaki, K. Takase, et al., “Basic Study on Melting and Cutting Simulation by a
Laser Irradiation”, The 4th International Conference on Science of Technology
Innovation 2019 (4th STI-Gigaku 2019), STI-9-43, 2019.

(4) SBROFIATFE:
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511.3 RBEE—RFHEENMRFOL-OOFEMREBA ORI T—EAXR—ZADEHH

Development of a Detailed Nuclide Inventory Database for Decommissioning
of Fukushima Daiichi Nuclear Power Station
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JFE O T ) DPRBEFE 3 AT0 A RERGAT B JE S AU TV HEER 1 O E A % A= ik I
ETOHBMENEREIN TR Y, T—X T RETREANSE L2 H D, FFETIIENL %
SR L7z 8 RILOBFEA X N T —FRX—=2AEW\IAERT 22 L2 HE L, 5% D
A7z 1F BESFFIEICEH TRee b D & 95, RAGHRE CIZ T — & N—ZAERRIC M L 72 D EHA
FEROIGES L OKRBUE T — Z fRte o A7 LA OBAFRICFIHT 2,

(2) FARNE-FER:

1F 1~3 B OREHES R E2 T T 3 RoeE Y T h ekl a— R CTEHET 2854, £ 36000
Ir— ALK DOFHENLEL 72D, ZOFEITMRIERIZA > M) ZFETE 508, Bl
WIZH L FEHERARE L2 —ABK T T2 ETORMERFT LIZE ZAK 3.4 F000 D
ZEDLEAT ADIXBEN TR, BT AR EOR R BIFICHB X, B Eax
R TELET D70 HEE LT 1IF EHO ORIGEN2 WimfE 7 1 7 7 U Z Bl BH¥
L. &7 —A% ORIGEN2 (2L Vv FEfiit+ 5, 2019 FEEICHREDETHLMEROMLIE THOK
T — X AR 27 AOBRMEITE T Licizd, BE, AFHEICHIT THRIEZED TV 5,
BT —H R_R—A KEWRT — 2 e > A7 &, PCVIRPV ONERESY 7V 777V 5y
HrofE % LG D 2 & T, FHOIERMNT, 7 7 U MHIRIE | BUNREFEAN, AiEEAGTAMm

B SRR, MR ERFAMN, FrEE R EIC
Management
programs

Aoz entes, (M1
+ PCV/RPV internal investigation

« Sampling fuel debris analysis

-

4) SEROFATFRE: _ _ : s
B e o « Accident progression - Fuel debris characterization
SO RBEFEMZM A L, A >~ b . Radioactivity - Decay heat « Criticality + Doserate

F g R— 2 BRI T R A 5T Nuclear Material Accountancy
ETH D, X1 1FEfEA R b T —H_X—Z2DIEH

Database

@) BRURMFER TVARR. RXF):
L
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5.11.4 JUPITER IZ&5 VIV AhOAEEE .~ K F ek 5

Calculation of Oxidation and Hydrogen Uptake Behavior by JUPITER

KIT BT KM SRR
B EANBASE 7 —7
%k =N ma—JUT s T2 Dy

(1) FABM:

RFEFEELA G XNX — T SRTEER - oZetn LIC&T 2R EE eT
T 72T v MREOREMIETR - IWARBRRAAT TIEOR L) ISRV T, REMEEE LIRERSL > b
DR 72 B i T OMENT IR R 2 L T & BERRMIC S R T MIZ K D 3 IRTE S % ) B Eh
fighr = — K (JUPITER = — F) &M\ C, #EE Ok, /K FE W8I B0 2 TfiitT 4 52
M L7e, ARa— RIL, iR R O IR ISR OB & FHE R LI HEL LIAR OB AT SRR
EREE R TR 2 2 & ORISR R R B ORI e i 2 B & LTI ST
W5,

(2) FFARE-BR:

JUPITER =1 — RIZ X DEHTIZ RN T, REMEORHE 2 Z 8 U 7-BH D2 A9 23 UBRIRI T L
TRENTERR (K1 (@) Z1ER L. SIRKEK BRI 2 40E U o B LR BT 2 JEiE L 7=,
TERIT, TR 2 BB L, T ORI T 52 & & L, BBADR S J7mIEBH 0 2
(2R 100 mm., ZFHIEBE AE %2 S0 14 DTV E Uiz, BFmOER, A vy =07 0.2
mm A AREL 725 K D 0.2 mm OFFEIZHEE Uiz, fEATIE, #EE & XLy FORIRIZ2 A v
2mATAHIEE L, AvivalEEd 0.1lmm & L7, BRI OWRER . XL v b R UVKHES
DIJE ZRBROZEIREICADET 1300 CL Lz, ARKOFHEIL, RBREMICHbE T, i
FEIAE & KRR R DR L72 0.033 m/s & L7z,

SRTTER L, BT SA T — FICHEA ST D, KFRKEICET LW ERI LI R
RIZRY | BURES, ROUKEREEZFHRTHOICME L R o KFRARLFHRE L (K1
(b)), #9 10 Z3EIOFBRTIL, BEULE TR b T CTh 2 8EE T b OBEEES 100 mm D7
BT, #AEEIMEIC 80 pm BRECEILENBIEZIN TS, IR S IIHEE T o
OFHE L /NS <2, BOEASH S 300 mm LV EHITIE 10~30 pm BETH-7=,
7.67 BDBEOMNTIZ L HBEEE S (K12 pm) 1, ZOHOK 10 5 ORRIEE BET 5 &
BRI L DM (10~30 pm) &L TOSCMARHG & 72> TW D AMREM B 2 it s,
F 7o, RN TR E S i & NI IZIE R ORI ER L TV 528, BB CIEWm CTidiZ &
NEBIE SN ST,

WEE NI ENLE TOKRFBEDZRBE N ENSND, £, MNTBLAR I IE S s &
NI DOKFEELFRITITE A EEN RO, BRI RGET S &, s Bidsbmn, s T
EIXNEAFE L 720 | TR TISOELS 70D & #REE TEITNE OBl S iz, —F ., #E
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B EHONEIZENT I ) 5 IKEE N GEMNZIZRE TE T, FAmo ML Tho iz, HIEX
AR U T 2MEIER U2 CRVMEZ R L, RE OfRE & L0 2 28N L7, Tk T
DR KIEDO R & %, #EE B E TEHIXIZEAERUTH o722, FRITZE DR 4/5 DIET
bolo, JAFMDGAEHDE KFBENGFRIZETT M Ca < 22 mAA L, FE T
TNRBEHETh o7, L OPEESMEALEILE T VHHIZR S, Pia KRBT GERED
[E IRz =Y g%

KRR EATHRAT L7V, BT SA T 22— R THOL LI T B LI Rl BT, R
WA CERILIE D R U, BT — & L e 5 Z E R O E o T, KRAKEITEKLA LR LK
EHERXDOEAN, VETHLEEZ LD,

A KEWRIE LR S

(a) fRATIRR (b) /KL & BALBIE &
1 BRBHERAR R O MRk, KL EE)

Q) HRYRMER, TLARR, BXHF):

1) CLADS %ﬁ%ﬁﬁzﬁf%ﬁ% TN—"T KITE T, “4.(2)@-2 B{b- KFBWET T L OEER”, &
PEAZ ARG E M EE R OLEMER FICET 28R EE T rs5 v
RO BREMIEE - ﬁ&ﬁ&ﬁﬂﬁia—mf k). 2020 4 3 H . pp.4.(2)@-2_1~4.(2)@-2-1_29.

4) SROFAFE:
K& 7o Bl T U A TORREMRIE « IRl 2 fifht L. i T U 4040 - AR AR
THVERHDLZ D, 5% b KREFHAKOFIHZ TEL TV,

- 155 -



JAEA-Review 2020-021

511.5 JUPITER O—FDBARMERBEBTET LIS T 5R BRI

Validation and Verification for the Multi-physics Models in JUPITER Code

FyA TrT4
INBHE R BV 7 v — 7
(1) FABEM:

JUPITER code was developed to explore the detailed mechanism of various complex
interrelated physical phenomena in the severe accident, and to support the ongoing
decommissioning project.

In the severe accident analysis, it is important that the eutectic reaction between the main
core materials be studied, because it may take place at elevated temperature, and accelerate
the failure of the core structures. To this ends, an original physical numerical model has
been developed in JUPITER code to predict the eutectic reactions. The main objective of this

work 1is to test the reliability of the model before the practical application.

(2) FIRRE-HER:

Two previous experimental studies were simulated to validate the eutectic reaction model.

1. In the first experiment, the reaction of the binary SUS-Zry system was evaluated and
the growth rate of the reaction layer was given. As an example, Figure 1 shows the
comparison of the cross-section between one of the experiment and the simulation. As
a result, the simulation results were in good agreement with the experimental

measurements, especially at low temperature conditions.

1323K 7200s ' 1323 K 7200s

Reaction layer [§

JUPITER simulation Experimental test

Figure 1. Comparison of the cross-sections between the experiment and numerical analysis.
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2. Another series of experimental tests (CRFCBE experiment) were simulated to test the
applicability of JUPITER code on predicting the eutectic reaction between the

multiple diffusion systems. As an example, Figure 2 shows the comparison of the

horizontal cuts between the simulation and the CRFCBE-04 test. As a results,

JUPITER code reasonably predicted the reactions in the experiment with and without

oxide layers. It could be concluded that JUPITER code is feasible to predict the

eutectic reactions in nuclear severe accident.

Zry-4 plate: Completely became eutectic and liquefied

BB :1150°C plate: 204 plale (assecehied) !
R G - 6047 A eutectic 0

B4C: No eutectic detected

CRFCBE-04: 1523.15K for 15min.

Figure 2. Horizontal cut Comparison between the experimental and

simulation result with as-received Zry-4 plates.

Q) BRYRMNESR, TURRR. WXH):

Liquid fraction

1) Chai, P, et al., “Validation and verification for the multi-physics models in JUPITER
code”, Proceedings of International Topical Workshop on Fukushima Decommissioning

Research (FDR 2019), Naraha, Japan, May 2019.

2) Chai, P, et al., “Development and validation of the eutectic reaction model in JUPITER

code”, Annuals of Nuclear Energy, Vol.145, 2020, p.107606_1-107606_13,
https://doi.org/10.1016/j.anucene.2020.107606.

(4) SEROFMAPE:

Zry oxidation is another important phenomena during the severe accident, which may

result in the sudden temperature rising and trigger the failure of the core structure. In the

future, we are going to develop the relevant physical model and perform the validation by

ICE-X.
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5116 BKREEVEOKSZEEEHI—FOBHRE

Development of Drying Simulation Code for Waste Storage

FH BE
PRE B RREE R TEREN 7 L— 7
(1) FABM:

EKBEEM OBV TUE, BRI R T 2 BTN 2 | KOSRIC X 2 KFRAESCK
MEIO B RE LB F X IR ERBOBEMFHMENEE T S, BEE LTI EHOFHK T
I, FHYINCB W TR TSR EIO T DIZHEAPIEANSIL, TNODBRTFIFNOGBHAKEIRE L
THEHRETG YK & L TR FIFNIC KRB LT\ 5, 2 OHD &6 ATTEYSHEE K & B 5
72O WRAKF OB TH DL T 224 T A b CTRERET HIHYKAE Y 2T L HNE
A SH GG R EITDON TR Y RO T DREE (NEIZES T A & FiH)
E HEMICOIZ o T A MAICRE SN D3 TH D, WAEBRERICERE T KICEEND
WKy DOYREE, B, MERLEOHRREIIEERRFEE THH M, 25 OREITENK
SRICE S TEIT D7, KRB EBZHIET 52— RORBELED TV D,

AWFFE T, FREEEVE D FEET K DRI D H 7K DZEFECBARBEMH 7> B DIREVEIZ X 2 fd
Ko DEREE O, ROBEIENCEL DKGBEZET L LTz, 2IRICET V% 3R
b3 % 2 & T, FIRE RN TOIEFTRRBGRIE ST O BHMEN B2 X -7, KIFICENTET
N A XK T D Ennh, KEGHREEIC K D3P MLEARAIR B X T,

(2) FIARE-HER:

BT MRAER B H & LK R O 2 R T, EH St v U AREE IR, BRI
ERNCINER 2 K THYgE L2tk JEMRZESUC L 0 HEK L TERE STV D83, B O E S
OMERN S NES, FRICIEERICK 23788 LT\ 5, ANSYS/FLUENT % H\\\ /= EHIRRE T D
BT 208 L CRE SN TIiEE v 7 AOFEENC L o> TREFEE L HERERIC R D 2 & £z
BT DT DRSS 2R L NEINEGRBR 208 L CISERIC ® DMy & a e H B RAE
PEHUDAHE ISR E 3 5 AIREME SV R STV D, o, BENTAR Lok id, KRk E iz
Ny NENSIRET 50, AEBEIAE CEE LY A T4 MRTFBNZRITT S AN, 2
HOFEZO TR\ T, Ra— NI, REFIRL 7@ N O K5y OEE AT & 0 > —Rl % 5
ML, FERIEIED K& WBEE S & EKEfE DRR%Z Leverett BI%k CHHI-¢ 5 FiETHES L
77

AR U 7= NESINEAGRIER O (5% % JEAC L7 T Bl A #R 2. I 1 ICIRMTE T VO E 27”7,
FENTET ME BRI TH D, BA T A M & FIE L2 ME AL (BN 1.6 m3) ORI & & 46 cm
DEKBER T, BATA MAFE SN EOF.LEE 2 OE 8 »ATIch b b —F (B !
1 kW) THEZIMEAT 2, b— &L, T BT 21 OBENT o A2 BRERES L
ToREBREZ NS Ule, BT A Mg REZERITERE SN 2 2 FTORLE TREBM ST
%, BHETIE, WIMIOELT A4 NENOKGGAIZOWNT, FAEZfafaEke L, 20 Bz
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—RR7eEKERNEE (BKE) TIRGE L7c Afafnfik & U7c, X2 1IZ3BRBALE)N D 7 A2 DR &N
OEREFIE , TREE, KRR E ORI 280 M a5t 7 LR 2 ~d, EiRiE &
FARIC b — 2 BEIZ L U7 IERIBR IR E A & 72 0 | BRAYRIR & 722 5 LS, ek — &0k
PR 2 Rl & Ue B ORI CED & & BT, B FE-CRE M UTES CILE KRR 1T
LK b EDHEBIE KD DAAR DD, o, HasHNDOKEK, %JZUVK%\Z’P@@JTZ)%
FRA G . HEEIFFER TS, B L 7oL~ E L 7oK AR L TR ic L > TRA-L,
THEBRLAE 208 L COOMI R KU — 3R T 2 2%, 2 < I3 A wbEf ., 36 L ORI @ KL O D EEZE M
I CHEfME L CL aeEmiZih - C N L 72K D32 U 7 BRI C BBl 3~ 2 P BRIE S AR S 4L
TWHERMED IR TE T,

120

Outlet
ﬂ (Atmosphere)

Water content Temperature

In pipe

Zeolite
beds

(height:
2.3m)

1.09e4 3.19e2

Heater
(total

0

~1kW) m/s mis
_ Water layer
height-dAbm) Water velocity Gas velocity
distribution distribution
1 AT L O 2 FHERER (T RE2)

Q) HRUYRMER, TLURARR., RXHF):

1) FHBCE. ILED, HEEKRES, “B4 74 NEOKDEES R 2 L—r 3 27 HABEES
DENT a7 7 LA 2019, 4 EE. 2019 45 10 H.

(4) SEROFATFE:
AEEOBIFRIZT, 2— FO 3Rk v 77 ARREHICEL Y, v ARAESELT 7 U
B A PN TR PR 70 38 B AR O S O P 1S & 0E L T RO AE AU KD K Sy R R~
DB OMREEIZ [ 72 Al L2 %67}%710 Ate, 22— FEBILIC LDFHE = 2 FOEREXDY |
FHE DRI 22K 3 A FE R BRI 2 D DM Th 5, LA LR Y | RREHERRIC X 2 3130
ThY, SR VAMHZTEL WD,
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512 BN -BtEFr )T H8EEL2—
Integrated Support Center for Nuclear Nonproliferation and
Nuclear Security

5121 FEEERIIOE-OOEESTENNLERFE

Delayed Gamma-ray Spectroscopy Development for Safeguards Verification

Douglas Chase Rodriguez and Fabiana Rossi for the Delayed Gamma-ray Team
B - X2 T o RaSdkt 27—  BAlBRFEHEtE =

(1) FABRM:
The Delayed Gamma-ray Spectroscopy development using the SGI ICE X cluster focused
on generating MCNP simulations to optimize the neutron flux in our instrument designs.
Additional work focused on generating delayed gamma-ray spectra for Monte Carlo code

development and data comparison.

(2) FIRARE-#ER:

Nuclear material (NM) quantification is an essential aspect of safeguards verification to
ensure that the fissionable material is not diverted to create weapons. Presently, most NM
verification is performed using passive non-destructive assay (NDA) techniques that utilize
neutron signatures for total fissionable mass and gamma-ray signatures for nuclide ratios
(composition). However, passive NDA techniques cannot be applied to highly-radioactive NM
like spent fuel due to the intense passive emissions from minor actinides and fission
products. To supplement currently implemented active NDA and destructive analysis
methods, the JAEA/ISCN is developing Delayed Gamma-ray Spectroscopy (DGS) in order to
assist in fissile-nuclide quantification. Described here are works performed with the SGI ICE
X cluster over the past year towards this goal, some of which is used for experimental
development with our EC/JRC collaborators.

For DGS, the gamma-ray (GR) spectral signature is derived from decaying short-lived
fission products (FPs) that is proportional to the fissionable nuclide content. Of key
importance is that the observed GR spectrum that is highly dependent on the half-life of the
FPs that change during the sample interrogation. A DGS interrogation consists of an
irradiation period to generate the FPs and a measurement period to observe the resulting
GRs. During the irradiation period, fast neutrons from an external source are moderated
into the thermal energy range (<1 eV) to induce fission. Compared to fast neutron (>1 MeV)
fission, this thermal neutron flux generates FPs at ~500x the rate from fissile nuclides
(U-235, Pu-239, and Pu-241) found in spent fuel. This allows the GRs emitted by the
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decaying FPs to be observed through the thick filter required to suppress the intense passive
GR emissions from the long-lived FPs (e.g. Cs-137). Consequently, our development consists
of both designing a complete instrument to perform the interrogation as well as the analysis
of the observed GRs. It must be understood, though, that the instrument is constrained by
the analysis to precisely determine the content while the analysis must include basic
restrictions due to the instrument’s capability.

Toward these goals, two parallel sets of work were performed on the CCSE SGI ICE X
cluster. First, we are developing a DGS Monte Carlo (DGSMC) to simulate an interrogation
for both predictive Monte Carlo (MC) expectations as well as inverse MC analysis of the
measured spectra. Multiple simulations were performed for separate U-235, Pu-239, and
Pu-241 samples that would be used in experiments with PUNITA at EC/JRC [1]. These were
interrogated with different irradiation-measurement patterns and incorporated the expected
~1-s delay to move the sample between the irradiation and measurement positions. Figure 1
shows the resulting U-235 simulations and the time-dependent differences from the fission
product half-lives. For instance, the 3.29- and 3.40-MeV GR peaks from Y-97 (3.75-s half-life)
appear more prominently in the 10-s irradiation/measurement interrogation compared to
the 300-s irradiation/measurement interrogation. Contrarily, the 3.76-MeV GR peak is
produced at roughly the same intensity since it is derived from the longer-lived (10.3-min
half-life) Y-95 that builds up over the total interrogation time. These timing differences must
be compared to experimental data and subsequently optimized for the final DGS technique.
These simulations will be published in a future MC paper as well as for data-MC
comparisons.

Once the timing is optimized the minimum source intensity can be determined based on
the capability of the instrument. Key to this is the sample irradiator that relies on an
optimized moderator to reduce the energy of the neutron from the external source [2]. The
CCSE SGI ICE X cluster was used to optimize the moderator design for a potential
deuterium-deuterium (D-D) neutron generator in MCNP [3]. Specifically, the goal was to
optimize the neutron flux for sufficient fissile fission while suppressing the contribution from
fertile nuclides (e.g. U-238) and minimizing the required source intensity for safety. Since
our final goal is to install this instrument into a reprocessing plant analytical laboratory, our
optimization constraints were: 1) obtain a high thermal flux in the sample space, 2) obtain a
high thermal-to-fast ratio, and 3) increase compactness to a maximum of 1 m3. A full scan of
different inner parameters was performed inside the main graphite body; for instance,
sample-source orientation and distance and HDPE thicknesses around the generator and
sample. These inner parameters dominated the optimization of the neutron flux in the
sample with the outer parameters dominantly optimizing the compactness and slightly
affecting the flux. The final design model that will be included in a future publication is
shown in Figure 2.

Finally, we used SGI ICE X to also model the neutron flux of our DG Test Instrument that

was based on idealized model previously studied on SGI ICE X [4]. Neutron count rate
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measurements were performed in PERLA of the EC/JRC using a He-3 detector and

incorporated into the MCNP model. A manuscript is presently under internal review for

publication.
350 : : :
- 235U 1-H Simulations
s00F — 10-10x164
2505 60-60x30
C —— 300-300x6
@ 200
S
8 150 [ X
100 | I I I
Ul o i MM
2700 2800 2900 3000 3100 3200 3300 3400 3500 3600
E, (keV)
Figure 1. Simulated one-hour interrogations for the Figure 2. Final model of the
noted in the legend labeled for irradiation optimized graphite and
time and measurement time in seconds, HPDE moderator for a
multiplied by the number of cycles. D-D neutron generator.

Q) BRURMER, TLRARR, ®XF):

1)

2)

3)

4)

D. C. Rodriguez, M. Koizumi, F. Rossi et al., “Utilizing PUNITA experiments to evaluate
fundamental delayed gamma-ray spectroscopy interrogation requirements for nuclear
safeguards”, Journal of Nuclear Science and Technology, Vol.57, Issue 8, 2020, pp.975-988,
DOI: 10.1080/00223131.2020.1742812.

F. Rossi, D. C. Rodriguez, M. Koizumi et al., “Delayed Gamma-ray Spectroscopy for
Nuclear Material Analysis (2): Design of a Practical System with DD Neutron
Generator”, Proceedings of INMM 60th Annual Meeting, Palm Desert, U. S. A., 2019, 7p.

T. Goorley, M James, T. Booth et al., “Initial MCNP6 Release Overview”, Nuclear
Technology, Vol.180, 2012, pp.298-315.

D. C. Rodriguez, F. Rossi T. Takahashi et al., “Model Design of a Compact Delayed
Gamma-ray Moderator System Using 252Cf for Safeguards Verification Measurements”,
Applied Radiation and Isotopes, Vol.148, 2019, pp.114-125.

(4) SROFIATFE:

Future work on SGI ICE X will consist of additional MCNP models to optimize other

neutron sources for final instrument development and simulations with DGSMC to optimize

the interrogation pattern and perform uncertainty analysis.
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5122 REB—RFNREEMZTHTHRESNHIFEYME OF KRR XL AT

Hemispheric Atmospheric Dispersion Simulation of Radionuclides Released
during the Fukushima Daiichi Nuclear Power Plant Accident

LLg: s
BREEENREITSE 7 L — 7
(1) FABM:

201143 H D@8 — R 7 15 BT s £ 0 i Sz Cs-137 O BRI R KL BGHR %
FiL, CTBT HEEE =4 U v 7 v AT ML HBMT — & &l Uz, fEFT IS O 7 i R ER
AR ENS W TH S A 7 4% 2 it WSPEEDI-IT i3, fEliA 4> 2 = L— 3 &5 /L WRF
(the Weather Research and Forecasting model) 3 & U -JIE#E T /L GEARN 7> 5 AL S
T35,

RN A X 11287, bz s LR —7 =27 LAKET, B 135 A EuEL L
72.16,000 km WU 5 % 27 km #&F TR U)o 72, $hiEH IdH B2 D EZ2 10 km £ TEXIG & L7z,
K72 616 X616 X28 Th 5, GERAN FHRICHEIT DR REIC K DMEFRELRD S ELH T2
W, REOKF (6 R 250 TE) % €7 /LN TR S,

ZOXDBRFIBEIREZNREISETT L
D, PR 26 FEE LD | KRB SIFHRIC I 5V =
v—yay%imbfékobﬁb*hif®
WSPEEDI-II (21% MPI 512 L % hi -5y IR AE
72 <. mm%ﬁéﬂﬁbtyﬁ#~x@/zwxy
V7ML DY a 7T TS LTV, R T
B33 > T e D 20 NI ADEEME S H o7z,
Fro. VAL —MEREL R, FHEMNRPTKRT L

RSB E AR ShTWE, ThH0M oS ¥

WA BGET 5700, A ST (BREEL) 0 XEL] )

277 L - WIHEEERO—Re LT, b S
ForEl (MPLES) (X DmdfbaEfMmL, VA~ ST

— R bR LT, 1 iR

(2) FIARE-BR:

FHAHAMIL 2011 £ 3 H 11 H~4 A 1 BT, 137Cs Ot EIZ1% Terada OHEE i E(1]% H
We, MEEFHT — 2121, CTBTO O EEEBLIIME R FIRERET — 2 0 5 6 X 1 OFEENICAF
ET 5 28 R A AT,

137Cs D 24 BE R R TIEEEICBIT 22 I 2 L—3 g USSR EHIE & A bl U7t 52 1% 2
R, X2 OROOERIT, 777 F—10 UNTHEAETELEkiaRT, AETIE. 77
7 X —5 UINTHETEZEE1163%. 777 X —10 UNTHETEX7-EA1T83% L. @V H
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2 137Cs O 24 BRI R REIZET 2
FHEAE & CTBTO HIEfE & o bk

FEPUETH D, ZOmELRGEARNIL, 2D X 5 REHR AR L FETT D DI KA L

TWVo,

[1] H. Terada, H. Nagai, K. Tsuduki, A. Furuno, M. Kadowaki, “Refinement of source term
and atmospheric dispersion simulations of radionuclides during the Fukushima Daiichi
Nuclear Power Station accident”, J. Env. Rad., Vol.213, 2020, pp. 106104_1-106104_13.

() HRUYRMER, TLURARR., BXHF):

1) A. Furuno, H. Terada, K. Tsuduki, M. Kadowaki, H. Nagai, “Hemispheric atmospheric
dispersion analysis of radionuclides released from the Fukushima Daiichi Nuclear
Power Plant”, CTBT: Science and Technology 2019 Conference (SnT 2019), Vienna,

Austria, June 2019.

(4) SBROFIATFE:

Terada (2020) OHEFE R EZ W CREBHLBGHRE 2 924 L2 R, ESfoe=21 7
RAMDOT =2 LTI —FH L, IEBEHAER JOMEEMHEO RS EN RSNz, Lol
TR PEEE DS KSEE T AN YER L 7= 3 A 12 H~14 H .16 H~18 HZ&OH#E & &2 L T,
WRE~OREET —FCREHKTIREDOT —ZRRONATNDZ 0D, FEWERNES
NTW5b, 5%, BEEHS 22— a by PV U X A EHEERERT 5 TETH
0. ORI RAGH AR ZBREE L7 KB RZ T EL T\ 5,
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5123 L—H¥—EEHHEFREADETL—25HH
Development of Compact Moderator using a Laser Driven Neutron Source
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(1) FAB:
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DR EED TND, D56, AR T, ME SV AFETIRTH D70, HIEHHEE XV
L THZENTED L—YF BB P TJICER L, — S —BRE) R P& O 2 8O TRAT
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DLEND D, FOHBE T, KB CIIREGHERE (X 32y) 2R LT, BEFFEICL LV
— P —BEE IR OET L— X BB EED TEB Y | AREETIIS ETOREERET D,

(2) FIARE-BR:

HPEFIRGEM IR, KFBE L FLKRPRY) =F L UBNAHVWORD, Ll @=rL¥
—HPEFIZIBNTIE, KELDORISHEREDRELS TRLID, ET L—FOHEEELSEIL, &l
PR 2R L P-El A~ E O S D e T L —2, PeEndE A 1-100 eV o~ &R
SEDLAAET L= (RU=FL) THKTLIZLE L, M1LITET L—2OEXK%
RLIEHDTH D,

BUEEEIL, Ev T e - v alb—3i g a— K PHITS K OGHER AT —2 54 75
UJMHmAO%%wTﬁotoA%$@%z*w¥—iMM@V&Lto%%%%@%E%H
21T, BEFE TIX, 7 L—Z Tk LT 0.5 m BEAL/ZIGATICHR AR A 3% (& L, ﬁm
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70, FRICEHE Lz, M3 Idkkx R BT T L—F L AL ET L—& TRk L7zt o
LeEE, ¥ 41% 1-100 eV OFHPEFRE DG A R L2 b D TH D, K4 L EHET L—Z B2
REDAE R CHUSL L7AEXHMECH D, K3 EX 4 OFEFEN D PEEFIREAHRIEIZ W, Be,
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AL ETL—XE, 9. RVZFLUOESB) 2L, FHEFRER T L —
SyFRREZ FHAN L7z, X 51X 1-100 eV OHPEFIREZ I L7 b D THh Y | 7 L— X E X (B)=2
em DFEOFE R THIAL LIZHETH 5, K6 13875 E (I X D= R —3fiRfE DAL
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WIZ, B2 2R ) =F L Ui AE(CxONZ 3 2 HPEF- 3R & N kL X — S ifie DAL % X 7
L8 ITRT, WU ZFLUBEE RKEL LTV &, 20T EFE L2 528, = F%/L
X—FREIX D E VL L e o7, KFERND, RY =F U UM Ix =X — i x H £
D ZEETITE R, FREIFIDE U TRMRERFH TR E RO ATIIERWZ &R 0h o7,

U EOBEHEOTRERNS, EEET L—Z ZEE(A)=2~3cm ® W, KU ZF LU DEX
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ABFIEIE, XBREEE 2 ) 7 4 fiBe 22T T2 1ol Th 5,
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Q) HRYRMNER, TLRARR., RXHF):

1) BIEEL FEESLE. NROEA. EREREE. SRR, L — W —BREhN MR A O T
FROHTEANESE - DT L—X OBR". BAKR /15972 2020 F DO KRS, @i (7
A VBfE) . 2020.

4) SEOFIAFE:

BT L— X Ko TP F Tl Sh e md e ik, 7 L— 2 P OKBIIWRILS T,
2.2MeV O ~uETNT 5, ZD%., ST o< #RIFES YT & & B IR T Bl
MEND, ZOHEMET, BIfE, 22MeV DN o~ OB EMRTH 2 ENHEELRPELE - T
BO, AXarERHHALT, €T LV—ZI2k5 2.2 MeV H >~ OB 54 % 7Hlid 5 T & T
b,
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513 YARTLEHEMZEELS—
Center for Computational Science & e-Systems

5131 HMEHEEICEITAREFIRDIHEREME

Computational Studies for Quantum Nuclear Effects in Functional Materials
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(1) FABM:
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. BEEHEDBEWICEIMENICEENL 56, RO FNRPYINEICER R E RITT
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Wtz @RI Y R 2 b=y a T AN AR T 5, HIZ, DY 2 b—ra VA
RAWT, FrEZ22ME L 2RI LT SRR ORE L BIE L 75, o, FileREKEY
PR ER PRI R ST D 2 LIk A< MBI B O AR TFORBICLHETHZ L
ZHIET. UNIC o OWEMREOWERI G 25T,

R OKORME, bYF T LK) :
EEE—FEOFHLIE . KEOTHEYOKMERIR Y KRS TE 2R, BIETIE N FULa%
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S2%, NUFTLAORE YT > Tk, AKE Y F T LKOEARBET ) A EEOE O (TR
MTHDHTID, T b DRHEDEWEFIT 2 08EE (B 21X, RO ENEZFIAT 5
RENESE) Tk, SBENEE B 2 EICERAR S L, Mo T, ZOMEROEI NG, EET
IRBEEOEINNER STV, Ll Solid 7/ SIS 20 E0ERIZ LY . T/
s ZF R LR LV OB RNE N ERER SN TR Y . ZTOERBIZBW T, #Hif/
ZERE O & R L E, BEARRN T L — 2 A — D, AFEE T, ORI,
JEAF L~V TORFFEIZ BV TR AT R R @RS 0 F B 1 HE OB S A 0 5 L RIRFIC, F/ &I
X5 NV FULGEREOWZERR A BELE Lz, v ab—Ta Ui EEET 5,

peke, KB R U T U AEEREEICERY ] 7-0I21E, BR TR EZET DR TIER
VETHDZ EPHEIRET DIC XV RSN TE 2 CFk 29 FEAE) 23, RS- TIIKED
STBEC LB PE DI 72E N2 BN L, BRI B2 WIREIC 9 2 BB IC ' Bk~ <,
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RS R T RHR B A EAIR OB IERI S & F2ht § DMl BB IIRIMR DB 2 R OBUG 2 BT,

B (BnEE, 13 EE)

HR W E CESHEZ R TAMENE, xR TEOARICHVWONTEY , ZOMREORFEZZ
D, RN OBHEE A S IE L RE )L leo TE o, AMETIL, FIAHEREM B
ELTCZOOEBERMEITHLIMBBERE A F U NREREET- DXy N EeT D,

1) BRER
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e EBEEZFIH L TR Y . ZOFHEMITAFEHIC K S0, EOENT-HiEZIEHT 512
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HRRIRE (F) 206K) A7~ L7 HeS 1235 H T %, HeS IFEIRE Z 24D TRV, EDEELC
EEESREEZMNEL LTEBY, RELH ELOHSRH S, LrL, Z208EEORENS, A7
HKkFE H) IZHY ., BEFIRPREREELROZ LN, RRENHR LT HIEEFIR
OFHEARZOR MBI TH Y | BIERNZLEE LWHEIORE, & L CRIZHEEL =R
CEIRE A BT D12 DI E R M R A ST 2 ORAKREO HIETH 5,

2) A A URERK

AT ANREAR L3 A A PMRE T DEEROBFRIZN, 2D A ) F U LAOEEICIE, BIE
TREROBRBIKIEIRNELE 720 | NI X AR ET D HBNHE A — I —0Z O OMBEN
TR L D Z & H > TV Db bl & 2 %, BIE, BENEII AR b ERH B HEA~DOBITRN
HHDODH Y | MERED R\ ER R &M A U SEBRT TR T 5 2 Lid. AAREEROERFT
bV, ZOMRBABICERT 2 Z &3, EERBIRNERZAT 5, Z0 XD ICMmD TEHERE
WEHIR B C o B A A U AREIRTZN, A1 TH %O OEM LN H D, T ThixbEE L —
DIERED Li6 e LTI L T HEAE ST CTh D, RIKO Li i L Lis & Li7 ORI
DO SN DD, BEEEIZBWTHIAT 201X, LA TH Y | Lié OAOBRIRAUED R D
HILTW5D, oL, £ 6 Lild, LEEICEBWTE, VT AZNVIETHAE8REILETHY .
SHOEREBEDOE KOk % BT CORA LIS TE XD & 2 DOIREPHRTRED B
BAFEET 52 &3, RBICEBTHZ LN TES, Mo T, KED LiSHEDZD, HAKE)
5 Li6 OFEENRANAT O FEROBRENEZ SN TEY | Li A A AE RO FERR R 12485 ¢
HEREREFO,

(2) FIARE-#ER:
A OKORME, U F U LK) :

FUF T LOGBEHCYTZY  BEERDFFRRIL. KT TOKRERSL N F U LEETLKDY
FOZEEZEREEICIOF S 2L THLND, ZOHNDREDIZIE, BETFIREEBERET H5HE
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By FENUAEE 70D, APSERETIX, KEZORME (EAKE, N T L) oMo
IREWEHONICT D720, T AKRSFENE S OMMEEZ ST 2HFERRFRICIR Y A TE
Teo FKITAKRF DB ENIKFREAIZ L VAR LR @B § 51K Th 505, £ DORpE M
Braylal—va itk VMonicd s L3 LS FHRIE PR EER U F~—I 1)
KR EIRS>TND, KR, B TIE, KORRRZETITIBN T, KFEOEETRIRNEERKE
ZRETZENAHENTEY  AWFERE T, M2 RITR DB 7 2 O BAFITR S LTz,
@ Y. L. Chang, T. Sasaki, J. Ribas-Arifio, M. Machida, M. Shiga, “Understanding

Competition of Polyalcohol Dehydration Reactions in Hot Water”, J. Phys. Chem. B,
Vol.1238, Issue 7, 2019, pp.1662-1671.

@ M. Machida, K. Kato, M. Shiga, “Nuclear quantum effects of light and heavy water
studied by all-electron first principles path integral simulations”, J. Chem. Phys.
Vol.148, Issue 10, 2018, pp.102324_1-102324_11.

BEHE (BEE, 3 1n8E) -
1) &

AWFZETIL, 2015 FI2H b M WOEIREERBIRE (K 206K) Z7- L7 HeS ICEHR L7z, £
BEEORRE UL, 887 2KkFE (H OBETHRENEERERZ LT8R, kFE (H)
DEFHRICIY, BEEERT 26ME (S) OIREICH KREREEBEL 252 RN o1z,
Flo, METICBWT, #HiE LOBEBEZRTH, ZOWBBRNLEEFHER LD 2 L300
7o
2) A U=EK

AIFFETIX, Li A A ARERE L TR b IEARL 725 L0 12K H LT, Li OA & AR5 M % 5k
N5 &b LTz, Li A4 DEMEIZEBT D RNARZD RN RN < 22 E 9 DN T O
MR 2 D | RN R < G5B DRMEZERT D Z LISk LTz,

i)

Q) BRUYRMER, TURRR, BXH):

1) H. Suno, M. Machida, “Quantum Chemical Calculations for the Norbadione A complexes
with Cs+, K+, and Na+ in gas and aqueous phases”, Chem. Phys. Lett. Vol.730, 2019,
pp.26-31.

2) Y. L. Chang, T. Sasaki, J. Ribas-Arifio, M. Machida, M. Shiga, “Understanding
Competition of Polyalcohol Dehydration Reactions in Hot Water”, J. Phys. Chem. B.
Vol.123, Issue 7, 2019, pp.1662-1671.

4) SEOFIAFE:

2020 G RKIEGHEKE (Ax2y) 2R L, EEREICOWT, Jl&EiE v Ial—ra
VWG E EET D, RS, IR OFFRICOW TR Z IR S 720, £72. Li A 4 o fxEk
[ZDOWT | BFFEXTR & 72 2 WPED AL RZ IR E 23 R 3 i C ORF R IR 2 B & R < B
THZ LML, ML ERESELZEZHIEET S,
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5132 avEa1—8Y3al—avEFERLEBEEREFRESFZOEBED S

Analyzing the Workings of a Superconducting Neutron Detector using
Computer Simulations

Alex Malins, #[H EZ. The Dang Vu*, fH{# —th+, oWl ®KF0*
VR 2 b—y g UHTNB R E
+ J-PARC % —
* KBRS
(1) MAB®:

Neutron beams penetrate deeply into matter, which means neutron microscopes can be
used to create images of the insides of objects. The current-biased kinetic inductance
detector (CB-KID) is a neutron microscope that is being developed in Japan by Osaka
Prefecture University, JAEA and J-PARC. To gain insights into how CB-KID operates at the
microscopic level and as to how its design could be improved, JAEA created a computational
model of CB-KID for the Particle and Heavy Ion Transport code System (PHITS). JAEA’s
ICEX supercomputer was used for simulating the trajectories and nuclear reactions of
radiation particles within the detector. From this we could understand various properties of
the detector.

(2) FIRRE-#ER:

CB-KID
1B dot /,/ i
array | P E ] L
d I
YY1 |
@@{@ A0 L
[
neutron @ ;) y Si Sio, 198 conversion
beam 7 / ZX layer
|/ / / superconducting
/ N wires
vacuum stainless
steel

Figure 1. Diagram showing the model of CB-KID created in PHITS and a test sample of 10B
dots.

Fig. 1 shows the CB-KID model created in PHITS. The model contains representations of

the important structures in CB-KID for neutron detection. These are the 1°B conversion

layer where neutrons are converted into 4He and 7Li charged particles, and the
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superconducting wires where charged particles are detected. Neutron positions are

calculated based on these charged particle detection events.

10B conversion

1H 102

10

=106

neutron fluence (um?2)

Figure 2. Neutron fluence (number of neutrons per unit area) when a focused neutron beam
(red line) is simulated incident on the CB-KID model. Green lines show trajectories

of scattered neutrons.

Fig. 2 shows an example of the PHITS simulation results when the CB-KID model was
irradiated with a focused neutron beam (red line). The green lines show the trajectories of
neutrons that have scattered within the detector. The simulations showed that only 4He and
7Li charged particles created within the 19B conversion layer could lead to detectable signals
in CB-KID. This means that 4He and 7Li charged particles created within samples do not
contribute noise to neutron microscope images taken with CB-KID. Moreover, the
calculations showed gamma rays liberated from neutron-1B reactions also do not contribute

significantly to detection noise in neutron transmission images.

y (um) e 1.0 z
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Figure 3. Simulated neutron transmission image of the 1°B dot array shown in Fig. 1.
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The computing power of ICEX meant tens of millions of neutron trajectories could be
simulated. This enabled the creation of simulated neutron transmission images with
CB-KID. An example of this is shown in Fig. 3, which shows a simulated neutron
transmission image of a sample containing 6 pm °B dots. From this image we could
understand that sub 10 pm imaging should be feasible with the current CB-KID design.

The model was also used to calculate the detection efficiency of CB-KID as a function of
incident neutron wavelength. The calculated detection efficiencies were quite low for
thermal neutrons, so it is desirable to find improved designs for the system which will make

CB-KID a practical neutron microscope for scientific applications.

Q) BRYRMNER, TURARR. WXH):

1) A Malins, M Machida, TD Vu, K Aizawa, T Ishida, “Monte Carlo radiation transport
modelling of the current-biased kinetic inductance detector”’, Nuclear Instruments and
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and
Associated Equipment, Vol.953, 2020, pp.163130_1-163130_7,
https://doi.org/10.1016/;.n1ima.2019.163130.

4) SEOFIBFE:
We plan to use ICEX to try out new designs for CB-KID with the goals of improving
1. the detection efficiency of the system,

2. the spatial resolution of neutron transmission images taken with CB-KID.

It should be possible to achieve these goals by stacking multiple CB-KID detectors
together. As the cost of fabricating CB-KID devices using new designs is high, we will use
ICEX to evaluate multiple design options in simulation first and find the best design
parameters. This will convey a substantial cost saving and accelerate the development of
CB-KID.
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5133 RFADHTOYHRHERFRTOSEL

Development of Numerical Techniques for Materials in the Research Field of
Atomic Energies
KIE AR, iE dE BTH B2
VR 2 b— g UHB R E
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TOHEEZRELZONREHR LT, SO, TVIFVRLEREL, ¥ vra AT E2H
CHHTE DL ICiEE T L DD LT, EEbEER LTS,

- 174 -



JAEA-Review 2020-021

() HBRURFZEE. TUAHREK. AXE):
B X FRHEE
1) Y. Nagai, H. Shinaoka, “Smooth Self-energy in the Exact-diagonalization-based

2)

3)

4)

5)

6)

Dynamical Mean-field Theory: Intermediate-representation Filtering Approach”, dJ.
Phys. Soc. Jpn., Vol.88, 2019, pp.064004_1-064004_5.

K. Iida, Y. Nagai, S. Ishida, M. Ishikado, N. Murai, A. D. Christianson, H. Yoshida, Y.
Inamura, H. Nakamura, A. Nakao, K. Munakata, D. Kagerbauer, M. Eisterer, K.
Kawashima, Y. Yoshida, H. Eisaki, A. Iyo, “Coexisting spin resonance and long-range
magnetic order of Eu in EuRbFes4Ass”, Phys. Rev. B, Vol.100, 2019, 014506.

T. Matsushita, Y. Nagai, S. Fujimoto, “Disorder-induced exceptional and hybrid rings in
Weyl/Dirac semimetals”, Phys. Rev. B, Vol.100, 2019, p.245205_1-245205_9.

Y. Nagai, “N-independent Localized Krylov Bogoliubov-de Gennes Method: Ultra-fast
Numerical Approach to Large-scale Inhomogeneous Superconductors”, J. Phys. Soc.
Jpn., Vol.89, 2020, pp.074703_1-074703_6.

M. Kheirkhah, Y. Nagai, C. Chen, F. Marsiglio, “Majorana corner flat bands in
two-dimensional second-order topological superconductors”, Phys. Rev. B., Vol.101, 2020,
pp.104502_1-104502_9.

Y. Nagai, M. Okumura, K. Kobayashi, M. Shiga, “Self-learning Hybrid Monte Carlo: A
First-principles Approach”, Phys. Rev. B, Vol.102, 2020, 041124.

ERR SRR

7)

8)

9)

Y. Nagai, M. Okumura, A. Tanaka, “Self-learning Monte Carlo method; Speedup of the
Markov chain Monte Carlo with machine learning”, Quantum Engineering meets
Harmonic Analysis, Saskatoon, Canada, August 2019.

Y. Nagai, “Non hermitian physics in strongly correlated electron systems”, 3rd
EPiQS-TMS alliance workshop on Topological Phenomena in Quantum Materials
(TPQM 2019), Santa Barbara, U.S.A., October 2019.

Y. Nagai, “Non-Hermitian effective Hamiltonian for low-energy quasiparticles”,
International Conference on Topological Materials Science 2019 (TopoMat2019), Kyoto,
Japan, December 2019.

T8
10) BANFEE, Arfss, (L, B, RERE, HERT, RFRE, PAEE, “3

T OHITAIOBEA MR, BEAEGFEEFREHE GIHENFL I Fry—a—2R), HAGH
HIT%E (). fLEHR. 2019 4, pp.77-104.

1) fEASEL, KRBRE, BEFER, Jaikols, g, ZRREER, AOHaR. M, 6% H

4)

&
H

COFBEL 7B WEEE, BRI R - R EE DM ~OIS
Fi—. WAL (). BAEIE, 2019 4, pp.74-86.

SEROFAETFE:
A—=N—a Ly Ba—2 DY 7L — RV GHEBER A EE SN D720, L0 FHEEORDIC
ST NAY AN A =T 4 TR T D, Z LT, iR E L A—R—ar v a—2 &F|
L7=PEst i 2 S DICER S FETH D,

- 175 -



JAEA-Review 2020-021
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Numerical Simulations of Radioactive Materials in the Environment
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Molecular Dynamics Simulation for Grain Boundary Segregation of Solute

Atoms
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Investigation of Adsorption Structure of Radium on Clay Minerals
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(3) MBURF (R, TURRR. WXE):
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1) A. Yamaguchi, M. Okumura, Y. Takahashi, “Fixation of radium by adsorption on clay
minerals based on analyses of core samples around Ningyo-toge uranium mine”, 17th
International Conference on the Chemistry and Migration Behavior of Actinides and
Fission Products in the Geosphere (Migration 2019), Uji, Japan, September 2019.

= H Best poster award

2) A. Yamaguchi, “Fixation of radium by adsorption on clay minerals based on analyses of
core samples around Ningyo-toge uranium mine”, 17th International Conference on the
Chemistry and Migration Behavior of Actinides and Fission Products in the Geosphere
(Migration 2019), Uji, Japan, September 2019.

i & [ER S #m

3) A. Yamaguchi, I. Asano, Y. Kitagawa, C. Meng, A. Nakao, M.Okumura, “Quantitative
evaluation of effects of isomorphic substitutions on delamination energies of clay minerals”,
Proceedings of Joint International Conference on Supercomputing in Nuclear Applications
+ Monte Carlo 2020 (SNA+MC2020), Japan, May 2020, No0.3292101, pp.127-130.

4) SEOFIAFE:
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LEBTDHILARELET S, £2, ADFE Ra DY 2 b—3 3 b7V, Ra OKRNRRER
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513.7 FB—REHRIZIIRFAMMSILEBORE
First-principles Study of the Degradation of Nuclear Materials
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BLTWDOTIERWNEEZ DIV, £ DRI A ﬁ:XA%%%‘%EfTC“Z?)%BO

WEEEEIC BT/ DN TOIZEBROR R L IFIEFRROME RN T LI =0 AZEH L THELATY
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Q) HRYRMNER, TURARR. WXH):
BB L

1) T. Tsuru, K. Shimizu, M. Yamaguchi, M. Itakura, K. Ebihara, K. Matsuda, A. Bendo, H.
Toda, “Hydrogen-accelerated spontaneous microcracking in high-strength aluminium
alloys”, Scientific Reports, Vol.10, 2020, pp.1998_1-1998_8.

NERFER

2)  WOIER], dERERE . RE R, RIS RIS T D on R L KEME IR

BEEHE EIM%H%/\ CAMP-ISIJ &S OKFEMALIZI T 2R Sk F ©

DOEREREI ) WF5E PJ » DKBEMALOFEARER & FEHRE) 74— T A H B VR T T A K
FMEAL O & FEAERE) . 2019429 A, L.

3)  WRIEM], WEFEKE— AT, ‘= r ORI LIC I T D8RI & KREE
F AR, RARBKEI - IEE THEE 7 m %) 33 %, 2020 453 A, AU
ROMBUNNO.212, CD-ROM.

(4) SEROFAPE:
51 & e & MBS ORI 2

- 187 -



JAEA-Review 2020-021

513.8 REF—RFHEEMEBEZNOBRFAEMERSERZMI2L—1ay

Simulation for Radioactive Nuclides Transport inside Harbor of Fukushima
Daiichi Nuclear Power Plant

W & TH BZ
VI 2 b—a UEIRBRRE
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(2) FIARNE-BR:
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RAEZBE L CHEUICHEZIT O MREA BN L, Ik, EEICREWY A CE LD
FREOKIRED G FREOKIBEMENAKIROEZK 2 12X 5 ICHBRT 52 & TE, FHilc &
2 Z LN OB E DL E LTI DIRDBENDOENE T I 2 L— a3 T52 & a0
BEIZ LT,

Q) BRYRMNER, TURARR. WXH):
EFiAT & EFRSERRC

1) S. Yamada, T. Imamura, M. Machida, “High performance eigenvalue solver for Hubbard
model: Tuning strategies for LOBPCG method on CUDA GPU”, Parallel Computing;
Technology Trends, Advances in Parallel Computing, Vol.36, 2020, pp.105-113.

2) S. Yamada, M. Machida, “Studies for environmental impact of released radioactive
materials under their mitigation measures in both inside and outside FDNPP harbor
area using a nested CFD simulation code”, European Geosciences Union General
Assembly 2019, Vienna, Austria, April 2019.

3) U, BTHEE, UV N T 2 U ANRBEROBENCE 2 DB NGl T 2
AP I 2 b— g XD, BARR T 5E 2020 FEOFES, 2020 4F 3 A.

4) ESINFE., AfEss, (LW, St SkmEs, BN KATRE. PAEE, 3
= BT OBAEGE”, BAEGE & RFRMHE, —REEEAN BAHE TZS . L
FZHIR, 2019 4F, pp.77-104.
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4) SEOFIAFE:

Yial—vara— ROWREOIEEZED S & Lo r ki TovIalb—vark
FHE L, PEARPAPECED LI ITHBELEZ TWANDMREEL 2 L& BT, £/, FER
OB OREMOMAEZFA L, ¥ alb—ara— Roadl - skt z BT,

- 190 -



JAEA-Review 2020-021

513.9 KEMHOE—REDFHNFHE

Ab Initio Molecular Dynamics Simulations of Hydrogen in Materials
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Y. Noguchi, M. Hiyama, M. Shiga, H. Akiyama, O. Sugino, “Photoabsorption Spectra of
Aqueous Oxyluciferin Anions Elucidated by Explicit Quantum Solvent”, J. Chem.
Theory Comput., Vol.15, 2019, pp.5474-5482.

H. Kimizuka, S. Ogata, M. Shiga, “Unraveling anomalous isotope effect on hydrogen
diffusivities in fcc metals from first principles including nuclear quantum effects”, Phys.
Rev. B, Vol.100, 2019, p.024104_1-024104_9.

Y. Kawashima, K. Ishimura, M. Shiga, “Ab initio Quantum Mechanics/Molecular
Mechanics Method with Periodic Boundaries Employing Ewald Summation Technique
to Electron-Charge Interaction: Treatment of the Surface-Dipole Term”, J. Chem. Phys.,
Vol.150, 2019, 124103, 14 p.

Y. L. Chang, T. Sasaki, J. Ribas-Arifio, M. Machida, M. Shiga, “Understanding
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Vol.21, No.4, 2019, pp.277-282 (&#FHH V) .

B, KBZOF LWE —FHAREORB LI, B 2EA, Fadx /) 2 7 A
Fesx. WE, 2019 4F 11 A (FHFF#E)

M. Shiga, “Ab initio Molecular Simulations of Hydrogen Bonded Systems”, Department
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quantum effects”, Free Energy Calculations of Chemical and Biological Systems, Indian
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5.13.10 EHE-tRERFFVOBIELS YV LBREREED S FIaL—2a ViR

Molecular Simulation Study of Radiocesium Complexation Mechanism with
Fungi and Lichen Metabolites
G NG
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FEPLEE % (Density functional theory; DFT) 12 X 0 &g A (b F R 217\, 55 = Bep
TILERFEERET LV (PCM) ICXE WIERIREBET 5. B, 5 BP0 HE TILICE
XZHEIEE TV D Gaussianl6 & H 7z, ZOFFRTIEICL Y, T AT I L OKEE T 08
ROLEREEL L OHT AEP O TR F— KERT OB BT RLF =255 L, BFEE RN+
DREEMZ ERINZAFES 572,

X aASTHDL INATF L ARNRTF L A, AV Lva Ry TSR an
BIXOHKER D THLY 2 VBV A=V, 7 8T 2V, bl ) — VR D520
TT N @RI T A SR O 53 FAEEC T A= RV F—  KEER E =R X —DFHR AT
ofce REMRRE LT 1 27 Vh VR T THET D “EH T v b/ Ry A

(NBA2) 7 NH ) @RI FF o BRSO~ ZHUE, NBAZR A U U LA F A 85 KD

- 194 -



JAEA-Review 2020-021

YT A F A UERICELT B iEFE NBAZKH+Cst->NBA2 CsH++K+ T 5, Z DEFED UG
HHTZRLFX— (RREBHZ VX =0 0ERER B RV X —%2 5|\ 2fH) 1E-6.3 kcal/mol
EADHIHIRERMMEL 72> TEBY, BV LD TF A UEEERN Y LT A UEERI D $ e
WEETHY, BT LADTFAATKHT HEIREZ R L TWD, S BICEATEIEZIT o 7RG R,
DBV LNDTHERMEIT ) VRTF A DANY IO TERICH D Z EEEEIEDT,
X aFFEEK, L DTETLNIIL ) AT F L A R RO AN IR AT T3 S IELE
THZERDNPoTEY, 2RO OBROFENF /) 2 TORHS L v 7 LRI EE 22 5% H
ERIZL T D ATREM DS MR T T2,

AGS5=-6.3kcal/mol

1 Tk U &R G NBAZ-KH+Cst>NBA2 Cst+K*, KK O SUGH =R L ¥ —1%
$T-6.3kcal/mol TH D, ZiUT CsHiEGPENMIZH D Z L 2R LTS,

Q) HRYRMNER, TURARR. WXH):

D HoAE, BAHZ, BTHEZ, W LEmSEBE Ot v U LAREHEME 5T - o Fimiist
DOBUR L FRE”, Mg T2 25E, Vol.67, No.10, 2019, pp.34-35.

2) HS, M. Machida, T. Dohi, Y. Ohmura, Y. Sasaki, “Computational Molecular Study of
Predominant Organic Molecules in Forest Ecosystems Concerning Cesium Accumulation
and Transport”, 17th International Conference on the Chemistry and Migration Behavior of

Actinides and Fission Products in the Geosphere (Migration 2019), Uji, Japan, September
2019 (RA X —F5) .

4) SEOFIAFE:

LI, AF T X o GHIROAEREIC S D EE@E S X7 BO—FET, ZEICA 4
EHBBSEDLH L RIE) ETNAA V&R T AT D E ADF Y 7 by =T EHWT
THOREITH D, o, Fllan T oA /LR & FEE - MASAGHDICET 2RIV Th 1
Ralb—va HEHEY 7 N = TN THERN Y 7 b Y =7 72 EORS, FIH A LT
AV
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513.11 RF-DFIal—2avIZLb%AH O YT E

Atomic Simulations of Physical Properties for Nuclear Fuel
SR DY)
VR ab—va VEABIRE
(1) FAB/:

KT —~ O RIE, BB ORI E CHLMLT 7 F /A Fetbo L3257 27F /4 FMed
Mot E, B FEHRZBED LTI 2 b —a VK OHER L, BB EOFRIC X
LRMliZAIRE S LT, BB BT 77 o7 v MEFTICERT S Z L Th D,

ZEBMET NV R =T LB E LT T 7 F ) A FMEEIEE OB o EOIIRA & SHEICFE
BRAATO, FBEORWIMTHGEZ 35 2 L 13mo THEECTH 5, 610, GEFRSYET 72
VTV N CHRESND KO RIRERE COYMEERITITL AL ERTRTH D, TDH, FNT
ORI ER 2 30T 51213, O XD RER T T EZRKERS I TE LV Ialb—va U F
EEMSLT D PO TEHETH D, ZOREZERT L0, FxidyIab—varF
L LT BB ANT A—F 2B LWE—FHREAZHA L TE 7, AT, ZhETiZ
AR LT FEL I LT, vV FRAT—AVFEZHNWT, AV Rabty s w/uAXabty sy
L2 b—va r~OIEAETRG, X0 BRENLRDMSMEE B L T <, BT, B R
EEETDH LT B REGA L FREOFEEMETEER Y I 2 L— g AR
DFENIEEEZRIA LT TN b kT 5,

(2) FIARE-ER:
SAEEOMIERR L LTI TOEER BT b s,

1. F—FREHBRICIAZBIY 7 U FOR—F v OFf
WEEREICH| & fiE . ko 7 o FoR—F 1 010
VEH A THIL, TOARTZ LT — N
RBM A MELZM L7, A—F 1 3 T0E
HEMNo TRIET HETOHERL T THDH, ZDOR
— 7 0 L ER IR CIE MR E R Lo 7o
BRI REREBREREZDEEZLRLTVD
B, THET, FREEHRELZ LI L E BN
I TN T I o7, FEFREET, F—REE
BTk 7 o HOR—T7 0 o NEHARENE

»
»

AMMEND ZEEMER LN, SEEIR—T 0 100

N K DB OLALDOFEM &2 TR~ T2, X1 1S
ETHR—T BRI, Zokx B U0 ROETHR=T n OBy

SIEBB LT ARE LD o7, U0 DR AR OB A3 R (RO ED o
B BAREROT, TORKEIN+H/IENT ROVERITEESR  KEADOEKITY 7 VR
EMWNGy oty £, K=o DOIRIZAE FHFET, R—Fa DA DIl
DREEIZRARIFET D Z EMRFA LT, X111 AR EL TH D,
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2. BREERY OBEE O A Y 2 a vy 7T

PRELT 77U OWMERRAT & U C L BREHEA R OO R[N K 2 TSR 18 0D AR Rl oMt~ 0D 5228 A AT
TH70, vI-Uhamy AR L T == A7 4=V REICLDY 32— a v
ZEiiL7-, 23— K& LTiE MOOSE 22— K2 HWT, “fbkv ooy a=y LAREIC
I AERE S OZA L L RS L AIREL L. D amy AOYERA E A EBICANTY I 2 L—
a3 U EATIR o7, FOICEE OB A BT 2 FINREE & LT, BE A L D T ITRE DK
VIRRECU R 2 b=y a v & (TRoTE 2 A, BlICEME L, B X 2IRE EANED
N-%, o< VDN a=y AOWENEZ D EERE~LIR L (M 2), 4E, {SfEkE
DO E S5 Kim-Kim-Suzuki £ & BB RAL ARG OET T 2 — X7 ¢ —/L RiEZF
HALTHEY, X EMERRREA~DISHBHIRFTE 5,
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K2 U5y hamyABEMOT 2 —RT7 4 — L RIEOY I 2L — gy, HT
BRI ORE DN 8 DA OIHIREE T, —0 10 um OFRZHW=, (L) 1 BHEDOY
Na=y ARE, (£T) B GR) LM (F) ofkr, (L) FoiiE, BT)
xBh MOV a=y ARE e OF) LEMOEE R (),

Q) BRUYRMER, TURRR, BXH):

1) H. Nakamura, M. Machida, “First-principles calculation study on phonon thermal
conductivity of thorium and plutonium dioxides; Intrinsic anharmonic phonon-phonon
and extrinsic grain-boundary-phonon scattering effects,” J. Nucl. Mater., Vol.519, 2019,
pp.45-51.

(4) SROFATFE:

ARIZTIETITHIE LB R FEA I LT B E 2 W e o FE 1 #Ic K D
Bt OFHE 21T O TETH D,
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51312 EfisRETZTNE—REHE

DFT Calculation of Dislocations and Solute Atoms
Y= R ES
VR 2 b— g TR E
(1) FABH:

SR IAREE R B ORAEMEAIZ I W T ppm A — 2 — O - K DFEMBOFFEIC K X I8 %
bz, $TEEHAOFHHREEMRBIZEB N THMEORMICE THMAFHER RE S ED SN, 2
AUH IS RO B LR NN ER A IR DL M EEH T2 2L TR DBIRTH D, £
) LI AAMEA 25— R E CH O NI T 5 2 & THEIE L RO A SFRICE T HHk A 7
HRZESEDZ ENRHKD,

F72 . ADSS°FBR 7¢ EORMAF TIIKOR DV ICRIESB A BB L L THWAEAENRE L,
FrlZ ADS Tidh B A~ AW X DS O IK S BNcAb 235k GTH 2 k0 L BIK L 7e D, E 724
BRI OFEIFERE AN, PN CRRE, BB R, MRS e SR 2 2Rk i LAk
FHEA, RIS U THER LT 7 U OFRS0MA 2 T2 Z ERBERO LTS, 25 L7
T—IZBWTRHIEM L& R omie & T AN OMEI O B/ ER N EE a7 7 7 2 — L
RBHD, TNEMARDITIIRBUEL R — AN NE L 725, REENBIXZ O LIRS B
DR 1T > T <,

(2) FARE-ER:

AT OFFEICE L TlE, R TITh TV 5 Mg-Y-Zn A4 OMHIKELRE o & s 2 35 mm
BB O RO 21T > 72, MG E BT XML OR T IEs 0.3 4 7 A ha—5A
DOREETBIET L2 ENAMRETH Y, i B FOMAERICE LEERZMAN G OIS,
Mg 123\ Tl i E AT AR DO ERS AL /2L L Z ORI HEE K & kT % . Mg-Y-Zn
RICBWTIE Z OEERMIC Y, Zn BT 25 2 & TLEL LI O BFEA LD > TV,
BIETIXZO L D R TIAN Y, Y, Zn 22 < GOMERMMPBE SN, 295 LTESE, 3
PN ORIFRIZR E < 220 AV OMES O EE 5 1T WELE & 72 5, 53— FEEHR IV TR
AL DR Z IR &0 WBE ITBEMCRIREAKLS 725 & 2 AR REDRTILEZEET S Z &
TIKL KD o T2 AL OB E Z B 4 Z LISk Li-, ZORE TEONRiEs ., &
BB TEONERALELZ IR L2 E 24, Y. Zn AW CIRmE S L v —FEx i,

WM ELOFHEICE LTI, ETEE LB CTH D . ERRBEFHRE TR THOIL TV 5,
U02 & Zr02 DIREEACY OIEET 7 U OBEAVRENE 2 E L 72 2R OGR4 8 — BRI R C©
HELT 52 L2l Ade, XBMENTIZ K 0 HEHET 7 U 1T cubic 7o A RS Ch F 4 UALEICT v
L Zr JR 7L URFPEE L TWD I ERghos TV, ZoiEE AW TERPMThNZ
FREIPR 2 73— 5 | ZrO2 5334 12.5%., 25%. 50% DHEIT DWW TH —JRBRFHR 21T\, 7
PEEERS L ORI ORI 21T o 72, X 1 IZHEES M ORIl O 72 D12~ X BIR i = K L ¥ — D
SR EZITSTEBBICHWE R PR E 2R T, £7o, K2 ISHMEER (Yo 73) @ ZrO2 5 RKAF
PEDE LR L ERE R A RS, B ERICOWTIEER THE 25% L THEN TR S 2 &M
BRISTWHT, BUNET 7 VANOE RN L5 FHIRTAEK EE 2 5TV, F—
FHETH 25%fHETY Y VRMETT D2 08000, ZTOFERNG Zr 1L URTOWA X
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DIFEWIZ LD O JRFDELND 25% (L TR bR R D7D Th D 2 & DFHEM RO L -
THH L7, EREBRTIIODERDN 50% M0 TR O S e ERNAZ BN =08, FH— R
FAERWTHMERE~EHZ VX =25 L, 20 205 Griffith O % W ChHEEEME 2
P L7z & 2 A, Zr DFEOBENIZ LD REREMITZA NIRRT, FEERTIISE 50%LL LT
1T X BEHT OFE R, ED tetragonal AN E TN TWDH I ERH L TR Y, A5+
(B L2 5 23 B/INR R AN & ST CHARE L TG ) 24BN 5 2 & CREEERIMEN
BIRIZ ERT 20D RKNTH 5 & Ofbiwma157,

lbéﬁﬁ ztiigﬁ?mimmjmmmgmmm
%%%%9

¢ ¥sZ[20] A
E Llcntomeslbnmplsmg
Qﬁbdﬁ%ﬁt " U . . - WO | SUR S—
B fecnmmssassuaessd s e ............... ...... i NESRT—
; % %@%ﬁé 1400 02 04 06 08 10

ZrOz content, x (mole fraction)

Young's medulus (GPa)
B R
S o
g 4 i
[ o |
—e—

1 ~ERHE R =GR T Rl E 2 FHRICL > TRLNEEHRBO Y

Zr6U42096, &F. Hk. IROERNZNE T RO ZrO2 4y FKARLEVE & EBRfE R
Zr,U,0 J5i¥ D Hg

Q) BRUARMER, TLRHR, WXF):
ffti 3L

1) M. Itakura, H. Nakamura, T. Kitagaki, T. Hoshino, M. Machida, “First-principles
calculation of mechanical properties of simulated debris ZriU1-xO2”, Journal of Nuclear
Science and Technology, Vol.56, Issue 9-10, 2019, pp.915-921.

2) S.Hayakawa, K. Doihara, T. Okita, M. Itakura, M. Aichi, K. Suzuki, “Screw dislocation-
spherical void interactions in fcc metals and their dependence on stacking fault energy”,
Journal of Materials Science, Vol.54, Issue 17, 2019, pp.11509-11525.

3) S. Hayakawa, T. Okita, M. Itakura, T. Kawabata, K. Suzuki, “Atomistic simulations for
the effects of stacking fault energy on defect formations by displacement cascades in

FCC metals under Poisson’s deformation”, Journal of Materials Science, Vol.54, Issue
16, 2019, pp.11096-11110.

4) R, TR RAA, Wﬁﬁ#\m%%ﬁ‘ﬁw74—i%%Mgé$$@A?DﬁﬁK
Bl HEAEFERZEE)” . A ASE TS 2020 EHEF RS, HL, 2020 4F 3 H.

4) SHROFIATFE:

B2 NS i?~<7%‘if?z{zliﬁ*4@§+%f\ EEL VET T 72T v MO EIRIREE]
T D AHAEE (BAC IR, MRk &) ORmEELZFE L TW FETH D,
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5.13.13 BHMHEOMBEBERE I AL—2a DO DREFHMIaL—aY
Atomistic Simulations for Microstructural Evolution of Irradiated Materials

it Fn
VR a2 b— g UERBRgEE
(1) FABM:

& R OB RFE | R I BRARBREE & e 1 IS ) D2 BMEICB b 2 HEREIE CH 5
D, BURBRIREHC XA E TRES AT &8 TLH D, i, 77 X kfmps TIEs
KIGIZE > TEExF 2 V7 ¢ ERIEE 22 N F U LOWEENS|Z 5, 29 LIEEEEZET L
L LTI 2 2 & DBEAFRR D 22 AW AR OB B ORREHT & > THE R EHR &
IRV, ED AT = A LD FATITER & 728 KL A K e 3R ORI O JR - A - — /L T O AAE
RMdH 0 | W - 22 A 77— /L TORIBRD & 2 EERIZ K DT CIEBIR A2 S8, 29 L
T BEAER Z E BT 213 — REHEEZ X—R L LIev LV TF Ry —LET U o 7 h i
Th D,

VAT MEHER Y v F TR IR R O 2 ARG & BB OBRGHTE T 520, &8
MEHZ BT 287 REGo R R O R FIEZ RFICOIZ VR L TE T 5, 2019 FEI2
X, TR v # — 7 L C ADS BB B AFZER SN 2 7=,

AFE T, BUTORAFS ADS « RSP CHEH S 2 EM BN TSI L - Tl 2
2R iR LOFRE THESLICE B EZ 525 b0 &0 2L TE T RBEOEWEFE#Y
2L —varETHIZEICED, AY = a R —VOHETNVORET — 2 2155 L&
FHMET D, Eio, MELOBIEETEOMEE e & D 2 1 = X M L TR TR 72BRR S B
TRV, ERLEF MBI ORE L U TH RSB O LR R B A R O D 726D | &8 DY
MR & DA T = XA DFERHAN R ZAT D,

(2) FARNE-BR:

A) BRAIFCIXY v T AT UMBE R T T ARl E LCER ST 5, ARk
DZEFLI2 E DRI RMGITIREL CTH D N FU LR EEZRINL, X2 T 4 EORELE 2D,
=, BUTATUNO L= ARF A I U IR KRG E T SR BB I LT
o Ko TEDAN=ALEHFS 5 Z L ITREME - BRFEOCBANOEETHD, Fxiir=
VLARTAI T LEL T AT ZAND & REIC K o TER SN DR T & 22 FL05 Ffh
BLRTKRDZILEHA L, £, VoD LFEORETHRIC K- TE T AT MBS
LDHGENHY ., ZOA =X L EFH - FHEHE IV RE L,

B) JRIFENRRONEICITHRE AT L ABNME DR TV H N, TR0 BCC FIKIZIE
Fe-Cr ® 2 A4 L 7> TW\5D, ZOAEILEIETHOHE L CELNRK Ctd b, ZhET
OREALHGI IR e BRI L o TRBISNTE 72, HEVEEERE L d o T, FER
L LFEIFEE DX, ZOBIG A S TEN)FCHELT S Z LB L, M EC L 5T
LT Z & OMEFEE 5T, £7o. FHOBHEE Ch 2 BB T ST A —& Ll S IR )
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PPL T A= AN=PVBIEERIZSH 5 Z LA L NI o T, 2%, ZORRITHELFENIFEE I X
STITONTEFERTHIER SN, ZHUT LY, Fe-Cr &DHELD A J1 = X LD BRI
PR Bt O MRS TE 5 LB X DN D,

C) #k7e EORNr HTHEE (BCC) &BITKIERTHLT 22 MO TNDER, DA H =
R INE S AN DOZEE) L IELS b o> TWD Z ERERD LM EINTW5, [KIETO LE AR
MOFTRYEIF 110 1 TH L, HE EF L &I 12 TEABNTL 5 2 ENFEFRTH > T
W5, EREE LIINFE Y I ab—y g VEAWT, FIRT112 TR0 @ik
LR EHETHZ LT L (K 1), £, BAGESOFEMZRENT 205 Z O30 mANE
EROEICL > THERI SN TV D AREERNFE W 2R LT,

() (b)

-
=

h
=

(112} $_YE ~

BRI DO IR (A)
=
S

470 180 190 200 210 220
EEOMOBMIEE (A)

1 SO TRDIZE D AN OBHE)

(a) SKFESHOPO—OOMEIZT 2 HY H LTl Ui, PRI 3 20T 7250 s bE A
FENLOMETH D, FEERIZIT, 20X RFEFHEPEL> TEBEZMIE L THWLDOT, i1
T B CHAN AR AFAE T Do ARIR TITIEALITE > T SBEIT 5 (FWRED 23, RBENS
SBRBIZULED > TROKHIO KD IZBEN T AT D, fifhAAT D mIZRR S o)
FHEICEE TR EATRE T, $N0 EMRE LR TEB 5 2 L1222,

b) FFreIal—raryZ2H0nTURENEL RDICONTHEAEBMNOBENC L 5T H
A 112 JHEIC 2 LT 2 &2 T2 Z LIkt L=,

Q) HRUYRMER, TURARR., BXHF):

1) T. Suzudo, T. Onitsuka, K. Fukumoto, “Analyzing the cross-slip motion of screw
dislocations at finite temperatures in body-centered-cubic metals: molecular statics and
dynamics studies”, Modeling and Simulation Materials Science Engineering, Vol.27,
2019, pp.064001_1-064001_15.

2) T. Tsuru, M. Waketa, T. Suzudo, M. Itakura, S. Ogata, “Anomalous solution softening by
unique energy balance mediated by kink mechanism in tungsten-rhenium alloys”,
Journal of Applied Physics, Vol.127, 2020, pp.025101_1-025101_9.

3) T. Suzudo, H. Takamizawa Y. Nishiyama, A. Caro, T. Toyama, Y. Nagai, “Atomistic
modeling of hardening in spinodally-decomposed Fe-Cr binary alloys”, Journal of
Nuclear Materials, Vol.540, 2020, pp. 152306_1-152306_10.
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4) Y. Du, K. Yoshida, Y. Shimada, T. Toyama, K. Inoue, K. Arakawa, T. Suzudo, K. J. Milan,
R. Gerard, S. Ohnuki, Y. Nagai, “In-situ WB-STEM observation of dislocation loop
behavior in reactor pressure vessel steel during post-irradiation annealing”, Materialia,
Vol.12, 2020, pp.100778_1-100778_10.

5) E. Wakai, N. Okubo, S. Takaya, Y. Nagae, T. Suzudo, H. Abe, M. Yamaguchi, K. Aoto,
“Effects of Helium Production and Displacement Damage on Microstructural Evolution
in Helium-Implanted Austenitic Stainless Steel and Martensitic Steel Examined By HIT
Experiment and kMC Simulation”, JPS Conf. Proc., Vol.28, 2020, p.061008.

6) K. Ebihara, T. Suzudo, “Molecular Dynamics Simulations of Phosphorus Migration in a
Grain Boundary of a-iron”, TMS 2020; 149th Annual Meeting & Exhibition
Supplemental Proceedings, San Diego, U. S. A., February 2020, pp.995-1002.

7) T. Suzudo, T. Tusru, “First Principles Modeling on Radiation Defects in W and W-based
Alloys”, 4th International Workshop on Models and Data for Plasma-Material
Interaction in Fusion Devices (MoD-PMI 2019), Toki, Japan, June 2019 (A7) .

8) T. Tsuru, T. Suzudo, “First-principles modeling of radiation resistant W-based alloys”,
6th Fusion Materials Theory & Modeling Workshop (6th FMTCP), Walla Walla, U.S.A.,
June 2019 (FAfFiH) .

9) E. Wakai, S. Takaya, Y. Matsui, Y. Nagae, S. Kato, T. Suzudo, M. Yamaguchi, K. Aoto, S.
Nogami, A. Hasegawa, H. Abe, K. Sato, T. Ishida, S. Makimura, P.G. Hurh, K. Ammigan,
D.J. Senor, A M. Casellal, D.J. Edwards, “Irradiation damages of structural materials
under different irradiation environments”, J. Nucl. Mater., Vol.543, 2021, p.152503.

10) T. Suzudo, K. Ebihara, T. Tsuru, “Brittle-fracture simulations of curved cleavage cracks
in alpha-iron: a molecular dynamics study”, AIP-Advances, DOI: 10.1063/5.0026659.

11) T. Suzudo, K. Ebihara, T. Tsuru, “Cleavage and dislocation emissions in BCC iron: A
molecular dynamics study”, GIMRT Joint International Symposium on Radiation
Effects in Materials and Actinide Science (GIMRT-REMAS 2020), October 2020, Sendai
(online) (FAFFH#TH) .

4) SEOFIBFE:

MEFREIN D BGOSR O 22 Tl b EEEOE WL DO TH LN, ZDA I =
ALIRIEIZELS Do TR, LNLBBR L SBREEO A a U REFINLZEHHY
KRB 72 & HERO G FEN I FOICHIC L > T ZOBGEZRAICHLNIZL TN TENRTE
HEBEZD, FTIL, TR CTOWBMNEHEOEHARZIELL BETLIZ RN ELRD,
Fio, KFOANV U LR EOTAFAFIIMAL A MRE S L0, TRONEZERIZE S 030vbo
TVDDONEIFF LUV TH LI LTS,

LRI A AT > T D BAL KB a B B S8 AT 12 38\ TR I mig [ O FE 1 BRM B 23 B S &
. BHFE O —T DM T — 2B OND KOs TETND, £z, BBAi/L—7 N
JENRZRMALIZFTF G L TND &0 D ZENERNL D> TETWVDH, ARETIL, ERT —X
EHEBT DL RS TEINFRIREIT ) Z LI LY BEFE RNV — 7 OREM 72 BRI IR AE &
iR L, B5fr L — 7 SR RE IR ER DR LIZ E D X 5 BE# L T D O - L~V T L
<,
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5.13.14 KFBRFRARTEDBISIGHERMTDFRF

Development of Massively Parallel Simulation Technology for Extreme Scale
CFD Simulations

FEA B/, NFTF ERE BS E 27 7V Bk AN
e P R AR AT DR 5 =
+ RS AT L

(1) FABEM:

1 P IR O PRBHER B HE R AT 0 ADS B¢ EH D 72 6D D BMREMIRMT % . [T IR DA > X
2 L=y a VERY O FRPETETEMME. BB L TR Y =7 R — LEHRE A BR
i LIE RBUBGEH RN LA L 7e o T D, Eio, R IBELISN T O REE 73 B0 hk 4 7R BE RIS ]
SEIZREN T 27— VRRFHRENIOS L TEN=—A0 DD, LLanb, BEPR
WA R DX 2R T 78T L —2BA—/—a  Ea— X %5325 LT, izt EHE
WBAFE DI & 72> TV D, LFREHE 50 DAMIIE TIZLLT ORUE Z R 2 5 R HIR B S 2B Y
#HTe,

PERD CPU L RES BB D=V =TT —=%T7 7 FxDT7 78T L= =—aT
Tuty Y ottiEr 5l & MY RELEIN

TI7ETL—ERA=—ar Tt y R G 7 b HENMEIC X o THET 2@EER
MV 7 RS HEBET LY XL

IR OFREBAIILRITIN 2 D D~V TF A —VGHR T LT X4

b ORI 2 JUPITER 0 FERF O H = — NIQ#EMA LT, =7 27— Ui
e ab—ya Y EEM LR IA 7 R—va CORIMICERRT 2 & & bic, BRETE
7 W R — VR R AN & LT 5 2 & T R BN ORI N s R — L R
2 b—va VORRICET D,

2) FIRRE-HR:
LIFD 3 SOMUEIZHOWTAHEEDORREZHHAT 5,

@ CPU if PARCEL OZ &k tHEBSE (DDM) BRXOA v ¥ —72—R (API) i
F—7F V=2 L LTAB L7 CPU it PARCEL I3EMETTH&M (CRS) TEZ. M /5
(DIA) FERIZKHE LTV DR, b 0T — X BEROWFHLEL 1 It E L 72 b7,
%< DV Ialb—raryTHWLND 3 RICHEDERSEN A ST, Z OREEE

fR9 57212, BEICZ A Z 0 BB figst = — K JUPITER, 77 X< {i{kfiffr =— K GT5D

TS ST 5 DDM FERD API 2% L. PARCEL OF —# B AR L7z, X 11Z7R3

BEVR—FLTWET—2ERORIZH D L HI12, Z#E T CRS, DIA BT AED T
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TFFEETCOTNITY ALEHR—FLTW5H, DDM EXTIXRBEOWEN L h R e PTG
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3.5
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1
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0.5 l l 0 41 0 41
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= wun [ 8]
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() BRYRMNESR, TURARR., WXH):

EFAT & RS
1) N. Onodera, Y. Idomura, S. Uesawa, S. Yamashita, H. Yoshida, “Locally mesh-refined

2)

3)

4)

5)

lattice Boltzmann method for fuel debris air cooling analysis on GPU supercomputer”,
Mechanical Engineering Journal, Vol.7, Issue 3, 2020, pp.19-00531_1-19-00531_10.

Y. Idomura, “Isotope and Plasma Size Scaling in Ion Temperature Gradient Driven
Turbulence”, Phys. Plasmas, Vol.26, Issue 12, 2019, pp.120703_1-120703_5 (2019,
featured article).

K. Matsumoto, Y. Idomura, T. Ina, A. Mayumi, S. Yamada, “Implementation and
performance evaluation of a communication-avoiding GMRES method for stencil-based
code on GPU cluster”, The Journal of Supercomputing, Vol.75, 2019, pp.8115-8146.

Y. Ali, N. Onodera, Y. Idomura, T. Ina, T. Imamura, “GPU Acceleration of Communication
Avoiding Chebyshev Basis Conjugate Gradient Solver for Multiphase CFD Simulations”,
Proceedings of 10th Workshop on Latest Advances in Scalable Algorithms for Large-Scale
Systems (ScalA 2019), Denver, U.S.A., November 2019, pp.1-8.

N. Onodera, Y. Idomura, T. Kawamura, S. Uesawa, S. Yamashita, and H. Yoshida, “Fuel
debris’ air cooling analysis using a lattice Boltzmann method”, Proceedings of 27th
International Conference on Nuclear Engineering (ICONE-27), Tsukuba, Japan, 2019,
6p.

(4) SROFIAPE:
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Estimation of Temporal Changes in Air Dose Rate using Measurement
Results of Monitoring Posts
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1) A. Seki, A. Mayumi, H. M. Wainwright, K. Saito, H. Takemiya, Y. Idomura, “Estimation
of air dose rate using measurement results of monitoring posts in Fukushima
Prefecture”, Proceedings of Joint International Conference on Supercomputing in
Nuclear Applications + Monte Carlo 2020 (SNA+MC2020), Japan, 2020, pp.158-164.
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