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

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

In FY2015, the system was used for R&D aiming to restore Fukushima (nuclear plant
decommissioning and environmental restoration) as a priority issue, as well as for JAEA's major
projects such as Fast Reactor Cycle System, Fusion R&D and Quantum Beam Science.

This report presents a great number of R&D results accomplished by using the system in FY2015,

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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Numerical Analyses and Investigations of Two-Phase Flow Jet by using
OpenFOAM
[FE SR
BOK N @ e s n—=7

(1) FABRM:

JFEAIFN O SR TER 72 B S 2 R 3 5 72 DIiX, BAEFIA 15 (CFD) A3 E 72 fifgfT > —
NEIRD, AFETIE, CFD ZHWT, 37 by a v Fy o N—HNTELDL =V A7 T E
> T BIROKMR AR B & MR D T2 O DT FIEORRET 21T o 7o MEFTIZ, P& i
AR T, MBS ARE 2 EORSZFF> VOF (Volume of Fluid) #E%2 AW TV DM, #
FEN R OMBICERET D720, FEFICEL O T2 0B L L, KRB SRR OFE & 72
DT ENBZN, o T, KEGEBOFHNLATH D,

(2) FIARNE-BR:
F—7"V—Z CFD =2— K OpenFOAM @ VOF ik Y /LN interFoam % H V7= =R i Bhig
WradTolz, BLIRET WVIIMER Lo Tz,

1. interFoam iZ & 5 KK —BTRfRMT O R E

AT ORI 2B b B A RIFT LB 2 DN DK HRTFEOFAA, KO 2 54 L. 2%l
PERCA AN 2 FEERE N7 A — 2 C, DRRERRNT 2 FEfi LT-, MRS % Fig.1 127, FflkL
TN DHKRFIZZER A 10m/s THEAT D, FHRMSTIIONHEEE 7 & L, s TE0E, 27 77, 65 77,
171 77, 405 75, 960 T D 5 r—A & LTz, I, A AR EERL Lo, /X
JAHEDORLEZ TR L TWD, 10 IzkiF 2 tmik (VOF 8 0.5 EfEmM) % Fig.2 1277,
H BT 2 EEORIARITIG U TR T 0E RO D LEN G D0, T IRTFIEORBENRRKE
FRIZKYE EASEIRIC I 2B VWRBEICBINTZ, F/o, C,x LA SELZ LIk HBrEuE &
BLRLLIEFE BN D Z L b bhoTRY | Stk TR & OFE BAIIIC X 5 2 Y PR %
179,
2. WK _AHIZRT 5V = v NERMENT

T NVAY T T REBRTRET DY = v NOBEEMNT 21T 5 728, Scheele 512 & % Fk[1]
TRIGE L U= TN & 50 LT, EATIAR & Fig.3 lond, EBR & RSBV, HE
J RIS IRFANAT H % 0.1~1.0m/s THEAT D, st FIINHEAK T & L, B30T
92,200 T CThH 5, / AVHOFHEOY = v hOREFK (VOF i 0.5 FEEX) % Fig.4 (Z7°
9, FEERTIE, K 0.9m/s LIBEIZBWT, "7 2DV =y NREICIDEFLNEL D E S
TWDN, T CIEHBETE TCWRNWZI ERH LN o, 5%, ANV FEH 2, /
ZIVERDIZHAD N A v v 2 2B S5 2 L TUEEXD TETH D,

[1] G. F. Scheele and B. J. Meister, AIChE Journal, Vol. 14, No. 1 (1968).
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(3) HRVAMESR, TUARR., WXH):
7L

(4) SROFIATFE:

Y 7 — T TIBIKIF D&V FICE T 2 720 | F DRI O JR IR N VK 282 B9
LR AT > TV D, Atk BURE)

AHHIZEER & & B IZ, CFD =— RIZ & 2 KRB B Eh it
ATV BUKIZEEHEFIE ORI A2 BT P ETH D,
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52 BALE-#ZtEXri)TH88XEEVS—
Integrated Support Center for Nuclear Nonproliferation and
Nuclear Security

521 FE2THLADI—FEAVEZEBREA O IBRAIEDODT—IR—IDRAFELY
AT LT
Database Development and System Evaluation using Monte Carlo Codes for
Delayed Gamma Ray Spectroscopy

Douglas Chase Rodriguez, W%+ 1E. /NR G4, &l . Fabiana Rossi
et B s HE ==

(1) FABRR/:
The work performed on the PRIMERGY BX900 and SGI ICE X clusters focuses on
processing MCNP6 and Geant4 codes to help develop a Monte Carlo code for fission yield

improvements and non-destructive assay analysis.

(2) FARNE-ER:

Delayed gamma-ray spectroscopy (DGS) is a potentially useful non-destructive assay
(NDA) technique to determine fissionable nuclear material (FNM) composition ratios. This is
extremely important for nuclear safeguards verification of the declared information by
determining if small amounts of nuclear material are missing. In order to effectively use this
technique, however, nuclear data needs to be improved when it comes to fission product (FP)
yield distributions. Data is currently being collected at the Plutonium Conversion
Development Facility (PCDF) and the European Union’s Joint Research Centers in Ispra,
Italy ITU) and Geel, Belgium (IRMM). The data collected will be used to improve fission
yield (FY) measurements for uranium, plutonium, and MOX samples.

The DGS technique works by correlating the measured gamma rays from FP chains to the
original fissionable nuclide. The FY is different for both the energy of the irradiating
neutron, through the fission cross-section, and the atomic number and atomic mass of the
fissionable nuclide (see Figure 1). The physics behind this process is that neutrons of some
energy, from 0-keV for spontaneous fission (SF) to 14-MeV from a deuterium-tritium
generator, induce fission on a sample of FNM. The FP then decay according to their half-life
and along their decay branching ratios. The FP daughters then decay, extending this decay
chain into the delayed timeframe (> ~1 ns) in proportions to the original FY. Gamma rays

(DG) are produced during the decay of each FP chain proportional to the quantity decaying,
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their half-life, and the gamma-ray branching ratio and can be detected and analyzed for the

original FY production.

0.09

T

— U-235
— Pu-239
— Pu-241

0.08
0.07
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s 0.05

[I ll[ TT

o)

0.04

TTTTTTT ll

Yield
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0.01
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80 80 100 120 140 160 180
Atomic Mass (AMU)

Figure 1. The thermal neutron induced fission yield distribution of the listed nuclides. Note
that U-235 is more prominent around fission product masses of 90, whereas the Pu isotopes

are more prominent around 105.

For NDA, multiple fissionable nuclides are expected to contribute to the gamma-ray
spectrum in proportions relative to their quantity. Because of this, the DG spectrum must be
deconvloved in order to determine the composition of the original FNM participating in the
spectrum. In order to determine better FY that can then be used for improved NDA,
well-calibrated samples must be measured in similar ways of irradiation and deconvolution
of the spectrum.

To do this, an inverse Monte Carlo (IMC) analysis method is being developed to analyze
the data collected at the PCDF, ITU, and IRMM. This method works by producing a Monte
Carlo (MC) generated DG spectrum that can be compared to the measured data by
performing a least-squares minimization (LSM) fit. The MC inputs would then be adjusted
and processed and then another LSM fit is performed. After many fits are performed for
multiple compositions a maximum-likelihood comparison is made and the most-probable

composition can be declared. For an NDA measurement, the FY and other elements
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contributing to generate the DG spectrum would be held as fixed distributions while the
sample composition would vary in the MC to produce a result. For FY improvement, the
composition is known so is held fixed in the MC while the FY distribution is varied for the
LSM fits.

To develop a preliminary database for the IMC, and the MC used for this method, MCNP6
and Geant4 are used based on their particular strengths of computation. MCNP was
developed to model neutron interactions for criticality determination. As such it is being
used for this IMC project to determine the expected neutron interactions that occur within
FNM based on the unique and variable neutron sources that are being used (e.g. moderated
D-T generator of PUNITA at ITU, Pu-nitrate and MOX SF neutrons, etc.). MCNP6 is also
being used to model systems that are being developed for this study of an optimum
thermal-neutron flux (see Figure 2). Geant4 was developed to model detector physics for
high-precision high-energy physics experiments. As such, this program is being used to

model the gamma-ray spectra expected to be observed within the detectors (see Figure 3).

Ideal Reflector

12.6-cm HDPE Baffle Behind Target

Py %3]

o o

o o
LI T
-

Baffled Target Against Port Back

Particles s™
[h%] w
o o
o o
LI

€
A
= -
5 :
k5] 1000 / M
B F .
0 ek
-4 2 6 8

2
Ioglo E (eV)

=40 =20 a EL] 40

length (cm)

Figure 2. The left image shows a model of an ideal graphite (blue) and high-density
polyethylene (HDPE) neutron (yellow) moderator that will be used for active neutron
interrogation. The 252Cf neutron source is located in the middle of the HDPE circle. The MOX
sample that will use this would be placed in the inner magenta area in front of the
right-hand HDPE back-reflector. The right image shows a comparison of the neutron rates
entering the sample space under various configurations of the HDPE back-reflector and
placement of the sample: black — no reflector and 5 cm back; red — HDPE reflector and 5 cm
back; blue — HDPE reflector and 0 cm back (as pictured).
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Figure 3. The Geant4 result of the fraction of detected gamma rays compared to the emitted
gamma rays from a nearby mono-energetic source. This only shows the multiples of 500-keV

inputs up through 8-MeV, though all 8000 1-keV energies were generated.

(3) HRVAMESR, TUARR., RXH):

1) Douglas Chase RODRIGUEZ, Jun TAKAMINE, Mitsuo KOIZUMI, and Michio SEYA,
"Utilizing Delayed Gamma Rays for Fissionable Material Measurement in NDA",
ESARDA 37th Annual Meeting, pp. 831-837, 2015.

2) D.C. RODRIGUEZ, J. TAKAMINE, M. KOIZUMI, and M. SEYA, "Preliminary Delayed
Gamma-Ray Spectroscopy for Non-Destructive Analysis of Fissionable Material," INMM
56th Annual Meeting, 2015.

3) D.C. RODRIGUEZ, J. HAYSE, M. KOIZUMI, W. MONDELAERS, B. PEDERSEN, P.
SCHILLEBEECKX, M. SEYA, J. TAKAMINE, "Active Neutron NDA Techniques for
Nuclear Non-proliferation Applications (3) Development of Delayed Gamma-ray
Spectroscopy — Preliminary Monte Carlo Studies", INMM Japan Chapter 36t Annual
Meeting, 2015.

4) SEROFATFRE:

Future work will consist of generating additional MCNP6 models for detector development
and neutron flux evaluations of real systems for inclusion into the IMC Monte Carlo.
Additionally, the IMC Monte Carlo is almost complete and many simulations will be required
to evaluate the statistical and systematic effects of the IMC analysis of the MC generated
DG spectra.
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53 #MEWREFKAM IAXEESTHREAR
Sector of Fusion Research and Development
Naka Fusion Institute

5.3.1 4\ ERHLI5IZ LB Locked Mode BEEN&IEID MHD o 2al—3i3>

MHD Simulation of Locked Mode and Its Active Stabilization Scheme by
External Field Effects
b
FHT I X~vET Y T T N—T
(Fpk 28 4F 4 7 X0 &7 BBt 78 5A Fe pe )
(1) FABRR/:
Be 77 A< 2EEIZ B0V T filfFEE TA U 5 a4 L OBl FRIEDE N RN L 0 AT 5
PEMSIIH DB D L, EENTOMKE & OMBEEHEZN LEMEG T 7 X~ & ik
(T4 AT Tvay) ~EEL, Ko TEOME DM EXRITBHE CTh DM, BIEER PO
JT-60SA X° ITER TILFEBRMRRBMANIESWCTRHRE DRI TEBY, ETV 7LD 7 7
A~ A2 T DR S OBIEZ PRI 2 F IR S Tuniavny, ARUFFE T, Fricidak o
ITER - JT-60SA 72 EICRE SN A KB TEEIRD N~ 27 77 A<ITBNT, fREMIZLY
EFDE—FayFr ZOFH - KOZEORBIENEZIT 5 512, SR LA VAT CTLEE
Wk Z BB LG RNREABRIAY 2 2 L—3 3 v a— K AEOLUS-IT OB Z1TV,
ITER O FIEBICHBRT D,

(2) FMARE-HER:

s &MY & O EAERIC X 0 AT 57T X~ % ITER « JT-60SA % D FEIL{E T T
WF 221205, BAF— VL TERBRIEZBE LIsHE 2 Tb R T IR b, ERr— L idE
WAy S 2 L—3 a3 2BV T, BER LA A (S) NEWHA R L, FERRIIRR e
FITHAS L HEEBEWT 5, JT-60SA ° ITER IZBIF AR LA 2 VA% §=10"10L 72 273,
ZOXO7E S T, MREBERIZESSFHEIINECH -7, £/, KA M~ 7120 T
LGV A RN T A A ORERPEREDIEF TN E < 705 2 ELIRIZ L 0 AT 202 BRI,
FHFANHEER /N E T2 D, WK LA /v 2R ARKEIE, SV IUE, BORMIEF 1T/ S W
WheZ Bk L RBUR F TaEx LA/ VA NRA O EZ S I 2 —ar LEH T D
& BIERINCRZEIT R DR,

ZO X ) REICR L, AFE I3 AR Y R =2 L— 3 32— K AEOLUS (2% LT, LA
T OMEAEAE WA N L=, F—12, EER LA VAR ORI S 2 e+ 5 4. BN
JRTEAL T 2 BB FHIC A » & =2 0 LT, BRIKITEIEA R L0 ThRnZ & HA[EET
HOHN, EOGE, O REREENMRIES N, Ko TARMFIE CITEBEZERIC L £k %
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ITolz, BT, MRUEBERICBWTL, r=00RR8E700, ZOFE £ TCIERASEHE
B 5N TE RN A, rOOKTFER b OB RIS FCUEEORRAICBNT £2=0
DRI IND X O REEREZHH L, 22 TAMEEDOERTH 5,

ZD XD RIEEIS AR 2 L 12X Y 5 keV @ JT-60SA L RIFLED /T A & T 585=10°%
TOMR LA ) VA TGRSR S S FHRICH Lz, )1 1% S=10° FicHsi) % [mlfnkE
W L AR E DT — Fa v 7 D Locked/Release DEMEEFHEZRLZHbDTHY ., &
JERHCE T, BBESEN T 7 A~ BHIC L VRS, ZOERFEDS 0 Y5 THHERH LM
272 o7, ZhUE. & S F IR BRI DT 227 FHAVS ITHE L#EL 25 En b, 4
FEREG R T DR DS B IR L > TR SN TV A FREZ BT 5, £70, FiEic X v i
ik S AVIRWEREE O JE I EUT ORISR 2 W D HE TR DOREZIMZA bND Z & bRS, &
S T DOREZERS OREBIHIE O S MG S NIED TV D,

S=108

X X Locked -y
'|® ® Release High gx/
! é Q XX
;w2/5o/>< f
. e X
g 104} Low Mid RN T T oo
= % x X
X
b ® o o oo ;
. A X X XXX
57 i : :
10° 10 107 107
We

M1 EHELA AT (S=100) 108 2 EEMEHNC £ 0 R S - RS 2 iR 5 510
WA 72 [R5 E O 8 W B A7

(3) HRUAMER, TLARE., WXE):
F2B
D EERRE, AaEt, RS KR SOLEE, BT, NI IS X D Locked Mode
REENHIEH O MHD © X 2 L—3 g " 8 32 177 ARl &7 Fa 4 HREKT, 2015
11 H 24-27 H.
2) S. Inoue, J. Shiraishi, S. Ide, G, Matsunaga, A. Isayama, M. Takechi, "MHD simulation
of locked mode and its active stabilization scheme by external field effects", Joint

Meeting of US-Japan MHD Workshop and ITPA MHD Disruption and Control Topical
Group, NIF'S, 3/8, 2016.
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3) Sk EEREE, AaTEd, JEREIA KR BULHE, RETE, "R LA VST S
18553 % @ Mode locking D#R 2 FEV', HAWEL A2 5 71 [FHER KRS, 3/19, 2016.

4) R bR PavE, ROk R MILAE, RFRES. "ER LA VAR TICE
B RERESHT R ST RER S O EIERASHT 5 % SEBNIE", 45 11 Rk A = L — ik
AiblES, JUNKE:, 201647 A 14 B, 14P102.

5) Shizuo Inoue, Junya Shiraishi, Go Matsunaga, Manabu Takechi, Akihiko Isayama,
Shunsuke Ide, "Active control/stabilization of locked mode in tokamaks at high magnetic

Reynolds number", 26th IAEA Fusion Energy Conference, Kyoto, 17-22 October 2016,
TH/P1-13.

6) Shizuo Inoue, Junya Shiraishi, Go Matsunaga, Manabu Takechi, Akihiko Isayama,
Shunsuke Ide, "Nonlinear MHD simulation of active control of locked modes", 21st
Workshop on MHD Stability Control &#8211; A US-Japan Workshop, 7-9 Nov 2016
(Invited).

Proceedings (&%)

7) S. Inoue, J. Shiraishi, G. Matsunaga, M. Takechi, A. Isayama, S. Ide, "Active
control/stabilization of locked mode in tokamaks at high magnetic Reynolds number", in
Proceedings of the 26th Fusion Energy Conference, TH/P1-13 (2016).

4) SEROFIAFE:

ATl L 57 Mbid, BREOREICE > THEERET - A 4> OEEGwON L A T
R AEFHOBEEEICEERVRENRD D, FHICHMKEDOREZET DG OEINDY (BX
Yaxszyval) TBETOLA T I AL 0AET L, 5% HOBEE I CHET 5138
A —NVETHRSLERD D, Ko TRFEEIL WAV Izl —rva MICBWTHOEEAIC
BT HENAN A REAEIGRIVNRE ., BT - A A OiER 2 A CIEE 1 2fE < F3 v RE/L B
KifIalb—vara— RNCROBREEL, EREERTEKIRAR S I 2 b—3a VIR DR &
MAMGET 5 Z & T, fROZYUMEERGESC, T OB L TR T 5 Z & % BiET, JT-60SA D3
FGAZERORITF Y R 2 b— g VTR ERFEERARE TS & 2X10" [m 3] &% i
FFZIBUWN T @pe/@ee™~5. —RILHTZ Y 10000 EHD 7Y v RBMLEIZR Y M I~ 27 O =KITit
HATT O BT3P 72 & H10MEORF 2 Wb 2R IE e b PRIEICETT 5 2 ENEE Lo
oo TZTAMIETIE, RITOX AT I 7 A% haA XIVHFRICE— NERRT % 5HH k%A
L. 10" @R Ok 7 2 . ICE X IZB W TERE ATV, RS R BT 0 PERR ORI &
Wk —RK~D7 4 — KK w7 &2 HIET,

£, BMKBEHREORZBRTHHMRAY 2 %7 v a ik, BEL D BRI LAY D sy DR
8 (ewess) 2 X0 TOWENENT D, ZTNETIS, MG EWEGEA. A 4 - BNk
FEDSEH 6202 S AL, RO RRINMERIZ L 0 AT HRVBER Y a3 7 > a Soxtd 2 et %
BFCWD, ZHIZEY, NI~ 7 7T A~ EOREGAAAE FIZB T 2R Y ax7 v a o
FERERE O TR0 HE S 7= 2y A FERPEO IR E & LT, RS FE Tk W T, WERH
B DI EAE S Z B O T U, SRR 7ot TOBSR Y a7 > a VOBREMEET 5T
ETHD,
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5.3.2 JT-60U IZHBITB 1B HE B LTS XV EIERD EE@IENDEE

Effects of Plasma Rotation on Heat Transport Via Inertial Forces in JT-60U

PRHT f&3E
KT T XTI I N—T
(P 28 48 4 1 2 0 BRI HART 20 5 e i)
(1 FAB:
b~ o TSRS 7 9 A~ ICBUNT, 7T A~ ORI L%~ Uikt & MHD %7€
PEOBLENDBEEH SN, THETEL OFENR SN TEX, TXALE—[ UIAD~DEHD
DWNWT, TOWIFEDIT E A E T, FEE G4 U /N mOES (BREY) OARE) LTS
BT BRI LT, ERCOBEEE B LADHREOBEEHE LT\ 5, 1075 X~
WERIZBI Ui, BREBR OGRS ~D BB L EZET A - L C. BEHE cEREZHEHT T
PHESEL TV B, LdLARA S, 75 Av dubiibie & CIEH /2 G5 0 WA LIE LIZBL
SH. TO XD REE TIIREES O ABUS X 2 ELITTEE OMHIIRIT NSV EZZ SN DT,
RS & 0 o L — B LA OPEREDS 6 S BRAEREBIIT 5 2 LR TE 2L,
ABFZETIT RS RBRLE JT-60U TITONIZERD 5 b, 77 XA~ LI CREELR DA
L7 TRV KD 2 SORBRZHE R Lz, 15 RIZE) /2 E LI (ITB) 74RIL S
RSN ERTHD, 20 ITB 77 X< Tk, 77 X~ OREEEHANT T X< &L [
U b DIEH AR, T OB OIHIC & - TH LRDMREN G HET 5 2 & 2 Sh
TW5, 2 5B ITB ##7- 72\ EXER 72 H-mode 7F A~ DEBRTH Y. = ® H-mode 77
X TREED T 7 X hLEBA~OHHIBN S TRV, 2 b OEBOM LiAn LRI
PRI AEAT STV B, % 2 CRLITIIR ORHEZ IR L | (503 LA MEREIC A 5 2 %
PIEREERE & 5 28C T B 7010, U of BN = — F GKW [A. G. Peeters et al, Comput.
Phys. Commun. 180, 2650 (2009)] % Fi\ 7= ELiftlR AT 21T o 7=, GRKW ICIRH TV v A v i
Bk = — RIEELFIFHE AR AR Th B 720, KAGHER ICE X1 X D FHHABE L o7,

(2) FMARE-ER:

(DT 2 FOT T X~ Tldk, MR E— LD AF F I L - TF T X~ OEEE 7 %
NES5 1) & T ICE 2 TV D, 20 & X ORESGEE Vo /BRI % K 1() & )0/ EX
IR T, THDH DT T A [RIRAIC H 3R 2 8P T AN ELT e & BREY 9~ 2 R EMEIC R IT TR %
Tz, T2 THWSD GKW 22— RZEHREERIZIB N T Y v o mEdhim T RAAZH < Z LIk
STEMENZEBRTDHZENAREE 72> TV D, AFHETIX Miller i€ 7 /L% 18 U TS D
BRAEZBE L T\ D, £z, 3K (BT - EA4L - KA A 2) IO TOHEXEAF
&, R L BB O RE GO EEZIT> T D,

B 11277 X~ OEEGEE V& AREQO AR Y=-dQ/dp 1233 2 N L EMEOFIEHRER y
DARAFE 2 FHI L 75 R 2797, 2 2 TITB & H'mode 7' 7 A~ DENEIUTEB N T, V& LA
AOEHITIEE SN TS, £, AEEIL Q=dd/dY TEZ I, OITFHERT Vv L, ¥
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IR e A R, p ZBUSINERTH D, QDERNPL DD LI, Q11X V, OHELIZHE
CTEIT 5, M1 OXDOAEIZRT LI, X 1@ D ITB 77 X~ TI3E - 57 [a Atk (2 '<0
LR BTz, NEJFAIEHERE O J7 MRy ZFED 2 L Nbdr D, KB CIINEST A [BERRE O J7 T
ERIMZ B, B UADHERENEES N TV D D, Z O R O R I EMERNC ER OB
HWe—HTHbDOTHD, —J, Hmode 77 X~ TiL V; L@ HEHEAT D702, [
B L BT, FEOyBHELNTWD, EBRTIET T A~ HIZEW T, [EHEOH 4%
THHEIZBH SN T eWnz®, Hmode 77 A< THEMEMIC 8T /R L 2o
2o LEDD VOKE & EARLOREA ITB & H-mode 77 X~ OAIEDENIZ /25 Z & D3R

2 X7,

1
15
o5 Vo 1105 m/s] (a) ITB y/(c./a) . ;_V,, L10 m/s] (b) H-mode 7/(c,/a)
[ e 0.24 ' S
4 ol =i . 0.16
— 0.235 0.15
— 1 g counter =
T2 T2 0.14
o il 023 o |
« 0 0.2 0.40.6 08 1 < 0.2 0_40A6 0.8 013
=3 0225 S 0
= = | 0.12
mo} -2 0.22 ‘G -2 | 0.11
4 0215 _, 0.1
0.21 S =] Q8
: -15 -1 -05 05 1 15

0.5 05 1

v, [105 m/s] v, U05m/d

K1 (2) ITB 77 X~ Dp= 0.45 (28T DIE kgps= 0.57 & (b) H-mode 77 X~ Dp = 0.5
BT D kgps=0.50 TOy D V, &0 kT DKAFEL . V,0p Himmgsi (£ LX),

() BRUYRMESR, TURARR. RXHF):
FRRER

1) FRHBE., KK, WEE, B, SFHEEA . RSN, [JT60U 128175 huAg ¥
JVIEA G T B U 72 2 2 L O W BAE |, 7' X~ - B4R é¢£%32ﬁﬁ»\2M5
H11 H 24-27 H., 4 &HEKF.

2) FRHIEE, ALTE. HHERA T, WE, WA, HTEA, JT60U BT D huAa X
[BIR S BNGE (2 5 2 HRED Vv A aiEdEG 2 — 2 AW ENT . B ARYELESEE 71 (0]
FEWRREs, 2016 4F 3 A 19-22 H, HILFFR .

4) SEROFIATFE:

WoRE 27 S IIEUERT R & FEBR & DL & TR T o TE 7228, PRk 28 FEILE AV
BEHITV, ERTEII SN TWD 7T X~ RO 2 BOHMHEITH, M2 T, T
MREETHIREBEEELT LT, LVIEWRT A= FFEIRICB W TRERORIEEZTT S TETH
Do
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5.3.3 NARFEARRNAFHINI—FOREER
Development of Reassembly System for Pebble Bed Structure
ESIRERE
Ty N LR N —T
(FRK 28 £F 4 7 10 & 7B Bt 78 5 R pAs)

(1) FABM:

B G IRERIERER G H T T T oy N OEIEMBUNRFTEARRNZ R D~ 7 A=
AL FERBETEM D Ol S D b Y F U Lk A T 5 720 O o — REREMIL, 77 7
v FORRERE R U F U ARG AR EOBLENLEETH D,

ZHVE TOBRFIZIN T, UNERFRIE 2 (85| 223515 DEM fi#tr 9 L. k& 2RI 515 Tl
BT 2 "Re & Uiz, i, ﬁm/\JVHya/@ﬁﬁiﬁawt (2. FRIEARNRE) R &
EHEEREFEET L ELEETHDH, TDOD \m%Mﬁwﬁﬁ*#%iﬁkﬁé’
SRR R & EELR T D 2 kﬂ*@%héo_h%%ﬁﬁét i, m%Tﬁk%%f@ﬁ%
ME%%@&&W@&LT\ﬁﬁy:;v~ya/£@/)y%kbfﬁ%%(ﬁ@m)ﬁé_
EINEETH D, ABIFEEN CIE, FTIEAENIRE) EZR COMNKRTE AR Z L —F— 2 — M TX
Xy Lim@BE S, HEFHEHOT —2 & U TEBRATRE/ 2 — R ZEE L, S 523k~

IRRERE L Ok 2 A R RIS T 2 F N ARECTH A DOH S 2 — R Z HIEL
Too S HIT, FEF S NTZRIFOZEBRIZGH R F A ER T 5 2 & T, ST 4 90 L7z, kv
IEOERICE D Z< O E2NE LT 50 Ea X MIWRKTH D | KBS RFEHE & 7
DEEF R A2 EST 2 LERH DT RKENGFFREOF ARSI R TH 5,

Q..

EE 7 7 A fﬁﬁﬁ:mﬁmﬂ
JO%45 L(PPSP)

' g E T ” )
ANSYS Desigh M

Hi#=——=f /L

Caes) ) .
vewinig 5 -_. i - ﬁ | ANSYS Mesh

LIGGGHTS & BEAET OIS A

SGIICEX¥ A7 A

g e°=>
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e

ANSYS Fluent Solver

L

o
)
7 E%£E(DEM) (CCCAR) ANSYS Fluent PRE
D= o —at
R y—D & -
FEFETS. X -~ - ﬁ
- s
Xserver w

EKIEEE « BREE T 7 A L. LUGGGHTSIZ kAR F O FEFH
ANSYS Design ModelerE A7 UV 7 h 7 7 A /v
THEALYZF AN

Ag¥aZyrAn

ANSYS  Fluent/E A F7(CAS)7 7 A /-

ANSYS  Fluenti& 2(DAT) 7 7 A /L
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(2) FIARE-BR:

U E TIHERIE L DEM @i CIRARRIC KL 2 FE U, it 2 950 L C & 7=, £7=.
TR AT EBR OB % R % v o LEBNSRL 2 43 L ek Z2 7 o 2 b3 5 22— R BR%
L7z, AREIOBF TIX, @m0y L, kifOHRl, KiFE7 L ORMEE, FHHEEFOIER,
SRTTIRIRFHE O — B O & SRR D A7 DT, MRS T b FEM AT RE 72 LA A e SR AL
FRkAl =2 — R &2 P¥ Lz,

B 1IZHEY AT LD 7 v—%mR7, REENR AR 72 7T LA TE, 2——oA & —7
= ANDRFOFLRE M L, BEEELY T VX NVICERBET 5 Z LR ARETH D, &6
20X, R 2R T AT E T 5 2 & b ARETA Y . X 2@ TRT L 9 2kkx e ER (x,y,2
=50 mm X 28 mm X 400 mm) (ki 7 (B 1mm) 27 VXV ECTHEE#, METDHZ & TE
BBRIIWRHEEEZGH 2 ENAMREL LT, 7, HEARRIT T, MARSB TRET S5 2
EWHREE 2D . KVIHAEORWC AT AET LI T L (K 20b), Fo. FAFHE
Tl KFEOREDOZERITIL, RESBALFHERFMMERIND D, T X LIZHRET D
EHENEBE LT 2D, 22T, AVAT AT, K20 TRT X 72 Fillet & B4 2 k:
FRICRIT D Z LI LT, ZOMBEAMR L, W OFHOE M L7,

() FTEA 2 (b) F fa 2 (c)Fillet

w

. B ———

FaWs

r 8 _pm8

LAY

"- L3
TEES

» g

. g -

e dda
11
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..I'.. &

V8 o
¥ . o
att B b W osl =
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;"I."O...-“. -0"-"02‘
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5.6 s S L. 4 - 3 . ,
& i = 4 1P-1 AV | c >

3 Wi, A e » . ¥ 4 3 W,
3.7 Wi, ¥ 2N,
3 — T
2.5 3 2 -03
1.9 3 F: -03
1.26e-0 1 -03
6.32e-04 T -04
1.3 4.06e-

()T A DL RS I FR IR bR -7 & LT (M FE -7 & AT

(]
0
]
L}
0

3 BFERMLOFEAIEIRIT 2HE~Y R lm/s]

FER AR AR % e S, R AT LR 2 i L7- & 2 A, BELfF CREAh g L v H
WIRNSHER STz, 2, BELFOERMALL Y b2 & 2 LIRSS, £2C, KAa—FK
TR 1% Fotl S, G 2 e U7z, R 03MEFE L W ZEBUER O S BH RS T 2 1Bk L C
ki F-DOBEHTH Z Non-slip 5 & L, FiiRIE 27°CoK E LTz, HIEAMICHB 2L E Thi 1%
FH L= —2 (X 3(@) Tk, FEBEmICAE LD L0 K& ARZ%EmT, MENKEL DL E

LT, DT, HAGCR T2 T X AFRE L2 L0 EHRRITEWNT—A (K 3((b) TH,
BEBEEIZBIRAITIEH D03, WMHARE W ZHHRTELY | KU AT LARERL LS
HZLAERLE, b2, HEAES (B 10mm) ([ZHEER ¥ (3mm) S, A
WEBOD 8 IRITIRIARMENT A2 F2hi L7 (X 3(c)), MR & Bie v | BELEOZER & b fhioZe
BROFEWAR DI | BETEF OREEDR TN 2B T DM LISMNET RERIRHNZ MVBRFEET
HT L EMER L,

ARa— REHFIC LD | U NERFELEARIE OB MU NER TR R N O WA 3 J OYRIE 2 42 - 2 7
N7 PR — NV OREEE & RFERTRE L LT, IAMERS @A 2 — RiX, EEO L DT M D
RV —LE LTI NS,

(B) HRUANMZER, TLRARE. WmXEH):
L

4) SEROFIAFE:

Aa— FRFEIZ L0 EHERBRIRICE DY 5 720 DR x5 % v T Verification & Validation
EEMTDHIENFREE R o7, THUTEY, REANRIETYEREDOR G I 2 b—T 3
o VAT LOWENRET LT,
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5.3.4 ITER/TBM R—b+z)L D ERR AR T

Shielding Analysis of ITER/TBM Port Cell
(L
BERE thitk LoEE  — o7
(PR 28 47 4 F K0 & T-REEHA A8 PR S )
(1) FABEHM:
ITER [CR#8T % HADT 2 b7 524y MEYV2—L (TBM) OMHHRT %, BX900 12T
EUTF AN OEE a— FERWEAFIFEIZ L V1TV, TBM LU TBM A— F OFFHI KBS
NES

(2) FARNE-BR:

ET T ANwERE a— K MCNP-5.14, @a HEHig %7 —4% 74 77 Y —FENDL-2.1
ZHWT, ITER ICRETHHADT A N T T 07y bEY 2—/L (TBM) ¥ AT LOHEHfRAT
2T TW5b, TBM KON, B, AERHAS O CAD 7 — 4 % CAD/MCNP Z =1 —
FZHAWTMCNP 5 — X IZE# L, 25O MCNP 5 —# % ITER 41K MCNP 75— # |24l
Frirdx, MCNP #2170, TBM mEIKHIC AR S D 16N KON 1IN O R FH5E Lz, 4
ERAEIMA O R — kAT T BHK AR S 72 16N 2B 34T 5 R o~ fR Y
UN D ORAETHHEFICE DR — M ELVNOEHBEORIGREZ, MSET L2 HNT
MCNP fittrz17-7=, F7z. N DHREAET LML A— he /L NOBEIKELE B3 ik
S S, FREE T o~ RN D, R— MR LN OB EKELE OREHEIC & B BT o~ %,
MCNP =— R%Z5% L7= Direct 1 Step MCNP =t — & T, JEEL(E (1% DO AREE T o~ #iiia
EEHR ATV, R— A NOERE IEEROFEDRERELFE L, SHEETVEZM 1~3 1
K9, K 11X TBM v AT L&A T ITER KT L, X 2 KO 3 13- — N D5
BT NERT, K4 KB I N DNLRAET HRENT v fRIC K R — M VNOE i (&
Uay) OWIERES 2R, RIEREIIIFFICEVETH Y | 5%I1%, R EE B SE
LT ENHETH D,

Shield
WCCB-TBM .
Pipe forest area
Inboard blanket
] Pipe forest
[ "] 1 structure
el Biv-shield
lu
Frame P
Outboard blanket
Vacuum vessel —— TF coil Bio-shield

1 TBM ¥ A7 A%&AIAAT ITER 2KE 7 /L0 MCNP IR A S 7 — % OKEWrimX)
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Port cell Water pipe Concrete

2 R— /O MCNP RAT T —4  (FEEKHEX)

Concrete Port cell

Lead Water pipe

X 3 7AKR— hE/LD MCNPBIRATIT—4 OKFEWrEX)

Gy/h

160

4.98

0.16

0.005

0.0002

4 16N 6 DORREN < #HIC L DR — M EANOE IO (T ErE)
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Gy/h
106

3.66

0.13

- 0.005

0.0002

5 N OORREEN < #IZ K DR — M AVNOE R OWIHR R OK )

(B) HRUANMZER, TLRARE. WMXEH):
L

(4) SEROFAPE:

e L C ITER @ TBM 3 A7 L DBERSENT & e i O 7 /L TIT, TBM KOV — h OF%EF
IR S %,
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535 ITERYA0T74230F v /N\—DFEMERET D=0 DX

Neutronic Analysis for Detailed Design of the ITER Micro Fission Chamber

System
)l IE%
FHBARE 7 v —7
PRk 28 4F 4 A X0 & BBt 78 5A Fs p )
(1) FABRRM:

EE Bz Al A E£BRF (ITER) OBIREFHEIZBWT, KT B AENKE (JADA) &
LT, HHFHIEEE (v 7u7 sy varForn— Kaf ZuFEtit, IR y—€7 77
A= FANRN=ZARHE =4 J8L ~ oY CBEGH) OfELED TS, 20955, ITER
DOHEFRE=LZ L L TT T AL DOEFETREREZNET 2~vA /0T 4 va T
YAN—FHAEEE (BLF TMFC) &0 9,) 1, BESRE S — 7 VA EARNC @S R T
DEZERIMNCEET D720, TN O OO ITER EIEEH O X A — P 23+ 5 LR H 5,
Z DRl AT O 7o DITITIER MR AT ET V2T 2 B B D78 EikEEE DRl 41T
I 1= OIIT RAGH ER & O T T S BT h - T2,

(2) FARNE-BR:

1. (ICHIT

ITER ® MFC 1%, 7T X~ 5343 % k7 0k
BEFHAIL, ThzicEmat a2 2 &%
HAYE T 23HIZEE CTH Y | R I 2012 4 4
HIZ ITER Btk & o] CREERR O A il L T B7E.
FEHOPEFE 2D T 5, ITER THEMHT 5
# UM EEHEE) X, v T v 236 Z W ibiE
KB MFC a2 IR 217> TH 0 |
Ty NEYVa— /L EBEZERGEORIZ, ArA
VI 2 1 (EEAMALL FEAMEL, X1 2 b
A ZVTTIE 2 AFTOEE 4 DTSR ET S, B
B OEFIE, 1 KO 2 12§ &9 I EERE R
MD 7r—7NVEFERLTEEL, EEAR— MIxE
XD EZEE AT L CEZERSIMIEY HEh
%o EEHPET-OBIE RN E O HPETREREE FIoh DB
HaE 5 — 7 NV E DR RN T, sl
FIZEDRFOIXCEH LHRICL DX A=V 2T
DN ZIH OEEHITEZERGNITIEARICRE S
L7129, ITER OEEEWIM etz fr> 2 & 234
HThD,
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Z D7 A#FZETIE ITER O 4 fis i i ) 5 BH2e
BN O X A — U OREZRET 572012 iz
R L T DA Bk KIUGHFE 2RI H U 72 Bt 2 £
g B EIZED, FHroixUEHLEk (LLF ldpa,

(displacement per atom) | &\ 9 ,) ZFHI L7z,

2. MAABARBOBETIETIC L 54 2 — VB
2.1 T =2 — N ROMEHT et

AT Tl BUEA B R BT 5 T T 2 s
bR R B 7l TR = — k MeNp X8 MONPURITER B~

5.1.4 % i\, W= — | & L FENDL 2.1 %%/ T7 (Clite T7v)
L. %7, ITER F <=2 DEF L L LT, [/ 3I5%

FEICT Ty hEY e AR R R A 21 MFCRINGO LR

LTz 40CE 7 ¥ —OicHET /v (Clite 7 V) ERAY RS T EAE
ZRIA L, FOET M MFC i H 285 0 B 22K 45 N SUS316L 52 0> 11 72

SREMAIAATE, FETIRE LTIL, ITER @ 500 MW T ORE YA

Y OEEE S T U TS W TCE R SR A Cu LR

DA EFH L TWD, SiO2 TR R
dpa DFFAIA4T 5 MEC BB SN TOAEE [ o0 | rmmmrar e

MEZ& 112777, MCNP TIFEHAE Sz ik A~

7 "MVOIET, FHE LB NMIHDHIMENEPITZFFD dpa ZEHHETHZ LR, BIKH

IZ dpa (ZUL FORTEHE SN D,
dpa=0.8*c/(2Ed)

22T, Ed BHE I LICKEAR T R OLF— | ol FRICH T A X H LRISHITR b 5,
ARFRHTCHE, MFC RRIEIR 3 1R T & 5 BRERROE L TREL . ZHENOMED S A —

A 2 |29 % 2 & T, MFC ftH#s D dpa Z 7l L 72,

2.2 HE/RRE

# 212 MCNP OFH R SN ROGSWERE oy, RFHERZMEM L2 L THEAE—F
BERY R2ITRTRERBREZEDOAL LD fsdlTNTNE 1% % FHl->TEY | &V

ORI TE T3,
#* 2 MCNP 5 HR
Material Displacement (MeV/s/cc) f.s.d.
SS3161 7.73E+11 0.0067
Si02 1.37E+12 0.0067
Cu 9.47E+11 0.0062
AlI203 1.39E+12 0.0066

_43_



JAEA-Review 2016-024

# 3 ITER i#E#555 T RF O dpa

Material Displacement | 0.8/(2*Ed) .=1E+4 Input Density dpals 168e+T7s
(MeV/s/cc) correction (atom/cc) (0.533y)
SS316L 7.73E+11 7.73E+15 8.59E+22 9.00E-08 1.513
Si02 1.37E+12 1.37E+16 3.00E+24 6.86E-09 0.115
Copper 9.47E+11 9.47E+15 8.49E+22 1.12E-07 1.876
Al20s3 1.39E+12 1.39E+16 1.19E+23 1.17E-07 1.973

IZ ITER HEEAH& TRFO dpa Z5Ffi L7z, £ 2 ICMERMIEAZ T 2 2 & T, ITER E#HEAHE TR
DOFER dpa DRI TE 5, ZOFHMICS 72> UL IFLEHLICKEE SNDH =R LF—Ed 1T
42T 40eV (4E-d4MeV) EGE LTz, & 3| #Hm’kﬂﬁﬁ/f)ﬁm7ﬁ®ﬁm%TT e
MOFER, dpa X, #fxEE LTHNTWD SiO2 W TIEK 1.5~2.0 FRETH D Z L b
-7,

T, BERr—7 VT 5 dpa ODEWﬂﬂ)L%ak [FIRRICFEME L7, = D%, ITER O4H#
MR T 0 dpa 1 MFC fith#s & [F% CTh 5 & OfERB G Sz,

3.FED

AHFFE Tl MFC 2R ERNEZR O ITER EIZFH O X A — TV 2R 57202, TOHR LD
dpa Z RAGHREMAZ W TZFHMI L7z, 2 OfR, KL LTHNWTWD 8102 Z RV T
1.5~20FETHDHZ ER¥bhoT-, ZHFE Tdpa 28 2.0 FE THNIE MFC g8 OEMEICE
BEGZBRWZ ENREINTEY , SEIOFKERIH MFC # H251% ITER O 2k %
MEFFCE D2 LOVRIBEEN D, AFERIT, PRk 28 HEEICHEM SN D T ED MFC B2 25N
BWOERMHEFH L E2a—ICTHE SN TETH D,

() BRYRMZER, TURARR. RXHE):

1) A1), [Development of the In-vessel Components of ITER Microfission Chamber
System for Fusion Power Measurements in ITER| 25th International TOKI conference,
3rd - 6th, Nov. 2015, Gifu, Japan.

4) SEROFIATPE:

Rk 28 L, MFC 7215 C722 < D & FHUZERE O sk i L B 2 — R OiéaRit L B 2 —
NECCRETICFEME S v, ZAUTNT 72 K0 SR 7R AT LB & 72 D, RIS, s O WL UIHR 8 0D
TR A VT T v AZER] T OMF ISR ERFTMILEE CH Y | ZOHTH AR — M VIO FA

BB EICALEST DTN D, 2O, T O 2 & FHU2E EH 2 F <> ITER
%%@&%%ﬁ%%&%%ﬁb&ﬁ%\%E@%w%ﬁ%%mbfm<%mf%&
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53.6 ITERARZNLYVHELEHRIEEDELNLF S AT LDERERET D 1= DIZET

Neutronic Analysis for Radiation Shield of the Collection Optics of ITER Edge
Thomson Scattering System

S I
RHHIBEE 7 v —7
Rk 28 45 4 A X 0 BB BT 78R JE R A%)

(1) FABM:

ITER FHEIZIBWT, BARIZEL b &Y CHELEHIEE OB 2495, A Y CHGELEHI
DIEF XTI TH 2729, ITER OFHUIA— M T, &K 400 mm F2EO KA 7 —% HnT
LS R— RN ZER Y H3, —F5. ITER OLEER AWM -4 7201203, ARG TE
AR ST P T2 T D BN B B, R 26 L. Z OMERMEREIC W T, FHR— ~E
DD I % WG WNHEE LT T V& O T RERRATIC Lo TRl L 7=, Rk 27 F2E 1%, ITER 47
DEEROREEZONTH LWGEFE KB L= T VEEH L, Bl O EHZ L 280 &Y
ARELEFHEE E O W TR MERE 2 I 5 720D, A v F— A S— R LRI A RS ZERNIIC 31T
% ITER OjdEliA{= LK) 12 H O ERIZHOW T, BX900 3L N ICE X ARIGEMEIC X %5
HEEToT, Fz, RS, SOOI T —%2R#ETHI2OD T v v X —IEEIZONT,
EENT I LR BRI OV TR 21T o 72,

(2) FARNE-BR:

1. [ZLBHIZ

ITER DJEA b &Y CBELEHAIZEE (ETS) 1%, AER— MIREIND (XM 1), ETS 1L,
L—PF =2 AT 2L —PF— AT AT L e AF L —F—IC L DE 0O OBEDL 2 51T
LENNFE AT DS 5, EBHIFEV AT AT, FHIIL TOZRWIFIC 7 —2{R#9 5 H
Ty v X —EBEEZRBELTVWDLN, Yy F—N0N, FT7XvhbOHMHT & JEIEED
DA <HUTE > THREL, HETI2ZNRH L7, VX v X —DOBH VAT LAOFKFO B R
ELTOERARLTMT20ENH L, £/o, L—F— AN AT L EENNF T AT AT,
ENENT T A2INDA L Z—AR—RA LM INDRTFERA~OHBEZLEL LTEY, i
LOEEIANDA VX —AN—RZEFET DT & T~ L0 | B OREEY D b &
o, TEERE IR 2 BE% (106 801%) OIRSF - SRBIRIC ?5A@j%AD%I%’#5m
e 5, ITER OFE T, A v ¥ —AX—RIZBIT S 1 DOFHRHREIC L 2EIE#EEED
N3 15 pSvh A F EED S TE Y . ETS O Tixz ®mﬁﬁﬁﬁ%ﬁ%Tézgﬂ
Do

FTIT, Vv X —DWEIV AT LOFETO T2 OBFRIT I ML FE I NBRH 255720

1) ¥ v X —OERBICOWTHEEIT o7z, FHIRFD v % » Z — BBV TR f@ﬁ%ﬂ

HHEDETEEAE LT,
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Frr. L—P—ARREEEFROE WIS L AE B EROBEINS 23T 57~ 9.
2) A B — A= ADE LGB ERIZONWT, fHREE{To T2,

—

T

VA B
s 7 4 AT L
_ %
Sl ke
X1 FEd &Y oBELFHREEE O X 2 fENTET IV (W)
2. ETET I
C-lite Version 2 (X1 2) : GFHHIAR— FLSLNO#EEM 2 & Te ITER .00 b A XV 5TH
40 AL 7= T L
HEa—F : MCNP V5
FRE -8 AR S0 AT o HPET A0 ITER @O H ) 500 MW i THEE S b ik

TREBNMEHRE L, BRALFHE L, /o, FIL%HE
DOFHEIZIE, SA2 > VU A LIS, ITER TO 20 HFDj#
A EE L7 — o 2V,

3. V¥ v ¥ —DOEREHAERER

U v A —DOERADOHBERERIZOWVWTK 3 ITRT, 22T, Yy v X —DOMEIX, AT L
28 (L 7.93 glem3) Th D, itHOMR, v v X —OFEIL, v v v 7= CRE
T, TR0 ZEESIT 57 L— R TRk 4.4X101 Wems L 72 o7z, F7-,
Ty v =BT TREE CORREL, KT 1.5X101 Wiems & 72572, i OFENT#E R,
MHT AT LORFT DT OB O NBGRAE & LRI LTz,

4. 4 F—AN—ZADEILERERIEER

A B = ANR—=ZADE IR BEROFERERICOWVWT, K 4177, 22T, FHlAS 1 B
(DFW) &t EHELERS (DSM) Offakix, DFEW 2 A7 > L A § 80% & 7K 20% T, DSM 73 A
TULVAHTE %L K26 % THD, FHHEOMRE, FHbsIROIFILZRERICKT S ETS OFG
L 6puSv/h &0 FREFEEEARE L TWD Z E R ERTE T,
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nit : W/cm3
(@) v v &—[H# b)) v v ¥ —H
X3 Ty v X —dEEDOREIE

ETSDEFEE:6uSv/h

B 4 FHUIAR— N OEILBRERSAAE A L H—AX—=2D
I %R ERA~D ETS 0% 5%

5. ¥&®

YRR 27 AREEI, AUAREE E CICEME L oSG A Rk L, R— N NBER O RS S 4 5
D, XVBFEIEVET MK DB 21T o Tc, T T A riEEHWTEEMERET VIZE D
BERRMTIX, @, FERICE < OFHRRERH 2 L2 & 3523, BX900 35 LV ICE X KAUGHEIZ K
DAHIFEEZATH FT, ETS OV v ¥ —EEEORREAL A X — A= ZADIEILHRELED
HEEKZ D Z EBRHKTZ, Flo, ZRICED ., Ux v X —HEE ORI IS LT e A5 B
BT L, AV H—AR—ADE LR EEPHRH B ARE L T\ D 2 L AR Tx i,

(B) HRUANMZER, TLRARE. WMXEH):
2L

4) SROFAFE:
2L
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53.7 BAEMNRET S ITER FHREIRDFMERET D= DZAER

Neutronic Analysis for Detail Design of Diagnostics Procured by Japan

R A=
FHUBHR 7 v —7

CFRk 28 4F 4 A X 0 BABAEAT 725 JE A% )

(1) FABEHM: i
e s - L #AR—F
HANHZEAZED D ITER OFHEEEIZ OV 7 \ ,_‘I_-\
T EBORERLAFICLDETOBEND, fé%fﬂ4é$@j§1 L h—
FRHTIC & 2 Bk (PIET#R & 1 o =) ek L e AN—Z

REDFHIITMLHATH D, HARDTHIET DS

B0 5 b JFRRREL - RS AR | D
LR DIFLT T AEEORNA— R EmE || T
naREONERBIcEESAS ® D, | | ¢
L2rL, ITER O#EEHIC T T X~ % IS Lo
B2 72312 1 SEREARIC BB AL 2 B O i
T—ERETILENH Y og@lrgan | &&E=L7 : ‘
DY £ 1o TR T —h R an | XS L uﬁmw
Brlichn, TOME. I T—ppEBeLy |- L 7
L. FHUEE 2 4L S T BA D 5,

7o BT A L SO, A b 1 ITER O & A i

DIRSFZER] (A > F— A=) [T L TERN

OIEEY 2 L L, IRSTHIR T O ADNLH A 2 INEHIC T 28 N0 D, DT, AHFFET
E. T - B TREEHR 2 — R MCONP & F W 7o RT I K - Tl ERR ORI 21T o 72, =
AUC XD | Bl AL A il 2 B 2 RIS 5 7o 12, WU 2Rk G (BELOHT 0 i)
R LTV AT LORGTOfREE G2 L 22BN LT 5, TOMR, MIERE & k6
DS DER AN T- T AR ORI 2 LT D ERFRE L 72 D,

(2) FARNE-BR:

AHFFE T, ITER OFHHIEERE (8L b A Y CBELFHAEE R, R e A 2OURSEEHEERE, IR &
—ETTT7 4—) IOV, 1) FHEEORHEMOMER, 2) 1 X — A=A TORSFHRED
OB S B FHIEE O T — O EE & A 2 — A= 2DE IE# &S ITER
OIEEE LK) 12 B (108 B) BOMER) OFHMIiZIT o7, HF I T — O EDFHEIL,
WHIY AT LAOFRFOBRERDZEEHNE L, BHOEVIREAZEE L TR L, /-,
fFEIEBBERIZOWVTIIAR— F T LA v ¥ — A= ZADOFHfEE (X 3.4 £[X 3.5) (BT 5
AeEt B GHAEE ORREIC X 28N h, EHA— T 20 pSv/h LR, AKFEHR— KT 15
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pSv/h BLF) &Wiie 352 &2 B L T, AEMERE RICEFREI oW R 21T 72, 2 2 Tl
Ru A HARIEEHREZEE 2DV TT » e BRITRE R O — I OW TR T 5, #HRICIE. T T
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BEHET D, K 8.1 FAEEORBEMNMELZ RLTND, MR- T T 7 LKER—- T TS
WIZIE, L= —Z2 BT 5700 FIT— 2R ET D5, NOONFEI T —OFERIC
DWTHBAEZAIToIZAER, I 7 —OBRBAEIT LA — 1 O I 7 —THK 0.91 Wems (X
3.2). KFAR—hDIT—THRKO0.04 Wem3 (X 3.3) &72polc, ZHOFERIL. 7 —DFt
MR FF~ORRET AT & L THW BT,

M 3.2 LEEHA—FONXFEIT—D
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X

3.1 AuA ZNARIEEHIIT AT AORRIENL

T
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BFER (Wiem?)

2) A v H—ANR—ZADE LR BT
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HZER R —P—NEOEEZHEHFL- (X 3.4, X3.5), ZOfEE., Ei#A— FEHhfEE O
ISR ERE 9 pSv/h 12, KR — b OEIEZRREREZ 15 pnSvh IZFNEnEdb sH5 2 L
WZRED U, B ET BARME A e LTz,
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(3) HRVAMESR, TUARR., RXH):

1) M. Ishikawa, T. Shimada, et al., “Recent Progress on Neutronic Analysis, for Detail
Design of Diagnostics Procured by JADA” , 10th ITER Neutronics Meeting (ITER
Organization, France, 30th June - 3rd July, 2015) .

2) PIWNIER, RiTiEIe, rilykia, WHEASE. G)IES, IR, Rk, dbEE—. 0
HRNTER # A N—X IR —E 7 T 7 ¢ —itHIEEE OGO 5 32 0] 7T X< -
B EF2HES, A EERF, 24pC01, (2015411 H).

(4) SEOFMATFE:

AWFZETIE, ITER FHENZ B W T HADHET S 3 SOFHIEEE ICOW T 21T~ 72, €
DGR, TN TN OFHAZLEIZ DWW T O I 7 — DM ARRGHI L E R EE 2 L LT,
o, Ao ZREFHAEEREIZ OV T, S IR ER O R &2 RSB RRI64 2% Eiett
REZ UGE S, FHANKEEL 2 MERr L ooRGH BARE 2 2 3 2 Ml 5T 2 R T & 7,

TRk 28 L, HARDSIHE T E DT OMOFHHEEE IZ W T RO 21T > TV T
ETH D,

_50_



JAEA-Review 2016-024

54 HZRESWIREAFAM RNyiima iR
Sector of Fusion Research and Development
Rokkasho Fusion Institute

541 RD/NEEHEEREDOIB/AREET ILOEER LO-HDER#EES2L—
AVMRICAFHEI—FD ICE X [IZEITHERERE
Benchmark of Turbulence Codes for Simulation Study of ITB / ETB Formation /
Collapse for Improvement of Turbulent Transport Models on ICE X

W e
TR I 2L — g I —T
PRk 28 # 4 A X 0 &R0 hE 78 B R FAE)

(1) FIAEM:

7T A= BRSO R EIERERE (ETB) 2B S L, 0O CIADMRENSET &M U
ADE— NiEIL ITER RFAYF OEREEHEIRE— N CTh b, L L2R2 6, ETB O
Zel LCIIRELCT 7 A~ BHRD > 7 N7 T X~ L 2 1] U CHREEENS R SN D ET
JVERIRR I N TNADN, EBREEEICHIAH A ET L ORESIZITE > TV, -, 7
7 X< NEBICNEREREREEE (ITB) 2SR S5 ITB HE LB CiAOMERE & AR EREIA %
FIRFICEER CE D7), FAUFIZER S 2 @b CiADMERE - & B 3 E i EG OEER 0 EBUIIX
ITB & ETB ZHE L1 EIC L HEREP AR TH D, LorLaens, ITB OB GRIFZEIC
BT G TR DRSO 5E 7 /L DESTITIZE » TV,

ARHETIX, M~ 727 77 X~ OfL % ik 3 5 R KR ) iR B 7 %
ERE) 9~ 5 RS R DI WA B A LT Bk ERE S R AT T L 2 Ve KRB R 2 L —2 3 &
(LD s PRI AR AR A RS R L < FRBLRTRE 2R ELI 6 E 7 L & BRZE 35 72 0 O W BRI R £
ZELHZLEEZAMELTWS, 22T, ETB OFR/AEDO KB HEICITE K= —F
BOUT++, ITB OO KGR IZIZa 7 &Lt = — K R5F Z V5%,

ETB FR/itEy 2 2 L—y a3 WD BOUT+H 22— RidkEr — 1 > A U N 7 [ESLAF
ZeHT & HWE T — 7 KDL E o THREIMTOATWDEN T 7 X~ MHD/ELRY X = L—
Yar7b—AaU—7 (EZEH 3 WITOYMIERE) Th Y 77 A VAR B L Tk
HERMIET DA T AT 2 — VL HENOYIE T NV ETR T HAMEE Y 2 — A RS
b, 22T, AF7ETIE BOUT+H+=2— R ECEMET 2%8lE Y 2 —/L & LT ETB ERUAE
O¥fEEE =2 — K (BOUT+HLH =— R) OB% 517> T\ 5,

—J7. ITBIBR/AEEY R 2 L — g WD REF o — RI3RE- IistE CRiR S niza 7~
T A2 DOtk T A2 — R THDH, RSF a— RTIIIBEHIT Y T 7 =ai Y kL
£ 0 IERIEERIE THE E IS K 0 Ay S D, ZEMIBERURIZTIARZEE (v, 6, 2) 188
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WL v FIANEEZER] 2 WHREEDZESIZE Y (0, 2) I L TIHIBIEIZ AT F kIS
£V 77—V =%/ (m, n) T, EMBEITEAXT MWEIC LY FEZEHTHM LD,

BOUT++LH =1— R & R5F = — NIXEERE @G = VX —if%et o 7 —3 8 B4 5 HELIOS
FHEME ETBIR MM TON TV DS, RIFHEREIT TR 28 4F 12 AIEAEIEE 72D, 2D,
YRk 27 A EEIEPRk 28 4R EE D ICE X 0 KRAUGHRHER FIRRE R EE I %2 & 72 5 BOUT++LH =1 —
F& R5F 22— R ICE X 108 A MEREFA 21T - 7=,

(2) FIARA-HBR:

1) BOUT++LH == — R ® ICE X 123} 5 MEREZRfi

# 113X BOUT++LH = — FOWFHbah#, FATVERE, FEAT2E. i A€ U BN FIEK 1
EEBLEZLOTHD, WHIHEDIRICE LTI T8%ILE & BIF RN G LN TWD—T, FAT
BHHIZB LTI 2%55 & RBIGHRMGRBE R G5 ISR 2 ZITR OISR O ERA (5%) & KX
< FlRlo7z, Z#uZ, 1) BOUT+H+ 22— RIMEEOWEET VAT HRIC LRy R 2 b—
T LT =7 ThDHID, AT LNHMOFE, B, VO WMHEIZE L Cid=— FILA
PEZAR R D WEPIC B W TRIBIEA 22 STV 5, 2) FFTW (2 ICE X ~Aiifk STl
72 < HELIOS #H CEEMGRE T LTV AIAREFIAL TS Z ER—REBZ B D,

#£1 BOUT++=— Ko ICE X IZB i 25 bzh=, FZ4TPRe. FIT8hR, fiH ATV &
a7 1 28 B ] (R it B b h 2= (%) EITHRE(GFLOPS) ZEf7%h#E%) AE!=(GB)

512 709.79 100.00 384.44 1.88 3597
1024 381.64 92.99 801.65 1.96 57.718
2048 226.90 78.21 1611.81 1.97 51.85

2) R5F 21— F o ICE X (231} % M REFEAT

# 21X R5F 21— RS, FATMERE. FEITRhEE, A€ ) BOWSEIKAFEL I L
bDOThD, BIEORSF 2— ROFEETIT1 /—RiZ24 7 ek Rx&2E0 Y THL 1 TrkR
BT DAE Y FHENANE L CHEERENMETT2Z MM LD, 1 TrEXH2D 0
AEYEOWHSR - ATV T 7 B AOEHECOBLENG, 1/ — RbizV 24 a7 2k L7 T8
T AWINTHEEIT> TV D, WHHLEROFEICI TS 278 ZHEICEa— RICH
A SN D HRKISIEL (R D CPU £5) MRES D EHBIL T, & 2 I[TIXEBEO T rE A
WHIEE Cide < FHEREO S a7 e RIS Lz, £, MPL S TR L 72 1780
13K 2 D% 3ME LI bDOITHY L, 256 WK L TH 1.5%TH 5,

# 2: RHF 22— KD ICE X IZEB 1 55 bah=R, EiTPEReE. FIT8hR, ATV &

A7 H B BRI (7D % RITRhE®N) AEV)E(GB)
192 72.72 100.00 45.76 0.60 35.55
384 41.37 87.89 86.17 0.56 30.82
768 26.84 67.73 150.36 0.49 25.99
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() ERVAMER, TLARR. WX%):
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1) H. Seto and M. Yagi, Flux-driven turbulence simulation of L-H transition, 2015
BOUT++ mini-workshop, LLNL, Livermore, USA, 2015-12-19,
https://bout.llnl.gov/content/assets/docs/workshops/2015/Bout++_agenda_December2015
-v4.pdf , Day3: Session 3.

2) WA, RAKER, X.Q. Xu, BB ELREEE T VICE D H BRI 2L —T s
CHFTE, AARWE S T BHER KRS, HALFRRRY: MR F v o8 X, G,
2016-03-19, http://w4.gakkai-web.net/jps_search/2016sp/data/html/program02.html,
19 H H AD &% 8 % H (19pAD-8).

4) SEROFAFE:

R 28 A FE KR G RRETRE F EE I 4 4 OO FHE CIIERY FHRE IR O 9 HIFEE 2 BOUT++LH =
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S BT, JRF I ORZ R EE Y 23 B B EIR AT SRR FE AR ([T L T2 Rk 28 FREEDN DI
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OEFEV MW S D72, EFLO Python BREMAEF ORI Sy r—Y D& v m— K, ICEX ~
DEFN « BIERGEEICHNB T hU—2 & SSL-VPN % v U —27 O B2 NLEIZ/R DT
. BOUT++LH =2 — RO )7 — % O BR BRI CARE L, EORFEZ 2 L T\ 5,

ETB #iikBEREE R/ A S X = L — 3 a U CIdRBI O IERE AR, ETB JER/AEICE 5 KE
DEFRINT — X2 W 5 LBERHLTDH T — X 2 a— A VEERICH 7 v a— R LT 21T
9 EIFHENTIERY, D), ICE X O BREREEOERIC L » U AT — 2 &)1
DI VBIERREIZ L 58T 2 —F P —_A ZHULITATV, B — VK CREFT 24T 2 O FHE O
EHEARTT D,

Fpk 28 £ D RSF =— R ICE X OFIICE L T, FEFHI ICE IZRB T 517U v
RIHN IS il @Oy I 2 L—a CORREEZ G L. FEE% I ITB By
Ralb—varoFar Xy KT UETHITETHD.
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542 BIRILF—HF-MHD EHEETIVIZEINTITSATDEBHRATRLE
EDBBREERBTFEDRRE

Development of Linear Stability Analysis Code for Magnetohydrodynamic
Instabilities in Tokamak Plasmas using Energetic Particle + MHD Hybrid

Model
il BHZ
TIRwHEH‘B I AL —T g —TF
(CFpk 28 4 4 A & 0 & 1B H A hF 78 B R )
(1) FABM:

N~ 7T A< a it G & UTe B2 @M O BB 1 X MR AR HCE 2 EBLS 2 728 0 J#E A TE
HCHI I FIEOBRRICB W THERKEHZ R L T0D, 77 XAH{HY I 2L —va v I L—
7 CI3HEE MHD ZEMEEST = — F MINERVA #BA% L CEB Y., b~ 7 &L L7-3F
WOWVMfRZ AN & LT, BIREOBRFEN T — N2 bR OFE /I BFREA £ — R £ THREW
LU VOB ARLREEDRIEICHEA TE 5, FZ 77 A~ D koA ZVEHRCR v A &)L Al
EEDEZRICHEATED LW ANRMICb2=—2 2a—NTH D, —J7, HimiF5E & £
FENTIC L0 | BRG 77 A~ HICHFET D@m= kX —hif (4 RE ) LIEOMAEIERIC
L0, REEE— FORENEILLTIZY | @ prvX—hi % N H— & D87 R EMEN
BETDHZENMON TS, ITER ZIX U L THEREET 7 A~IZB WL, FLT T X~
A SOZ L > TAEL DT AT 7RO H EMBUZ L > THERF SN D 72, = kL —Hhi
T ONFHBRE LT L BT FIEO @ ELIX, JT-60SA %13 U &3 2 1k o FEERfEHT I A A
THY ., ITER % B4 L CEELRMIEFREEEETH D,

YLD X5 et 505 MINERVA % HlV o m = 1L — R BEE & — FOfEir 2 HAY & LT
Bzl @ =R X — R 7 D53 A B O RF R A2 3 9~ 5 72 DE ¥ = —/L DKPRES % Bi%
L7z, DKPRES =— R0 OFHMRL k28 A L TR0 . mWERMRGE 2155729
2133 100 J5-BfEli A — ¥ — DR % BT 2 BN H H, Z D7D, KEGHEKZHW-E
FIFHEB AR TH 5,

(2) FARNE-BR:

DKPRES =— FiZ, MINERVA =2— R8N 52 2B ERSE 2 5@ L C M~ 7 EEFRoRT
RV X R HTE & ZEARENT U, RGBT O A BRI 5 2 DB A G T 5, RERIE.
JEHEF O TR &, Z0tE#H %4 MINERVA =— RIZE L CHE, HHHE2TH> LT
BT RNAX =R L o THREI SN D RLEEEEZ RS Z &N T& 5, DKPRES =2— KT
EIRD N T~ 7 Wi % B ERIRE T, Z OFEOMHT T LIX LITHAW S 2R #E 12 B 3 2 ik
L BT TWRNW =0 A RRBLEIE RSP & 5k T 22 & O Ek O EBwI R 2 84
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JEE < T2l i D12 IB 2 IE DR RIS LB AT fR1EI21X Scalapack # HW T 5,
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— F (TAE) O F~—I#EROFHERALT-, X TF~v—IVHREEm LI A, FrA
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DEV BERAHE) 2K LTS, 22— NZX > THRAL T AT T 05 FULEL O
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L
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543 btHTYREE MHD REMOIS] - /NMRIGIEIZE (T35 -22aL—2a iR
Simulation Study of MHD Stability at Tokamak Edge Pedestal for
Suppression/Mitigating Edge Localized Modes

P AT
FIRHEH I —va Ly I—F
CFRk 28 4F 4 A X 0 & 7R H AT 7T BH 28 AE)

(1) FIAEM:
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PEEAS OB IR R CIEa LIEE AT AREMSEIINC X % ELM #Mifil-<eElEzic & %5 ELM
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DIFEE, B OS2l ERFE O 2 B,

(2) FARNE-BR:

SRR, /MEIE ELM OFRK EZZ bR DHER A V—=0 77— ROREMRICHT D, 7
T A= [EHR OB LA AV ENE RV 7 MR & MEEN 2 AN R 2 EfEICHME 3 5 72
DOET IV EIToT-, o, TOETIICHESNT ELM OFEL EMEMNT 21T 2 72912,
MINERVA-DI =— K& B L7=,

a— REREZICIE. ZhEHWT NI~ 7 77 A=IcBIT 5/ —=7F— R BL O ELM
DZEMT D EE « A A RKBEME R Y 7 MWRN G2 55088 % EVERY - & ERJIZEHIG L 7=,
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TR EE TSI LIC Lo TK o8l
BRI 2 Z E B BT o 72,
2D XD REHAO L, JT-60U 2L )
(2B 5 ELM AR (T AZLVDE g
W) (K ERE SR TR, EE 2 06
EERB LR WEAITIEEROICEN S IE3]
7= ELM %/ 56 0F & Sliftic L B gt 2
THAO%IEE OFRAE A, [iEEE = 0.4
BT 5ZeT 0%REICETTREZMA  [a.u)]
LIEpTERL (M12K)., ZhbOK .
Bt EFARE  NL—= L S E— R 1.5
M O BT RS BT 0 Tk R T2 X ELE N BEa.u.]

(Plasma Physics and Controlled Fusion

8) ICBEE A, £7- JT-60U & Ot 1 JT-60U ® ELM ZZEVER, RV (FWy)

% & e ELM ZEME O HE Rz OV T I EERA (72 L) O%A I ELM 254
EREY—27 v a v BV THRESND TR TEIR, R A FE T 5 Z & T, ELM
&bz, @it (Nuclear Fusion #E) ISANE TE 72 FEIR AN SR BRI (B S 72
(R FREE S TH D, AR R E ESLS Z 2R DND,

() BRUYRMESR, TURARR. RXHF):
SRR C

1) N. Aiba, “Impact of ion diamagnetic drift on ideal ballooning mode stability in rotating
tokamak plasmas”, Plasma Phys. Control. Fusion 58, (2016) 045020 (13p).

EpRFEE

2) N. Aiba, M. Honda, K. Kamiya, “Impact of ion diamagnetic drift effect on MHD stability
at edge pedestal of rotating tokamaks”, 15th International workshop on H-mode and
transport barrier physics, Garching, Germany 19-21 October 2015.

(4) SEROFAPE:

ZHNE TOMZEMRTHIE LIZET L » 23— R W T JT-60U LISt DIEEICI 1T 5 ELM %
EVERRAT 24TV SRS LT “F T A~ EHEE A A R Y 7 B oz R7 ELM
BRI EZ 2B ET D E Mz ED 5, ZHUc XY, ITER RFAUFIZI T 5 ELM /MR
BRI 7T X< BEEAFIH T X 202 BE 5 720 D 2152,
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54.4 HisREINTF-EEERA MHD T I)LIZE DS RWM REMH DO BIEREHT
Numerical Analysis of RWM Stability Based on Extended Kinetic MHD Model

B JEi
77 X< ) LTI N—T
(CER% 28 - 4 H £ 0 &7 BA 850 2E B 58 %)

(1) FABH:

JT-60SA IZRFESNHEMEE N~ 7 BT, mX—F - 77 X< 2 ERHACIAD S Z &
ZHFELTWD, EPitEET— F (RWM : Resistive Wall Mode) & FEIZIL A RZEEMEIC L0 2
BEA[RE /e X — Z EHIER & 72, RWM Ol b 5 WML EBULER TR Th D, DT,
TIAXvD bhuaA FZVEELNZ LD RWM ZEAPEEZEDTND, haA X VEERIZE D
RWM Z2E{ A 71 = X LOfEBNC AT C, E B8R MHD &7 /WA IS\ 2 fifdT A3 it L4 [ < it
HHNTWD, ABFZETIL, EE#EA MHD ©5 /vi2, boA ZLEEROE % H O 8 E 10
ALTe, KETNZ, NI~ 7I1281F 5 RWM fi#fr = — K MINERVA/RWMaC (23235 L7-, K
a— REHWT, Bkx e b a A ZVEERSAR IR LT RWM ZEMMIT 2175 2 & T, HrLne
T EPERDET N DEN Y] BN LT, +3 72800 b v A ZOVREESARIT KT 2 G A 22
ThdHI, KAEGHEKRIC L 25ER/NE L 2o T,

(2) FIRNE-BR:

1) EB#RAY MHD =5 /L DHLE

EEFREY MHD €7 /L%, EARAY7Z: MHD =— K (121 RWM) &, SiRA 7R E8) O+
AEMZTRT 2, E0RNTH, haA ZVERRIZED Ry 77— 7 o#hR %2517 7- MHD
T— RO E R OFET O RN IEB T2 2 L1200 L End = frF—N0
MHD ZEW%ZRET H, ZOTFAXF—D) LY % §Wk EEL, 6§ Wkid, B LEINE
NT 2 BT 2 ZIRIBATREL S, REWIZIE, R FEE 2R T 57 77007 v L
BONAABEBIC L VST oD, /EROET AT, 777007 2 ROES OS54 BRI
faA ZNVEEER RSSO DA HNTE T, KRR TIE, oA XAERERHL5E, 77
TUOT AHEMS (2 ) F ) AROELS) OENEASND Z L RO DA B
EEZITDHIEIWCHEHLE, ZNCKVIERDET AV TIIAK E SN TE 72, (N7 § Wk
ENFHETDHZEEZALNI L, RSN T LY L0 EERIC RWM 22T 217
FZENTE S,

2) $LIE Eh7-EF VD MINERVA/RWMaC ~ 33

JEIR ST E T VT EESWT RWM ZEVERENT 217 9 72912, LRSIz 6 Wk HAFHHE T 5
EFV 2=V EEE L, ZOFY2—LiL, MHD EAE— FOEENE 2 bz & xic,
DHEHNT, 777007 R ECET 2K EE AR L, ROy FM4 K RT X
X —IZH LTS 21T, 0 Wk HAFRET 5, REY 2—/L%, MINERVA/RWMaC [1]~
FHE L7, 22 CMINERVA (X, b~ 7ZEANICB T, BBk Sz MHD S E gIE
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ZERWBIMERED ~ » 7 A7 2 VR E R a— R TH D, DLEICX Y, RSN T IickE
Sz RWM ZEVERHNT R AIRE & 72 o 72,

3) LEENTZEFNMITES 2 RWM & EMEMRAT
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(072 s Wk BHIZ L D RWM R LEEMLIND Z EERL TN D,
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[1] J. Shiraishi, N. Aiba, N. Miyato, and M. Yagi, “Effects of Centrifugal Modification of
Magnetohydrodynamic Equilibrium on Resistive Wall Mode Stability”, Nuclear Fusion 5,
p.083008 (2014).

[2] J. Shiraishi, N. Miyato, and G. Matsunaga, “Flow-Induced New Channels of Energy
Exchange in Multi-Scale Plasma Dynamics — Revisiting Perturbative Hybrid
Kinetic-MHD Theory”, Scientific Reports 6, p.25644 (2016).

Q) BRVANMER, TLRARR. WXFH):

AL

1) J. Shiraishi, N. Miyato, and G. Matsunaga, “Flow-Induced New Channels of Energy
Exchange in Multi-Scale Plasma Dynamics — Revisiting Perturbative Hybrid
Kinetic-MHD Theory”, Scientific Reports 6, p.25644 (2016).

4) SEOFRATE:
AEIBAZE L7z 6 Wk 251525 F ¥ 2 —/WZASHE AT - TV RNz, WL 2 ATV EHRIRFH]
DR BET, S 512, AR THELIZET /W, SV 7T X2 T, mTmpLF—
REFIZ B ARETH D728, JT-60SA (21T % RV —hiF D RIRDOEAEMHT 21T 5
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55 [RFHEFZHEEF J-PARCEUZ—
Sector of Nuclear Science Research
J-PARC Center

551 BIRILF—EFHERTT—REROBRHBICETE

Response Function Calculation of Bonner Detector for High Energy Neutron

HEJI ShPE. JEJRL SRR
W2 e 7 ay, %1 Hilma—2 U7 « —E 2R

(1 FABEM:
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IZXT 2 FENRIFFICRE NV, B OBREEIIL, —EDAXT MAEEL T Y v M EfiE
(RS D70, MRRPHBATIK T D/ rLF—HET A7 LR L, e L7z A
7 bV EEEEOEN D & 2T S 2 Lid, AR EEEARE TH D,

TR — P 2T MV ORITEITIE, KBS AT bu A =2 L ke ZHE0R
AR R (R —REs) (SR EL DD D0, AR T, /i &0 b &EFHEeRG AR
EEZDND R T —HH&GOISER KL, PHITS = — F& W TRES L7,

(2) FIARE- R
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5.5.2 ADS2—47yhRERIER D BRIINE AT RE—7 v NRENEHT
Simulation of LBE Flow in the TEF-T LBE Spallation Target

Tao WAN
Target Technology Development Section
(1) FABM:

JAEA has proposed an accelerator-driven system (ADS) for nuclear waste transmutation.
The ADS Target Test Facility (TEF-T) will be constructed within the framework of J-PARC,
in which a Lead-Bismuth Eutectic (LBE) spallation target will be installed and LBE will be
the coolant as well. A key issue for the target head design is to optimize the LBE flow so that
the target vessel can withstand thermal and mechanical loads as well as sorts of damages.

This research is focused on to reduce the stagnant region in the LBE flow channel, so that
the temperature and generated thermal stress on target vessel will be decreased, and the
safety margin of target vessel can be improved. The accurate calculation of LBE flow
requires large memory. To carry out the design for the LBE spallation target more accurately

and efficiently, the use of super computer to perform the calculation is necessary.

(2) FIARNE-RR:

1) Original design of target head

Figure 1 shows the schematic drawing of the original design of target head. The design has
a Beam Window (BW), which is connected to a coaxially arranged annular flow channel
between the outside vessel (here after named LBE vessel) and the inner tube. An irradiation
sample holder was installed at the front of inner tube. The rectification lattice with the
square apertures is installed at the front-end of the sample holder. The LBE flows through
the annular channel to BW, and the returned flow passes the square apertures to cool the
BW and irradiation samples. One slit of 2 mm in width is arranged along each side of the
rectification lattice, and LBE flows through the slits to cool the side wall of the sample
holder.

BW LBE vessel Inner tube Unit: mm

\;Rsz . \ e -, *

Slit [
Sample holder

= =
k3 Irradiation samples

&= v

Rectification lattice

Fig. 1 Schematic drawing of original design of TEF-T LBE spallation target head

Figure 2 shows the velocity vector and velocity contour of LBE flowing for the original

target head design. There was a “dead-flow” region in the LBE beside the center of BW. Also
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there are some stagnant regions exist in the upstream area in inner tube. Temperature in
these stagnant regions might be very high, so it is necessary to reduce these stagnant

regions or at least move it away from the center of BW to reduce the stress concentration.

-

Fig. 2 Velocity vector and velocity contour of LBE flowing for the original design

2) Optimized design of target head up to now

Figure 3 shows the schematic drawing of modification of target head to reduce the
stagnant region. Two types of modifications were made: (a) to reduce the stagnant region in
the inner tube, two additional slits were added at each side of the rectification lattice to flow
the LBE into the inner tube; (b) to reduce/move the stagnant region at the center of BW,
double un-parallel plate-type flow guides were added between the LBE vessel and the inner
tube to destroy the symmetric configuration of target. The angle of flow-guides with Y-axis is
45°, and the flow guides were set vertical to the tangent direction of the inner tube surface.
As a result of the modifications, the stagnant region in the inner tube was almost eliminated
and the stagnant region at the center of BW was obviously moved away from its original

position with a distance of approximately 10 mm (Fig. 4).

Unit; mm :
2 Modificd .

Original design Design A

B

v

(a) Add flow slits (b) Add un-parallel flow guides
Fig. 3 Schematic drawing of two types of modification of the target head

Fig. 4 Velocity vector and velocity contour of LBE flowing for the optimized design

3) Comparison of temperature and thermal stress distribution on the BW
To verify the effects of the design, the structural analyses were carried out by LS-DYNA.

The maximum temperature on the BW of optimized design is approximately 32 °C lower
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than that of the original design (Fig. 5). As a result of the decrease of maximum temperature
for the optimized design, the maximum thermal stress that generated on the BW was
reduced to approximately 148 MPa, which is approximately 23 MPa smaller than that of
original design (Fig. 6). The maximum stress point was shifted away from the center of BW
as well.

The results confirmed that the optimized design up to now is favorable to release the
stress concentration at the center point of BW, and consequently the safety margin of TEF-T

LBE spallation target has been improved [1].

496 °C

350 °C

(a) Original design (b) Optimized design

Fig.5 Temperature distribution contour on the BW

Stress, MPa Stress, MPa
Q ] o "]
0 ] 0 -I

(a) Original design (b) Optimized design

Fig. 6 Thermal stress distribution contour on the BW

[1] Tao Wan, Haronari Obayashi, Toshinobu Sasa, “Numerical Study on LBE Flow Behavior
of the TEF-T LBE Spallation Target at JAEA”, Proceedings of NUTHOS-11, N11P0102
(2016).

Q) BRVANER, TUARR. WXH):

1) Tao Wan, Haronari Obayashi, Toshinobu Sasa, “Numerical study on LBE flow behavior
of the TEF-T LBE spallation target at JAEA”, Proceedings of NUTHOS-11, N11P0102
(2016).

2) Tao Wan, Haronari Obayashi, Toshinobu Sasa, “Study on optimization of target head
design for the TEF-T LBE spallation target”, Proceedings of TCADS-3 (2016).

(4) SEOMATFE:

In the future, detailed design for the LBE spallation target head will be continuously
carried out. Moreover, not only the model of the target head, but also detailed model of the
whole target will be built to investigate the LBE flow. In addition, effects of mesh and

turbulence models on LBE flow will be studied by the super computer as well.
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56 EFIAHEMEIRH EFHIRIILF—EEEEL 22—
Sector of Nuclear Science Research
Nuclear Engineering Research Collaboration Center

56.1 FAMEERNDKRAREFH IaL—3y

Simulation of Hydrogen Gas Behavior in Circular Piping

b B
KRR = AR 7 — T
(1) FABM:

KBTI/ NS WD ZATHEB LR <L BAMEOEOWE TH D, MR R EAT
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P9, KERROBREZHRHTHZ EnD, 7V =0 R VX —JHE LTS~ L3 1
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INBICKFEEMIIET DA, HAOERE 2 AW CEFHET 2 FEMRFI STV 523, W1
DRFFIHECRA T AR EITKFEE/S—UT HEIC, BRTOREFR L REG L CRFRHEFEIC
ETHAEMENRDH S, 0D, BENOKZET AOEH 2RSS 2 L%, kFEZROVHE O E
THHETH D,

AWFFE T, R & O LERRGE K OVSEER DS K 72 KBS 72 K B AHG RS N T DIKSE A A D2
R 5720, BT = — K ANSYS FLUENT % AW 2 fi#tr 2 ICE X (2 X 01T 7=,

(2) FIARE- R

FENTE T VR OMENT SoE 2 X 1 RO 1ITR T, T ET ML, KEELDEEICSLDS BB |
Z OB O T 5 E % 3 DAk 7otiE L Lic, ET VNI O 21328k e L,
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X 2~4 |24 STEP, &Kl DIRENAAITHER 27”77, STEP1 TiX, B Rl %
RITEB LT 75 BRRIBZICB W T IO V@DOAKFEEHFM~DEFRDZFANITE AL ERNT
LERLTND (K2), Tok, BIOMEOMHE T A 2 KFRICE 272 STEP2 TiE, B0 ST
DIKFBICEB LT & & (20756 B1E) OFRERND ., KFEES~OKFEANI LD, 37RO I8
B L > T D TRE EH~KEMRAT D Z L3R TE 5 (K 3), STEP3 TiX. BB
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BaEBEICANT R LR LD 2 N LR B CTEETHD,
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57 EFHEZMEIM EFHAEEAEMR
Sector of Nuclear Science Research
Nuclear Science Research Institute

571 FCA BMETEEICE T HANEE Y R VN A R B E R ORI E
Evaluation of Criticality in FCA Fuel Storage at Mixed Transport Container
and Storage Container
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(3) RBUARMEE, TLARK, ®XSE):
2L

@) SHROMATE:
AR B LT A TR T LAt BRSRats. it

i
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JE P i A% L2 B B e AR TAR LS
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572 JRR-4 MEILBEIZEITHMA LA EMEDFFMICHELREFRIHTD
AT
Analysis of Neutron Flux Distribution Required for Evaluating Radioactive
Inventory in Decommissioning of JRR-4
PEE SN
JRR-4 & HGRE
(1) FABR:

2013 4 9 H ® A K I WFFEBISE B RT3 WV T L JRR-4 ZBEILT 5 HRINRIE & 72
2Tz, ZD72, JRR-4 TIIHHEATEUTIRIN T 2B IR E TR T HFEELFR T 22 L &
ST, BEILIEEFIEEE AT HEEE T, R TOBSMEBE M E 23 M+ 2 Z L 23RO ATV D
B FBLIAT T E L TETHHFROMEMTT 2 LERH Y | LLTOFRMEwET 5
ZENERENT,

O TOBIHMEHE M E 2 RO 2 B o D Z & BIF LR O 770 & 3 k.o T RE:

DIHHarr J— MEE b & O AR A NETH D Z &,

@JRR-4 [T EHERAR TH Do, BTV EFMIIANTELRIRa— N THDH Z &,

ORBFEHNCHFI 2RI E A EfE ST 2720, BMERSFHMETE 25/ a—FTHD Z &,

INDERET D7D PC CIIRER A3 03D
DIETCLEDFORBENR S D120, KT Tl
Bt D 2 2 BX900 |- TMCNP % i\ C A

St F H T (Z#h( 8 1E F7 1])=-10~ 10cm)

1.00€+14-1.806+14
1.00813-1.008414

[ 7> DB 72 1 5 T C 00 TPV T sk 40 4 W E st

u 1.006+07-1.008408
o 1.00E06- 1006407
= 1.008+05-1 DOF+D6

(2) FIARAE-HBR:

JRR-4 TlX, 2N ET No.1 7—/L& No.2 7
— LV TCOEEERN DD, TNLNOEELRFIZ R
F 2 AR IS O W TREIT L 7o SR e ‘
CIRERICMEEZBL N TE, TMETFHROME  ssszzss-ssz2833:2385
JREPHICKHEE RS 5 Z L T&E T2, 25
112 No.1 7= /v D HVET- AR 2 71T
Fo. BT HYE AR, EEESERE, ORIGEN-S %% W THURME U Y E 2 3 L 72
%, BEILFFEFHERA A HEEE 2 ER L. [ HEEE 2 R 27 4 12 A ICHBITTBUTICHEE LT,

W 1.00E+04-1. 006405
= 1.00€403-1 00£404
™ 1.00€+02-1 006403
= 1.00€401-1.00£402
- 1.00E400.1.00€+01

1 No.1 F—/L Ok 45 A i 5

Q) BRVANMER, TLARR. BXFH):

1)  Yasuhiro ISHIKURO, Nobuhiko HIRANE and Tomoaki KATO, Decommissioning plan of
JRR-4, 8th International Symposium on Materials Testing Reactors (ISMTR-8) (2015).

@) SHROMATFE:
HEOREBIIE T Lo, BERDIVITEMIT21T5 TETH D,
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5.7.3 JNiEzE BNCT MR DERLETETHE
Shielding Design of Accelerator-Based BNCT Facility at INMRC

S TS
WEFEFH R

(1) FMABM:

2011 4F, WEIICE Y, BRSSO 2EEOERE HE LT, oEMizhiLe Lk
[ NTEBRESFR G R ) (BT [T <ITHFX ) BNEE SNz, D < ITFFXIZRIT 5 4 11586
¥ —<D 120, WRIRAAEE (BNCT) OBIREML] Thb, RiFFEEEM T 570,
B2 U AR F DRFZEBR 36kt (JAEA) . & T /L ¥ —IE i sekiks (KEK) . b
WRERF, IR & OFFZERREE 70 P27 N F— L4208 2012 FITRE Lz, (RuFEHiET
HHRFE OIS - FEAICET 2 A BEEOHM)

S ATRRAEE T, FITIMERR, PE TR AR K NARGETE S AT LD S D, INEER
ELTUE, V=T v 7z, KBER IR (J-PARC) OoHfizicH L, i KEK
MBAFE LTV D, HPETRAEREEIL, FHTE2RET D2 U U AR, 584 Lot % R
HICHEST 257 L—4%, ZLTHHRFERRICETT27200a ) A—2%)1bie5, JAEA
%, KEK, SUERFHELWH L, ZopkrRA%EEoRKRE - #E2ER L T\ D, SFED
MR FHAENT & LC, ks BNCT 3@ CHEA L TWD 0 K =0 MO E1T o7z, Al
ffEtr CiZE T a— K MCNP 2 L TV A - OMetEEZ2mb A2 NENH D, 20D
728, KAENEHIF R BX900 OFARRAI R TH 5,

(2) FIANS-HER:

I EE BNCT 3E& 72 53 AT 5 b+ 0 — A 3BV A DN ERRTH D, 2 O OIEHEE
FECHRA LRI 2RI 272028 E 2mm O K =0 A% AW T 5, JliEss BNCT
EEOE—LLICRE LT3 ) A= 2T D7OIEEERZOH FI =7 2 F12i-5<
e, BRI =0 LORBEBIHEBIC L DMEEZOHITI MRESN TS, 20k, I RI=
U LLSNDOMEHCBE T 2 BET L O B X =0 LR O b & HRMRITIC TIT o 72, K 112 R
=T AU OMENE WA O B — A LTI T D T AT MVIRETE R O — B &
AT, AR =T AOHFPET AT h IR LT, ##ME SLIF 26 95 & BP0 |
KIRTLAF 2T 2 L BVP TR Z A A oD, —FH, # FI =7 ADE S % 2mm
PO Imm IZEE L THZENUEEFHET AT ML OBITR LR, 2120 RI =T L%
120cm X 120cm X 2mm 7> 5 40cm X 40ecm X Imm & O 30cm X 30ecm X Imm IZAER L7 &2
— AR T DAY MARRERERT, I RI =T LDFE% 40cm X 40cm X
Imm 2 U72RER T, BVhPE T3 45% M L, BT30S 4% 8589 2 @M 8 b
Too ETo. BRI =0 AOEFEITK 0.056 (5107257200 R =7 Kb OFREREE S T OE
BIEFNEL 725, UEXY, ZOH FI=ULBREEHTL2Z L1280 B8 hEF v —2A
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RE RS E OO, W FI=TU A6 OREBIEZ/ NS THI LN TE L7120, BE—L4L
T TEET DUEFEE OPIX S HEZ RIBIEHSEL Z ENTRETH 5,

1.E+09

1.E+08

—Cd2mm (FE#)

1.E+07
—Cd1lmm
— i HELIF
——Al2mm

FRf4EF 3R (n/cm?/s/lethargy)

— K 2ALIF
1.E+06 ‘
1.E-08 1E-07 1.E-06 1.E-05 1.E-04 1E-03 1.E-02 1.E-01 1E+00 1.E+01

hiEFITRILF—(MeV)

1 A FI=vsSEHWEEEDOE—LHHED TPETF AT Fv

1.E+09

1.E+08 l"ﬁ

1.E+07
ﬂ —Cd2mm,120cm A (FL#E)

ﬂ'__.,,.ar-—"'lm—-,,

+—Cd1mm,40cm*fd
+——Cd1mm,30cm#f

{4 F 3R (n/cm?/s/lethargy)

1.E+06
1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01

FEFIRILF—(MeV)

M2 B RI=vLABREE(LIE L ZOE— L HEOFHEF AT FL

(3) RBUARMEE, TLARK, ®XSE):
2L
(4) SBOFIRAFE:

L% bR BNCT £ 8 OFEMER AT 21T 9 T I KRAGH RS AT 22 EHT 5 TETH D,
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58 EFHEZMESM EFHAEBRIFZMEEL 27—
Sector of Nuclear Science Research
Nuclear Science and Engineering Center

58.1 PHITS —H%—ANXEVI+oz7 PHACE DFH
Development of PHITS Graphical User Interface: PHACE

HIL ST
T RREEFRATITIE 7 NV — T

(1) FABM:

kit » HA A dgkEE = — F PHITS 13, (EEORIR - WEWNIZI T 2 2R BUR#E D 258)
ZRENTRIREZRLHE T v a gt R a— R Th 5, BifE, PHITS OEWNA D —F —X k4K
132,000 4 B 2, SRR, BB HEREE S . ISR T, RS AR AN A
25 ble %, —5 T, PHITS =Y =3 L DANT 7 A NDIRT A =2 Ee~=aT LT
IVEEL, TXAMBNTANTZ 7 A NVENERT DRERH D720, FRICHLEIZE - T
PHITS OFHOEEREE W HIRMBFFZND, £Z T, 2—F—=NREHICKE T A —F
EEHELCANTEL 7974 iva—W—A 27X (GUID) (L% PHITS AJ7 74
NWAERN S HE Y 7 b v =7 PHACE (PHits graphical user interfACE) OBH¥ %179, AIEZEIZ
KOER sy — v EZ b Z L ¢, PHITS =2 —W—0REHIT/NT A —2EEZBfRE LT, i
HHNCANT 7 ANVEAFRTE D LT D, DD, Ffla—%—o PHITS (233 5 Hfif
REICRESEIRL, 2P —HOERDIRPHFREND, o, BEFD PHITS = —H%—I(C
KT HANNZESATRE L 72 D,

(2) FIARE-BR:

Rk 26 FEEEIZ, PHACE OREARMRPSHAZRE L, T —F ANNA VB T = A ZD KM= AF
B U7e, SRR 27 AREEIE, FEBRIZ PHACE Z W TC PHITS DA 7 7 A VE{ERT 5 Z & & H
e LT, AIDFKEZ v a SHIET H/3T7 A —2 OB % % PHACE 1ZEML,
PHITS O/ 3 r— & £ 54 (phits/lecture/basic/lecO1/input/lecO1-end.inp) % H T,
PHACE O@EMEfEZR %1T - 7-, PHACE IZ Windows. Macintosh, Linux O & DO AL —F
ATV AT L (08) ETRITE S X509 % 2 &2k mmBEEE 328, Pk 27 1T,
WoRk 26 R & FRRIC, < O —F—=2FHT 5 Windows ETENEST 277U r— 30D
¥z T o7, BARMOBESRMETI RO LB & LT,
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OEEERSEE (0S) Microsoft Windows 7 DA
ON—Fu=T Microsoft Windows f4#; PC

@FI¥ =R C+t

@BF%EREE (Y7 hv=7)  Microsoft Visual Studio 2010

AEWERL L7 PHACE ©OF —Z AJ1A 2 7 = A4 ADO AR 22BN A2K 1 12RT, £72, X
LITTRENABENL., FOMREE-IIFTINELE LICE LD D,

¥ lecO1-end.phc - PHACE = =
P LR EEE Em AT ALTH 1
PlSH B aey
4> Fyb Fa— g %
GG G0 AuFebEE: HNOEG B
=% lecO1-end.inp-1 M3A-BdH: wnit
<:®?L{J SHEDS L " | V|
b | #unitis [1/em*2/source]
=
N AuTd—Es
i wb‘?u o
o ASFFOES
W B w s NEE: BAT 50O @ =
o wEoEs .
L mENEE H3A-BHN: axis
o @ EB0EhET SHEE: e v
Bﬁ;@@iﬁcg& Ok | #axis of output
L0 EES0ER A7 A=vas
= ToES
- TN BS0ER
e trﬂgﬁ;ﬁ;?% 2P MAE: WATPA G B
Ly Ss{aTsk oS
‘:: & HSA-BEA: fle
- vER SHTEiE: | track_xz.out
& 75
& HFOES ek | # file name of output for the abave axis
[ TRILE— o iy
= St A4 —gin
o[y gshowDES
L[y epsTRAILDEH
-G ATyMET w] 2 x
L— Ty Co
EE: 1Ju?0‘t7J\U %2*4% i i
EE: T #HEALELE
EHAYTIREa— QL EILE B w0y w AT ok JERF TR
L7 CAP NUM| SCRL

X 1. PHACE OF—Z ANA v BT =24 ZADFRIA >V R

Fl. T—HANNIA L ET oA ATTREINDEN

2B PERE E T2 I3FRINEA

PHACED D A > Ry LIz rab 4 GUL =&
HIsME Lo A Ry,

PHITS A 7'y hOHET — X DXGE, Mk, £r
179, BEkSNET—42 %Y V) —FrT 5,
PHITS A > 7 v T — X OfRER v 7 A% X A
Vo ITRRTDHUA L RY,

A7y FEa2a—BXOEL RE2—EN5HD A
vE—VERTRTHIALRY,

DO| AL T L —A

@| A7y hEa—

@ | ATy NTF—FMREE 2 —

@ | FHEFRHE N YA > B
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B 1OOHD [AL 7 L—A] IZT, A7 7 ANVOFHIER, BIR, ©—7, PHACE 7
7 AN PHITS A1 7 7 A M~OEHEZITH, K1 OQHD 47y hEa—] 2B
T, PHITS Ot 7 v a UEROBER. Rraxito, &1 7 v a kG T 28R, WiE
DRI A= DOBEMERETD L MESNIZ AT A—FIIEET AN T +—208, K10
@D T4 7y hTF—HfREL = — ] ITBIMSh, BREM, 2 AV MEEANTESD, AN
NTIeRTGA=BRa XA NEOT =X, [T —F A= F AT a7 | ITTREROE R
INb, @O [FREIERHNITA LRI ATy FEa—BLXREL RE2—F150
A=V REREND,

A EER L7z PHACE 28 PHITS D AN 7 7 A V& IELL AL, 2D AS %Az PHITS
DOFFENIEFICEET 2 2 & 2R L7,

() BRUYRMESR, TURARR. RXHF):

L

4) SEROFIATFE:

A1 b PHACE OMREDIER A ED 2 TETH D, BEMICIL, O REEROMEZ EFRKT D
[materiallt 7 > 3 > (KRDOHEZEFRT b [surfacel v 7 >3 v (KROHEKE EFHRT 2 [cell]
7 vay, KROZIRGTEERROBEOWME D% EFKT % [mat name color] 7 v a DA
HBkEEDIE N, @PHACE 175 PHITS 34T TE DHEEDIBINEZAT O TETH D, HERENL
FEt&IZ, [FAEED T15T Mac, Linux - CTo PHACE OB % BT 5,

_77_



JAEA-Review 2016-024

582 PHITS HAOT77/ LD EHAEDRF
Development of Function for Integrating Tally Results of PHITS

[Z N N
TG RSB RATAIIE L —
(1) FABM:

Ko v« HA A dgkFE = — R PHITS (X, RO - WENIZIS T 2 ZEk7 it o 268
ERENTATRE 2RI O T v a it a— R CTh 5, o7 IR OMEHERZEIXZE ORITIE
B (SRR RIS I W TR A S E 2R 5D G CTRY T 2720, R DFHEEEIC X
STIEHEWIHE I X MBUELRDIGEND D, LML, Bxr Db OEHROGHRITARTH S
7o, WA FIEORBNEE L 25, HIIE, BEIEEROGINCH LI 21—
VEATOGEIE. BAOLEICHIE A BLE LA E A ERNICIAT LB T RO O RAEEOE
HfFFELTRLADLES Z LT, IEFITHENICHERREEZEGL N TS, T2, B0
PC Txko7= PHITS OFEFEREZ —DICHiEG L CRITREE O K & 2/ R 25 o rBIx, XA —3
—A B2 —Z R EORBBRFR AT AR TE RV —F =T L TEIIERICA M T
ORI

Z 2Ty Fox TR SRR O KRGS BX900 <° ICEX 2 HIH L, O E~EEHA
Hi%RE (sumtally BERE) DBIFE 21T > TE 72, WAL 26 FEEIL, Wik SR ORMR %2 Ko
5 [ttrack] % U — EWE AT 5T D&% R 5 [t-deposit] # U —IZxF LT, sumtally #EED A
FuATolc, (22T, 2V —LIIMBERNRBEEHFEOE TH Y . PHITS ICITRO T WBEEITIS
CThkA 22 ) =B SN TWD,) gl&EfkeE . ¥k 27 13, sumtally BEREDHLEZKY |
[t-dchain] IS D4 TD & U —TABBED M TE 2 &L 5 BHFE ATV, Fk 27 42 12 FIZABH S
7= PHITS O /N— 3 > 2.82 IZHLAAATS, ZHHOFIZEL Y, PHITS TRHLHZ LN T
EDORRA R B L NRINRO D ZENTEDL L DI hoTz, B, ZORRBIT, A—/—=
YEa—FRPIRD Y 7 U = T RBEHEEEDO—RE LTEMLIEERTH D,

(2) FIARNE-BR:

B LU sumtally BERRICIEL, RO RITEEOEL T2 L ONEFEL Z RO D HikE, &
BORERERE LEND OMBATERR DR R EZ RO D HIED 2 5DF T v a U ind 5, RIS
CTENDLEZEINT HZ LT, SHHE I X M RIBICHAD SEL 2N TE D, KEREFIHTS
BAEF RLADEREWEEO X ) —fERE A v v 2 BEOSRMEEF I L TR 7-%, PHITS
DA T N7 7 AN sumtally 7 7 25 & AT PHITS 2 #1715,

N % 3R D 5 FEZBIRT 5 2 LIk 0 EEDOFANEIZTREANE O SRS FIET D &
I IR O A E DR R FITTED L9107 D, BIAIZSHIROME 2 AT I 52, 1t
KD PHITS TlEv R 2 b—va Y EAREFETTO2LERS Y | RS Z T 2580 21T 9
OIS ORI A FRBETH 72, LoL, AEEEZFIHT 285818, —EEBRIEOK
REHETIUERL 2 O REAEBEICER ST L TR LEDE D Z & Thix IBEEEO T
WNEG LD, K11, K772 FAICK LT z DADFENE 4MeV DX 1% B S w72
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Lt ofaEsf (KM a) &, z OIEOHRANGE UKL 2 B SE255 08K (K b) &, N
FPHOFRMIEIC LD 21 OB TR LADEERE (Ke) THD, MecrdRADE, 2250
PREAT 2 21 O THIEY LR, 2 DO0MNER > T 23K lem<x<lem] THE &
N—Fm< 2o TWD 2 L2, il [lem<x<3cm] DFRE D 7 23 EEE[-3cm<x<-lem] LV &< 72 o
TWDZEDHERTED, ZOXIIT, KEREEZFAVWD Z LI2X 0| kxR BEAF T EEMEE L
THZTGEOMREE HitAERITTH L BH N TE S, 28, Ka & b ORERIT,
J1—= ¥l & AV Clt-heat] # U —i2 L W sk 7=, PHITS (ICIZWE N 53 o EEZ /R T D 4
U —& L Clt-heat] & [t-depositl® 2 FFEOX UV —2dH V0 | GIFE XA — < EUS X 2 BT
A[RECd D, I —~IERUTE T ORI TRAET 5 2 IKETIC L DM EZ T OWuE Bt
HF 2L 0 THY | REOEW 2 KETH34E L7V E MeV 2 O Y61 OBk G HE R IZ
HARE 72D, ZOWEMITIE 2 REFOEELEMET 5720, HIFECTEWRE O EERZ52
ZLENTE D, SFERI Liz[t-heat]l® sumtally #6fEIZ LV . W —~ 3G %N & 72 DR %
IR —=WAIC L HMEFE A, [t-depositl Z WA L D RIRANTAT S Z LN A[REL 7o 7=,

T I T I
] 10° 7 ] 10° ¢
° °
_ £ - 5
3 3
1 & 4 &
| > b 3
4 = =
E r E
2 1 2
o TF
ili\l\ili‘l“‘ I||||xixixl|i—l
4 6 8 10 12 14 16 4 6 8 10 12 14 16
z[cm] z[cm]
T LI | T T J T L | J T T I
i ©) ]
4+ -
L H10°
2:1(a:b) D bk TN -4 2T }

1
[]
Heat [MeVlcmslsource]

4 6 8 10 12 14 16
z [cm]

1 Sumtally #§fEIZ X V| [t-heat] ¥ U —CTRd7= 2 2O ESM (Ka LKD) % 211 Dk
RCMETLH LR (Ke)

Fio, BEOEREZHREG LEN D ORBITEEROFE R 2R 5 HikE®IRT 52 LT, FET
WHFHEEZITD 2N TE D, Thbb, AUHEKRROY I 2 b— a3 Y E28HED PCIZE
WTCEITL, ZNOORREEZR LAEDEDLZ LT, 7 7 AX—3HKD X 5722% 0 CPU 27
ERAWEHEREAE ZENAEE D, 2L, ZOFEWSIHEEZITIEIL, T v
BHEIC L D AHEMNEREG L0, FMROHEZNOEIKIC LV EITSEILERD D,
212, 4MeV DY 10cm O/K 7 7 > b A Zxi@ilE L7258 D= f VX — A r~d, Z Ok
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FIMTEREOE Z @il 2R 7 V2 v A% G T X B [t-cross] # UV —I2 L W kodiz, K a (3347
[%% 15 & L2 E0O/EO—HITHY , 2 & RBEICELE O A% 28 LR UEATEIER O
FAAIZ 9 BTV, 3110 [ O R R A AERICE Y 2 LEDLE/BELRK D Th D, 772
DB EATERGS 10 1 (51 )7 X10) DG OFHREEREZS72 2 L1220 (4R 7e2 5 sumtally
BERE 2 S FITRBATERRAE 10 7 & L7ofiR e —Ed 2, KT 0.1MeV 225 10MeV D
HAZRLTEY, T 7 A ECBIT Mt EZA iR EZRm TR LTV, Kax b b, #HR
T 5 4AMeV Dir < OFEFRIFTFRZENN/NE WV —T5, IMeV LT O TITRAENRKE <, 1 TR
ITEECTIIA T TH L Z Enbhd, BITEEEZ 105 L72X b 2 /5 &, 0.1MeV IfF Dk
BHRAENNEL R-oTEY ., ORKEEE2L-TWAZ ERNbs, 2D X5, KrE%E A
WT, B2 IX 10 5D PC Zffi» CTEE L72 10 B OFEREZ AT 2 2 LIk v | a7 R
10 [ & 2R DMEFHTRRZE D/ NS RIERE1GH Z L3 FREL 72 D,

9

) W
: : FENEFIE 5L e | ;
= E E r ~lI-F I 1
§ 510‘3:—F:ﬂlﬁt_ﬁj %“ 5
1 X10 SR

107" 10°

Energy [MeV]

Energy [MeV]
2 4MeV OY:173 10ecm DK 7 7 > b A%l U720 YO = 3 v X —54h, iaEkEs H
WO HAEE R Lz, X a 33T 1 5 DA O E T, X b 1L sumtally HhE
W TR T2 10 HEIOFITEE DRSS,

B L7z sumtally #EEDILIRIZ L W . BX900 R° ICEX Z XU & § Hkkx 72 a L B a—& T
PHITS =— FOFUEMEN R E <1k U7z, E9R L7 ARBEREIL PHITS O/3— = 7 2.82 ITHEA
IAENFIHADBBES STV D, ik 27 FEDENIZE T 5D PHITS OF il —V—%3x 487 4

(ZON., RN D2 —F —5T 460 4) Th 5, EFE TIIRBFREESLY — 27 27—
3Oz —FPCRETHEARTI— REMEHT L2 —F—2BHIL TWDH2, AERRIZZNG
D —H— PHITS & AW TR A EED DERCH R & 72 D,

(B) HRUANMZER, TLRARE. WMXEH):
2L

(4) SEROFAPE:

PR REZ R 5720 D% UV —Toh 5 [t-dchainliZ & sumtally #EFENMEHA T 5 L 54k
gL, PHITS Ra—H—IZ L o TRIFIH LT W a— NI b LB EZED 5,
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5.8.3 PHITS MBALEEFTEETIL ATIMA DERE
Acceleration of Stopping Power Calculation ATIMA in PHITS

K
T R E AT IE 7 N — T

(1) FMABM:

Fi g« EA A gk o — K PHITS (X, TR O ZRIGIER H Ofk & 72 g o 268 % 5
THHAHOE Ty I ab—varya— RThd, EVTANVRHATHL O, HES
OB EIIFERRAEEZ G A, T T IR ROBITREZ BT Z LT, Z0ORELED D
ZENTE D, RVFET W ESEORMBEREIZ L - THE L SN D RHREREMIZR /2 503,

BEVEHREE 25RO DFHE CTIX, @E 0y a2 AT, FoARRE O KGR ENS L E L
INb, Zokw, PHITS ([ZIXWHIFHE O A (MPL (2 X5 AE Y 3 HOEHILER I L O
OpenMP (2 L% A€ VILFWHILE) PSHEAAENTEY , KEHEEZ AW WEHIEE T,
FHRIFE OELME R FTRETH D,

AWF7EClL, PHITS ([N E SN D HIERERHFE EF7 L ATIMA (Atomic Interaction with
Matter) D7 /)L 3T AL ZEKET5Z T, PHITS V2 a2 b—ra v oEEboFEE %2 BT,
AL, ZZTiTH %R TIIBEAFD PHITS I25 N2 WHIEE & BHAMEZ RS 2R < WHIGFT
BPMTZ7NT) ALEBRHTRETHD, £ T, B IEEORBGEFE (ICE-X) %H
AL, WHLEOBER L OROMEEITV DD, ATIMA O 7 V3 U X LEKE Lz, Ak
BiZ, A—_"—a v Va—4FRRDL 70T IV I EEEO—RE L TEE LR TH
Do

(2) FARNE-BR:
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Reduction of Computational Time and Memory Size of PHITS
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5.8.5 IRIBMSTEZIEN S DIMEMEIE IR EHE FHE D T

Evaluation of Dose-conversion Coefficients for External Exposure to
Radionuclides Distributed in Environments
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Development of Generalized Nuclear Resonance Fluorescence
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Long-range Atmospheric Dispersion Simulation of Airborne Radionuclide from
the Fukushima Daiichi Nuclear Power Station
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TN—FIZ XV RB SN RE, R R & B ICERRH Y | R RS D
IZE S TR, AR TIE, LIRS R 2 L—v 3 BT D5 Th - 7okl T3R8 & KB
WAIFHEIZ L 0 S U, AR~ 2R E T— B LB TR T 2 940 L. Bt miz >0
THMATDHIEEZAME LTS, ARRTIE, H—BEL LT, AR EBET 5 0EDR
WA A (138Xe) [ZOWTHRE L=/ 52 77,

(2) FIARE-BR:

BEDHFZE TR STV S 133Ke OHEE R EITIE (DIFPIIEITIC X 2 HEE & CCRk 1
JNES) . @KRKILBOSARATH L O CTBT ORIET —Z I K 2@t & (3K 2 : Stohl), (3)
B BMENTBRENET —Z 12 LV SGET SN HEE K E (CCER 3 @ Saunier) 23& 5, 4%
BT, SO DRI R E 2 BHE LR 2 EL TV L RTHRBEBL TS DD, #
A 27O kR, 3 H 16 HLUEROMHO AL LOMHESRICE L TERBH D, £
T T ARWFE T2 (OB 5P DR R B A O JE R T (N2 b)) Bra il L Ov 1831
BRI 2 fUE Lot E (TEST) Z&E L. Lit 4 7 —AOMHEIZ OV TER L7-
YIalb—varé CTBT WIET —# L OB LY 242 MEEL 72, CTBT OMIEEE L
T, fptraask (AEER) PICFEET 2 9RO 9 b EiRF A BRV 2 8 His CRE 4 #is B
2 MR, mY T LR, E L HR) oF —2 &M, mRBIETCIE. 3 A 15 BICHIERE
TBRF BB R D2 BEDH T ADTWAR DY, AEV—NWRDT2H 19 H ZAETT —FRFED
<, ERFHIZITFHTE /W), SEITBE LR o7,

FHALE & HEE 2 F R B CH L2/ R AR 1127, Bias (K6 U < 13/ NaEAlh o i 7
ZIRTHATETH Y |

Bias = % i—1(log(cal;) —log(obs;)

TEtREND, 77 2D THITFHE P IEREHE, ~ A 7 2 TH AT/ N R 2= L,
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0 THITEL L DM #£1 CTBTMET—# LFHHEMEROREEIC X D IR
HWZ E&ERT, FMT

UMM Bias _FMIT _FA2 __FAS FAI0
E 040 076 024 056 065

EOCTIRRL FAZ-FAS: QR 030 076 039 065  0.71
FA10 (X2 i, HEfE Saunier [V 0.76 0.42 0.62 0.68

D12 PR 2 FET, 15 -0.25 076 038 0.62  0.67
Pk 5 RERLT, 1/10 BAE

10 fFLA FCRtE CTE 288277, FMT & FAIX 1 I WIEEHIE & DESMERE W,

R LUIRTHY , EOHEMEEZHAWTHA LGS TH, FAS N TR TE2EIG2 6
BIFiE L, OB REZR LT, 3 A 15 HD 2 505 Ot 2 ifgny b7 < RS
o 72 JNES THA L7254 13001/ NaEl, 912 3 A 14 H~15 HOMIEELZ AL -7
Stohl (F-°R0utE R EFAf DB A & 72 o 7=,

2 FHED D DI DWW TISEBE ORHEE IS S E 03 d 0 | 172 AR A S Tnan
7z, TEST 7 —ATo Xy MpRsftH] 2B L, N2 FOBAREZI K Ok iz > v
TDO/RT A=l 2 Tl LTz, ZOfER, BUER BN D MIET — 2 ORI TIE, it BRAARE
ZIB L OB O 21T R 2 b— a URERICRBEN R 2% 5 2 700 2 E PR S (Fe
FHEITAMS) . BE R FREICIIE D o Tz, 133Xe A XU U REHHES J OV ) 6 D R EE

DEEMORENZ Y THLEBEZBND,

3Lk 1 : Hoshi H, and Hirano M, Severe accident analyses of Fukushima-Daiichi Units 1 to
3. Side event by Government of Japan at 56th IAEA General Conference, Vienna,
17 September 2012. Nuclear Regulation Authority, available from
http://www.nsr.go.jp/archive/nisa/english/files/P-4.pdf, 2012.

SCHk 2 ¢ Stohl A, Seibert P, Wotawa G, et al. Xenon-133 and ceasium-137 releases into the
atmosphere from the Fukushima Dai-ichi nuclear power plant: determination of
the source term, atmospheric dispersion, and deposition, Atmospheric Chemistry
and Physics 2012; 12: 2313-2343.

ik 3 : Saunier O, Mathieu A, Didier D, et al. An inverse modeling method to assess the
source term of the Fukushima Nuclear Plant accident using gamma dose rate
observations, Atmospheric Chemistry and Physics 2013; 13: 11403-11421.

() BRUYRMESR, TURARR. RXHF):

1) WEEA. AKJHERE, “BEFE IR T IREI O S 183Xe OJLFERIOBITEE
BENT . BB 152 2016 FEEROFES, 2016 4 3 A, IIHTH.

4) SEROFIATPE:

BUEIL, BERITLAE OFEOH 5 181Cs IZOWTCREROMENT 28D T\ 5, 723, WSPEEDI-II
IFRLFIEET L Th D | PERBR S I 2 b—2 2 VTS DR RE 2 A M2 E LR, B0
— 7 CIEBIEZEDRERCE T VOB D TV | FERIIZIFME = A N THRB#NT % S ¢ &
HEITRDLBTETHD,
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58.8 RSN HEERSILITAETIILORREIZHITT

Towards Development of a Local-scale High-resolution Atmospheric
Dispersion Prediction Model
il Rk
BREEENRBAISE 7 L — T

(1) FMABM:

BT PRRE R A & -V TR SR AT 8 2 RS it U L SLIRIEHE D IEE %8 o T
\ZfE 7= Large-Eddy Simulation (LES) (223 < R R &I TR TV OBH 21T > T
%, Z® LES ELIET /W, 3HRE TR0 REWA T — L Oifh% BT L, FHHEs 27—
JVELT (Sub-Grid Scale: SGS) OEEHIREE L AT 2/NS WA —VZ2ET VLT 55D
Thd, ZNET, METX, FICBEEOR PN EFEREL T SGS 7 VERE —E
e LR~ T o A% —F5 /L (Smagorinsky, 1963) [1] ZH W\ T\ /=, LML RN 5,
FEEDORKDOIKAEIT, A FRERGAE G R FTHIHIE DEZIR & W o 7B R AR 3 2 LR 2R
Mz, BN X 2BW R BELOEEE ST 5, Bl IX, BHIL, fiRESMBAS N TRIIRAEL,
RELAFHRAGEB DL E 5, Z OHEB)IRKETE R 272 I1E EDORE il L W iE¥EIC
frons, —J0, WETIEHEREAMA S0, SRE 717 O 225 OEEN M S 405 72 DIl A 7
—b/NESL Y MENORELTEEREREND, Lizh> T, LES £7 /L TEEORR
OIFEZ 0 BEITHILL T 72D, B T — L OifiEs) 2 KO BWRREEIZ IS U THY
EICHIZ BND X I SGS ET NV EZEET H2MENH D, D7D, SGS 7 VEHZ B
ICFHMECZ 24 A4 F I v/ A~vT Y U AF%—FT /L (Germano et al., 1991) [2] Z&EA LT,
AN, BAREME U772 RRUZE RSB & M RIZHAEF R 21TV, SGS T VDT —< 2 A%
AT,

(2) FARNE-BR:

FHREMFIZOWT, 9, WS R 8m/s & 5z, MR 2 —E DM A 0.25K/h T
me L, ZERSE DB FELITZAEY MT ACEIT1A), S D51 & BT 400m O FHR EE 2 5% 1
BRSBTS TR L 32 fH & LTz, BHERE 2 o —uid, AKET5 1A, $hiE jﬂ'? & HI2 12.5m
Tho, itHZA LAT v 7132025, EFHHERRIT 9 REM & L, HEHIIZIFEFIRE L 725
%D 1 R Z BTV, SGS 7 /Vid, HEHE SGS £ 7 /v LI SGS E7 /LD 2 D&MW
77 DLEDOFESEMICES X, Beare et al. (2006) 5 [3] OXfif 2555 5 & LB EEZ 1T - 7=,
1. 21, @FEHE SGS 7 /L, (b)EHY SGS T /UIC X Y 15 53 7= & W%l o Wt ] JRl s 3 1R
G L TWD, X3, 413V EGE - FERREOSE M AR L, BfiE Beare ©H DFERTH
e ZNDHDOFERL Y | fEARE SGS £ T M-S < LES T, EZRITIAL S 5 50\ EGEHT <0 &
SF BN H 72 DIREN AR Z — 2 DIERL R £, Beare et al. (2006) 5 Ot F & EVERC L T &
mnole, ZOZ L, FEETNVORELZZRMF~OBAVEICRARH 5 Z L 2EWRT 5, —
J. B9 SGS EFATIR, £OWV oM ZI A2 2 LNTETHY, XBERMNEBETED
SGSETNTHDHIEERBLIZLDEF XD,
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()% SGS =5 /L

(b)ENA) SGS EF L

= !

1 I R

()% SGS =5 /L

™ 268K
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(b)ENH) SGS EF L
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-Dynamic Smagorinsky model
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4 3 PR D ERIE S A X 4 SR EE O SRIE AR

[1] Smagorinsky (1963): General circulation experiments with the primitive equations,
Monthly Weather Review, 91, 3, 99-164.

[2] Germano, Piomelli, Moin, Cabot (1991): A dynamic subgrid-scale eddy viscosity model,
Physics of Fluids, 7, 1760-1765.

[3] Beare, Macvean, Holtslag, Cuxart, Golaz, Jimenez, Khairoutdinov, Kosovic, Lewellen,
Lund, Mccabe, Moene, Noh, Raasch, Sullivan (2006): An intercomparison of large eddy
simulations of the stable boundary layer, Boundary-layer meteorology, 118, 247-272.

(3) MBRVANMEE, TLAHRK. WXE):
L

(4) SEROFATFE:

BEOREEMIZL, AP ToOMKROMEL, BLO, KFTOMKEROMEANZ XV BLE(LRE
U5, €O, HMEIHET 22RO S HEMDOREZZ T, RADREITFIZZLT S,
ek, ST DO RKELROBAEE T U > 58I, MR ERE D ZEL LW —E DK % k5
(ATON TV, LLRnE, FEOKGRINEZ LV ERICEETE 28MEET /MZT L5720
(i3, #IREOEE 22 ST, AZKIZIE L RRDEFME N B TE TWDH 0 E 5 0
ROMEND D, S%IT, BT — 2 23 FASEME L LT, s 263 2 FZEROK S
P e MBI LT BMBERH R O FTR L OWGEZ 1T, E7 A OEELZED TS FETH D,
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5.8.9 FNDIEZRW=RBT ITUEHAICE T 284
Analysis for Measuring Fuel Debris with the FNDI Method

KH Bk
FBE ey IS —F

(1) FMABM:

FEWBERE FEO—D2>Th D EmEFETEEM V2 (FNDI: Fast Neutron Direct
Interrogation) V£I%, #/3 RMHL A4 & Lo BEEM I mE P 2 BT U 72 BRIC R AT DR 8 8%
DRPEFZIEST D Z IR BEMICE ENLIEORIEEREORELRDDLFETH D,
FNDI i DfATIZIE MVP 22— RS DF T Hrm a— REAVWTW5, BIfE, FNDI EiEE %
AW BRENT 7 GHAREE ORFZERR 2D TR Y | £ O CRBFREKE AW 2352 e L
TW5, FNDIJETIL, BEEMICIRST U= Pk 0388 T 2 0 AP E 53D 720 R
Oy GHE T ORFHERS 2 5EICR O D BERH D Z & ROGHRSERZETHH -0, FNDI
ECTOFHBEICITS O ZET 5, 2O FNDI iE& AW 72BRET 7 U o720 D I = L—
3 URNTIZE BN 23 FEk AT RE Ae KGR 2 R 95,

(2) FARNE-BR:

FNDI {E% W8T 7 U GHABSE R 2 X 1 1RT, EEOTE, 4% 80 em, & & 140
em THY ., PHEFREERE 16 AEH LT 5, RET 70 20T 2 B aIc oV T, ERE
DR HEIRRETH DT, FME 23 em. @ S 450 cm DR HE Lo, AREERE W
yalb—ya URERAEZK 2 17T, I 2b— g ilid, MVP 22— ROV JENDL4.0
EHEA LI, 207 7 VEAITRERS S EM L OVKR BRIV Ao b D& LTV (FF
PEFRINE T DA T HEIZA- TR, Cm-244 O EREENHUTHFZEE LIZEE L EE
LAWEAZHE L, £/, EBEO Cm-244 O H SR T 258 L CHH 2% L7z,
M 212779 L 912 Cm-244 D HBEDHPHUEAIZ L TRy 7 7T 7 FRRELS EH LTS
D, B PET R BBAREICRN TN D Z E N DR RE LA RO D Z ENAETH D,
BRELT 7 D IX 2 AR 72 RN B 2 v, FNDI EZ2 AW 3 CIExE TE WK BB 2 b
Do HYETRIE (KRUF) 27 7 VHBRICBAIELESGAEDOY I a2 b—ya URERFIZE 312
A, MO X HIC, HBEIREOBRORUENT 7 VICEEND &, WET —F LT
oy RDDZENHELL B ERNbhotz, A%, BEx RRIckT A I 2 —varEk
Fid o L2k FNDIEAZAWET 7 U dHFEoM AR 2 ED T FETH D,
ZHUCHFET, K VIRIAWT 7 VRIS KIS ATRE & 72 2 3 E O W RIZ DWW T b RF 2 D T
<o
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TN
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hMEFAR T ER
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o Cm-244 U TESLBE HOE0S
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2 FNDI &% W2 ek 77U GHR o 3 FNDIEAE HWIekT 7 U Gl o
VIialb—ia URiRA1 VI alb—a UfERG 2

(B) HRUANMZER, TLRARE. WMXEH):
2L

(4) SEROFAPE:

Bz TR 7 ) RT3 D 3 I 2 R D T2 012 Atk & RIUGH R &2 I T i 2 1 )
T <,
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5810 X#IRANKEELFAERZAICKDEL YLD

Evaluation on Cs in Soils using X-ray Spectroscopy and DFT Calculation

gnA A
PERE R EEALBANPAFE 7 v — 7

(1) FMABM:

BT IR EFTOREILEEIZSH 7> TE, R HIFERNAOESZRERY (FP) Ok
DICET2HAEELINERHY, Y ETT 7T b (SA) FFOBEE~D FP ik - 8173
R FEOEEMDS RO LN TWD, ZhIChiz-> T, FNEEEICHD FP Bz, By v
L (Cs) av#kE (1) OLFHEFEL, FP OLFEXEZMPT 2081’ H 5,

o, BEHE R OREFOER T, KEO FP 3R Sh, KEARMELE -T2,
ZDOX I FP OHFTH N 30 4F £ 725 Cs137 (IZBI LTIk, P D DR KR, Cs137
EETe S OBAMN RO LN TND, D OFRBEICHH LT 5720, [FEIEDIRE DD D
Cs BIRERFZEICBE T2 JAEA-NIMS J:[RIBFZE) AFEM S, £O—B & LT, Cs WLEMEAR
BRFZE S D HI T D, 1 Csid, & LTHEIMICEE L TWEEEX LN, £
DFEIEHA D2 Te o TV, & 2 TARIEFEFETIL, Cs O RFTHEECRE A IREZiET 5
& T, Cs DRAEFEBONAZITI) Z & L LTS,

ZOEDITLT, I, Cs OFHENED LN TE T, HiliT7T A Va&EE LTHAR
WZ EPRINTND, BIZIE, o7 A E&ReT V) HHEERBIZH ST Cs OA A3
BRRE WD, BATHIZRBLE O RN K E < ARRIRE TIILT U b BRI iR L E 7 G
ORI ENTRRENTWS, £/, o7 b ) &7 v i) HEeERBICH T 02 &
Cs bp D=/ F—MZIEL, E 612, IEEHEAHIED Cs 5d DR /LF =R 7=, LERKS
PEZRLTND, 20X 97 Cs OFEICHE L CGRHIiZ D 5 LENH 5,

AT, B REFRIC L 252 L, FNERBIICRIT S Cs DLk Lk
Cs Rt & fE AR OREM 2 RHi 45 2 & T, Cs DIFNDJLH « BATEREIOK L8 ~D ik
BHEBERLNCT L EEHNET D,

AL T D PRI E TR E - FHHROT 7o —FThb Z b, WE LT Cs DJF
FTEECREIREE, B E N Cs O - BATEH 23S+ 2 &N TE D, ZHITED,
LI O Cs ODWAEZEES Cs DI « BATEBO THITFIENHYL S NDT2D, BRI
T FEEFTOBEILREE IR L CHR e R AR T 2 2 E R He L 725 & & HIT, BRI BRYL
R OWHRIZET D LB D,

(2) FARNE-BR:
© Cs DRI~ EZEHE)

B R T IRBEITER TR SN2 Cs DFRYETIL. & ORIECBRYLE 5 BEEM O
BBRDOOLNTND, TDw, flix DIRFETO Cs NS TW5, TO—BE L TH 1L
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Yo Cs & O OFEEIRIBIZ W TR L 7=,

LIRS Cs & O DIREEECTH S, ZOKEY, Csbpid O 2p EFHAEHLT
WDRRENTND, SOICFEMIEHET 5720, ZOMEKOE FBEEZX 2 18T, 2O K
D Cs & O DHICHNTAONT, MEWENZMEAEFENZ L TWD, S HICZoEFRGHR%
BERZP LN T 5720, FETAH Y EESCT AN Y TEEROIRTHEEK 3127 T, 2
DIV, Cs DB EEITMMDOT VA U EELT B ) TSR OMEBEFH O p #iE & T,
TARLF—BITE, ZOZENOIED 2p Wl & ODMAEANRRELS 2D EEZDLND,

@ Cs DFNOHH - BITEE)

1F R s DIEHE S N D IRERPR IR TD Cs DAL A B4 5 HLR KO IR
WOHRIZIT 0 TIERWed, A=A L LA L ECTET MMET 20 ERH D, Cs 134
WEMORE T Si & Cs-Si-0 RDOILAEMEI L THRET D Z En@sEsnTn5(1l, Lol
MWH, O DEAEWITITEA DR H Y | FxRER R D720 ALFERE T 72 R 2B
THERTLIHEND LWVMEAWERET D EIXEETHD, T2 T, FHEFEICLY
Cs-Si-O (LAWY DOHEERENEZ M L=, SA Bpa 4 U CHEEM Bl 27 > L 24l (SS) (2B L
T Cs LB AR ST TCRmMIREAFHMI L& 2 A, FmICIZ Cs (1) & Si (44f) »HEfF
T DD S I, o, FAREAS 112 TH D Z EnwEsnTnalll, 22T, fExo 11fhi&
A DIGA A2 D26 72 5 A TR LIRS DOFR AR RIS W T, Cs-Si-O (LG DI HIEE A 7%
ELT, 61T, Si B ORE I ESW T REMEZ IEIEE L L TRELL, Z0XkH1Z
RE LTSS (I D s el b 2 FEhE L 7o, F7o. SR TILL Si0, & ofFAEE L
T Cs & ST DMk 11212725 X512 L, FROZRNF—ZF R Ui, ZORR, K 418
FTHIHHEE DM E TH D Cs,8i400 DALEMN B 72 52 b HTE TH DFER NS Bz,

[1] Elrick, R.M. et al., Reaction between some cesium-iodine compounds and the reactor

materials 304 stainless steel, Inconel 600 and silver, NUREG/CR-3197 Vol.1,1984.

s+ GEBDCs
° ° °
> Css Csp
I
E | e e
S “
B I
E i Cs d 4 4
RS I: I
'| e 4
b g AOY
- A\A\ A~ & é
-25 —20 -15 —10 5. 0 5 10 ~ AN
Ener’g,‘V(eV)
X1 ¥itgdho Cs & O DIRREREE X 2 Kk L8 OME T DOE T8
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7
6 - _
5L _
.l J/
ﬁ Cs 5p3/2
e 3| 7
//
2| e |
1L Cs 5p1/2 |
0 | | | |
-30 =25 -20 -15 -10 -5
BEIRILF— (eV)
3 TNABIVERETNVEY LD 4 Cs28i409 D g 22 TENEE

SO p BIEO =1L F—

(3) HRVAMESR, TUARR., RXH):
ESCHEE D'

1) C. Suzuki, H. Yoshida, D. K. Shuh, S. Suzuki, T. Yaita, “NEXAFS analysis and electronic
state of cesium in clay minerals”, Proceedings of ICONE 23-1652 (2015).

2)  SaAREH, EIRIEE, MR, “CET T ITFy MECEITS Cs OREEM ~DLF
EREIE (3) H—JREEHRIC L 5 Cs-Si-OfbAM DML EMEFHE”, B AR+ /)54 2015
RO KRS, #i (2015).

(4) SEROFAPE:

ATV ARREITAL D Cs & Si 2B TfbAwE LT Cs-Si-0 R/ LEaM & LT Cs-Si-Fe-O
RILEMNEZBND DT, ZOMLEMZFHE L T Cs-Si-0O Rkt & k45, 22T, —
D Cs-Si-O RERLY) TITAEMEEN AR TH H 720, fidtE 2 52T %, 72, Cs-Si-0
FIEEWSC Cs-Si-Fe-O RALEMD T < L 3 e DRENED S TN ST, BlagstRIC & 5
HE179, EHIZ, Cs-8Si-0 RILEWR Cs-Si-Fe-O RLEWMOEN)FT — 2B AR L TND T
O, HJRES TN HEE THIRBEOHH =RV —2 5 H T 5,
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5811 BREREZSOLREFFSHERRBETFEORFFEM)

Development of a Thermal-Hydraulic Multi-Phase Analysis Method in
Nuclear Reactors including Severe Accident Event Conditions (1)

mil flz, kX A
BRI BB E AT R B 7 —

(1) FABM:

WIRE (KR wBEFE I3 ET 2 58 (1F2) TiE, HlEER 1A% b IR IF Rk
mAEIZ (RCIC) (HfF®) L), HERAND 70 KEILL EIZHO7c o THEODIZEKRB Tz &
ZZ2 bbb, HEEROEIICE 203 57, RCICIZ K 2 KM S M7z ERIZ DWW TR
TE SN2 > TRV KR ORIER R 2 E S | AR ARALD EFRIZE, REHT
ITAKIZ L > THREE S 415 RCIC # — B U 23, ZRKUCAKDIBA L7z ARIEIC L » TBREh S vz =
&S MAAP FFOMRHTIC Lo THEIS LTV D, L LR b, ikEHE 5722 5 ZHIR AR CHRE)
SINTZHBEDE —E L OMREZR E | REIEREN 2 < | EBR 2RI ST b, AR
JEIX, FERUEEZAT O ITN 2D | ERIEESCHHIRROMARZ G T 27200 —&R & LT, #—F
YINDOK EELZDZEE RTINS L7 D TH D, 1IZILDIC, F—ENHESMEARA R

FRO3AN O TR R % FERR L7z,

(2) FIARNE-BR:
1) fEHT OREE
1127k 7 RCIC # — b v DK & flisFEsE L= 2 D*()T:ﬁﬁﬁﬁxﬁ%ﬂ 2R Y, KiFF—v
Y OMJE TN 8 MFAFET DIEAN / AN EHEHRSIZHA L, HABE NI T 5,
FERITRITIR D E B TH D,
- VEENR AR ZR R & K
- 78K 6.0[MPal DRI T DO PEAE 26 H

- YPHEIE—E
AR BEE 30.83 [kg/ms] | KiELREL 1.851e-5 [kg/m/s]
K #EE 758.15 [kg/m3] | REMEAREL 9.525e-5 [kg/m/s]
- BRI

- A ANVHEIE 8T, FALEHEE TR AL

- Bl O DX B R

~ BE£(3 no-slip Hi 5t
< FEA S KB OFIEEEET 5.6 [m/s]

— (KR A 31.6[m3/Mh] 728 0.014[m] A D 7 X BT 5 SRE L CHEE
- [BlE%0 S 3600rpm  (RFEHEI D J5 1] 0D [RIH#E)
« SLIRE T Vi Realizable k- ¢ 7 /LA L. BERSEL & 6
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FEA/XIL

1 RCIC #—tE DIk

. . 60° ™
FA/XIL

(ZFRIPRIZ8AVFT)

Ny b
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_L HORE
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L

S
_f__LAAAAAAAAAA*SOOmmAAAAAAAAJgELH:kAA

2 2 IRTCFRATIA R

2) FENT DRER

3INZH —E N DR 2R T, X — B ANEERI — Rk 7 it /A0 & /R 9’ L S
Do Fo. PANZITRIHDO BWEIFET 2 Z & b2 5, M43, FRODMTH D, &
DN &> THNEIIZKR D EHEND Z E DR TE D,
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(1) KIEA 0.2 it (2) KIEA 0.5 Foi%iH
3 P LS A

(1) KIEAL 0.2 Fof%it (2) KIEAL 0.5 ok
4 PRLIARA RRYA

(@) HRVAMESR, TUARR., RXH):

1) &l fnz, 44, @EEJEF38ER 2 548 RCIC AR 2B L 325k o LB 12>
WT., HARRTF 545 2016 FEHEDOFES, 2023, 2016.

4) SEROFATFE:
TRk 28 FEE GBI EHE T T T LRAFELED, Y ETT 7T ML R ERE O
87K it R D BAU B 22 A 2 T R C & D BT FIEORESLIC A B2 O %,
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58.12 BREREZSOLREFFSHERRBMETFEDOFERE(2)

Development of a Thermal-Hydraulic Multi-Phase Analysis Method in
Nuclear Reactors including Severe Accident Event Conditions (2)

mil flz, kX A
BRI BB E AT R B 7 —

(1) FABM:

WIRE (KR wBEFE I3 ET 2 58 (1F2) TiE, HlEER 1A% b IR IF Rk
HHIZ (RCIC) (X1E#) L), HERAND 70 BFREILL EIZ D7 » TR DKM Thh iz &
2D, HHEEROERICE 1D 6T RCIC IZ X 21EAKD M S 7o B RIZ DOV TR
TE BT 72 > TWZRWA KA ORIERE R 2 E S AR ARALD EFRIZEN, REHT
FARUIC K > TEEE S D RCIC # — B 93 ZKSKUTKDNEA L7e ZHRRIC Ko THRE S 7z 2
&5 MAAP SFOMRMTIC Lo THEHIS LTV D, LR 6, iReEE 272 5 MR EE CHEE) S
NG E DX —E r OMEREZR & RGN 2 < | EBRZRIFED B ST 5, A%
I, FERIFE AT DI Y70 EREESCFHHIER O ZRETTo 700 —RE LT, #—b v
DK & AR DZEE Z2 TSR L 72 b DO TH D,

MBS FG A2 & O TR TR S HEBOEEREST FiEOBR (1) 1 Tk, RCIC ¥ —t > & fililgE
e U7 BRI OB R C MM OMEN TE 5 2 L 2l Le, £z, RiHEAIT-o T, AKX T
72 2T 5 RCIC # — BV IZKBMRA LT 6 DK & 2R D28 2 BB G L, 4
WEEZFHADT H /3T A =2 ThDHHENA & RA RESAMAEY 5 LTc, KRETIE RCIC
Z = PMELE LB HIZ DWW TIRETT 2 721251 & e & F2hi L 72 fiftr OFE RIZHOW TR~ D,

(2) FARNE-BR:
1) FRAT ORER

LIZHZ—E 0D MV ORR#ER Z~T, M ZEITEICEOEE R L TWDHT28H,
PR % (L& D TN IR D> TND Z ERNbr5s,

2 \ZH =D OB 2R T, NS WEFIEBIOIZNIKRE A2 L TH
V. %GR AT O & REREHMER R oD AR5 5, NS WEBDJEHNIL 4.5e-4
Be7zoTEY, BEEE (7 L—R) B8 1y FEONEICEENT 2R &ITFE—%T 5, £z,
X FENCIE, [ElfsFL (0 SALE) Z28A THMR T T ZAIEJ7E & A7 NS AR E TV D 28,
Y HIEZIE NI EICERMICERA LTV 5,

M3z —tr 7 L— 1O EOVPEHEIMEOHRE LT, 7 L — FOREDOFHET) %
ZLFlIE, [FEHREZ T 2 HFAICER DN D GEICIEEIZ R D, EBOEINIL 2.0e-3 L eo
TEBY, 7L—RB ) ANE@EE L THLRD ) ZAVIZEET H £ TORMIC—#%T 5, / AL

BT D44 I 7 OREINTAMEE ST, ENLSNOMETITEETHY . 36 DT 1
— ROGFHIIEEIC/R D720, 2fE L UIREZ T2 Lo BMENTn 5,
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« PAZIFHEBENOARBEA TN EREL R T HIICH D720, Y 5 2~ 7 Kl
% LD \ZI3HERE L CREE 21TV RO 2 B E R H D,

S HABE L X — e HRED & OBERIIC R AT D IR E RIEA R by S T L— N
EOEETRERICEBEL T D, 2O, REORIUSEB W THREREN DM T
WEINZOW T HOBETR&ETh 5,

s X BTN X T D TNCIRE L, Y FIITIES IS S D Z &3 rinot,

() BRUYRMESR, TURARR. RXHF):

1) &l fnz, a4, BEE R ET 2 5% RCIC —FAFE S LA F25R O MBI IZ >
W, BHARRF /154 2016 AEHEDFES . 2023, 2016.

(4) SEDFATFE:
Rk 28 HEE LB EHix T n T AR EED, VET T/ VT Y MK EREE DT
A I JE R O BAGR Eh 22 B VE & TR C X DT FIEOMSNLIC B & S 5,
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5.8.13 ¥l aRLEEHTO—F POPCORN it 51]{t
Parallelization of the POPCORN Code for Fuel Melting

KE A
BBl BB e 7 v — T

(1) FMABEM:
BB BT BA 36 7 L — 7 CIRBHA RN B 2 R4 5 7o O -5 & JEIT U T RBHBHBE AR AT =2
— K POPCORN % Bi% L T %, AREETIE POPCORN = — RIZ X 2 KEUWEf#ENT 2 HH5 L, MPI
(L DMHNEEAT T,

(2) FARNE-BR:

Bl POPCORN =2— RiE OpenMP (2 X W 5{k23 72 4T\ %, POPCORN = — R{hi
FIEZ I LIcfiftr 2 — R Ch O EHEAMMA R E WD, KEBRMRIT 4 F2 9 51224 Y MPI (<
L DWHNCITMHE L 725, MR, BEAAL vF (BHE) . EOAL v T (Bf#E) .
AL v F oG E LI2GEIc oW T, MPL Z W=7 v 2 W5HE 2470, 32 WHIF4TC
4.3 fFoEnE bz ER UTc, AR IIMEEE DS OFH R —F o RPRAHEICE T 280, 61T
BEREFLARIC X VBN S AL 7oA 2R LA SO E AR iR AT OREREIZ DWW T OS2 1T > T,

FEfLOMERFHAE L LT, HfZE I 2 b — T2 7L sosel, HOWHMEARZ I = L —
N4 %% 7L ohryoku & W CTHEREBRRGEZ 1T > 72, 7 v & AW 51T, OpenMP IZ X5 A L
v RN E R 2T A 7 U v REATIZO W TSN D ik 21T > 7=,

LI 7V sosel W, WHIEEZE 2 256 O o 7V OFATR 2R3, WAL
O 8 WHFEITIZ, 1 FrERA 8 ALy FUSFEITORETH D, oA 7Y v FETIX, 8
WHIETIEL FrER ALy RFAT, 8WHILL EIZLZ T vt 8 ALy REITOMETH
%o T ZWHOWHURIL, 8 WA DEEIL T4%, 64 WHIDOLEIL 35% T 5, mlls]
DA FATHRN TR B JRKIE, WHIED LR D20 > TE 2 O 7 v 2 OFHHE R K5 —
77, BEREERC A IR RNE— ERREE 00 | EEMNEE OBE AN E < 7o TIATRH %
HLESFDT=DTHS,

2 \Z% > 7V ohryoku & FHWTZFATREM &2~ d, A 7 U v ROGEIC, WA 4005 8
IZH 2 DIZHE » TEATREB OB ML T2, ZAud, 106 8WHETIETrEAY Y DAL
v REDREINT 223, 7 v—F > renum2 GEFFRL B DO &L D=, Rif % 22l Lo
7y REMEHIND A v ¥ aNITEET 2/b—F ) WIZA Ly RIEFHEAREE 7R 72 OB RET L
TWDNL—=TRdY), ZODIHEROMONRMZ 6N E T b, 16 WAL, ET 7 vt X
BREZ 5720, 7o A WSO RIZL > TZORFPHELICH 278 o TITL,

FELRS ZEAVARAT OBV AR 2 4] 6D & U T AT RE DI 51k ds L ONESI bR O a8 st 7 2
fE L, WHHRIC K 2R B S FHROEmB(LITZ D 2 & 2R Lic, S%IZEEBEE R I
DNTHWINLDOBFTZED TV FETH D,
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5.8.14 FREEHGEICEDCGRERBTF AR
Development of Multiphase Flow Analysis Method Based on Interface
Tracking Method

I AN SIS & NS | =N /7 NI | I 1 =< N we | Bt SN (¥ O 721
BBl BB e 7 v — T

(1 FABEM:

AR TR, KA S IR £ T OMREE A~ 0w M 2 78 L 7= TPFIT (23 L, T+
IEOYWESHEIBINZAT 9 & & bio, RAUGHEMOFINIC L 0 BRI OfRAT 2 26 L. G155
TLIRENAR A DIERIZAE O B FEIH OYERC, Bz R BIRA~DRBAZIT o7, 61T, wm&HH
IR BRI R A ST REHA RSB 6 D TRV TR BRI S A~ O bAT o 7,
PRk 27 RN, JRFIF N BREN S BRI C B T8, T 4 VX — RN MICR T DERYERE
AP TR FE IS B D ARTE, AR T S EhRAh FIERI S ISP DT TE & S LT,

(2) FIARNE-BR:

1. FEFFRNEGREZE IR 5058

ZRDOKIANTER T 2 A HRZEENC B3 53l & LT, IEJTRIREE PN 0O AR 28 2 A5LE L /-
AT & FEN L 7o, MEHTIZ, Matos HIC K2 FERARERE L7, R TIE, —Z 34 mm, £ 1.5m
DIEF T 2 $REICELE L, TN OKREZRASE D & &bz, FubiioRIaER / A% H
WTZEREFEATSHZ LT, ZHOKIE (B 3~5mm) RS E5&MFL o TEY ., Krm
WDORA RRGAAHRFHI SN TN D, T OFEBRAFHEE U TR IR R S LT 21T o T2 R &
1ICRT, K 1@ITEREFR, ORI E DR A FESMHTH D, MR N Z
IR DBIIAOND b DD, fRITHERIZERTHE O, RO a—F —FIcKanEE D
B ZHELTND 2 EN0nD, K212, EHE 12mm OREHEL 4 KRET 5 Z & TEL
T AR S RN MR 2280, TPFIT Z M L7 RO —fFITH D, ZEDOKILI TN
IR &5 2 & i HIEA SN IREIZELERA~ L IR > TN T ENnbd,
ARIEMTIRF LR, BUE, R—TBRZ2A T 28 BEEICL 57 -2 G217 TH 0 | RO E
BHEIZHONWTE HITHEZITO TETH D,

2. 74 NE— Ry NMTBIT 2 REu e FIER R B 24

T 4 NH— KRRy MBI D BRYEREFM FIEBFE O 7 4 V¥ — RV MESBRNICIFIET 5
Ry F 2 =27 FN—PNEFHEN O 2 FhE L7, X 3 ISR o —flZ2rRd, AKX
TPFIT T K 2 5EM72 IR TTIHTHE R CTh 2, sHI A XD ER 803 273, AR i) 66 m/s
ZHBZ 25 HIICH LC TPFIT 25N@EH Al fECTH D Z & BRMERICEZE R F 2 —2 7 T
N—NDOENDH PN L 0 FHTE D 2 L8005, AR R 4225 & L CHE
L72, ACE-3D 22— FO—RILIAVR—F v M X DNTERTH D, MHEAPL 72 DURERICE
WTC, RBTHE R & FEBRRER L OERN R 5N D, ZIUTIRA O ZWoTHEO RS, M LR
ETILOTHEEDOMBEEEZ H5ND,
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Case2
(BEYIEL)

4 SR ORERIIZEL

3. VERVRENE T Z2EFHAL LR B A5

MRS EY) 20 T DK% & REIEM DN IS T ORRURENE T 258h % 94 U 7=, fRFTRs oo —
Bl LT, WA E O R IR 2 & A D OY6 (Casel) LHIEME L OLE

(Case2) % bz U CK 4 1Z-3, AKHFICHH SN HERREIX Y = » MRIZEA L, ZD%,
RENRNLZEE R, b EZEZT, P2y b7 LA 77 v 78503 Casel,2 L BITRLND
DUEMA YV OLAETIIY =2y N7 A 7T v 7R IFFEAHICEH L TND Z LR TE
Do ZIUTK LT, EMELOLBAETIEL, Yoy NORENBEEICALN, Y=y FT LA
7w T RS Casel &R L CHEL RAMHEMIDHERTE 5,

() BRUYRMESR, TURARR. RXHF):
ETATRICER

1) T. Suzuki, et al., “Development of Numerical Simulation for Jet Breakup Behavior in
Complicated Structure of BWR Lower Plenum (6) Influence of the Simulant Molten Fuel
Properties on Jet Breakup Phenomenon in Multi-Channels”, 23rd International
Conference on Nuclear Engineering, ICONEZ23-1549, Chiba, Japan, May, 2015.

2) N. Horiguchi, et al.,, “Numerical Simulation of Self-Priming Phenomena in Venturi
Scrubber by Two-Phase Flow Simulation Code TPFIT”, Proc. of 23rd International
Conference on Nuclear Engineering, ICONEZ23-1803, Chiba, Japan, May, 2015.

3) Y. Kato, et al., “Development of Prediction Technology of Two-Phase Flow Dynamics
under Earthquake Acceleration (16) Experimental and Numerical Study of Pressure
Fluctuation Effects on Bubble Motion”, Proc. of 23rd International Conference on
Nuclear Engineering, ICONE23-1852, Chiba, Japan, May. 2015.
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EFR LIXHER

4) H. Yoshida, et al, “Numerical simulation of two-phase flow behavior in venturi scrubber
by interface tracking method” Japan-U.S. seminar on two-phase flow dynamics, 10
Pages, (2015).

5) fE. M. T ARV = — N TPFIT OR|EFEIZIZE IS 1T 5225 & /K “ARFS 3T 2 MREE] |
%520 [BIE) )« =R L X —HAlT L AR U U LG ER SCE (2015).

6) . fll, T_UF 2 V=27 T —E AHREN T 2 B i fi#dT = — K TPFIT O]
PEORRGT, 20 [HE) ) « =R F—HAfi o LR Y T ARG SUE (2015).

T A, M, TVRERPICERIE L 7oA A R — T8 ) OKIEIZEE & A A FRSAMIET 5 IR
SFRERT). AARBEIRS A 2015 R AR RONE R U8 (DVD-ROM), (2015).

AERFER

8 EHH. i, [BWR FE 7 L 2 BHEEMNY =y N T LA 7T v 7THRSE TR TEORE ;
(11) FEMTAE RIS P2y N T LA T v 7 EESOME . AARFE 1152 2015
FERDO KL, C38, Frlf K.

9) N, . THUERNEEE (N 0O S ARBR OFEM T IR = A B D AFSE 5 (29) K
T3 TEIERIZ A9 2 A E N KT OIS ERME] . BARIRT )52 2015 SO R, C49,
RN

10) T. Sakka, et al, “Experimental and analytical studies on bubbly flow dynamics in a
circular duct under low void fraction condition” 7th international symposium on process
tomography”, (2015).

HFHAE

11) FH, BEY I 2 —ya v, BEBLZ F¥—3 ) —X 40 Kk _fHE A, 2015 45
A 27 H (FfE : BARMRSES

(4) SEOFATFE:

ZAVE T, BRENEINPHSE 7L — 7 T, B RSBV T, SUmIBENAICEE D  TRFR T
PrFEBRFE DT, KGR ZFIH L Tz, A%, FFRBRoEEZ A E L, KB
fF AT 0D FE i D 7o 9O I RIUEH R ORI 2 D 5 T ETH 5,
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58.15 BEERRUEERICEITHFLNEEERRBERTMABENFEDRHFS
Development of Unsteady Thermal Hydraulic Simulation Method Inside a
Reactor Core
W . kEC FR. B ME SRE DE. mil iz
BuREh BB 7 v — 7

(1) FMABEM:

SR FEEIG & LT, A% OB Y H LI TOREBRRETH 5 WARREI O R
JEERIZ 31T 2 BAENLIECF P& OB GHREE | (THOE ) () R % — I 38T 1~4 &
BOREILRESFICA TR R e — R~y 7 12O 0) OFHiZ FIRRICT 5 2 L 2 HRY & LT,
TR U 7B 3 A P OREIE W 2 VR 0> L7203 B IE N R EGRIERBIC % T L CHEMT 2 58 & & RIS
AT & D HERE R RO BATR BN ARAT IR 2 BAZE L REHILY ) LIS A B2 s O AT RO B 0 S8 2
A L7t AR 21T > T %, AR TIR, = IRIEEHEZHM BT > I 2 L—2 3 i
L DRI FEDOBRFE 21T - T, FEAIARBARHA B2 8 O JEOERIARAT IR BE 0 B 78 K OV 4 M & el
L. ARSI WO TRIED & DR & WIFINTERM) OB TR e B AT 8 Tl 2 TREIC 975 2
EEARET D,

(2) FARNE-BR:

5L NIRRT 28T = — K JUPITER OBR% - Ei#E b

& B R R Tl WA ERIC L2 OMEARREOIR TICL Y . FAFRNICERE ST D
IREHE B RS BRI Y | ZORER, EEOREHE THE@ A L, TR REITILR L THE.O
DIAEZBI X LI LA MREIND, 20X 5 REMHESOERLZIH LT 5720100,
WA G 2SI TRICTE 2T o — RARECTH D, £ 2 C, BREFEINRE 7 v—7 T,
JFDNIREREA TR BT = — K JUPITER OB %17 > T\ %, JUPITER 1%, FEFEMEIETRIA
fRNT Fika _X—2 L L, M - ZEDWEEZHR S 2 LN TE 5, BEEORBUITIDIALIE T E
ZHANDLZLITRY | B FRICBWT O EMERIPREBEL IR TE D, £, HELET
Ll UCREREEZ AV, BEEROER - BEEZIOED 2 ERNFARETH D, Bl ST I
MRS LTI ETIT, BLAUSEVET L, TEHMREVE 7V SR S C oL A
TERE T VEERRIA Z FEfi L, BUEZ ORGEIEEETT > T b, ARG TiL, ERE7 V8 ADM
(250G L 7= JUPITER o s kil QN SRR AR IS C O TRBUD A T2 8 TR AT s SRz o
WTIRR %,

1) JUPITER &1k

JEAFIE KB 2 E CTH O . O H BIFNERM IZIEF G RIERZ LT 5, #k
IZF D X 5 7R T OB FIRHE NS R BAT 258 & K ELT 5 72 DI IE KRB FIFH R A3 2
EARRIRTH Y, BUEZLIUCANT omiE b2 E i L T\ d, SFEIX, VAT LR TE ¥
—MBAFE L7 AR RIE“CCSE” % JUPITER (A L, SiRIERITEI 2 BRI IS X 2 YEREREAT
% ICE X ([ZTiT» 72, 3 1ICRERA VT2 PETSe &4 HBRE A L7= CCSE & DOPERE hissht 5
9, &1 K0, PETSc TiX 28 6 T UK THIEOMBE T, WHIHLRhHE L NETHEOKT
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NPEETHY, AFVHEAEDLKIBIZHEMLTND ZERNGND, —J, B/ /LTt 30 Bk
FHBEORMETH 1 T a7 £ TOWIETHRAr— 1 o FE2FERTE, AT ) #HEOHINE
WL AN S W E R o o, ZAUT XKV | TERTHE LV RIEIZIEFIMERED M L7 2 & T,
K0 KRB E 72 (T3 7 BLG & SRR C X 5 L 5 1272 0 | ilEs SR O VR B AT 2 B0 B
SHRICKRE S B CTE 2 Al L2572, 5%IT, KEREGHRRCHEREER T ~0RF SN/ RKE L 2
AR EA X — A3 LT, @R LFEORACEHEEZEK L T TETH D,

F1A kYN (PETSe) TOMERERHMmR R (218 6 T &)

TR Bz e A FbzhR EITHERE EITHE
©) (%) (GFLOPS) (%)
1024 12851 100 904.79 2.2 1734
2048 8801 73.0 1320.9 1.6 2928
4096 6214 51.7 1869.7 1.1 5317
#F1B #H Y/ N (CCSE) TOMERERHMmAL R (30 E# )
a7 Sl A FHbEhE EITHERE EITHhFE
! ©) (%) (GFLOPS) (%)
2592 33244 100 1758 1.7 2100
5184 16676 99.7 3535 1.7 2200
10368 8345 99.6 7034 1.7 2300

2) EEIREEY NEERMBTEE T IRART

YRk 27 FREE TR, A F TR PIREEDY) 2 KR FHREHRE L 78R DA Laxhis LT g o 7o
EEMIIRICK LT3 %ot CAD 5 —4 % JUPITER DA N1 5 —4% & L CE#HTHZ LICkb,
T2 2 ENFRRIC/AR o To, ZAUT KD | IFITFEM L RS2 iEEW 2 AT 2 3 RRCR TR
AT S ATRE L 72 0 | AEW OFRIEEIZIK 5 R S 2R 2 2 N T& 7, BT,
TN T — & % AT IR D INTE I A T 258 TR AR A R 2 7”9

X1 (/) 1%, ABIRFFS 23T 3%kt CAD TERLIZER Th 5, TOh EICHh DK
BHEURTHIRERERBIRTH D Z EB30nD, PHEITICS 720 | FHRAREH O DX 1
() 1252 XD ITRBHESIRD 4 730 1 ORI L CHEMmBAT S8 217> 72, X 2
X, 4550 1 ORI E T DR OBITEMRITE R CTh 5, MEWNEIZIIT 2 ikE % A
LT LT 272DITRO G b LIEFEEOAAHEE L TWD, LD, —EDRAELAT
DIREHE DY EERDS B 2 \ZVRRL UIRBESCRE B BN A~IRA L TV SRR T35 03 5 o IREBESCREB BN
DIEFIIE AV 7 4 ZEEOMEREH 3 TEE Z N2 A Y 7 0 AB i LR~
TLTWL, AV 7 ¢ RO TRERE L 72 AR 1B E s SR B S R B omlus X 0 &
W2 BEE D S IRE R B~ O BVREIZ X0 R R BN L2 O SR T 5
BRAEBB LGS Z L 2R LIz, ZOREIL, BEMmIICERMOBITRENEI L) D L%
TETHEDOTHY Y ET T 7T v M a— ROBITEHET L OEREIZET D2 L0
TEDLEEBEZ LN ABITWRMECER RS L L0 EBRITEOERM L LTI 2 FEid 5,
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2 ERARNIERID AT EBIRATR R

(@) HRVAMESR, TUARR., RXH):

1) S. Yamashita, et al., “Development of numerical simulation method for melt relocation
behavior in nuclear reactors: validation of applicability for actual core support
structures”, Proc. ICONE24, 2016. (CD-ROM).

2) T fh 44, “JUPITER = — R X %@L ERR A S N O AR T 882 B4 2 Jlil
RORREL”, 5 28 [BIGHRE ) SFaflEam SC8, #iik, 10 A (2015) .

(4) SEOFATFE:

A BRI e U 7 A SRR LD BTHER L7 IRRICEB W T BB AT R8N T A — 2 i}
Wrz FEfid %, V&V O—Bk & L TR O TS Th O TR R BB AT S BRI 5 218 U T
JUPITER O Z MR 21T 5 TE Th 5, E72. BRELT 7 U OZ2maHiliET FiEDOBRFE 2170,
K TORET 7 U OBMRERESS B ARG S AN RIE B 2T 2 TETH 5,
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5.8.16 AZILLEHHIEDI-HORERF-BFIaL—3ay

Atomic and Electronic Modeling for Alloying and Defect Textures

wWeE B, B BT
MRS B T2 9e 7 v — 7

(1) FMABM:

EEMBFOBERE I —ARITINTIZ X 2 ARSIt R I L 2 5@t W65 25, 0
TIZ X > TEA SN D KGR E @ IeHR ORE 2 BT 5 2 L IR TH 5., Kt
TIE. KMk E LT, He N7 L7 EOJRT M EHEA O KGO O TIZ X > TH B
2 AR BT 31T DRI 2 R & L CL A3 2 = L—3 3 & IV TR ~ D 52 %88
EAOLNCTLHZEEAMNET D, £, GEITROFEIL ZIVE TEIFRRHE D RS JIHIAT
DIVTE o—J7, BEERRE & OBIRAZBfET 2 kTR STy, 22T, AR O
BRI & 5 — R G 2 s U 7o Mo AR U iR @IS 5 2 5 ) D YA % JF 5
HTEEHPE L TR ZITo T,

BWERMEE R T D @R AFEOEMICE T D720, @R AF AT A2 — 8 ~DOE5HR
AR AE BARI TR BT DR JE 2 B L7, AWFZE Tl @R A F LA IC T 7= 424
PEFRIR DT, TAX—E U 2T 5 Ni BEBITEAERD TH 5D Ag O, 2% % M3
HTZEHZHRE LTS,

(2) FRANE-HEE:

O MEXMOFERES L L TEF RN T COKFRIFEFESAKRD 1D EhZE) & Mo 2 IR
HIZE ER M L. 15 5417z 1D EEZEE OF 7 /U0 K 0 7R F R RO R BRI & IET
1D HEE O 2N L7z, BEBARE TR0 HALRE & LT, SALEB) OREEWISG L TRERD
SRALBERE I A CTIENDREETH L Z L 2R Lz GaX®),

@ ZAEEMEHIRIN 208 Ui OB ENC L - THEWUEENEITT 5, b E/EF0, 7
FHNCFER T 28 LW R & LT, M L@IZRd & 5 ISMA T D166 & e R ABS T2 55
< MfE X)) &AamIFmo Schmid RFz2 &b D NQ2) ##RE L,

M =maxizy / ]} =max{(L L;)(g} - &;)}b, - 1)

L'=max| w,(SF)/| s (L - L5)(g - 85) + w2 (SF); |

= max [ x (e -m{)e® - g))x (L) L)) - g5) +wy < (e -mi)e™ - g5) |

ZL T K 1MIZRT LD ICRAZE 2 G AMFERTET VO RFBRE Y I 2 b—rva il io
T, ETNVOESEEZHGE LT GO, @),

@ WEAEFEO R FAC B LT, BT RS O FIEORRREITUVMELSNT . S A4~
L7, BUE. B IREEME L L Cadkl o na= A BEBMEL L TFH L LRI YA
R LERENME LN GRX®. fEiiii®),

(2)
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@ ZHNETOHEND, @MIRTAZ —E BN TE LTz Ag i Ni EEENEIZE R
FETLHIENEFELN TS, Ni 1T Ag BIEB LTV E WS BEISERT - Z EnTFllsh

2o

T T, A THD Ag lZOW T, F—HEHAEIZ LY N1 PR & DS A%

WZxP T D EAIREED D DILH TR ZIT - T2 FE R, d HLED RO Ag Tldtho &8 R L e %

ATITS KL BRI X DIEBENHI S TE N2 L 2Rk LTz,

() et () 301

Uniaxial deformation

1 (@RGSR ORI L OFET I 2 b — g T X DS 5E)

() BRUYRMESR, TURARR. RXHF):
s (EFTE)

1)

2)

3)

4)

5)

6)

7)

T. Tsuru, Y. Shibutani and T. Hirouchi, “A predictive model for transferability of plastic
deformation through grain boundaries”, AIP Advances, 6 (2016), 015004.

H. Somekawa, M. Yamaguchi, Y. Osawa, A. Singh, M. Itakura, T. Tsuru and T. Mukai,
“Material design for magnesium alloys with high deformability”, Philos. Mag., 95 (2015),
869-885.

T. Tsuru and D. C. Chrzan, “Effect of Solute Atoms on Dislocation Motion: An Electronic
Structure Perspective”, Scientific Reports, 5-8793 (2015), 1-8.

T. Tsuru. Y. Aoyagi, Y. Kaji and T. Shimokawa, “Heterogeneous plastic deformation and
Bauschinger effect in ultrafine-grained metals: Atomistic simulations”, Model. Simul.
Mater. Sci. Eng., 24 (2016), 035010.

Y. Abe, T. Tsuru, S. Shi, N. Oono, S. Ukai, “Effect of the dilation caused by helium
bubbles on edge dislocation motion in a-iron: molecular dynamics simulation”, J. Nucl.
Sci. & Technol. 53-10 (2016), 1528-1534.

(ﬁq&.ﬁtna% EHME L) BB, [F 2 o OBIR 73R E AL O IR~ R B o B8]
EHERIE~ ), A U AZEICH - T BARAFGEE, 2016 43 H.

(Review, #mtf L) Y. Abe, “Towards the Improvement of the Evaluation Accuracy of
the Long-Term Integrity of Nuclear Reactors — A Model Development of the
Microstructural Evolution under Neutron Irradiation—" , JAEA R&D Review 2014, 52
(2015).
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rai—F 47 (EFMNE)

8) T. Tsuru, Y. Aoyagi, Y. Kaji and T. Shimokawa, “Atomistic simulation of yield and plastic
deformation in bulk nanostructured metals”, Proceedings of ICONE-23, (2015) 23-1582.

2K

9) Ak 27 HE HEERE B E. v LT A= ERMERR S v —T (REE
#EEE=), 2015 4F 10 A.

HFA - B - KEEE
10) (FHFF&EH) %B 2, THERRSIEE - A4tz X2 R0 7= DR+ - v I 2 b
—vay], FHIETTANATHESLS ERBLMILS, 201544 A 15 H, HEUKEF.

11) (i) BT, THFY I 2 L—3 g A2 K DRI & A ic st 2 2 ek aE
FEORE, & 1B CMRIMIEES, Rk 2746 H 23 H, HILKF.

12) (Invited) T. Tsuru, Y. Aoyagi, Y. Kaji and T. Shimokawa, The 2nd International
Workshop on Bulk Nanostructured Metals, Aug. 3-5 (2015), Kyoto University.

13) (Invited) T. Tsuru, “Effect of solute atoms on dislocation core structure and motion in
HCP metals” , 4th ESISM Workshop -Fundamental Issues of Structural Materials-, Jun.
13-14 (2016), Kyoto University.

EER - EN=#&

14) T. Tsuru, et al., “Tension/compression anisotropy in yield stress and Bauschinger effect
in ultrafine-grained metals”, 12th International Conference on the Mechanical Behavior
of Materials ICM12), May 10-14, 2015, Karlsruhe, Germany.

15) T. Tsuru, et al., “Atomistic simulation of yield and plastic deformation in bulk
nanostructured metals”, 23rd International Conference on Nuclear Engineering
(ICONE 23), May 17-21, 2015, Makuhari, Chiba, Japan.

16) D. C. Chrzan and T. Tsuru, “Effect of solute atoms on dislocation motion in Mg: An
electronic structure perspective”, 2016 TMS Annual Meeting & Exhibition, Feb. 14-18,
2016, Nashville, Tennessee, USA.

17) A. S. Winter, D. C. Chrzan and T. Tsuru, “First Principles Investigation of Dislocations
in BCC Lithium-Magnesium Alloys”, 2016 MRS Spring Meeting & Exhibit, Mar. 28-Apr.
1, 2016, Phoenix, Arizona, USA.

18) %B #WE B, D.C. Chrzan, &4 0TI DEEMERESED T2 OERALEHE ST, 5 20
SFENSIF R A, 20154E 5 A 22 H, LB K.

4) SEROFMATFRE:

KB FENNF 2 2 2 b= a 2 H D BRITEHERITEIT DRE R MO EEZ R T 5,
o, B RHE R 2 HOTCEEL - WO, 36 L ONSIEAT X & — & 2B 2 KA Oy
PEEmEd 5.
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5.8.17 CIELO 7O z/MzBLTE S = 2°U BT—42IZxtd % FCA XXVII-1
FIDZEITEF R LRAFRICEMEERBREANAVFI—IT X

Benchmark Tests of Newly-evaluated Data of *°U for CIELO Project using
Sodium-void Reactivity Worth Measured in FCA XXVII-1 Assembly

wmE BZ
A AT LR T NV—T

M FAEM:
E RN G AL T — 2 7 A 7 7 ) =% BT LH-00H LT rny =27 FThD CIELO
(Collaborative International Evacuated Library Organization) (235 CTHFHMi &7z U-235
DT — 22X LT, @EdFE A ERERE (FCA) OFEEBRT — % & AW R o3l & 5556 L 7=,
AFTRHIEIC BT, U-235 O 1keV AL ORI ATIZ L 2 A9 5 FCA XXVIT-1 {7,007
NU D ARA RROGEMEICRE T 2 E8RT — 2 2RI Uiz, ARSI, ERIKR O ZMIIR %
FEMCBET 5 Z L N RERE R T R VX — B U T v rikE AW, 2B, BRI B VT
BERTHEEE D R UWREHNTAE R 215 2 72012, FHAERF R QG R AT O 8L D & K 5155 i
BX900 ORI MBI R Td -7,

(2) FARNE-BR:
CIELO 'm ¥ =7 &, OECD/NEA (Z8F 287 —# sl B3 % E R /) O PR T
BAS, KE, BINOKET — 2 BRE N E L 7o CTIHRIBROK T —4 74 77 ) —OWE % B 5
FTEVWI LD THD, AFrY=r FTiE, BIfE, H-1, 0-16, Fe-56, U-235, U-238, Pu-239
DOEHE 6 REOHEEAKEIT L THED LN TWD, SEbg & Lz U-235 OFFHE (LT,

04BRC2 & FES) TlE, EIZ keV

P E TOIREG /T A —HZ 3ME T R
ExfnTWsd, £ T,

ENDF/B-VIL.1 # & W & L T
O4BRC2 DL %17 > 72, £,
JENDL-4.0 ~® < Bt D850
5. O4BRC2 DL/ T X —X
DI % JENDL-4.0 ~HViAA

: . e GJ—:NDF B-VIL]

i — OQ4BRC2

B ]
= — =
1 < — T -
| - 3
_‘_i_ _.l__ -

OJENDL-4.0 Ty

O 14004 hlﬂil i

W7 7 A v (BLF, - ™1

J4004 LIEE) LT, i g3 g4 Gls
) ERELT 10 10° 10" 10 10

JENDL-4.0 & J4004 D% Neutron energy [eV]

1To7, U-235 flifWTHALD

WA, K 1IRT, 1 U-235 fli i i oD Lok

Capture cross section [b]
1|
1
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A RIOFESFHECHW=F R U o AR A RS EEMERE 23 5 S 7z FCA XXVII-1 40 %
21277, T MU U LARA REOGEMEIL, @B Y7 RO MY U A TR S LD 5 LR
ORI LT OE S 2 ZE 2723507 —2 (1) IZHOoWTHIESNZ, Wih
D —A % 1keV (I D 235U O ENRTHFEIC K & REREE AT 5, T, Efio L ¥—F
YT HNmEa— R MVP & HWT, EREROBMAIREZ MR Lz, 7MY 7 AKRA FK
IS O MEHTIIE, BIBRBEISIC T b U & D& L7558 e ORRIBRGRI 2 R IRAE & L7235
EDORZDOFNEEREZNZNRD, ZNODOZENLFHE LTz, KIGEMEDOKEHAZE DN E
RAZE L RIFRPE &35 K o, REUEESIEHFHE BX900 2k v, e A MY —$% 20 L7205
R 7R R & Sk L7z,

Z[cm]
86.36
Natural Uranium Safety / Control Rods
66.04 S/ ‘
60.96| ] -
A
50.80 - » B
B /3 = y
@ m 3 = =
30.48 E 5 z
m 32 =
~| B [8a)]
2 2 2
Zt - o 8 8 8 =
% £ B
el I;:?
OOOO < = © <t (o) (@)
S [3s) S e ~ = =~
(e (@) onwn — S (el
AN O o0 2
2 FCAXXVII-1 /A Lo (RZET /L)
F< 1 ABRAE
c Height of test zone  Equivalent radius of Equivalent radius of
ase
(Z: % 2) [em] test zone [cml] core zone (rc) [cm]
Case-1 5.08 X 2 9.34 31.30
Case-2 10.16 X 2 9.34 31.45
Case-3 15.24 X 2 9.34 31.45

RFv—ITAROFRERLE LT, T MU U ARA RESEMEDfENTE & EBiED . (C/E
) 23210779, # 2@ THRENS L 912 ENDF/B-VIL1 23T 5 KiE 78/ N2, 04BRC2
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TRELHEEINTNWD I ER oz, Fio, £ 2b)TrRaIND X912, JENDL-4.0 TOih
REFEZS, B LWIEIE (T 2 — % 28 LT- J4004 TWHESNTWD Z ERXNhoTz, BIRE
i U772 BEEERATIC L0 . S D OB T — X I X B ERITEIC 235U O 1keV FHT O F KT FEIZ
BRI L TWD ZEE2MR LTz, 2D OFRSFHMMIC XV, U-235 DILIG/T A —Z(ZFT 54 (E
@ CIELO TOMGHINAZ Y THLZ L ER LT,

# 2 FCAXXVII-1 MBI DT MU U ARA REGEICET S C/E &

(a) 04BRC2 & O ENDF/B-VIL.1 O ki

C/E
Case
ENDF/B-VII.1 0O4BRC2
Case-1 0.635 £0.049"1 £0.032*2 0.992 £0.050*1 £0.05072
Case-2 0.673 £0.025"1 £0.025*2 0.933 £0.025*1 £0.035*2
Case-3 0.765 £0.016"1 £0.0502 0.930 £0.016*1 £0.061*2
(b) J4004 & JENDL-4.0 D tLi
C/E
Case
JENDL-4.0 J4004
Case-1 1.199 £0.049*1 +£0.060%2 1.117 £0.050*1 £0.056*2
Case-2 1.157 £0.025*1 +£0.043*2 1.054 £0.025%*1 +£0.040*2
Case-3 1.130 £0.016*1 £0.074*2 1.098 £0.016*1 +£0.072*2

*1 Due to MC statistical errors. *2 Due to Experimental uncertainties.

(@) HRVAMESR, TUARR., RXH):

1) M. Fukushima, Y. Kitamura, K. Yokoyama, O. Iwamoto, Y. Nagaya, L. C. Leal,
“Benchmark tests of newly-evaluated data of 235U for CIELO project using integral
experiments of uranium-fueled FCA assemblies”, Proceedings of International
Conference on the Physics of Reactors; Unifying Theory and Experiments in the 21st
Century (PHYSOR 2016) (USB Flash Drive), pp. 605-619, (2016).

@) SHROFAFPE:
L% b FCARSFERAIGA L C, CIELO Yr v =7 il L CEEFHMIE T —% 74
77 ) —BREOEER NCHIRL T FETH S,
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59 RFAHEEMEINM SBHRFEKE-BFAAE L F—
Sector of Nuclear Science Research
HTGR Hydrogen and Heat Application Research Center

5.9.1 FORNAX-A O-H
Application of FORNAX-A

FRB ML AEE R, AR R
JNELETR O ZERFGEE R T s B g v

(1) FMABM:

FORNAX-A (X, V'Y« A v - Tuy 7 RIOERT AFREESRE (MfERD) 2D o34
¥ (FP) HBEZFHE T 57200 Ea— N TH Y, B0\ alREAe GRS I3 kE ~ 72l
B2, 22T, 2= =70 7T LIBMREE LY Z &1 &> TFORNAX-A OFt
BRI EEMmcE s L9l

(2 FIARE-ER:

D R ORI, 2) BEIEZ ORI, 3) REHE SR P O EIRERL 7 (CFP) OIRE /N4
O 3FEFHDOHIROFEFNZONWT, HESFFEZREL, 707/ 7 L0OKET, B{EMREE TEIT-
7=,

1) A FORNAX-A (2B W\ UL AEIKICE T 2 FP OIEHRBII AT —2ThsH 1
DIERF J OEH LRV —DE v b ROANT—=Z THLHRERENORIFEIND
D, BHERF EIEM b= XNV —D—EIT2HE T e 7T AN TREELITFHAETHZ &
R0 BHERFEOEE =R —OWRERFEEL RO ) 2 EBARETH D,

2) AKX FORNAX-A I, B2 - A2 - 7 my 78 AIS FFETRAR & 72 (X M RTAR 0 Rk 22
FORER) G L LIt a— R THLMN, arbe— AR a—MEZEHA LTS Z &
D, BRZREEIC L0 BR OB (RTVERED 2RO ZLRARETH D,

725, FORNAX-A ([ZBW TR AV — 74 kim (BB RN EE) AR T 55
H&fhe LTiE, Fat@bo &b onaRIRT 5,

(a) BRBFEFRAFEIZBWTFP EEIXO0
(b) BREIEZ O/ EmIZBWT FP EBEN 0 TlEAWwn

EROZBRLZGE. 707 T AN TREHERSAR E AR HM U T 2 WHEREREK
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NEtEEN., BERICBITS FP BEOHEICHAWSNS, FORNAX-A (T8I 5 Z0OHE kL
IZHBRIR OB EM IS IG LT D, BRI TIZ L 0 2T Ve 2 B o i 5 35412
. RBIEEAREAHMERSE L UTTO) AR T 5 2 & I3FEHAICHEY) TR,

3) Ak FORNAX-A ([ZFW\ Tk, FHAMFMERI ORI R A 1 8 (B =37 b 26
DIZL7fi) 12>\ T CFP OREIFH—THoL LTWHA, LLFD k52l T CFP @
REDOEL = 87 bHICR T 2BEGIARE SR 2RO F 5 2 ENEETH D, 72720, T
@TH~RD X ITHEARXMRROEND,

O BREL= X7 M(ETITBREHR O EZE 2. BF IV D08k R1, R2, -, Rm 1247
El4 5, (HxoBREEZELZN TN 1 OOMHEKE LTHEW)

@ i Rk (1=k=m) DA OREIERAERIZEBIT D FP Az 0 ICESHZ LK. K
KD FORNAX-A o7 v 7T MIERZm L7 v 7T 5 (LLF, FORNAX-Ak &9 %)
ZE T %5, (m {8 FORNAX-Ak #1Epd %)

® CFP OiRFE L Uik RkA=Sk=m)IZ3T D IR (i : ik Rk @ PNA: R EE O S 2 iE)
EELIEANT—4% 75740 (LLF. INDATk &9 %) #/E&kT 5., (m {EH® INDATk
ZVERRT %)

B RAR BB 2HERAGM L LTI TR@ODOWT I E B IRT 5,
FTXTO INDATk (ZBWTRH UBERSEM2BINT 2 2 L, 7220, N7y FEREHZ
DNWTOFRZAT O B E (@D HRRT 5 Z &

(a) BREIEFEANFRHEIZHBWT FP A =0
(b) MREIEZ DO/ FREIZHB VT FP BN 0 TiERW) @95 [Hernian B (MFEE
7T HEIRRENE R D545 O )

@ INDATk (1=k=m) #AJ)7—% 77 A& LT FORNAX-Ak (1=k=m) (L V3t
BEATH, FHE SN 1 OBREIERERICB T 2B ER I T HA0E R %
LS O HEre [em], B4l t [slicB ) 2 1 OFEE % Cei,k(r c,t) [1 mol/ems] (1
=k=m) L7 %,

® FHEICI VRO BN D Ceilr e,t) = X Cei,k(r c,t) [z mol/em3] 2y, BREFEZE IS AT
B BREFER L6 OERE) re [em], FEZt [N 20 1 DR EREIHEEZEAKRIC
BIDHRETH D,

1. 2. 3) OWVWTFRIZBWTH, XA LAT v n (= K 126230400 [s]) 2B HE4H

DRE S Z, XA LAT v 7 n KO n-1 (B4 126230370 [s]) Z#HAVWT, EE m OFh
BB OEOBE L ER LI LEER, <L, /o T, KRIIBIT HEE
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DYEFES3 A 12 HEEZ] 126230400 [s] (FEHES) 2B W THEMBKXAZMZLTWA EHEL, LLTFD
X ok 7=,

@O A%k FORNAX-A (&, FP Ot EUT. ANT =% ThD 1 MAOBERF M OVENE
ft=xrF—nty b, KOANT =2 THLREBRENOEHAEIND N, 70T A
DEMZREFIT XLV HERTF and/or IHMEALT RV F—DEREKRFMEFLZIRD K Z &
MATRETH %,

@ Ak FORNAX-A 1%, B2 - A2 Tuy 7B A AR E 721 XM E TR OB e
BRURBHR Z G L LIEFRa— R TH LR, 7077 LOBMAREFIZLY | Bk
RBIER 2RV D Z LR FRETH D,

@ Ak FORNAX-A 1%, FHAKRMEN O DFE A 1 [RIZ25WT CFP OREIZY—T
DL LTWDEN, a7 LAOBMARZERICLY BRI T2 CFP DIRES)
MEMOP D Z ERARETH D,

(3) HRVAMESR, TUARR., RXH):

1) AR #REE FEE P #79<, FORNAX-A i . JAEA-Technology 2015-040,2016,32p.

4) SEROFIATFE:

MERDFHFEIIMZ . SRR TEX 2T 07T AOEFIZE Y HEORSHE L B, ka7
Biff, oHEICx L, EmEE - B0 FICHOWTEHE ATV, FORNAX-A &30 R
72% THTFP 22— K (FHEEOBEIN SO FP R EFHE 2 —K)) THW OO RT (#
TBIRBPRLF- 72 b DR ER) 7l 2.
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592 BEABEBENRAFOERBEYIEFENSTHYO MR ELERIEDOHR

Investigation on Burn-up Characteristics and Criticality Effect of Impurities in
the Graphite Structure of a Commercial-scale HTGR

SN TSN 3] S
JR AR EE 7 — T
(1) FABM:

R AT AWE L, R BB L 7e @R OBVE K FRIECAY U AT A X — & U REITHIAT
HIENTEDL, ZOH9H, NV ULATAX—EUREIL, BEDEREL ., TOMFEN>a
PRI RNV ATHZRY | BRERESHTZD OBRBEELBAKIFLORZ T LI LENAETHD, %
BRI, B, EiZE, BREENLRY, BERINTT T v b ORUGERID 2 AR
RERR B (L DM B R OSEER B NS R B 72D AR L U CTIOKAR & 0 b 22l 2 8 R
MEBTEL*, (Fig.l) —FH, BEEITIBAKFELFERETHY . Zuk, BHTHE L2 5 0RE
ARXANDOEDLEIGOREIB K LR

[ waks w@ns apun |

D3 < EfliZe IG-110 & SR AMI < 224 72
IG-11 23® v OB A5 1G-110
OFHADRE ST E 2 REMEDE(L
DR SN TN, EDT28 AW TIL,
BERPTEHIE E 4L 5 Al D B OE NN
IR AT A O i Ak R QYR BE RS IE 12 1 E

WEAW SN, Zfize 1G-11 OFl
RIER O AT REMEZ it 5,

(2) FIARNE-BR:

AMWFZETIE, BRBEMHT = — K ORIGEN
DF7 A 77 VAER S O DT I LB 7
BARFRICE T H L iEIC S < ik
T — K MVP 25 L7, MVP ®
FHREAMIER & < P OFHEITEE L VLAY,
RIFHFER ICE X ORFEEENIC X v Fif
WHBE L 72572,

FEMTIX RS @i T AP & U CaREFT
i 7= GTHTR300 % %f 4 &+ 5,

IR RIF _\\Wﬂ%@
FXRILC

wkF I

00 1.0 20 30 40 50 6.0
SRRl (F/kwh)

Fig.1 FEHRMOLE: (2006 F5TH)
FRIFEAR B AR A S0 3G, 5(2),(2006).

s LA
WRTE7 gkl

TEBCHIE sl F i)
1G-110
R

i 77 1)

StsEAT vy 7 @ i

1]
Fig.2 GTHTR300 47 LAk

GTHTR300 (XML DBE N BIFENO R 7 1 v 712 1G-110 ZHWT Wb, —J7, BREHt
DB G | P DEFE BN D 72O AR BHAR D DR R O, A BABEE O W RE 7 1w 711
X IG-11 Z VTV 5, it E Fig.2 (2, EROFRFTFETIE. BEN R O AR MM I3 SO0 E i
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HEEMETLRARVFEOR, Thbb, RUFRYETERDLIND MBI L, IEBRBEO R
KRRV FEEE 252 LIZRVFLFRICBNT, ZOADKINEMEEZBE L TWe, 6725
B DT DIZIE, ATER Y & L TR DICER STV DR U R RIS, Rl DB DK
JESEEATAE & 4P CRBE & DT 2 DE R EZIT O RETH D, 2O LK) RBLEND ., RO
PRIENZ X 2 BOGEEAME D28 2 g U B OBRT I3 2 B 2 et U ic, BEnF B iciaRr
ML LT, Li. B, Na, Mg, Al, Ca. K. Ti. V. Cr, Fe., Mn. Co. Ni, Cu, Zn »& %
o, ZNHDOEEOFMEL & DRISZEBE L, FONEMEZRFET 5 X O ICRARKR Y FHERIC
BE LI LONRFURYETH D, BEICS 2L, RUBRLEIIEHT 2P EBICETFET 50
T, AWFETIZ, AMPFAEST 20 F 2B R L GHEZ1T -7z, £, —RIUICEE S
2 HPEF RN SOS O, (n,2n) e &S BET 272010, @maFREHE 2 S THWH S,
A7« v A I A BOSEEARERR O REE &S LRI L7z, BIFIZ, ZDEREZ T,
y =vot = (0my) + Oy T Oma) T Cmp) ~ Otn2n) ~ Omzn), ~ 20(m3m) (1)

(DAXDOFHMIZIZ ORIGEN =1 — F TR 5T R TOBMMINEBE L TV D, Ziud, RUH
YA EMICFH T 27201213, 2 < OFPEFROSHTmES LB L 720 | £ < ORI ORFE,
S DITHEER I NS LRI LR 2 MR H S 727D Th L, 2D K 5 e I
ORIGEN ==— K2\ L CW5, L2 L, ORIGEN = — RiZx 3 /L — 1 BERER i fs o 1 &
AL U, [\ DBV CHRAKIF & SR AT AMF CIE AT MV RAe D720, 1 BERrmfE T
REHR Uy FEZFF ORI L, ERGRERZR S, £, @iV AFFMICE LT 1 7
T UMFAE Lo loizh, @R AFRWERE 7 A 77 ) 2 ER LERT 528 & L7z, 2o
A, 1000 ERERE OEICHET 5 ORIGEN = — FOWHEMEZ T~ TS5 Z L I3RS
T <, B ITFFESELL L2 F L OBEFO ORIGEN 74 77 U 22—z, HHEE LI
B FTRE RO AT, IROIFLORE (PP RAT ", Rl % K U 7= Wi
ZAER LEHAT D HENR L bid, ZOBE BEHEIZE L CTid, B I @ S 720 2 &R
2\, LinL, AENE, BEHE D FHEx G725 2 L R—=RZHWLBKFEZ A 7 U OWr
ERE I B AREAG 2R Uy BRPERERRIC KT U, iR AF O RBENMERRE TH D L2 BEX D &,
BT LT, TR TCOBERNERT DML ER Do, TDH, —DOFMFET — %
TR LENRNWE Z A, FLEFHZH AW iEE T — % JENDL-4.0 Ofilliz
JEFF-3.1.2, JENDL/A-96, JEFF-3.1/A, TENDL-2011 % i\, HEH{EH DO+ COREREIC
%L CHWrmRE 2 B 5 Z LTk L7z, ORIGEN =— K& MVP =— R X 0 34l L 7288kt
a7 MRS RO HRICE Y | ERENOARHI) 2 RBE S T T2356 LA U R Y B
DR URERBES T HE DR T FYEOE(LER T2, FiRE Fig.3 l[ond, Al omREEX
FRUEOHTRHASETHLHARBENMFOND Z L0 o7, Ziut, < O Z BEER
IRV HFLER a2 — NI L CH AR TRAT 2 Z &Ik | R OGO RREEA L %
FHMECED ZEERL TS, T2 T, MO EOCEMEZHE L 2 A, KU HE
HRICE DL ORKEHTH Y, RYFEYEN 1%REIERT 2 £ Tld, OO ENE
NRVEHEIC LD b0 TH D, 2B, 20 1%EE (IG-11 OFRVELEN 3ppm FEETH DD
T, 0.03ppm) DR T I EZIFENOBEMEWIRIN U 72RO SO EAME2S 0.01%Ak/kK’EL T T
BH T2 L 2R LT,
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—_
S

W, BT L TE, AUHRT
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5.9.3 FLUENT: &[R35 Z/KNEREDREN

FLUENT : Analysis Relevant to Contaminated Water Treatment System of
Fukushima Daiichi NPS
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Sector of Nuclear Science Research
Advanced Science Research Center

5.10.1 KARBERHFRIZLLIBVFEFRRIRZOAN—2 RO R
B Decay of Light Neutron-rich Nuclei Described with Large-scale Shell-model
Calculations
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Research for Ground state and Excitation Dynamics in Low-dimensional
Strongly Correlated Systems
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Simulation of Gas-region Detection Across a Beam for Carbon Therapy
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Calculation for Amount of Radioactivity in Compact Cyclotron
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[1] T. Sato et al., Particle and Heavy Ion Transport Code System PHITS, Version 2.52, J.
Nucl. Sci. Technol. 50:9, 913-923 (2013).
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5121 BMERBERBIIaAL—arTOy5 A

Simulation Program for Magnetic Domain Structure Formation
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5.13.1 BREREFZAVHEARNBRSERDZAERMTORRE

Development of a Simple Technique to Measure Radioactivity in a Tree using
Integrating Dosimeters
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Development of Large Scale-molecular Simulation Method for Analyzing
DNA Dynamics in Nucleus and its Application
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13) Tachiwana H, Arimura Y, Matsumoto R, Takizawa Y, Hori T, Matsumoto A, et al.
Analyses of Structure and Dynamics with Model Chromatin. International Symposium
on Chromatin Structure, Dynamics, and Function; Awaji (Japan) 2015/08.

14) Ikebe J, Sakuraba S, Kono H. International Symposium on Chromatin Structure,
Dynamics, and Function. International Symposium on Chromatin Structure,
Dynamics, and Function; Awaji (Japan) 2015/08.

(4) SEOFATFE:

SRIT, 5IEREE . ALSD IEE W TT B F L SN D 5TCT £ F MEDOEN b 72 6T 7%
A, T2 FIAL DN EARANE R OBARFEIEZ A 52T 5, RIS, 2 b D kX
7 VA Y = AOFE LTER (7 n~F UiE) (CH DB ERH~DZ LT, N DNAH)
& & B n R BHEC MR L O A Z A S M L TS PETH D,
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513.3 MEHERZEICHNT HIRELERS D FOMAERR AN X LR

Analysis of Functional Expression Mechanism of Large Bio-molecules which
Deal with Radiation Effects

AH OE, BAR JE
DFVIab— g VRS —T

Rk 28 45 4 A X 0 BB BT 78R JE R A%)

(1) FABM:

ARy IR 2 e E R A B Z L, TOMBREEZRIET 2, 20O L ) 7efliE 2 ba F1 L1~L
TEHT D121, DFEAEYIab—2a 2000 KETH D,

AAELE T, SROMIR e & DFEHIRIC & 0 L OfERREZ £ 5 DNA RGO Rw 2 7808 LIEE
S EAT O BB E B ¥ o X7 BRETH D MutS, DNA KRU 27 —F¥ 5, 8L DNA
DERE., Az, B, HECEDI X7 LAY —h (K 1, 2) 2RI, BEHREEICK
W 2 RIAEAR R 5 F ORERETRBLA T = X A 2T+ 5,

DNA

XYL FY—L(DNALER R 1=AFCE) DEEHK

XK1 PR TICBWT, X7 LA Xl 2 85 DNA %% L T DNA EE X

V—5, DNA RU AT —F g, InEFHES B X 7 MutS2 EiR
MutS (X DNA Oo##, B, i (BEIALA R 2 MutS 11U A
AL 255, EFETNV, b —DD ATP BEGT D
MutS T8 % DNA ##%#% L T MutS 15 = — 7 £ T /N TER) L5
WHRERIEEAT D, BETE 0 DNA (&) L&,

STABEIZ OV TIE, DNA KU MutS 1£6 2D KA1 (DNA GR#H
A F—F 5 28 DNA @EfEE 241 e GR), a7y a Vi Gk, 27
76 e (). 25 oA (). ATP

FEEEML (%8). Helix-turn-Helix #r

(7)) ZHo,
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(2) FARE-HBR:

1) FEEEE JAEA 7’07 F AL L OB Sz SCUBA % BX900 725 ICE-X IZ#4E L, MPI
WG Ok, OpenMP IZ L5 ALy RilfiFifke EaiEd 5 2 & T, FHEIEEZ 20%FEE A -
T&7z, (BX900 &tb~T 2, 3 f5oMeREm £) Ak L7z, SCUBA IX, A—/"—aEa—
4% BX900, FX1, ICE X (H 1 77#%%). FX10 (EK). I FEHF) B\ CEWRHRMEREZ 2
L7z (WFNHERhEE « A hr o 72— 50%LL (512 Fut vy Pk, v A —27 X7 —
NV 99%LL E (32,768 7tz YEHEE))

ZHUZEY K 1,000 HIRAFZNHR D KBERTH AT R —72 EOWRE L REER <
RDODHZENAREL 720 | EBRIZ T TIIE LW T LAULOER, BHEOYIaLb—va v
I TIE LN ARV K E ZREERE] « 222 7 — L OFERERIFICEONS L Y ITh o7z,

3 ATP#EA7Z2L (£), ATP#AH Y (F) ICB1F 25 MutS OiE#ENRAE, ATP #5472 L Tl
MutS (213 < DIFEE) KA A > (B3TF SI T D0, RANZZNENOER) R A A >
DOAIxHEB O [BlfEE 2R~ T,) BHDDICH L, ATP & H 0 T, ATP #EAEAL TOHE
ERERNBZ Y, ATPAEEELEH Y OEE) R A1 > (Ffa) BREL<R-TnD,

2) MutS (121%, 85 DNA (F721XEH DNA) 23547 % DNA G & . DNA SIS
ZHIET D ATP S EAH 5 (K 2), EBRVICIZ, DNA FEAEAICHEE DNA, 1IE% DNA
BFERTH 288 — & ATP #EEELIC ATP 254 . ATP BNIEREE D 2 8% — L DfHED
BT, TNETNER LERKSREEZ R, 2T, ZNHD 4 OOREDS TEISRY I 21
—YarrFEllc, MERLEORES I, HMErLicl 24, ATP 267 5 & ATP
BHENLULE OIEDF B I8P T %77 (K 3) . DNA OEBNKE 72D Z LR bmol,
Fio, HE (EH) DNA BEAT 2 G EMm X —NGH (FRF) 127252 En3bno
7o THOHOMHTICE D, (ATP LA LTV ) MutS XIEH DNA EZ2BE L7 SHEE
DNA S & PR5R L G Z o) 5 L RERFAIRIEL 720 ATP OFSAZ# RS2 E N THITX
7=, LT, 184 DNA %8 L7- MutS |2 ATP 2 %A% & . MutS OE# AL+ 5 2 &
DBbhmole, ZOEHMED, RO DNABEAT v 725 & ZTEE2 N5, HIZ, MutS
OEEHEALZ S EE 2T HEHR L LT, 5 DNA X° ATP 72 KOS EIR 721 Tldia <, AR
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RNzt L TR 2 2t S8 5 MutS ONTHERNZR/ET 5 2 ENTE 72, BLE, FEBRIICIZE
BN REE A EGNRIE L S FE I F L I 2 —y a VI KLV EF LUV CHiRT 5 2 N TE -,
AfERIL, BEDNABERKIGCAT v 72 R L~V T X5 L 2R LT,

3)DNARY AT —Ey (K1) 1, #IHEE 7 £ D DNA#HE A RV i x T DNA 24585
HELNRTBETHY, ZOMREREITRNANMED I EZ 5 & 24, MEEEIX, HF8)
NFEVIab—rarEZH0T, DNA KR 2T —¥ g BHEAlZ &L DNA B2 58 ARICE
B9 2R A BN T 5 2 LT LT, BIE, BENEEIZIHWT DNA KR Y A7 —F o BB EL
(CEERIAL A FEET DO DT Z LTV 5, BBMERLIE D ERRCHUEANER A 1 =X 5%
TSR CE 5 LI S D,

(@) MEJRAMNER, TLARRK., WXH):
[ B8

1) Ishida, H. and Matsumoto, A., Mechanism for verification of mismatched and
homoduplex DNAs by nucleotides-bound MutS analyzed by molecular dynamics
simulations ,PROTEINS: Structure, Function and Bioinformatics 84, 1287-1303 (2016).

ENZE=

2) Ishida, H., Analysis of tRNA translocation through the ribosome by a hybrid-simulation
using an MD simulation and electron microscopy density maps, &5 53 [a] H A4 W)W HL S

D (P 2T 49 A, &R HFRFHERH.

3) Matsumoto, A., 2D hybrid analysis: An approach to build 3D atomic model from 2D EM
image, %5 53 [E H AAMMEL S CER 2T 9 A, @R k.

4) BAE E &K E-BR FE 2D N 7V v RiRIC X D 2D BHE &5 O 3D AT T5
JUAESE, HOARBAMREE S 71 2k, CERL 2745 H. 58 .

4) SEROMAFE:
SCUBA O H 72 5% 2D, ARBEREIEE B 7 o X7 BRECI T D KBy 18 /)57
= b—1 a3 N K DRERER BT 2 ke 3 5,
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5134 RR—VZERBED-HODHREEFTE

Design Calculation for Fabrication of Spoke Cavity

KA 5
7 2~ BMERR I IE 7 NV —T
PRk 28 4 4 H XL 0 B R 22 BT JE B R )

(1) FMABM:

FxlT=pxrx—ERY =7 v 27 (ERL) & LV —¥F—%lAbbE L —F—ar 7 F i
I (LCS) X/y #IEIRDBAZE 21T > T 5, LSC-y & F\W T2k Sk s &l 2 1 2Rk &
BECTRET S Z ENAEET, BREHEBLOE X2V 7 4 —IUtHT2 2 BT 5,
LCS-X #IZT T/ W& OfiftT=o. AIEE, ERZW - In~OISH RSN D,

LCS XD 7=z 1 (2) O LD I AR—7 BHAOBREZIT> T\ D, AR—27 2EIL2E
MREE TEH R0, M7 a7 4=y 7 AL DHZEAERBBROE#H /SN & LU
DA TV T E L BRIATENE G 72 2 £ 72 ELCS O ERLINE#EZ & L CHWAIEEI
FEDRZ W,

ZERIER Db 21TV, BUED =D DM 2 1T>Tnvd, AR—7 28I 1 () O L5
(WL OPDOFE THR SN TS, ZD5H "= AR—=7 L2 F7L— MIGMIZLD
T AR CRET 5 2 LT > TV D, 7L AR TONN T TR A 1T 7= W 0> Z2li o i
BRI & A& KGR O 3 ot it = — K TABAQUS) MW TiTo7,

(2) MARS-ER:

1) SREEFHE

AR — 7 BN EEZ225] < & A b 0 2 RNERT D, 20 L SEHEERENLE D
EEDISTIRD DD & ZZRIZKAOTHBEL, BEGEDOEICERZEEL TN Z LIk
%, X2 (F£) (228 1 RIEDHN DD b -T2 & & OIS 5H 2§, RO
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DRE L, MHERELELDHD THD, AR—7 OFRE Y & R L— MEEDIS AR K
Lo TNB,

PR=FELT R L= ML K2 (h) OXH5728EY) 7L SR 74, AR—2
DIRTCE NN, Z o 7 Wi o Te R — MREWY 1T 2, IR T A —F 2 EZ TFHR 21TV,
TR ZRD =, VR— 2RO T 2BOAR— 7 RO 5% 2 (F) ([2RT,
EIE R CHMMER &R 2 S WS 5 HIZ > T b,

M 2 AR—7ZFAOIHnAMm  (B) ¥R —reL () ¥FR—=—FrdbY () =R
TL— rOMEY T EENRY 7

2 FLAFMY I aL— g
IN=T AR—7 DIGIRITEHETH D720, 1O D 1 TR TR T 2179 L OFHAK
IRV FTETCENORNYESH D, £ T3 DXL I TN T A 3 TRIZDT TITO,
D FAMFBERSTAHRIET, A0 F =R FOLRET L, XA ANTFEA T —3
FLTo—rapB L, Mzt Tn,
@ v— hEHATZIREET, A4 ANTEA T —RUFR—FEICBHET L, XA To— bEik
L EFFEICET T
@ TUX—IUFNEETFTL, N—TAR—7 Oz A LT,

X8 N—TAR—=I DT LVAFMDL I al— g THW-EEHLOE)X
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COTRERICEVEMEND — FDOOTAGMAERE L, OTAHADRKE ICGF &R,
— FNOWEEEZT-ROOT A S EK 4 1T, v— MBNEL 2 51F iR RKOTHENED
L. 2ONMTICE2ENE I T LEZ2HND,

PEEQ
(F19: 75%)

X4 v— MNEEZEZFFHEOOTAHAGAOEL () 20mm  (F) 22mm  (F) 2.4mm

(3) MBRVAMER, TLARE. XH):
WX EHA-EREERIuI—TFT 4 TR

1) R. Hajima, M. Sawamura, T. Kubo, T. Saeki, E. Cenni, Y. Iwashita, H. Tongu,”
DEVELOPMENT OF SUPERCONDUCTING SPOKE CAVITIES FOR LASER
COMPTON SCATTERED X-RAY SOURCES”, Proceedings of IPAC2015, Richmond, VA,
USA, pp.2902-2904 (2015).

2) WA B, PIBE—, WRIETT, KHRIE, B FTAEK, WEH, ARESE, EA%T, “ERL
BEE AR — 7 Z2AEVEDBR”, Proceedings of the 12th Annual Meeting of Particle
Accelerator Society of Japan, August 5-7, 2015, Tsuruga, Japan, pp.583-586 (2015).

3) M. Sawamura, R. Hajima, T. Kubo, T. Saeki, Y. Iwashita, H. Tongu, H. Hokonohara, E.
Cenni, “DESIGN AND DEVELOPMENT OF SUPERCONDUCTING SPOKE CAVITY
FOR COMPACT PHOTON SOURCE”, Proceedings of SRF2015, Whistler, BC, Canada,
pp.1196-1199 (2015).

4) SEOFIATFE:

=T AR—=T DTV AMTEAT, BEO T LV ABIREFHE L T 5 & & bic, &RFK
DIEENLERIBEIF, BIEEZTo8MBRICOVWT I L AEML I 2L — a VOREE K
RHEREFIH L TITS TETH D,
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513.5 TJzLMPL—H—/ULRFNIZEY £ LS EIERREZERL D FFAT

Analysis on Rotational Excited States Induced by Femtosecond Laser Pulse

Train
HHOFEET
L —W—aE e 7 v —7
(CFpk 28 - 4 A X 0 &1 B H A hE 78 B R )

(1) FABEM:

WSTEBEFEMNICE $105 Cs HtERIfIER (135Cs ) %, WEBMTH D 133Cs 26 &
WEE - EAN R THBEEIS 5 7201, L —Y—Bdi 2 A L AR BEORFZE A3 D ST
%o FNCAEIRAEERER ORIFEIC I, 2 FOREEEBIC A b UL 2512 BE L, EHIcE
> T HEE D FINLAR D I 2 RIS S 5, 2 OFEE KIS 5720, K7 — 7 TR EHE %
> CERAFERZ D T & 72, AHFIETIL, 8 D/ L AH 2 BH5 IR L Th 2R S,
[l S 725 TR L O ESERE Lz, 8 E LA TH 2R T 5 LEfE= b
— LU RRBENAE U A, ZOEEET b — L v ADKRIRENME BME BT S 2 L A bh
D, EEY I —a VIR AR L o7, RRIREOREICIE, REESICL DK
JERRER OB U TH Do FRERIT SV 2B 2 5 ISRV BRI 5 7= 3 FHE Ry
D & 7D T2 DI KTUE S LB L 72 o T,

(2) FIANE-HER:

(IR HERL /3 AT DWE VL, IRENE 2R U 72 e #1507 ~ »#EL 5t (Coherent Anti Stokes
Raman Scattering: CARS) & 1Rt 6% (Raman Induced Kerr Effect Spectroscopy: RIKES)
EFRFHL TS, K112, ERONSVABKOZ A I 7 LT 250 F O T 0¥ — L 2 7R
7

2V AT & 14.14N2 45+ D[R E ] (8,38 ps) (& EZ 8 HD 7 = A /LA (800 nm,
50 fs) ZMUH L CTHFOEEEZ 4 U S8 72%. CARS I L O RIKES (2 & - TEERAESL D
DMERET D, ZORGOLNDLEZRETESRO WIS L, 55 5RE 2 i3 212 13%
BOBWNUNEL LD, 1 EONVAELT2HEOMGHEZ D LRET D &, 8H/ LA
(337 16 ORI D, ZORKIHS 2R T 572012, K2 1R TR AMEEICLSE
TIULE TS T2, ZOETNAERERICHFE LT AT Y AT, REOHBESITIBPAEL R
ST, ZHARBEDIRS MZNTA =235 L THREORBICILRET 52 LR TELH X
I ole, Flo, ARTRTORBITWINAETT 5720, KEEHEEO &5k RA %
RRBRIZENT Z LR TE T,

31 RIKES OFMRAERZ EBRER & & BITRT, 7L ABERLRNE S ME T A—2 L L,
FERAIZIHET OBRBGEONT, ZOMITIZEY . o FRNEOEEEIRE SO, 8
PNV ZFNT KD | BEREAL S S EIERIA~BE L T D 2 EBH BN E o T,
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(B) HRUANMZER, TLRARE. WMXEH):
2L

4) SHROFMAFE:
SRS L7 7 75 BTG - % LT, CARS (Z BOMRTMY L 2 bosa VEFTH
fid, At b RMEA RT3 TETH .

Ipiges * |3’(”)(t)|2

e-iw(tz=ty) 8 pulses /\ probe o
2
N N R P S0
glgsugnal
s ! : > ¢
tOO [1 t2 tg t
8.38 — p—
' ps _— — e
J |/ +2,M) _
1/, M) — ~---->-  observe
---->
U,M) |]—2,M) —
Coherent state _ —_—

1 2OLRHNBH O A I T TFNETHEL D —Lr MREEOZ L, 1 [BD /3L 2B
EDOMABEAEHA T, o FOEEDREX, 3 SDIREE (AJ=0, +2, —2 ) T35, &Ik
REICE D £ TIT, 36 HEDOREMNIFET S,

HSR (&) m

1

| |
] ] ] ] ] ]
v v v v v v observe

€—-Ww

1 2
1 1
1 1
v v
B2 8/ NVAFITHEL L0 FRNIMORRFER, 77 A (HEK) TRE|J, M>2£EL, £5
AtEEZAE> TES & OMAENZET VBT 5,
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Intensity: 30 TW/cm?, Pulse duration: 50 fs, Polarization: -7.8deg pump

s
TV A T/4

T
=&— Experiment
m— (Calculation

400

200

Signal intensity [a. u.]

signal probe

0 2 4

6

Probe delay time[ps ]

REREFTHHED LR,

Population

977
11 :
16182022
Initial J number

Population

Final J number

BB HEEREDHTS.

3 RIKES OEBRMEELHEA T I 2 L— 3 DL,

0.10 4

0.08 4

T T T T
I 1nitial population
I Final population | ]

40

EIERIREE ST D ZE L. 13/16

vIial—ya ATk, 8EHNLR

RS2 D53 FINE O IRERR B OHERS L 0 v b e o T2,
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5136 L—H—IC&BERADFA—DRUMIBREFAOL-ODE—REIIaL
—>av
First-principle Calculation for the Laser Damage and Laser Processing

LER B RAE T
e 9 S W BRI 5E 2 —
CFERk 28 4F 4 H X 0 B B2 BN ERE FEREAE)

(1) FAEM:

BB FXAFT IV AV Iab—va r EEHG Y I b— Y a LS X D ERRE L —
Wb & N TR DR 21T\, L— P —Fik L T OB 2 I 5 M2 5, K72
STEE DT AR RS SE DD ORMET — 2 OERIEIT,

(2) FIRRE-ER:

112 Si RO EFREMERD L —F = RAKFIEDOR R E /R Lic, T ORERN b E T i
DEE ST OFFENERIZE DV RELSEDLDLZ LEEP NI LT, ZO/RRND 7 = A NP
PNV AL =P =L DMTEER O TS BRELSEDD Z LNk oTlz, FIMTES TR
77 ASEDEREWRDOENDEETND ZENPLNE ST,

Absorbed energy (eV/atom)

Number of excited electron (1/atom)

0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20

Position (¢ m) Position (¢ m)

M1 8D L—Y—ic kDBl & L — RO RE ) 5 O S KAk,
L—HF—DWERICEVFENRRE LS EDLo TS,

X 221X 53 nm DOEEAY A 7 NIZHRWFRNA SV A L —F—%2 B L, ZO@RPONF
R 2 . R ENER 6eV O T ML R TEHIY D @IV IN ER A BRI T o 7oA R T
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B D, GO AERITCEEER A U — Y — OB IC AR S AT, RERMHEY 7 &
HEoTNDHZEERLTND, ZTNETIZ CW L—F—iF TONFISERHELE N E V7 %
HELIZFENOHALNE LTE L, SRIOMBRIZTZORR L EMENI—ET LD TH D,
CW L —H—{Zk9 2 B 1E Floquet BFR IS L TH Y | BE NSV A L—HF—|Z X Dk &1
—RIZHEE TE RN E STV DD AfERIZFRROBGE DAV A L —F—fThHEE TEH
D, FREECTHIUINMHESSEGE LB ORI L 2L E Lz, ZORRITL—F—
MRS DB DZEFITZT T2 < B EEPERIE N O A A > FRFEO T2 OEBE MR 2 5 2
LHHDTHD,

Field (V/A)

Energy (eV)

Energy (eV)

Energy (eV)

Time (fs)

2 FATEY FEROL—F—IZ XD/ I a2 b —va
LB L — Y — 0BG OREFE R, BUDEOBEIE AT FL,
B, BN EDZE L E R LT,
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(3) HRVAMESR, TUARR. RXH):
JR R 3

1) ‘Non-thermal effects on femtosecond laser ablation of polymers extracted from the
oscillation of time-resolved reflectivity’ Appli. Phys. Lett. 106, 221605 (2015).

2) ‘ Time-dependent density functional theory of high-intensity short-pulse laser
irradiation on insulators’ Phys. Rev. B 92, 205413(2015).

3)  ‘Dynamics of spallation during femtosecond laser ablation studied by time-resolved
reflectivity with double pump pulses’ Appli. Phys. Lett. 108, 11102(2016).

4) ‘Femtosecond time-resolved dynamical Franz-Keldysh effect’.Phys. Rev. B 93, 045124
(2016).

5) ‘ Femtosecond time-resolved dynamical Franz-Keldysh effect’ EMN meeting on
optoelectronics 2016.

6) ‘ First-principle calculation for laser-matter interaction’ PIERS 2016 Shanghai
Focus/Special session (77E).

EfRxE A

7) ‘Time-resolved dynamical Franz-Keldysh effect’ The European Conference on Lasers
and Electro-Optics 2016.

(4) SEROFATFE:
® [EHANDDOEmKREPIIIEE L T K DT MYV A A RGBT DRI
o EEWMERIE O L — P — T X — ZRAFME K O — R RO B R O R EE
o EEIARH-AE S MLE Tt (Tr-ARPES) EHIZM T -Hmy Ialb—a v
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5.13.7 EEA—4SyrERW:L—Y—AAUMEIaL—3Y

Simulation Study of Laser lon Acceleration using Foil Targets

P FE
L— Y —BRERL BRI E 7 — T
PRk 28 4 4 A X 0 B FHAE T TEBH SEp5A%)

(1) FMAEMN:

L= A F U IE T, BRPE Z > TV D ZEMO/NES & ERRIOME D720, KRR T
BRZ PR LSRN 217720 ORWEETH D, LoT, avta—F—vIalb—varzf
WCBR DM L RE 17725 ZENEE L 0D, AEREIT, BIRE LV RIS T 2 LA HE
% 3WILA R 2 IRV ERBIRE ER L TEMB L, ¥ 2 b—> 3 YRR PIC MV,
T AFEEBLIZY I 2 b=y a VRERON, RITRT ab D2 r— R &R,

(a) JJKAREN ZHWTIThbhmERDO 3 KTV I 22—V gV
EEBRTOA AV INHERRICBIT 2B Z2 MR L, TOHMEZED S, $7-, avBa—X
— I alb—i g VSR EREROL A L. FORBEORIEEZITR O,

(b) J-KAREN-P % H20 BIE¥ —7'y MZBHE LD KLY I2b—Tay

HL—H =227 L THSH JJKAREN-P %, ZRMICEHTZINLF—Z2ERLTDEEZOND
H:0 s — 747y MBS LA of Rz rd, M aRtz2Hns 2 LT, +oicm=x
N =720 JJKAREN-P T LD Z L 2R,

(2) FIARE-HER:

(a) -KAREN EBROMEYT (0.8um 7V IHERKF—5 > 1)

FHESMT, EBREFOSLMETH Y (J-KAREN L —3— (1 71=196 TW, 58% =2 102! W/cm2,
THRNAFXF—=75J) % 0.8um/EDT /I IFEIKIC 45° AFHTHD, ZDL ZIEFITHOEDF
DA —5y MREIE L TW5D, 3HRICIIT 5 224 E1EX 5300 X 4000 X 2000 TH V| iz
B H0E OX 100 TH S, fERAK 11277, 3D RICBWT, L—¥—iL z FZ 58]
DESTRETERIN TS, FIAETHEONE L= —BER%ROT VI A 4 BT OkFEA
F ) A A O A EIR LTV D, 2D FoRr TR M OMLE (z=0) TOWEKTH 5,
B flEZE D= F—ETESITINTEY, FNVESIEE=RLF—THLZ L EZ LT
%, TDOWyOMGETOMITH L, ¥ —7 v NREF D L—F =TT\ D, FE
HCHLNT =R /LX—=38 MeV, #kAf 4> =xLF—=13 MeV/u TH Y, EERTOHE
fEIXFFN 40 MeV, 16 MeV/u ThoT-, I a2l —a UFERIT. EREE B —H& LT,
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ST, ERTOA A INERFRIZRT BB ZFHMIR T 2 & TREOHMELIRD T,

(b) J-KAREN-P % H0 #K# —% v MRS

BT INX =T 52572012k, #—4 > M2 CH, HoO %D KFEE %< ELWEEHAWD
FRERTHDZ Ea, MEEE TOMIE TR L, I T, LV ER AX—RBEks B
fBL. #—7 >y M He0 #lEA WSS ORF 2 FEhi Lz, L—F =3 —¥F—v 27
vhf&%ﬁiKARENT’Gﬂﬁ:ﬂ83TW\3@§:1X1m?ka? TRNF—=25d) #HAVT,
L—H—FmEAF E Lz, ¥—57 v MNEIZX 0.1um Thb, #HEIZKIT 5ZEM2ENL 5300X
3456X3456 ThH V. MW R FEIEL 2X 100 TH D, FHREMERZM 2 1TR-T, b—H— KL
ForAn ki, Wil 2 2R 9 572 2=0 O THHY 0 R TORER RS TS, FHRTHD
Nl b—YF—BEEZOW T OKFA L) LBBEA A ONMHERLTWD, BHIEED=xL
F—TEHFTINTEY, FNVESEETZRXALF—THDHZLER LTS, ZDLE, Hoi
7B %L ¥ —=163 MeV. EHE A 4 =L ¥ —=58 MeV/u Th-7-, J-KAREN-P T=
VX — =200 MeV O AN AEETH D Z L &R Lz,

AIFRIZED, PIC VR 2 b—a U CRIFRMMPEOND Z e nhotz, Eo, ZONH
WREIZB T 2 BG 2iEIoR LB Z R D -, X512, JJKAREN-P & H20 #EfEX —% > R C
FAEERNX RGBT EGEOND L ER L, L= AR ERE(LTAZ L, T4 A
RO —57 > VAT 5 2 EHEOREILT, SOICEZRVX—RETFE—AR G605 &
Ex bbb,

(3) HRVAMESR, TUARR., RXH):
Fe&R

1) SFHEFIE. " PIC simulation of ion acceleration with a 0.8pm aluminum foil ", %5 16 [F]3¢
BEAREITE S AR T A 2015 4510 A 15716 B JEF M BVEOLR AR SERT.

AL

2) SEHEFIE, A, A. Pirozhkov, PERESE T, AFFTIES, SEEEAE, "7V < A W
T L—W—o A NEFESR O PIC 22 = L—3 3 ", Proceedings of the 16th Symposium
on Advanced Photon Research, October 15-16, 2015, JAEA-Conf. 2016-001.

4) SEOFATFE:

INEFTOREEENL, LU ET R =@M R E— MRS O % i
%, PICV R = b—ya I 2D BHE CTEM I N D55 H VD, ﬁ%%i@E%LM%L\é
ﬁ%ﬁym:*w%~%£b<%ﬁ¢é X, 3D RIEASKETH D, 2D FHEICH, 3D FHE
TIFRICH A D Z LI XD, BRI E W DR RN E LSINT 5, £hice b, &%
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BETLHFEMERIIHA L, mWEREBNEZA T 2R EERNE L 0D, Fo, ¥—F >
R LW —a MR ERE LG RET R — A F BT LN D0, ZUEA A2 DR
ZERNCHAAT D2 B ERT D, 200, FHRICBWTE Y REQRZEMEKALEE L, BV
FHRRENEE T L RMN NI L 25, Flo, ZL ORI b MLEL 2> TRD, KoT, 4
%b KGR Z W CRBIBGEI R A M L TIT< PETH D,

Laser
pulse
Kl_(;‘ {

t=67 =133  t=200 t=267 fs um
[ 3D view | [ 2D view |

=38 MeV

1 J-KAREN ZEEfi#HT (0.8pm 7 /L I X — 7 > )

¢ 2 J-KAREN-P % H20 #ifi 5 —7 » MG
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5.13.8 TILTVavIRELORBEL T ERS

Development of a Detailed Calculation of the Delbruck Scattering

James Koga
L—H—EIEIE 7 —
(VR 28 £F 4 7 10 &7 BBt 78 5A R pets)

(M FAEM:

The scattering of y-rays from the Coulomb field of a nucleus involves four coherently added
processes. One of them involves the polarization of vacuum from virtual electron-positron
pairs generated in the scattering and is one of the few nonlinear quantum electrodynamical
processes, which has been experimentally measured. Tables of the calculations of this
scattering, Delbriick scattering, exist. However, since the existing data is not detailed
enough for future high precision experiments using polarized photons, we are developing a
code to calculate Delbriick scattering. Our goal is to find photon scattering angles and

energies where the Delbriick scattering is dominant via detailed calculations.

(2) FMARE-ER:

A y-ray can be elastically scattered by the Coulomb field of the nucleus of the atom due to
the formation of virtual electron-positron (e-e*) pairs from the vacuum, Delbriick scattering
[1]. However, other scattering processes can coherently contribute to the scattering making
the isolated measurement of the vacuum contribution difficult [2]. The Delbriick

differential scattering cross-section calculated via quantum electrodynamics is given by [1]:

do

++ 2

o =(Za)'r;

a.,
4

where subscripts ++/+- refer to the initial and final polarization of a photon having circular
polarization which upon scattering stays the same or flips, respectively, Z is the nuclear

charge of the element, o is the fine structure constant, reis the classical electron radius, and

a,,
dQ is the solid angle. The imaginary and real parts of the amplitudes + are [1]:

1 K4 xb o b()
Ima,.(d, p)=— f dy [ dx szAi(x,y,z;d,p)
o m

1 X_ 0

b

and

2 2 'D ]
Rea,,(d,p)=C.(d)+=L-P T d_p'%
- aay PP —P

b
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where

1k24 X b(y) _
D.dp)= [ @] ax [ de ez p)
7p

1 X_ 0

ki

with notation described in [1] and its references.
The imaginary and real integrals are three and
respectively. We have
integrated Monte Carlo
integration subroutine, VEGAS, from the CUBA

four dimensional,
them wusing the
library of routines [3,4]. Since the integrands
have regions of numerical instability, the setting
of cut-offs and transformation of coordinates are
necessary [1]. We are continuing to test the
code by comparing it with previously published
results [5].
using the ICE X computer for the differential

Figure 1 shows preliminary results

cross section calculated for a 2.09 MeV y-ray,
which flips polarization after scattering. It can
be seen that our calculations are close to the

published values.

0.001
My
"
= ——
G
o
-
=
T
0.0001

0 20 40 60 80 1001201401601
3]

Fig.1 Differential cross section
versus angle of a 2.09 MeV y-ray,
which flips
scattering. The large blue triangles

are from published data [5] and the

polarization upon

dots of different colors are our new

calculations.

[1] B. De Tollis and L. Luminari, I1 Nuovo Cimento 81, 633 (1984).
[2] M. Schumacher, Radiation Physics and Chemistry 56, 101 (1999).
[3] T. Hahn, Computer Physics Communications 176, 712 (2007).

[4] http://www.feynarts.de/cuba/

[5] H. Falkenberg, A. Hunger, P. Rullhusen, M. Schumacher, A. Milstein, and K. Mork,
Atomic Data and Nuclear Data Tables 50, 1 (1992).

(@) HRVAMESR, TUARR., RXH):

N/A

(4) S&ROFIATFE:

It is our plan to finish comparing our calculation of Delbriick scattering with published

results.

Once agreement is established we will find the regimes where the Delbrick

scattering is the dominant contribution to the y-ray scattering via detailed calculations.
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5.13.9 EUV ERBEBEHEBEFL—F—/ILAOEFESAREGROKIETE
Simulations of the Propagation of EUV Free-electron Laser Pulses Through
Dense Gas Samples

James R HARRIES
ab—Ll v b X#MAZE S LV —7
(FRE 28 4 4 A K0 BRI IE B FEpERE)
(M FAEM:
The propagation of laser pulses near-resonant to an atomic transition through media is

often treated using some or all of the following approximations:

a) the two-level approximation

b) the rotating-wave approximation

c) the slowly-varying envelope approximation
d) the single-atom approximation

These are variously more or less valid depending on laser intensity, wavelength, atomic
system, and atomic number density. The aim of this work is to model and understand recent
experimental work [1-3] using the EUV free-electron laser SCSS (operated by RIKEN at
SPring-8). The high laser intensity (~ 1013 W cm2) leads to a breakdown of a), and the partial
coherence inherent to the laser pulses which arise from spontaneous emission means that b)
and ¢) cannot be applied when studying the excitation process. At low atomic number
densities, the only approximation remaining is d), however this also breaks down due to the

length of the interaction region at increasing number density.

(2 FIARE-HER:

To model the interaction of ultrafast ] —s—w—i—a s ——ar [
- 38 1870 1869
laser pulses with an atomic system at = — o 54 :
7.5 < <
the intensities used in the experiments \? T e\ fes e é
a semi-classical technique can be used. %D " — _i: .,%
=60 2
Maxwell’s equations are used for the sy T o B
laser field, and the Schrédinger, Bloch, 195

or Liouville equations follow the
evolution of the atomic level . . ) )
) Figure 1 Levels in atomic helium

populations and coherences. An

elegant approach is given by Marskar and Osterberg [4]. While not computationally
intensive for short pulses at visible wavelengths (for example a 10 fs pulse at 800 nm
consists of 4 optical cycles), at the ~ 50 nm wavelengths of interest here 10 fs covers 56
optical cycles, increasing computational size, since typically many steps per wavelength

must be taken to reach convergence.

- 168 -



JAEA-Review 2016-024

The experiments considered used 30 fs long, ~10 pd pulses at central wavelengths of 53.7
nm and 52.2 nm, near-resonant to the 1sls (ground state) to 1s3p and 1s4p excited state
transition in neutral helium (see figure 1). The initial aim was to study whether any levels
other than the 1s3p and 1s4p states can be excited by the laser pulse. Figure 2 shows the
results of an example (single-atom approximation) simulation using one simulated
realisation of a partially-coherent laser pulse. The atoms are initially in the ground state,
and during the pulse Rabi cycling begins between the ground state and the
resonantly-coupled 1s4p state. Further cycling occurs between 1s4p and other dipole-coupled
states. As the intensity drops towards the end of the pulse most of the population remains in

1s1s or 1s4p, but some is trapped in other states due to the partial coherence of the pulse.

10

N T — s

; ”
10 7 on — 1s3p P,

o

. o 1s5p 'P,
10

1s4f 'R,

£ / 1=4p 'P

08

a6
1

04 1s5f 'R,

0z

an -
-0 -60

-80 -0 40 -20 a 20 40 1] a0
time / fs - time / fs

5 1e21 35 1e17

30
4

25
3 20
2 15

10
1

05
0 — ao
B0 -50 -40 -20 i} 20 40 &0 80 505 50 55 80 55 50 535 H0
B 1210 time ! fs wavelength-{ nm
&
‘;.- ll!l-‘..".-”."'-:-'.:
0
_2 P
a4
_G
_8

-4 -2 a 2 4
time / fs

Figure 2 Example simulation. The upper two plots show the evolution of the atomic state
populations on linear (left) and logarithmic (right) scales during the passage of a
partially-coherent pulse, the intensity of which is shown in the centre-left plot. This
particular pulse contains around 3 modes, and the characteristically 'spiky’ wavelength
distribution is shown at centre-right. The electric-field over a short time range is shown

in the lowest plot. Full simulations used a timestep of 8 as.
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While the simulation of figure 2 only included levels up to a principle quantum number of
5, for convergence it was found necessary to include all singlet and triplet levels up to n=9,
for a total of 161 levels. This leads to a 161 x 161 Hamiltonian matrix, and a 1612x 1612
Liouville operator. Sparse matrix techniques simplify computation, but a single simulation
at a timestep of 8 as took around 3 hours on a single core of ICE X. To model the experiment
1t 1s necessary to perform simulations for an ensemble of partially-coherent pulses at a range

of intensities and wavelengths, and simulations were run in parallel using up to 432 cores.

[1] Nagasono M et al 2011 Phys. Rev. Lett. 107 193603

[2] Nakajima K et al 2015 J. Phys. Soc. Jpn. 84 54301.

[3] Harries J R et al 2015 J. Phys. BAt. Mol Opt. Phys. 48 105002.
[4] Marskar R et al 2011 Opt. Express 19 16784-96.

(3) HRVAMESR, TUARR. RXH):

1)  Multiple-wavelength superfluorescence in helium following FEL excitation: ultrafast
experiments and simulations |, JR @27 S5 40 [FFES HHRRFZHRR GRS\ E+1
M), 201549 A.

2) [ Multiple-wavelength  superfluorescence/superradiance in helium following
free-electron laser excitation] , 15th International Conference on X-ray Lasers 2016 (%

BIRZERM)., 2016 5 A.

4) SEROFATFE:

The simulations described above have been used to interpret the experiments of references
[1-3], and a manuscript is in preparation.

These simulations used the single-atom approximation (d), which do not take into account
absorption of the field. To accurately model the experimental conditions, it is necessary to
propagate the field through the atomic medium. This entails calculating the atomic response
at a point in space, and then using the resulting polarization to update the electric field,
which is then used to update the neighbouring atomic systems. This is computationally
difficult in three-dimensions, but feasible in one dimension (the propagation direction of the
laser pulse). Further, at each timestep the atomic density matrices evolve independently,
allowing for efficient parallelization. Such a problem is ideally suited to ICE X.

A further advantage of these full simulations is that not only the atomic populations
following the excitation are known, but also the coherences.

Test simulations have shown that these simulations are possible for 50 nm wavelength
pulses and 20 atomic levels. Parallel simulations are planned using ICE X during H28, in

preparation for future experiments using the SACLA X-ray free-electron laser.
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51310 E—REHFEAFEICE DIV ALEREDIIaL—aY

First Principles Molecular Dynamics Simulations of Chemical Reactions

i PEF]
BEryIal—ya RS —F
PRk 28 4F 4 A X 0 &R H AT 7T BH 28 A )

1) MABM:

WO TSR - MR ORI T B T, B REA T AIC S O  R B oL
ERIGY S 2 - a VEIROBR E AL 5, WAk 27 FER, MBSO -BE LT, B
F A B FRVEWE % & 0 DRI RIS 5 70 OSBRI T 5 2 & & BEIC, kit
HANTBT B v B OWFEARREDRIIRFSE 2 S AT > 1o W EIMIC BT 57 A Y &R
A F v OWERTEE F— RIS FE SRS A Z XA F I 7 22N TERANCTH D
T LT & ORI o v LSS Loy K SR DML DR R AR E L RSB R
BT AAF L OREBREE IR T - T LUV TR LT,

(2) FARNE-BR:

AR TR L 72 HEBRL 7 A A A—V 0 7L — R E HRTEM # W TBIZET 5 2 LIt kb,
R > T DI OB BRERHICEE L TVWD I ERHERKRI V-7 ICL v E STV 5D,
%£7-. SPring-8 DFF IR —LF A > Th DXAFS ERICE W EEDO HEICEEICE

1 0 T o 7 T T —/ 0
st 1 11 i |
@ i (b) _ C (© -
2 k 5
b 3 ! 1 3
6 3
4 e g
5 é‘si i
5 2
. s
£ -6
P
] 7 3 D -6
3 8 1 s, p
. . 9 9 . : K
0 05 1 15 2 (1] 2 o 05 1 15
Aioy KOy
65 - "
6 18 . \ -1
Nl -z
55 “ i G
| 5
s E o, .
45 4 -3. H
s
(d F (e)
P . : %
o o5 1 15 2 25 o o5 1 15 2 25
IRp0y, Reson,

X1 H—FEICEASNWE AR AL F IV AT I 2 b— a0k 201 B3 )\ AR
THOEETOT NVH ) EEA A OWEIRIES £ H BT R L —1H D% ERIX,
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ENDHA=IF 2T A MTEY T ARERYATNEE SN BRMBIER S, B T A0—3
¥4 FOREMICIVIAEND Z &2 XV EROBKPNESLHNTHEITT H 2 EPRESNT
WD, ZALH OFERBFERIT. @5 O T IS v U MIIER RS STV ISR H IR o1
O TR <. —EBORE LHAMRL T DOJERNITEEE L T\ D Z L 2R <RI L TV D,

Z 2T, 3FEO M7 211 BUKEHHMNC BT BTV U BB A A OWEIRREZ 5 R E
ICHEASNWTZAZ T A F I T AV 2 b—2 3 ALY RIS, X LICERIcoT v m )
BRA A OWAEIRIEZ TR T 272 DICEHEE L LT LRV TEO N 2 RITZERH]
TOHHZRVF—HERT, ZOFHEMERIT. N—IF 2T MENET 2:1 B 3 VRS
THMZIBNTET T LA F - ONBESHENEIRICER SN D Z 2R LTWD, £/, &
WD RN 2O Z D8 v U LA A TR OINTCTRVKS LB ~OB MM 4 #miE>— ho
FFEHIC LD FH LR LI A AEEMEE S OERBEREY A ML TEY T AL F VN
BIICRBEEND D TH D Z Enbholz, THHORER%ZE L ® T J. Phys. Chem. A 3
28 Uiz, AWFFED AT, HFEFZEE I L - THE8» S ittt o v 5% L0 =R
Bl S & 20 B FIE ORI o 72,

(3) HRVAMESR, TUARR., RXH):
FRRRE

1) MHEE]., (H—F S T RIc SNy I a2 b —ya iz kb B Hamics a7
TV @A A ODWAEIRE . B AWEES2 2015 FFKFERS 9 H 16-19 H/WRHT.

2) WA, TELREERNCK T DAL BT F o OF— 5By 18 /157052 . B AR B
28 71 [MER KRS 3 A 19-22 AMLET.

SRR 3L

3) T Ikeda, S. Suzuki, and T. Yaita, “Characterization of Adsorbed Alkali Metal Ions in 2:1
Type Clay Minerals from First-Principles Metadynamics”, J. Phys. Chem. A 119,
8369-8375 (2015).

4) T.Ikeda and M. Boero, “Role of van der Waals corrections in first principles simulations
of alkali metal ions in aqueous solutions”, J. Chem. Phys. 143, 194510 (2015).

5) R.Motokawa, T. Kobayashi, H. Endo, T. Ikeda, T. Yaita, S. Suzuki, H. Narita, K. Akutsu,
and W. T. Heller, “Small-angle neutron scattering study of specific interaction and
coordination structure formed by mono-acetyl substituted dibenzo-20-crown-6-ether and
cesium ions”, accepted in J. Nucl. Sci. Technol., DOI: 10.1080/00223131.2015.1102100.

TR

6) MHFEF]. Z. Hou. G.-L. Chai. F81EZ. [F—JRHES 8N RECL A —Ro T oA
b\ 01T D R FEE TT KRS ) . F A 36, 345-350 (2015).

(4) SEOFMATFE:
WA C W TH — By 78 ) AR SO T M EHIRAT FIE OB 2 K3 5
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513.11 EHEIZ&S DNA 15D IR

Simulation Study for DNA Damage due to Radiation
AR EEE
HEE1EE DNA B BFHTRFIE 7 L — 7
(FRk 28 4 4 A X v E1-B 7Bl 78 bR FE %)

(1) FAEM:

KL FHRIZ K DD AABIRITE VIR R A FF O Z Lo TEY , TOHBEDO—D3 7 T2 X
—DNAHEGZIEL21LEBZHNTWD, L LR, 7T A% —DNA 81504 bt i35
Mo TR, ZOBERED 7 UE, £V EWIRIEZIR 2 b D0 ATRIR DM D723 5 DT,
VIialb—ya rTHFREREMTD Y 7 22 —DNA 5O LR Z T~ 5,

(2) FARNE-BR:

BRI K DD ATRIEIXEWEE R EZ RO ERHMONTEY | ZOEBEO—2137 T A
2 —DNAHEEEELNL EEZLNTNS, L LARNL, 7T AKX —DNA 15D LT
o TR, ZOBRENR DL, K0 EWIRERNR Z & D0 ATER O TIN5 DT,
V3al—a VTCREBRTDY 7 AKX —DNA BIEOA R 2R D% 217> T 5,

AT E—APMIRICRFN SN EED N T v /7 EEY I a2 Lb—2 a VO EZITo T D,
A A B — LD ERCERT DAY TA A (HeOY) BT 2BHOEELEZEL, —
WEALOEBZTLRTHIab—vara— RERELE, TOMER, A4 E—L2DERE
BEWTERE S R E W & & L DO IREF DA A E— L OBERH T IC A S fu, SR ES) L <
WHZEEHLMNMI L, BT, 7T AX—DNA HBEOHNT, KO, BR8N AREDIE

C®*(3 MeV/u) C%*(8 MeV/u)

107 7
5 I 5 o
= 106} * — 106
mje . e .
S 105t g = 105F o
R ’Rg e *s
e 29 B
’O Q' OQQ
104 . 104 E———
0 2 4 0 2 4
A DEEIS A7 DEEI D
@ EEBfE(nm) o BE &t (nm)

BJ1 @R L IREA A (3 MeViu, 8 MeViu) OHLENG Ot OBIR, —IREF DML
AN L CEG MDD (O), mHOFRT —F W AnizbD (&) ZHVz,
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PEFH I CEE RN E (R FRROBED D OIFEEZ Bk L L COMEDOME) OV I a2l —
a VETAERR L, BUAEMITICHE S L ZIRE T OBRMRE~OF B L, H27
FEIX, BTV E S LIS, BEORIICEST 5720, Q) KET Ok 4 B34 O i o FEBr
—Hhka— RNEAL, Q) NEE, 4A—Y2—F1. o TORE) - FHRERZ €7 i
B Ais Z T LT,
X 1ICENRARE L IRFA A MR (3 MeV/u, 8 MeViu) DO#JLEN D ORFEEE ORERERT, =
DBENZIE, ZREF DAEM 2 F NI Peo 7o b D LIRFTOFERT — 2 2 Az D
D2FIAD Y I 2 L—3a U &lTo 7, oD KB FHIHAE M FERT — 2 2] Ahvd Z
CIWZED, v ab—rva UETAZBIEORRISESIT S Z LITHIIL, BIRRENS L TO
Vo b—va URERICHAR K B0%RE/NSLK DT ERDbhoTs, O EIXER R
AABIR OB OFEELIZEN D Z LW TE 5,

(3) HRVAMESR, TUARR. RXH):
[ B8

1) K. Moribayashi, Development of the radial dose distribution function relevant to the
treatment planning system for heavy particle cancer therapy’, Phys. Scr. 90 054013
(2015).

2) K.Moribayashi, ‘Simulation study of radial dose due to the irradiation of a swift heavy
ion aiming to advance the treatment planning system for heavy particle cancer therapy:
the effect of emission angles of secondary electrons’, Nucl. Instru. Methods Phys. Res. B,
865 592 — 595 (2015).

3) K. Moribayashi, ‘Effect of recombination between a molecular ion and an electron on

radial dose in the irradiation of a heavy ion’, Applied Physics Research, 8, 138 — 148
(2016).

4) K.Moribayashi, A Simulation study of radial dose due to the irradiation of a swift heavy
ion aiming to advance the treatment planning system for heavy particle cancer
therapy’ , 9th International Symposium on Swift Heavy Ions in Matter (SHIM 2015),
BNLyvay b ALY 201645 H (RAX—%EK)

5)  ARARfdfE. TER RIS CTO TIRE T EMHAEOBMR . AAMETES 2015 FKFEKR
2. B (RHETT) 201549 A.

6) FMMEE. TEA AL E—LAOBRBEED Y I 2 L—3 3 U5 NEkEBEORE | HAY
HAEAE 71 MFER KRS, BIEEBE R (ilET) 2016 4E 3 H.

(4) SEROFIAFE:

EHEE . R O OER) 2 [FRFICER Y 20, BB b~ 0BT OB
REOS L5 RIET, £/, BIMEY I 2 Lb—ra v olARMEOIEZ AL T7
T =IO EY I 2L —a VETAEBET D,
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514 ERFARFEREMM REKSEFSAVIILAEREE 52—
Sector of Fast Reactor Research and Development
Advanced Fast Reactor Cycle System Research
and Development Center

5141 SRFAIBLERATIIVL—KRIGHEZFHERZFTI—FOEEL
Advancement of a Computer Program for Sodium-Water Reaction
Phenomena in a Steam Generator of Fast Reactors

W BETE, JERS SR MR H
VAT DNRERT 7 V—T

(1) FABM:

> hU T A (Na) BEIE#EFORLIAER (SG) 1T W TREEEEICE MRS E L D &
BT DK E T2 1TKFEL DS Na A~ H L, Na & kOfb2ER0E (Na—KE) 2 FE 9 mk - @i -
JEEMEY = v FSER SN D, BEET A EEVEICZ ORIGY = v FAMEZET D L EBEOREE (7
T AT =) REEAICEE ) B T 23 & 2 L, T b HEITT 5 & BEHaEE 3 kA7
e (HBRIRER) (I2E D, SG OFRFH K WL RFHM CIIMHEIRIE DR AT 2 vrReME &2 5192
ENEBERFRE L T2 o TND 2 &G ARBFECIEEUEARNTIC X 0 BBVE R F 5 2503 5
PEAERRIIRATREAN & 2 7 L 2 BRFE L TV D, ARHAl & 2 7 LTI OEAEARAT =1 — R Bk S
. EORHEERKESR CTHDH Na— KG « [EMEMEZ S 2 ST = — X SERAPHIM
[ZOWTIEIRBGEHER AR U CHRATE 7 L OS2 S MG 2 D T D,

Rk 27 AREEIE, RIS Dkt L C SG FEMESIF M L 7RI Na FRokZ8 & H 92k %
SERAPHIM = — RNCHEHT L. FEESATFIT T 2 HMEZfERR 2 2 & 2406 DT s R
SN THERRBR CTHE SN TV AEEAE Y = 27— VHROFEICOWTHMAEZ/LZ L% H
& Uiz, £, TRk 2 2R ED 25 ECRHE OB LA EELRE L o> TWnD, Zih
£ CHHFH E I T 5B, SERAPHIM THWW TV B REIAEIFIEIC L D A v 3 2 5E3IS
TR TR = 7S HIBR S T e s BHE S (b o 7o O R TaE = 7 A R 3 5 5 ikt
% e L7,

(2) FRANE-HEE:

SG EHRMD L & TIRBVERHRRFIZIS 1T 2 KIK Na P~ KRZRKME H 2 e L 7o iR (B3
DR, RAFDIEE) X BITIRNT 2 F2hE LT, ARBRIT, F & W CABVERE 2 BB L7 ROE
Bz RIA Na Tl L, ABBVED 9 5 1 AR 72K AL (BHERIRAL) L 0 &E - miok
KRR ZWAE Na PAEH S 26O TH D, KK Na, KRKOEE - EASRMFTFE L F%ET
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5, X 1ITHNTHAR OB 219, AEHFC
X, B 10mm OEFEKILICEIT 5 KEKIES
% 14.23MPa, /KZEXIRE % 387.81°C, NaJt
J1% 0.2MPa, ##] Na £ % 460°C & i%E L

EERER
foo 20T, FRHTCE B, TEARILID L5 oo g
Pt % TEELWE A O SR, SO, k7% g
SURHER, KERET U @ A (NaOH) kil e

FEDpfizEFRR L T05, KABREICERT S
& EARFLE RS TIRBUSK AR DAL D T2
D JE P & VIREEDME < | Z DJEI TR RIS I
L0 EIREIESTER S TWD Z R ghD,
HARAMND H HRREREN L B OB &
T BRI 2N TR AR S L T B B ) L AR R R & — 1 AR (A wsm)

BT 5, KA A0 DX, REMRN

AL, MEH DT B EEIR N U TN D 2 E RS, Ein, BEARILEECITK R R BEIE
T 5D, TORDTIHEFERINZ LY NaOH BNFEELTWA Z &R s, koL i, &
BUETENFAET DIRRICB W T RS 2 £ 9 BN K 0 IR S IR & BAFIC 8L AT RE
THDHEORBLER, 51T, KBRS O R 5RO EVERLE O B2 5 BRI 5
FRHT B A TEE L, KRRFESBEVERN Y = AT — VEBREICKIFT ROV T ALY
HHS 5 12D OFEARTERE ST,

RO AEMTRICIN A, FHEEELO B L LT, AR OM HTHE 2 7 A K S
HI2DFRERT Uiz, BEAMRE 2 7 RKO-DIZiE, 57t A0@ELE et A28
BT DN ERER LD | TN ERERA 2T 0 77 IV T HRESFEITED T2, K
FROMIPIATINZ LV EFATRE 2 7 A RIBIZHR T2 2 LN TE LT TR, 1 7 rk Ry
720 ORNENBADT Db u— RNT U A RHETE LA EERH L,

EKE
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(3) HRVAMESR, TUARR. RXH):

1)

2)

3)

4)

5)

6)

7)

(4)

A. Uchibori and H. Ohshima, “Applicability of a Mechanistic Numerical Method for
Sodium-water Reaction Phenomena in Steam Generators of Sodium-cooled Fast
Reactors”, The 23rd International Conference on Nuclear Engineering (ICONE23),
2015.

A. Uchibori and H. Ohshima, “Development of a Mechanistic Evaluation Method for
Wastage Environment under Sodium-water Reaction Accident”, The 16th International
Topical Meeting on Nuclear Reactor Thermal Hydraulics NURETH-16), 2015.

S. Jang, T. Takata, A. Yamaguchi, A. Uchibori, A. Kurihara and H. Ohshima, “Numerical
Quantification of Self-wastage Phenomena in Sodium-cooled Fast Reactor”, The 16th
International Topical Meeting on Nuclear Reactor Thermal Hydraulics NURETH-16),
2015.

NEERE, NIRIEE, S, KBET, SERE, ILO®E, WK - SBEoRWER 2 ZE
Lol AR R A EVE DNV 7 U 2 AT — VBRI D58, BARFR %S
2016 FHEDHFE.

oK, IHNE, N, SEE, REHER], REBZZ, “T M) U L—KUSICERT S
YT T 2 AT = VBRI L EINBIEERHE” , AART R 2016 FHROFEZR.

A. Uchibori and H. Ohshima, “Applicability of a mechanistic numerical method for
sodium-water reaction phenomena in steam generators of sodium-cooled fast reactors”,
Mechanical Engineering Journal, Vol.3, 2016.

A. Uchibori, A. Watanabe, T. Takata, S. Ohno and H. Ohshima, “Development of
Unstructured Mesh-based Numerical Method for Sodium-water Reaction Phenomenon
in Steam Generators of Sodium-cooled Fast Reactors” , CFD4NRS-6, 2016.
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EREFL ORBRE AR E LT, BROFET DHHRKY =7 ROBRDGE2 L LV IKFH2
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5142 ERIFAREAABRREZHBINCETIEREIR-_MARBERITI—FORFEL
&5
Development and Validation of High-precision Numerical Simulation Code for
Evaluation of Gas Entrainment in Fast Reactor

(AN S N (I
s -SRI 7L — T
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laAT>72 D,

(2) FMARE-HER:
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BYFE BT U BB D T AEIAZIL, BRRERAST v 77—k (D/P) [HIB, B4
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RETIVRBRIZ I W CEMIEIR G Tl A &IAF i%%’éé L7 dno oDy ARIRAL (HRAZEE 0.56) |
AN BV 5 %, D/P [MIBRGEE 4 {5 & L7250 C. T ABAHZNIEET D Z LRI TWD,
WRE 25 AR, T ABIALDIEA LT RBRG M 2 5 & U T BB MRl A4 F2h L TR b | 38
HNTESBIA BTG RE T2 & T A KA H %8 % NERGAL = — R BIFICHRTE 5 Z & 2R LT
W5,

ARAEJE OFFEMNT St % Tablel (Z/RT, H ABIALIE AR 5 J8 S Ml O 82 & 57
B AOJE (BEHMiE) 2 FEEEO 76 (W ABARRBREMFD 1.416%) & LI-sHEESE
i L7z, DIP BIBROUIEIL R 25 4R O & [F U4t (SHEE 0K 4 £5) Th D,

Fig 2 IZfRHT AR Oi#R (10 B OREREYE) 273, 72720, BIH@ITFERR 25 R0 3
fAE S (N ORI EZEE R D 5 4%) . K OIIARFEEOE AERLTH Y . MBROAITHEEHED K
TS ETT, RN TIE. AR (FR) 2 OEERAJE T IS > THMNE RV Il ZFiC
SITHA (B) ~mhoiinnEC TRy /i, BEEFS RV O TEIZEWT D/P
FIBROWGAINZ £ B FREFEAFEAE LT D, ok 25 4EFE OFENTHE R CIX RV IZH D Fiduid H/L
A E TR - IR L. C/L2-H/L MR W THEMEARTRNIG AR L TV D2, SFEEOFRERT
WE. WEEAEEI L7722 & T H/L 218 X 72 OFAOFRE D IHE] i, C/L2 5 H T m~mn
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(ZIXIRAVOMEE D & HRE) 2 BRI R AE L7230 C/LL NIRRT £ 2 S IEARRAREL TV D L
DO, B E TOMTIREIN (DELREE T 48.8 B) 1CH ABARITE U e hoTz, ThiL,
JE 5 T EE AN K o CTH A BABFENIHI SNIZFERTH D LB N L0, RERICBIT D
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(3) HRVAMESR, TUARR. RXH):

1) Kei Ito, Yasuo Koizumi, Hiroyuki Ohshima, Takumi Kawamura, “ Physics-basis
simulation of bubble pinch-off” , Mechanical Engineering Journal, Vol. 3, No. 3,
p-15-006712016, 2016.

(4) SROFIATFE:
REE LT L A H B 22 & O T A BIAB BRI 2 0 5720 X0 SR BT %
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5.14.3 SERFAXERMEKS AN AN

Numerical Simulation of Flow Field in a Large Fuel Assembly of Fast Reactor

oML AR
sy - RHLART 7L — 7

(1) FMABEM:
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BRA~OWE MR 2 50 L, ZOWMBFRIEL R T2 2 L2 AL T 5,
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VL EOEFTHER A RS X 512, BB C O T — Z BfG0s W 722 ERBIREHE G IRICB T 28k~ 7o
TEEE 2 SPIRAL =1 — RIZ X DB IC & - CHERR L 7=,

B, AREELWITLC, LS RFMTETH LY 7 F ¥ o rfiEhr = — R ASFRE %
W TH & 2237 X — S it & @il T1T 9 72, 22— RO X 5725 @ bic oW\ CRERGH &
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VaI AN —F U ERKEL, BIROEENGHE 2D 2 R L, £z, (THIRIE
ekt L —"" 7T ra—U U7 ERIT LU CHEBENENYGET 5 Z L 2R LT,

(3) HRVAMESR, TUARR. RXH):

1) HHkdz, SHEA, KEZE2, AHPEBE, [EsF»REHE S IRNGER R BT T 1E OB
#(12)). BARF %S 2015 FFEOHFES (2015).

2) H. Ohshima and Y. Imai, "Development of thermal-hydraulic analysis program for
wire-wrapped fuel pin bundle of sodium-cooled fast reactor", ICONE-23 (2015).

4) SEROFATFE:

SPIRAL =t — RO XYM A FeRT 5 72 Fli 2 OBREHE S IRRERER T — & & F\ 7= BT
kR 5, Fio. FEHEAMNTE LT, WEY 7 MNUESROBGEI R TN, £ A5
T PHZE S G R A AR AT 55 O KRBT 2 e T2 TETH D,

ASFRE = — RiZoW\WTid, AEOREBLRFORREZZT T, BIREE, BREOHIS
BET DEOEN R ED Y — 2SI L D Edt GHEZEL) 2FEEL T TETH D,
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5144 SFEIL—TEFR) D LAHNERFOESRA 1 REGHRKSHEN
Integrated Numerical Analysis of Unsteady Phenomena in Upper Plenum and
Hot-leg Piping System of Advanced Loop-type SFR

mE K
FiEh - SRR 7L — T

(1 FABEM:

el — 7T N U A AR EEIF O BT V) A & Em AR Y b L7 (HL) BRE %
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BHHT MU DL, G OB T BT LT A bR & 22 D HL FEIZRWIAENR D
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(3) HRVAMESR, TUARR., RXH):

1) S. Takaya, M. Tanaka, T. Fujisaki "Development of Integrated Numerical Analysis
Model for Unsteady Phenomena in Upper Plenum and Hot-leg Piping System of Japan
Sodium-cooled Fast Reactor", ASME 2015 PVP, PVP2015-45248, July 19-23, Boston,
Massachusetts, USA (2015).

(4) SEOFMATFE:
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5.14.5 BEHFEIRILF—ELTHILOO—K MVP #FALE:-ERIFEBRBFO O
DR
Calculation of Core Characteristics for Metal Fuel Fast Reactor with the
Continuous Energy Monte-Carlo Code, MVP
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514.6 RERFRIDLAIESERFI—IRLIBEZESELIZ 1/7 SIERINTILIILAKR
REERNEROBME Z2L—3Y
Numerical Simulation of Triple Elbow Pipe Flow Experiments Simulating
Cold-leg Piping in an Advanced Sodium-cooled Fast Reactor
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. :
. i. e d -
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(b) HERFE R (b) FHERFER
(i) # 2> ARHnA (i) % 3=/ RAN
2 YAV R OTE & 2 IROTELIE T R L ¥ —
PEB TN

(1) H. Yamano, et al., Nucl. Technol., 170, pp.159-169 (2010).

3) MRIVANMZER, TUAREK. RXF):

1) H. Yamano, M. Tanaka, S. Ebara, H. Hashizume, “U-RANS Simulation of Triple Elbow
Flow with a 1/7 Scale Experimental Loop Simulating Cold-Leg Piping of an Advanced
Loop-Type Sodium-Cooled Fast Reactor,” Proceedings of the 27th International
Symposium on Transport Phenomena (ISTP27), Honolulu, USA (Sep. 20-23, 2016)
ISTP27-061.

4) SEDOFAFE:
YHIOHMEZER Loz, AR 55 % OFHTEIX R0,
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515 ERFHEFAFEIM LALEEFTE -HARFAFEEF—
Sector of Fast Reactor Research and Development
Monju Project Management and Engineering Center

5151 BHEMARRERCEREDAEBRIFESERED-OD 3R THERERIaL—
2=

Simulations of the In-service Inspection of FBR SG Tubes using Eddy Currents

Mihalache Ovidiu
PRI 7 V—7

(1) FABR:

The simulations aim to validate 3D-FEM (three dimensional finite element) simulations
with experimental measurements for multi-coil EC (eddy current) systems for FBR SG tubes
in presence and absence of sodium. Also it aims to confirm the application of the
multi-frequency algorithms to multi-coil ECT systems when using 3D FEM simulations for
FBR SG tubes with and without sodium. Validation with experimental data where applied in
2015 only for multi-frequency algorithm for single bobbin-type coils.

(2) FIARE-ER:

Using an in-house JAEA developed and continuously optimized FEM code, it was simulated
the In-Service Inspection (ISI) of steam generator (SG) tubes of FBR (Fast Breeder Reactor)
using eddy currents technique (ECT). The code was optimized and parallelized to work with
coupled OpenMP-MPI techniques, with up to 1024 cores in parallel simulations. In case of
FBR SG tubes, it has to be taken into account the electrical conductivity of sodium that
adheres to outer SG tubes surfaces and can fill partially outer tube defects (OD) volume.

3D numerical simulations were confirmed with experimental measurements for a multi-coil
ECT sensor configuration (Fig. 2) at single inspection EC frequencies. ODs are located near
tube support plates (SP) and they can be or not partially filled with sodium after sodium is
drained (Fig. 1). Validation of 3D FEM simulations with experimental data is shown for the
case of no sodium (Fig 3a) or when defect is filled with sodium (Fig 3b).

Groove ' " :
20%tw
—
I' s et

:

Fig. 1. Partial defect; sodium fills OD Fig. 2. Multi-coil ECT : prototype vs model
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b} Partial groove OD 30%bw undor SF ™ b) Gracve 0D 20%kw undar BF

Fig. 3. Defect near SP : a) no sodium; b) defect filled with sodium

SPleg 1 C“;“"f:i““ SP leg 2
Ring SG tube

Defect
position

full circumf.
0D 20%

sp

Channel

250 300 3

SP+
0D20% groove

Channel

SP+

Channel

0D30% partial
Large SP with 3
SG tubes as in Na
lalkexytﬂmml
@ 50 100 150 200 250 300 350
Distance [mm]
Fig. 4. SP model Fig. 5. C-scan of the simulated multi-coil ECT signal

SP+0D30% partial SP+0D20% groove

filled 100% with sodinm “’"I':"“' filled 100% wih sodium
size

3mm

Tmm

color
map

14mm

28mm

Fig. 6. Optimization of WMF for defects near tube SP

Therefore, multi-coil ECT system performance was validated using both experimental
measurements and 3D-FEM simulations. A developed windows multi-frequency algorithm
(WMF) was improved to be applied to FBR SG tubes when using multi-coil ECT signal. The

model of tube SP is shown in Fig. 4 while Fig.5 shows 3D simulations of defects near tubes SP.
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The optimization of WMF (window size =7 mm), using 3D FEM simulations show in Fig.6
that optimum defect position validation can be obtain even when defect is filled with sodium.
Using 3D-FEM simulations it was confirmed that WMF algorithm is stable against noise
from sodium filing the defects volume from 0% to 100% when applied to SG tubes of FBR.
Large S/N ratio could be found for detection of both groove OD20%tw and partial OD30%tw

when located under tube SP, even for large sensors lift-off noise, confirming WMF stability.

(3) HRVAMESR, TUARR. RXH):

In 2015, 5 papers were presented at international conferences and 4 papers were already
accepted to be published in conference proceedings and after referee reports.

1) D. Garcia Rodriguez, O. Mihalache, T. Yamamoto, W. Cheng, “Validation of an EMAT
Code based on a Two-Dimensional FEM Coupled Electromechanical Formulation”,
Conference proceedings of 11th NDE, Jeju, Korea, May, 2015.

2) Toshihiko Yamaguchi, Ovidiu Mihalache, Masashi Ueda, “A Study of Multi-coils ECT
System for SG Tubes of FBR using 3D FEM Simulations and Experimental
Measurements”, International Symposium of Electromagnetics and Mechanics, Kobe,
Japan, Sept 2015 (to appear in International Journal of Applied Electromagnetism and
Mechanics 2016).

3) Ovidiu Mihalache, Toshihiko Yamaguchi, Takuma Shirahama, Masashi Ueda,
“Multi-Frequency ECT for Sodium Drained SG Tubes of FBR using 3D Finite Element
Simulations”, International Symposium of Electromagnetics and Mechanics, Kobe,

Japan, Sept 2015 (to appear in International Journal of Applied Electromagnetism and
Mechanics 2016).

4) Ovidiu Mihalache, Toshihiko Yamaguchi, Masashi Ueda, “Multi-Frequency ECT for a
Multi-Coils System using 3D FEM Simulations of FBR SG Tubes Covered by Sodium”,
Electromagnetic Nondestructive Evaluation,(XIX), Vol 41, pp. 9-17, IOS Press, 2016.

5) Takuma Shirahama ,Ovidiu Mihalache, Toshihiko Yamaguchi, Masashi Ueda,
“Experimental Validation of Multi-Frequency ECT Algorithms Using Bobbin Coils For
FBR SG Tubes”, The 20th International Workshop on Electromagnetic Non-Destructive
Evaluation, Sendai, Japan, Sept, 2015.

4) SEROFATFE:

In the next years, numerical simulations will be extended to larger FEM models with 1/1
scale, similar as in a real FBR, including a very large support structures with many helical
SG tubes (25~36 or more) and inner and outer shell of the cylindrical vessel that contains the
SG tubes. The model will try to assess feasibility of ISI for SG tube using ECT for tubes far

and near to inner/outer shell of cylindrical vessel.
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516 BEEXAM HEEEHEL 5
Tsuruga Head Office
Tsuruga Center for International and Regional Collaboration

5.16.1 SPLICE O—FIZ&AHL—H—BMZEE DM
Numerical Analysis of Laser Cutting Process with the SPLICE Code

s &hE, SR SR

PLEHEHEEE L 2 — L — W — SRR ZEET

S

(1) FIRE®:
JRFIFFE LR E CIE, BRIEAM (& L UVIRGHERESE &) K. 77 > MR TN, Bk
B O BB SE 20 E SR BAE LR 2 DA, TS IXUIWHRIN IS8 LT IREhEE A (R e %)
ORI, MEESFROm B, Mmoo m B X e & bic, HEifoEgEengEksns,

L—HF—HITZOMWE b, @), @S EE, 7 7 A N—REIC K DIERERENE 7 &A1 2
LU— MRS b N ER S UL, ERROESRE BRI TE LR T vy vk
Ffo, LU G, ZDOEMEOEINIZE W TRG & TR & ITME L 2 & T 2 n B i Bl S,
FRIE C OB BAER 72 E O~ VT 2 —VEEMERETH Y | EBRNT 7o —FH 5
WITHERENT 7 a0 —F OLTOERIIRELHD 5 L TRIND, 2070, HdEEAFLH
R SRR 2 FEAIC R 35 2 L IC Ko T, AT 2 E G MBELRRE OFIE 28 U T L —% —&EWr
O 2K D LERH 5,

L— =R HrClE, L— ORI X G EER L, ZhE T A M AERIZE Y
BWENCHEN T2 2 & (ERa R — T AR EER N RO bDd, ZOT A b H AW
X, ==L~y 8 XL Rk CrEElin st (Re~105) & L CoOZEHE) (B H AHLAMME,
3WoThE, RIXMEZR &) MBI, T ORHEOEYI 2R & IS L — I — Va2 K& < A2
EFTHEEZOND, ZOT VA NHAEROFHEIL, 2 E CHRFEEAED TRk —¥—InT
FurtREHEREYI 2L —v g a— R
SPLICE I » T, U—2 25— 2 v %N T o
2 WILHRICE D FM L C& 7203, EBEOBRSL T
b5 3 WL A FTHIT 572011, 3 RLET
IV AT KRBT 24T 5 WER H D, AWFFE
TlE, SPLICE =2— K& MBS A—/R—a ' a
— % (PRIMERGY BX900. 200TFLOPS) (=
VA=V, TYVA ST AEFEB O 3 RIThE
M 24T o THELERAE 2 554 L 7=,

sti& (mm)
10

1§

IR R

sti& (mm)
sti& (mm)

20

(2) *UFHW@%E% T AX=AY= AZ=05mm T
O WEIBIERE B L
3 IRITHENTIZ N BT =7 L 2 X 1 1R, X1 3 RITHENTIARIX
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FENT CIIX P DOBERFIFEDO T TT T A M R ZWESH L CiiBi OS2 5H6i+ 2, X 2 1%,
fEHTBR LG 2 FOE2 I T DBRIFIREN Y RV DA TH Y (7 VA A AGRMRE L TWDH Z &
Db, MPORIMENL, EHAKEIEHL TWDLZERMETH Y, LLF T OFERE
(X=17.5mm, Y=bmm, Z=38.5mm) Z &8 & L TEREFEEH OV TORFIZMZ 5, K3 1%,
RS OVGE W (Z FEisE) OREFZITHY . 7V A N H AEFASHREE A AN R S
LTWBHZ Engnmd, £, il W OfEITADOME (TR %% < OF#E TS DD,
FIRENCIEDME (ESGE) ZHD Z &0 hnd, Jiux, SISy v o CHIBE L 7= ia i
DI RENZ TSNS E T 5 Z LIZERR LT D,

Time=2 &
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2 3 WILfRFTFER D~ 7 R VK 3 BRAITBTHIHE W DR HE)
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@ ELFHFE

4 1%, 3 IR B 1 DAL= HOE T — 2 2 IV, RU(DIC X 0 B U S EE = L% —
O R 2 AT 2 7 LT b O Th 0 | BN R T o D5 & JIBE L 7= 7% 8 S S =
FAE—BLL 72> R BB 2T AR TX 5,

HFEB = L F— k(m¥s?) = 1/2xd (Ul-0) "+ (VIH-V) + (WIE-W) } (1)
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Z OIS OBENE M A MR T S 7202, SIS ilE (X=17.56mm {7 &) |29 > 7= LT EE)
TARNX—OE oAz L=, K5 IR ONHEY | ILEES = L X —0 v — 7 13
13.5mm(LEC BV, =% FIALE C OBl FFEE 20 m/s (W) % 5 & BB 51135 750 Hz
L0 IEHICKERERS L o TV D LT TX 5, 22T, ELIRKHIEIRREES L & U CELRR
LIRS 2 (22 HEHE L (Cu=0.09), 7 T b OBREER v & O A M T 5 & |

LB PERREL v, (m?%/s) = Cuxk?xL, -++(2)
5,000 FREEDEZIND Z &R 0nD (K65,

—_ 30 L=15mm 10
\NE/ — E 25
L=13.5mm N "
’ I L=12mm ?
0 10
v an en " - o ) A AR L o
7 k(mz}s2) 7 k vt/ V1 A
5 ELURIESY = R L X — O 5 A ) A 6  ELIELREIELRE & 0 T B AR S D
(K5 : 1950ms, /7 & : Y=5mm, e owh S m oA (KFfE © 1950ms,
X=17.5mm) AE - Y=bmm, X=17.5mm)

() BRYRMZER, TURARR. RXHE):
AT

1) FRER, L—Y—a—T 477t R0OFHERTEY I 2 b— g U EMLEEOER,
RIST News, No. 60, p.22-27 (2016 41 H) .

2) FIAER. HKEE L—F—I T et 2A0HER%S I 2L — a » EITEMoE
1A HABRES A ) N— g ViEESHEEEE (2015411 H) .

3) FRER. FUXNEY I T v SEBREHOSMME L —F— T et 207y b
—F 47, F 84 L —IN TR CE (2016 41 H) .

Fa
4) FHREN, L—P—a—T 47 Tabv R LEAEREY I 2 b —2 3 B X SPring-8 ik
S X BRIC K 25, ZocHdlias > v 2f%es (2015 411 A) .

@) SHOFAPRE:
L— P VEWHRAT & 3 U AR TR L, RS R L bl - RA AT D,
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517 NYYVIURRFRAFKERF B 5 B 52 B FE HEEED
Sector of Decommissioning and Radioactive Waste Management
Geological Disposal Research and Development Department

517.1 3 Rufafl-FEAFZER — BRI #AEFT T 05 S5 L (Dtransu3D-EL) D& iE
b~ 514E (FR 27 )
Acceleration and Parallelization of the Computer Program (Dtransu3D-EL) for

Analyzing 3D Saturated-unsaturated Groundwater Flow and
Advection-dispersion Model (FY2015)

KB fda, @B s, JEK KEN
iR ALy A TR B HEE ) M BREEAI ST & i
+1 VAT LR X — R AT HDEHE
(1) FABM:

JE - TR 23 HE 8D 2 HiLJe8 ALy BRI B9~ 2 R FEBR 12 W T, B ALy o AT LB MR %
AT TRKIKANY TNTOH FARSCHE OB & 2 FEBUCHEL, TRl 2 2 & N LR
FEVEZ R T 2 ECEHETH D, LLARN L, WHMZRFHEESCEUEAENT 7 1 77 2% v
FETIE, FEEOKEHERHEE WA — L TORBBEGREICHIET D2 EnELL, €TI0
DEAERL A 7 — L O/, b L < ITEEB~%0 A2 LSEHOHEICES S5 257, K
JE & NROMNLIZRHRENR R STV D,

Rk 27 FFEEIL, 3 WRochaRn - AEAFNRETE — Bt BT 7 e 7 2 (Dtransu3D - EL)
DEFHEAR Y T —F D WT ATHNER O A — 5 — U o JEE LATHIRIGR 5y O FI %
19 & Ebic, ATV - I RIPHIEGEMASE D IERR 21T - 72,

(2) FARE-FER:
ikt~ v 777 & (DtransudD - EL) Z&#bT 572012, AFEEITFEE LT, OITAIEEZED
A==V o TEE . OITAIER > > MPI WAk, OFEEMBELSI DA A E Uk, @i KIS
BEHMEEBE OIERC D 4 THA 2950 L7, ERFMEREZLLTITRT,

@ TFIEROA—F—) VIEE

WEAREEICRRIT L7z 2 A O A — & — U 7 B % (Cuthill-McKee (CM)7%, Reverse Cuthill-
McKee (RCM){E) TiE, WL b3y RIROKIEZ MG/ NS TE72b DD RCM & KA L 72T,
9 10% D TE Y% LN OMXIFAZENFRD b, SFE, CMIEIZOWT, [RROMRE 21T -
TofE R, A== v ZRiEOMEIT R OERIHTC— (FEET V1) BLO%EE—E (]
EET IV 2) L, CMIEOAHMELZHERT S22 LN TET,

@ 175fREE S > MPI 514k
FHRAMORKE WY T —F 1 (SOLPCG) OFTHIFREER/CHK LT, 7 at & Mo ughislE
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TERH D 2 ITESNDOHIZ, FHEICEHES L TWARWEXERNGH 5 Z &b, BdlE 1 kotik
THEL BT, LEEBARY BRI EIT T2, B AT VAL O ATV HHAEL LT &
BIEET L1 OFERTIE, FEAEFERZTIED>T-LO0, HIEET V2 OFEETIE, B
LCHI 1B RRE DRI R AGD Z N TE T2, 2IRPBD LNTFIEET L 2 T, FlE 11
AR THRAEZ I DI BRI EATHIEDA BICRE < ABEREIT KBS BEIZRFICAE H & &
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@ mARIWFEFHAmBERE D ERK

FEATRIREZR I FEL D FRRAE 2 3§~ 5 72 012, WA 1 22 BIEIZ, BXE L7 FIH & o ) O i
WEHE IR R SIL TV D E I D2 T 5B L a2 717 7 MM Tz, EORR, HlE
E7/L 1 Tk, WAL 39, BIEE TV 2 TSI 44 BFEATHRER B RIETH D Z & 03 520
Lot

@) BRURMER, TURARER. HXF):
L

4) SEROFATFE:

RBIRHT OWFUCRTE T LTe 2 & &% T, A%I%, Bik—oioissEsyr 71—
DUIHCE B D, ETo, BAEOH T ATBATE S L& AT, A7 07T AOFITHECHET
Wt & B & LT T > T < TETH B,
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5.18 EEMRHFERELNM EEREREtLVA—
Sector of Fukushima Research and Development
Fukushima Environmental Safety Center

5.18.1 Uncontaminated Effect: gt tE > LAVEEL TLVEWEE N EET 52 &I
FEHIREEBNE
Uncontaminated Effect: Dose Reduction Effect due to Existence of
Uncontaminated Area
(VNS STV
fEERE L e 2 — REHERIE S L —7
(1) FMABM:

BARADAETFIIFHEREZFLE L TEY  FZRBII—HD I L THRH L ORFH 4l 2422/
Lo TS, fBEH— R /IR EHTOFHIC L0 BRERIHH - B EWE I R k3 540
M IE < MEOHEM GREE) [ ItV TE, BN OERBERI D RBNO LRI ERE S
ICHEE T 2720, REFRIC X DM EEERE (0.4) ZHWLATWD, ZORBITIE.
BRIF7- 186 E8 TAEA O EE[2] 251 LT HE~WEIE] EoBBRfFEhTns

FEHBRARE T H 2 FRIZ L DM EARBIRE DO RS AR T 272, L« BHA zL/iauLn
a— RPHITS # e 2 b—3a Uy &E Lo, AL, FEICHRT 28RS D A
DRI > Tl s b 73“yvr’ﬁ%@&%@%ﬁﬁ@@%%ﬁﬁ%%%%Wﬁﬁ“E) HOT, IKWEFE IS
—ERIZA L, o, BATICE D BRSO A0 LTC R TEME NS O o~ I K D% 5% 8
FE X SR 2 72 I, j@“é?r%’r%%ﬂ:ot DIENDMETH -T2,

[1] BRY«E# 779  http/[josen-plaza.env.go.jp/decontamination/qa_01.html
IR BIMIE<HREFEM 1 IV > —L b OB 2T
http://www.env.go.jp/press/file_view.php?serial=18437&hou_i1d=14327

[2] Generic procedures for assessment and response during a radiological emergency,
TAEA-TECDOC-1162.

(2) FIARE-HER:

AARDZERITEIN & LN TREFZBOEE N K E <. ZOWAWEIRIT, BMNOAED , b
HEY DREBE RTINS, TDT2h, KERBOMETH A OWE~NBRIZT T, BI+
DZEMBERPBANTIL 6 LR T2 2 LITHERTE AL ol To, mERTORE
JE VT T DERGEDORERN O | @S H R BT ORI KT 2B T AT E W
RMHEICERT 2 2 LR ST e, RERPISHE SISk ORI 0 L3 135
L. ZEOGEITBRCEIRMERAE L, VPV IR VBT TR ERAL L. THT
b, REOES TWDHE TOHEIZWET 5 2 L IIMIEICE 212 < ZROBROBEIZILE
LEBUREE o0 D3, BEEHANTRIBATTDZ LR TN D, FE D, L), BRP
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I, B U A 13T BIEE L T RWERZ HOL L LB 1 km IZFEE Liz,) OBERATICE
\J 5 MM EROZEM M EFR Lz, FHREREZR 1IIRT, (22 Tk, oo St
IEIET 5, [8] M)

BEHEES Y LA
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7NN
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7 SEL TN B5EN

1 EHRIRR

R 2 £ 20 A 137 2800 L CUVVR WO HUL 7 & OFRRE, #EZ i 5 1 m OS2k
L ZERESR (uSv/h) L Lt X OFEREREEZX 2 1277,
ZORERDG, BT U A 13T BUAE LT WO L (RO S OERE : 0m) ToZE
B ERIE, OO K E SIS CTURRT 5 2 L8025, Ziud, FHIT LY JRWEFEIC
—HRIZAT LTS EE 0 LD 5 b ARE DO COZERBERIT, ZDOREDN, ZDOHFTO
JE ¥ m OFFHANSLDFREGTHDH Z L &2 L TW5, Uncontaminated effect (2L 0, BAND
ZERIMER (2 2T, RFL D OHEES 0m TOZEMBERLET5,) X, B OZERIKR
BR (22T, Wiz, ERFL D OBEEN 20 m TOZERMESR : §2 uSvh £ 95,) &
R ZOMFEROKE SITG U THRAKT 35~656% (T2 Z EBbhote, £2. ZO%E
DR E LT, Bt o 7 A0S L T ZRWiEI S | T8 L TV 2 5E o8 fUc s\ ) CT4E M
MERITRMICE L, ZOEBEROHMIT, EREZMX TN > TND I ERNbholz,
EHIZ, HE2 SO S A 0.1 m~5.0m £ TEL ST L ZDZEMBESE (uSv/h) 1Z2W1T
LA L (Z 2 Tl ERE SR OGHER RITENET %, [8] 288) . Uncontaminated effect 13,
ZE MR R A T 2 Hi 2> O i ST U T IR E R ORI R D 2 DMRDBT/EDL Z &
MWOh oo, BNO 1REOZEMMERLIY b 2O NE L 2D 2 &1k, BIREIZWAE LG
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[3] N. Matsuda, S. Mikami, T. Sato, K. Saito, “Measurements of air dose rates in and
around houses in the Fukushima Prefecture in Japan after the Fukushima accident”,
Journal of Environmental Radioactivity, DOI: 10.1016/j.jenvrad.2016.03.012.

() BRYRMZER, TURARR. RXHE):

1) N. Matsuda, S. Mikami, T. Sato, K. Saito, “Measurements of air dose rates in and
around houses in the Fukushima Prefecture in Japan after the Fukushima accident”,
Journal of Environmental Radioactivity, DOI: 10.1016/j.jenvrad.2016.03.012.

(4) SROFIATFE:
RS — R IR EAT O AT K0 BREL I SV B E S RS S ZE I R R A

%Wﬂﬁ?“éia/\ BRI 2 JROREPHIZ — BRI, 2o, BATIC R Y HEEPIC S M S E 2 BENH 572
KRIUGHREBIC XD ZRIILATHY . A% BFIHEZTEL TV,
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Fluid Simulation Inside the Harbor in Fukushima Daiichi Nuclear Power
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First-Principles Calculations of the Interaction between Dislocations and
Solute Atoms
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Nuclear Magnetic Relaxation Rate in Topological Superconductors
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Numerical Simulation of Radioactive Materials in the Environment

BURS HEEZ, PR HER BTH B
U alb— g BRI E

(1) FABRM:

2011 4F 3 H 11 AIZHE & 7= AL AP RIS K 3~ 5 R B IR & — R /138 B
MU ko T, REOKSHEWENERETIC A Shz, Z20F T, et v v 23R8 E
W RIS BIRICEAE U TTEFEIC L E(R L, HEERBICHEEL 2 bR TV, (ERO R
JEAE B E LT TOIL TV D BUIC L 5 RBIBERG L, BAEMOBERTICAEDNTHD Z &N
RENTEY ., O TIIRIEROREN T > TWD, L, BT Xk 2BE TR
BT D & TIRI., EORFRD 728 O P ATz RO AL 5 DRXE K & 72 RE & 72 -
T, £io, 4th. HHRIZWWE L EE D 22 G0 TBIIMRAR SICLY | BiEDE2H
ITLTWS ETFESh, B  T AOREEEOMY, THIL, 5BORESZRFETH D,
T B OFBEIZOWT, BUFRCZ OBFZERERIIT 3 L, Bl 7okt & I F R MF2EB % & 2 DRk
RERRDENTND, 29 LEEBEROF, VAT LAHERFEE X — - v 2 b— 3 UGB
FETIE, FRROMSMHETEIISZ 53, BRPEICLV BETHREORELEN OB T A
BESC IR AE L2 iU M & 0 A0 B ARER S C OB ZE B O FEARICHR D AL A TV D, B
YU AL BERTIEA A& LTRD W, RITHHIMICE LTV D 2 EmbitTn
DI, T DOWAERERE R AN BEHE L E 72D TR, KRB TIE, & DIFEGRE R O 5
o, B EE U A LA EIM O BER A BT 2720120, JRF LV 0ET Y U7
MLETHD LEZ, F—RHEE AWM T ORI ETF LTz, ZOBE, o b5
&, R OIRRO T 721F T <L FRRICE > TEEABFIMAIZZR D b D B2, K
FHEHEZFIH L, TXAHIRY ORGE (BlE L CHEOHBIRTE AR~ 25 OMRGE) 2175 2 &
T, KVHENRARESS L L, 20X RGO T, Wk 27 I, L0 BFENRER
B R COREI~D® 20 LS 27 L EEROBREIEVIREBIZ B T 28 =R/ F —0
MO, WA O E 2B E Lz, £72, BRI X DL, E & 50 5 T
TR B S AL D TREDLTHALTW DY, PREFFEMR ISRV T, mREREE Y T 2525
BRI O ERE O 7= DI MR IMIIRE L 22 WD ORI A LE TH D LB X bR
Do ZAVETOMIET, KiHHMIIRINTIEY Bt v 7 A2 R T2 2 Lo T D
D, BERC Ko TR B, Mk 2 TRetEITFlis v C 2oz, £2°C, &
VX, BEEE 2D DRCE B O R HEEREE R ATNE & BRI K DR EERM O Mfe iz oV T BB
— B R 2 AW CRHME 2 F & BRI AL LT,

AW L0 FdtE v 203 8 OREEEMITRAE Lo WD ST i nuiE, R
2B D HSHEE v T ARGEBLGHZ O T OB LD I RO W IAZ DS ATRE L 72 0 | R A
FLAIED LT BB L OBARCHIRBR S FHE & 22 27200 T L O % FEIZ 2h R Bkl
BH%E TREDOKIGLNMEN IR TE D, £l HEHBRIC K 2K LM OMfbic >V Tombix, &+

- 209 -



JAEA-Review 2016-024

AIHTRE R 2 36 1T 2 iR LT o U b 2 @ Tkl L O RIRE O Z 2RI~ DO H RS 175 T &
60

(2 FARS-HEE:

1. SRS O U AREB G OR: LG OB ERTE

AWFGETIX, B v 7 AREBLG ORs LI ORGIER AR 20158 2170, LN 28
BT LTz,

L1. 5 EEOMLHEY (Nfu7 154~ BER, R/, 7 FFA M wATTAF) O
EREECBT 22V ABREBHRATXAVF— (FEIIF K1)

ARG I OFFOBMORKE IDRZWVIZERE LTV (X 2)

R CEEM ZFFOR LI TH, I/ n2EOEVARED LT SITEEEE R D,

Muscovite Phlogopite
3 20 2:1 dioctahedral 2:1 trioctahedral
£ a=1 (tet.) o=1 (tet.)
2 0
£
T -20
-40
9
5 6 —— O(H.0) —— O(H,0)
3 —— Oflatt.) —— Oflatt.}
0

Celadonite Margarite
20 2:1 dioctahedral 2:1 dioctahedral
o=1 {oct.) o=2 (tet.)

PMF (kJ/mol)
o

a0
9
et o own
02!6810121415 2 4 6 8 10 12 14 18
Distance (A) Distance (A)
B 1 i H B ko0 —iEilR 2 FKEWAHHTRLF—

12. %M a7 4 74 bOxy UREEOHH (FENEEE)

B T A EREFE LT NEBZ LN TWD 21 BRTFABIEOT vy P OF T, i
MG E LD EBEZ LN TNDE AT 4 T4 FOxT Yy UREEEZH NI LT, FRlT, =v ¥
HIENTOKERHER Yy NT— I By VHEZRESITHRERBERTHD Z L EXIED
77

2. HUHBIC & B HEMONL (BB TEHP)

ARFIETIL, R THMIC IR Y A £ AT MO &7 8 B AL = L. Mt S B (I
3) AR LEEM DM A REET B FTREPEIC SV CL BB B TR BB L Y AEE LT
BHAEIID DL EZBATND A= %2 T4 FERHRE UCHME LTz, Z0RE, kg
W OHETE N — B TTRENE S B 5 = L bt (1 4), BIfE. = OREELAE HEm o
oy AR B0 k5 IR RIET 2 AR Th B,

-210 -



JAEA-Review 2016-024

a b
— n B- | Q, .= 546 keV
> B e 100%
2 Q=514 keV
N 94.6%
5§ y Y9
nw R Ba-137m B-
i y-ray Q,..= 2280 keV
4 r Q=662 keV 100%
——
Ba-137 = o0 : 8
3 (a) 137Cs & (b) 20Sr D ARSI 4 JERHHRRC X0 S LTS

N—=IF =274 b (5 : Mg)

(3) BRURAMZER, TLAHKE, RXF):
L
1) M. Sassi, KM. Rosso, M. Okumura, and M. Machida, " Radiation-Damage Resistance in

Phyllosilicate Minerals From First Principles and Implications for Radiocesium and
Strontium Retention in Soils”, Clays and Clay Minerals 64, 108-114 (2016).

2) S. Kerisit, M. Okumura, K.M. Rosso, and M. Machida, “Molecular Simulation of Cesium
Adsorption at the Basal Surface of Phyllosilicate Minerals” , accepted for publication in
Clays and Clay Minerals, Special Issue, DOI:10.1346/CCMN.2016.0640405.

EfRamRER

3) M. Okumura, H. Nakamura, and M. Machida, “Density Functional Studies for Cesium
Adsorption to Micaceous Clay Minerals: Low and High Density Situations”,
Goldschmidt Conference 2015, Prague, Check Republic, August 16-21, 2015.

4) M. Okumura, H. Nakamura, M. Machida, M. Sassi, and K.M. Rosso, “Adsorption
properties of cesium to micaceous clay minerals: Molecular modeling using density
functional theory calculations”, Pacifichem 2015, Hawaii, United States of America,
December 15-20, 2015.

(4) SEROFATFE:
ZIVETOMTEC LY R EFMNC & D8 2T LWAE O—fRHIMEE S N2 WIS T > TE
TV, SRITZEROREBO LBITFHE LEBAERFEICERZ YA T TS TPETH D, T OER,
FOBEMRRPGRL 25720, FTLIBASNIZICEX 2 H03IiEHT 52 FETH S,

-211 -



JAEA-Review 2016-024

519.5 R/\aVTFAITIIREHERBEERS M

Using Supercomputers to Predict Air Dose Rates in the Environment

Alex Malins
VR 2 b— g UHIRBRE
(1 FABM:

Gamma-rays from 134Cs & 137Cs mean radiation levels in parts of Fukushima Prefecture
are higher than before March 2011. The radiation level at a location is quantified by the air
dose rate at 1 m above the ground surface. The dose rate depends on the amount and
distribution of 134Cs & 137Cs within the environment around the location.

The purpose of this study was to use supercomputers to model dose rates and understand
the factors that determine them. With this understanding it is possible to interpret the
changes seen in dose rates in Fukushima Prefecture over time, predict how they might

evolve in future, and evaluate remediation strategies to reduce contamination levels.
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Fig. 1: (a) Calculations for how dose rates are affected by mountainous land. 6 is the
slope angle in a simple conical geometry. (b)&(c) Determining how 134Cs & 137Cs

from cylindrical volumes of soil contribute to the dose rate.

We first constructed simple models of radiocesium contaminated land in the Particle and
Heavy Ion Transport System (PHITS) code. The code models the paths of gamma-rays
emitted by 134Cs & 137Cs to calculate the air dose rate. We considered both how land
topography and contamination spread horizontally affect dose rates (Fig. 1). Topography only
has a relatively minor effect on dose rates even under conservative assumptions. However,
the results indicated that heterogeneous distributions of 134Cs & 137Cs both horizontally and
with depth in the ground needed to be accounted for in the simulations to correctly calculate
dose rates.

We next developed a flexible tool to calculate dose rates, where heterogeneous spatial and
depth distributions could be modelled. The tool works by dividing the ground up into 10
million separate blocks of soil. The amount of 134Cs & 137Cs can be set individually within

each block. Conversion factors relate the activity in each block to the total dose rate (Fig. 2).
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Fig. 2: (a) Tool developed to calculate dose rates. (b) Conversion factors relating 134Cs &

137Cs activities within soil blocks and the dose rate.

We tested the tool using soil activity and dose rate measurements at ~80 locations in
Fukushima Prefecture, including rice paddies, fields and parks. The tool was shown to give
realistic predictions for the actual dose rates. Using the tool we could explain that reductions
in dose rates over the past years in Fukushima Prefecture occurred mainly because of
radioactive decay and weathering of radiocesium deeper into soil.

Typhoon storms cause soil to be eroded and transported through rivers, carrying
radiocesium with it. We coupled the dose rate tool to sediment transport models to determine
the effect this redistribution has on dose rates (Fig. 3). The results indicate that dose rates
reduce slightly in most areas as there is a net reduction in the radiocesium inventory over
typhoon storms. The results highlight river channels, flood plains and dam reservoirs as
areas where radiocesium inventories and dose rates can increase. These results can help

inform future decisions for remediation work.

AH'(10) [uSv/h]
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-1.0~-0.1
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0

0~0.1
01~1.0
>1.0

akigawa Dam Tomioka

Fig. 3: Calculations for the change in air dose rate over 2011 Typhoon Roke due to the

redistribution of 134Cs & 137Cs by soil erosion and through rivers.
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Conference, M&C+SNA+MC 2015, 4, pp.2499-2510 (2015).
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We are now examining the effect of 2015 Typhoon Etau on dose rates around the
Fukushima Daiichi Nuclear Power Plant. Typhoon Etau is the largest typhoon to have
occurred in the area since the accident in March 2011. We are also analyzing how much dose
rates reduce under different remediation strategies, such as topsoil removal or soil tillage.
The study will consider the effects of the amount of soil remediated (area and depth) and the

effect of radiocesium weathering into the ground in the years after the accident.
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First-principles Study on the Degradation of Nuclear Materials
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Ab Initio Simulations of Organic Reactions in Hot Water
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Atomic Simulations of Physical Properties for Nuclear Fuel
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parallelization of ab initio simulations”, Chem. Phys. Lett. 646,130-135 (2016).
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superconductor”’, Phys. Rev. B,92, 024502 (2015).
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5.19.10 BREMHOMMBBERE I AL—2avDEHDE—REHE

First Principles Calculations for Microstructural Evolution of Irradiated Materials
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5.19.1 BFREFHEICEIERES T LREY A 2B

A Two-step Structural Search with Semiempirical Methods: An Application to
Detecting Cesium Binding Cites
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5.19.12 BMETIXYHALAHREDKRRALAER

Hydrogen Isotope Effects on the Confinement of Fusion Plasmas
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Impact of Plasma Parameter on Self-organization of Electron Temperature
Gradient Driven Turbulence
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Parallel Visualization for Distributed Simulation Result of Structure Assembly
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R&D of 3D Vibration Simulator for Entire Nuclear Plant Facility
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Effects of Passing Electrons on Electron Heat and Particle Transport
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Sy, #:W\W T, FLR-KE & LW-KE DO Iikic k- T, LB EO#®R~D#E 2% | FLR-KE
& FLR-HY OHERIZ K-> T, MR EF Dk ~ DL~ 7z,

¥ 2%, ko =51 (FLR-KE, LW-KE 8 X' FLR-HY) ICL2EF I 2L — =
VORRGE LN, A EXANXF—T T v A(@), BTN F—T T v 7 A(b)E LKL T
77 w7 A()ERT,

X 2127 L2, "7V RETAZEAWESS (FLR-HY) Offik L~V @B iR €
TNhERWESEE (FLR-KE) Ot L~ L X IR S b s ookt L, BRI EEHW
=446 (LW-KE) Offis L -~UTESmNET /L (FLR-KE) ZHWEEA LREBETH D 2
ERDIND, 1212l NAT Yy RETIVORRIZE L TR R ZZE M DORIE AR 2R 03 EH)
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MIET VLD /NEL 2o THEY, AT ERRDIERE G2 THDHZ D, BFE, ET/V
DFRIEFFEEZEDOHMGEEZIT > T\, FLR-KE & LW-KE O/ 5 | gk LU 2B W CEE
7ROVE, IR E IS L > TR SN DR A OMMESEZ O b O Tlde < HEMIRE O IR
BHIRISETHDLZ EnbhoTc, EHIZ, BFZR/FXF—#ikls LR Tk ~7 7 v 7 ATk
JOIIRE T EMIRETOFRSERN- L A, ER LT RTOHEEICB W T, JEHitE
DT T I ANDELGENHIEFOFLGZ EREL Z EDRHLNE RS T,

450 " FLR-KE 100 o " FLR-KE — o ' | " FLR-KE —
— 400 a f FLR-HY - ] — 20 b ‘l FLR-HY oo | B0 | c |1 FLR-HY oo o

as0 | f LW-KE 80 | LW-KE 1 = M LW-KE
€ 0 I 70 | | 1 & 50 I
oo 250 | i or ‘I‘ “§ 40 i
| il £ oaf | { & a0y [
= 1507 | 1 < saof {1 = i [
& ‘ { e |‘ \ g X [
c Ig Qzul Lﬂlr\vu/\/ ] g 123 Q f quf\-’\./\‘v ] 10 F A Lﬁ \J\

0 o ? B a /l
4] 20 40 60 B0 100 120 a 20 40 &0 B0 100 120 ] 20 40 B0 80 100 120
Time tvy/Ry Tirme tvy/Ry Time t vy/Ay

X2 AiETHW=EF /L (FLR-KE, FLR-HY. LW-KE) ([ X 2EL I 21— 3D
EREDON (@) A AV ZFNF =TT v 7 AQi . (b) EFTZANLXF—TT 07 2Qe
T Oe) KiF7 T v 7 A Te,

KREIZ L > T AT AT =N D77 A~ EIRICI T D IR EF Ok ~D L LO%
@%%%%6#’Ltoif BESRBFZERIEE, FEHIIEE T O WSS 2 0E L\ EBR 1 E 1
RRE RN IR E T Ok~ DR %#ﬁﬁf%@w L BB LT, R C, FEMIEE
%@Wééﬁﬁ@ﬁmﬁkwﬁkm® SR TR DI, EERE T T VICEE R %
MW= 8Ea L. %wﬁw%é®ﬁﬁ#%%mﬁbto%@#% FIR R RUC X - TR 2
%%énﬁw%éf%\EﬁﬁﬁU%%wﬁﬁﬂ%L#%&éﬂé%ﬁf%ﬁtv&wiﬂ%ﬁ
THDHIEDRHALNE STz, ZHIZE ST, kLI BWTEEROL, JEHIEE T
> TSN D RIFHOWHIEEZ Db O TIEe < | HHHE T OIEMBNRIEETH L Z &N
HoNnE7roT,

(@) HRVAMESR, TUARR., RXH):

D B, EARE, anlfit, S, oz, MEREE, “EERE T L Ok
WEIZ BT DIEHHREFORE, 532177 A~ - Bia 7R, 2015, 4 hE (REHER) .

4) SROFAFE:
2L
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51917 ERFTGEBBICKDEEEER)a—LLUF)LYT

Multivariate Volume Rendering using Multidimensional Transfer Function

A RS BPE B AR RED B . e
e B R SR BR 8 =

(1) FABM:

VA SR AR OREBIZDSE L, A——a L Pa—¥ FCEFENDEY I 2L —
Vg ORI S ITIEHER 2R AR TR0 17— RS2 0T T BE_Z 31 b
DT —=EWEREND LD oTc, 2O XD R RHET — & TRII N D EHERBIR 2 AT
D7DIiE, KRBT — 2 ok, & L THMET —Z ORIt & v 95 Zo0BLEN S O RTH4E
FANBR N LI L 725,

KRBT — & O HALEANIZE L Cid, B8 RFEEREZ RO — N L TR 21T\,
R LT A LR 2 7 T A4 7 MIHRET 5 2 & TRk ZIT 5> 7 A4 7 » 8/ — "]
FUEPEEHEIN TN D, L LEL OREMAAEEY 7 STl 7— % O RBBALIZIE L7z R
U DRI L0 K FERVLER N R EE & S RN S D B _XR—ARY a— AL XY T

(Particle-Based Volume rendering, PBVR) 13587 —% (KU 2— L7 —%) OKETHERIC
TR 2SR & 72 Z)*ﬁ?%é)ﬁi@‘éﬂﬁﬂﬁi?f“@% O RLAT— 2 DY A RXER ARG B RE S
NHENVIFRERH D, ZOMWELZFAL T PBVR OWUIEREEZ 7 74 7 2 b & —\IT0fR
L, REBEARRY 2 — A7 =X I3 LTHT —HHREE& O tzhif) Ze nl i L3 rTRE 7R 7
AT b Y= UL AT D EBARE L TV D, WEEEEIZZ T4 7 > b /Y — R [lIiC BT 5@
BEOPSLA DRI ZITW ICEX 250 & T 0kA A —/"—a v Ea— S TREM Y I 2 b —
varvETO—FIIAKHHALTH L) ZEEEBNE L TAH—F Y —Ra— & LTAMK
L7z,

BHET — 2 O FHEALEANICE L TiE, SHRET LV ORBBULICENWZ L&' T 27 —Z o
O, ZEMOMHBECHFEEZ M TE D FENLE L SN TS, T EEMITO AL FEE LT,
A a— A7 —ZIRERE (B REHEORE) 24 ET 52 L TE %@ﬁﬁ‘ﬁ’i’ﬁﬁ@@"éﬂ‘
Ja—blb XU ZOFMERBNTWD, Z OB E 22 E&RITITHRE L2 2R ots
EREAKAEFH L, 2EER) 2—AL L XV T h2THI L “C“ﬁFj%ﬁ?EEHjiPEI ECTH D, MERFIE
& LT 3ERITHT 2 LR TUnERBEGTFER, ZIRITLT —F D7 T ALY 7280 HEY
(ZRFBHRI 21T 5 FIER S 208, 3 EEL B2 —FMEE DO SR ITinERE % 5 2 5 Fiki3 i
Mofz, EEEE T 1 R EE A EAFIC L > TAERT 2 2 & CER T EEE AR5 F
1% (Transfer Function Synthesizer, TFS) % #£% L PBVR ~&MAIAATS, ARFEEIX TFS %
JRFNREOT 7V r—varinbERSNDET —ZIx L THEM L, 2L 8T — X OFgdh
HRAIREZe Z L 2R LT,
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(2) FIARE-ER:

1 WotinEB B OEER 7 GUL 1%, B Hilfeehil s & 2 G - REHEREOfREE %
AIREIZ LTV D, TFS IZ K 22t nERER O EHT. GUI THRIE Sz 1 IRusER A i
MBS 2 Z LI i > TTbN D, B, AEWHEISHT 2 MoBEE L, FAEHE TAERS
NIERBEOEMAFRETH Y, B 2HAETEA L@y 2t TE 5, £, L
T 2IKT DWRITE S B BREIET — 2 O, T AREITER TE 5,

R T HERE TR o 2 — THRJE ST D2 AL B Bt #h gt = — B JUPITER (Z &
2 SR AHR ORI R T DIREHAR Y R 2 L— a3 VORER T —Z 12k LT TFS %@
L. B LR ABYERE R 2457, 7 — 213 6 RENOHRLS L, X1 O EBIZH L BEDZERSY
MzaRY) 2a—L Lo Z ) o7 UERREZRT, £0D, BEAROREL, RSy, Bl L7k
B R L2 NS OB RIR, € LT AWmNRESMTH D, ThEh OB Hviz
1 RIAREREBEZZOTIORT, Zhbo 1 RotlsEEE L TFS TEM L 5 IotimEf ¥z 4
R HZET, M1 FTEROMBERRZ/RGD Z ENTE,

1 JUPITER 5—% D 5 EEDOHF ESLERERY 2 —b L Z U v T OREHR
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(3) HRVAMESR, TUARR. RXH):
[ B8

1) Takuma Kawamura, Yasuhiro Idomura, Hiroko (Nakamura) Miyamura, Hiroshi
Takemiya, “Algebraic Design of Multi-dimensional Transfer Function Using Transfer
Function Synthesizer” , Journal of Visualization, DOI:10.1007/s12650-016-0387-1.

SBREER

2) Takuma Kawamura , Yasuhiro Idomura , Hiroko (Nakamura) Miyamura , Hiroshi
Takemiya, “Multivariate Volume Rendering Using Transfer Function Synthesizer
implemented in Remote Visualization System PBVR 7 ,SIGGRAPH ASIA 2015

Symposium On Visualization In High Performance Computing, (Kobe, Japan, Nov. 2-5,
2015).

3) Takuma Kawamura, Yasuhiro Idomura, Hiroko (Nakamura) Miyamura, Hiroshi
Takemiya, “ Remote visualization of massive data using particle-based volume
rendering” , US-Japan Joint Institute for Fusion Theory Workshop on Innovations and

co-designs of fusion simulations towards extreme scale computing, (Nagoya, Japan,
Aug.20-21, 2015).

TR

4) AR, ‘WA LY 7 7 =7 PBVR I XA KRBT — 2 0wk, 75 A~ 3
2L —Z VR L2015 (9H 3-4 0., i) .

Fa— M) T NVERE

5) Takuma Kawamura, “Hands-on seminar of Remote Visualization System PBVR” ,
SIGGRAPH ASIA 2015 Symposium On Visualization In High Performance Computing,
(Kobe, Japan, Nov. 2-5, 2015).

4) SEROFIAFE:
SBIIA—NR—arPa—F OV Ialb—rar Al EEAE LTy I a2 —v g
VIRERIEAL (In-Situ AI#Ak) 12X % PBVR O KHIM AL 200 TECTH D, i1 1D
BHATLICE XDOEANZLY I a2 b—ya VEBEN KL, f&Ho JUPITER = — FIZ &
% R IR R AT E FIE CIE BV | . e WY A X2/ >TWW5b, PBVR #FH L7z
In-Situ AIFUETIXT I 2 b—2a URFETINDLEHE / — 8 - ATV ZFH L TEIFIOR T
HRLEAT D Z & T, O TRWBIEOT — 2123t 2 AIER FIRRIC 72 5 & RiAEn 5,
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5.19.18 EfExtAXMEXDBERICLLZHRAFI—FDERIL

Acceleration of a Multiphase Fluid Code by the Application of Compression
Diagonal Storage Format

Oz fathil, J=5 B LmE B HREA R
T1 1EW S AT ARHHERESR | 12 @R BN R, 13 v I 2 L— a VOB =

(1) FABRM:

JELT KRS IR S S O TR IR OB TR B A BT A 2 L A AN e LT, M
RSy B BT = — R JUPITER O BA%E & T %, JUPITER =t — RIZJF 47 NIARY) O 2
B % fEAT T 5 72 OISR AR O F B e 2 b —27 2 R O #N L TN TV D,
ZOMWMETIENORT v VIR E ML MR O EMEHE T 4 7 F Y PETSc DALY L
AL TWD, KLY LV NL JUPITER =2 — ROFHE 2 A Fof) 8FILL LA HD DA > F A
Ry heZpoTEBY, HEMEREATF—J VT 0 OR EBNEER>TWD, Fi=, PETSc
X7 7 v ~ MPL W8I CRHEZITH 72, ATV BAENKE < KHEREIESIGHRFHEE 23R
MRy 212720 2= Ui 22 RN & %, PETSc 1ZBATHIOMMIER L L CIEMTTH
# (CSR) TERZEZMEH L T D, LA L, MERK 23T 5 25015 TRl L 7o, — R TR
DRBATINIHANE 72 7 1 v 7 AT T 5 72 BHES IR O\ 6 A 1T 5B O JE#i 5 £ 7
i (DIA) R THMT 52 LI L VB Z (T 2 2 ENAEETH DL, KTV HREA
Z @I FHE 5 72912 DIA RS KIIS U7 BTAABRAT & 8 AfdE (CGIE) A 7 U » RiEF]
Y NNERAICEFE L, JUPITER = — ROMHBEMREE A —F 8V 7 4 O L& BT,

(2) FIARNE-BR:

AIEE U7z ATLERAT CGIEIFATHIAN 7 MAVFE, X7 PR, KON 7y 7 v aeiEick
HRETBLCHERR S LT 5, ¥ 112 CSR IBROATHIN Y hFEOH#HEE = — K477, CSR X
TIXMHESRAIT 5 720 SIMD R %2175 Z L AN TH 5, & 512, JUPITER =— RORT
VU FBRRIT 2 WODESETHEBIL SN TV A 1O RITOEHEL L 72 5 N — 7 O K
BT KRT 7 B EDIRNTZD Y T NI 2T, T T A4 = TR S WRIERD 5, 2
IZ DIA JEROATHIR T hFEOH#E = — R &R, DIA A TILi#ES 3 #7290 SIMD i
BEFEITTED B NLV— T ORERENR T MIVOITHTH 5o DITEDZ N7 h L oY
BT N =2T AT I = TREA S, & 512 JUPITER 22— RTIESATO 7 B
(xyz HHAID 3 HED) IZOWTH IR T EICTAT ra— 352 L TAEYSHELH]
WL TWD, £/, AEOEEETITWINRIZE S 7'at 2O HIREZ & & L T MPI+OpenMP
WZEBNA T RIEFLER 2 S22 U7, A El0O DIA BRUC L D RE(LO R ZHRT 5729
2. CGIETm 7T MZBIT 57 MW, 17817 MR, BRI L TLr—7 T4 U F
TV TR U 72 R AR VERE & ICEX CHIlE L2 AMERE 2 b L2/ A % 1 IR, v—7
TAVETIMIT TV r—2a UBEEo TWATHESL (Flop) f & A€V 7 7824 (Byte) b,
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BEIORN— R =7 OEFENEE (Flops) F & X € U N> Kig (Byte/s) B 7> b AL % f/F+b/B
EGEL, THTHBEE 2L Z LIk o T, i EOETHRE R (/(E/F+b/B) L FHE T 5 €T
IWTBDH AT MAFEIZOWTIIN—T T4 ET LD TEIRETH LD CGIEEETIINV
—T7TAETND BRI EZER LT, TOREND, AEIOEEKICE > THRN—Fy =7

OMEREZ I T Z LN TX 7= LW Lz,

MEBF L7z DIA BRUCKH R L2 fi B it CG ENA 7Y » RIS Y V" %5 LT
JUPITER 22— K& PETSc #f#fH L7z JUPITER =— RTHRA 7 — VY 7 %&bl L7-fE R 2 X
4ITRT, BB LY VNS5 2 & T L3EOMERN E2#ER L, A7 —J )T

AT LT, ARIE L72REY A X a7 EoFHN T PETSe THHoic A7 —/ LT
WD ZENDProT, 22 L MEARFRE Y L ADEEITIT AT VEMHENK 13 ICHIB S TR

D, 576 a7 U LD —ATITFIE LS v v allT7 —FNH - TRENEBLL, A—3—1

=T IRALEMERE AR S O 2 E N TE T,

for(i=0; i<n; i++){
qlil=0, 0
for(i2=ialil;i2<iali+1];i2++){

for(i=0si<n;i++){
qlil=0. 0;
}

for(i=0si<n;i++){
qlil =
alil  *pli-nxyl
+ali+n] *pli-nx]

qlil= for(j=0sj<ndiasj++){ [i+
glil+ali2]*pljali2ll; offset=indexl[j); +ali+2*n]*pli-1]
} for(i=0si<nsi++){ +ali+3*n]*plil
} qlil= +ali+4*n]*pli+1]
qlil+ali+j*n]*pli+offsetl; +a[i+5*n]*pli+nx]

+ali+6*n]*pli+nxyl

} }

2 DIA XD BITSI
N7 b LFE

3 JUPITER =— KD
DIA BB THI~ 7
%5

X1 CSREXDBITH
7 VIS

#£1  CGEOERMEREN E RS R
(FHREH £ X : 104x104x265, €A% : 100)

LEERER HEMEE ANV FE —T AT
[s] [Gflops] [GB/s] [Gflops]

7 VTR 0.22 5.29 52.88 5.76

1THI~7 hIVIR 0.53 8.14 43.41 10.69
HITALER

R ) 0.71 8.19 52.03 8.94

(F'vyuv7¥ar+ILU)
CG £ 1.56 7.18 45.35 9.00
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128
64%&::3\

32 +DIA
16 ‘\\::::ER\ SPETSc
8

\
j NN
AN

72 144 288 576 1152 2304 4608
a7

184 LAT YT H YD MR (s]

o
w

X 4 JUPITER =t— N O FPERE I E 5
(FHREY A X : 240x150x1024)

(3) HRVAMESR, TUARR., RXH):

FRREE

1) sttt PRz, (LmiE, BESE (U, B AsaTE R om A L 5 2
Ka— FOEBEIL”, 2016 FF A R T —v 2 A AL B a—F 4 7 LEHERZE VR Y
2 (6 H6-7H, 2016, &) .

4) SEROFIAFE:

MBI L7 CGIEY ANZBWTL—T7 T4 VBT AO TEHREIZHEE > TOATHIR T |
URELEL 2 S B IChkaiib s 5 2 & THAMERED M L& BT, £7-. @5 RiLEEC8 |5 7L
Y ZALFEOBENT LD KRB SNFEEEO R r—F ) 7 4 O Ex21T 9,
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51919 [FEFHHEHRDOMEIIaL—LaViaROARIED=ODEARIRIEY IV T
7 DRE
Research for a Commercial Software to Visualize Seismic Simulation
Results of Nuclear Plant

A i
TS AT DR e S
(1) FABM:

INETRF IR BRI LR G L LIEMEY I 2 b —va V2 EDTE TS, 22T,
IR A2 A & U, R Jliaak O RO 2 x5 & LTS fIT 21795 2 & THATCAELES
ISTIROT HEOYEEOFMEZ LT\ D, ZOME - fHliFEO—>2 & LT, HMiEmomilE
DREZENT NIRRT D & THEHOKR NIRRT D, — R EFEZ ATV 5,
2L, EELTHWDH YR 2 b—r a3 T, MEE AR L T D85OI & 8 BINZ Fi A A
H, ENENOE G Z BB O TIZE Y Y TTEHEAEL, R VHL I ICH D, 20D,
AR XA T v T OfRRT — 2B &b, TRETIE, 207 —Z Z b HERIC
I T =2 20D T =LA L, REAT v 75 OHOT —ZIZ LD BT, KA T
o I TEICRPYE L TW e, L LR b, FRCT —Z ZaETFIcadifb g, 7 —%
ERAT DIDICHEAITORTNIE R bRV R HERIROT — X 2 LT s 720
REBRET A ZENTEL, ZHUCKY FHRIEME T 0 A7 OFHEZHIH TE 57210 T <,
TNUBIZET L FHEAHTE 5, 22T, SENL, B O L <EAS ICEX 128
W, AN ALV 21T 2 B R vl kY 7 b » =7 AVS/Express PCE #xf5: & L C,
X BERI AT T OfRERT — 52 % i T — 2 a5 2 L7 < FRAA A THRAL L THA
HZET, PORERHATEE THLINEHELT,

(2) FMARE-ER:

AENE, £72, ICEX VEA SN DRI GIELZ M LTc720, AiO#E Th 5 BX900 % H
WTHEZIT 272, £ LIINA— FU = TR Z R T, st Y 7 U =7 DO/8—2 5 13 Ver8.2
Thd, TORFEE L TRIATE2EMEET— REZR 2ITEHL T\ 5, BIfFE— RE LT, W4l
T — REFHEET— RRH Y | ZNENEBEOET— RO THHTE 5, x5 & L7
RT—=Z1F, UTOR3DEBY THD, HMEIT 1752 TH Y | /NS 7efEihm 6 K E 2250
F TV 100KB 775 10MB < 5V DIEEZ A LT\ 5, RFHAT v 7131600 27 » 7 Th
%o WINENERRRICIEE S W NI O T2, TR T — 2 IFRER A L LS, B % VT
offset 5 2 & TIIKDE N ZMER TEDHLHITLTWD,

F9°, WL ZWHN D BE . #E5D UCD 7 7 A V% E B DD [RIRFI 5t A iA A AT ARAL LR
LB BN, ZOHAE, ENEND UCD 7 7 A ABNEAET HHEICE W CHI RO ENFE L
%% (Non-matching mesh TRWHE) | Hin&ss~T VT AES (BERE2IT V=T33 25
DIZHWDEEAE) NBEOHETH - TH, WHLEEE— R, #ilEt— REFEET, BT
L GEAE) BERENTLEY ZENShoT,
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1 N—FU=THK

Rk~ v v BX900

AL, — R 6 /—K
J—=RKHTeDoaTk =
J—=RbihorAT) RE 42GB

/) —FDOAE) KR 252GB (6 / — K X42GB)

# 2 AVS/Express PCE THIH T& 2 8/FE— R
(D) WFLEE— R

U NE— R - B EI T — & T WA= DT — & w AL P
BEAE | ek RIS EIT — 2 T, W< B ER DT — 2 &L
+ % PCE / — N& 7= 0 O &I T — & & I
REH AT v 7 “1PCE /—RT1RAT v 7 DT7 7 A )VENH
(2) #imE— K
LR U, BERE (PCE~ 2%, PCEZ 547 ) TITH,
Y - ARV TGO AEY D PCE /— R T
e EIE (wTFE—R) TlE, BT — % %2 —EICHAATL T T O AE Y NS
CHAESNDERY IUENRENEF Y MU — T ERRICRERI 00D,
c UEEVEREIZ, BE~ S DT T T 4y 7 AR — FOFERHERIZELG S D,
il % PCE /) — RCTT —HitriABNS L XY v AR E TEITV, i % Ei7
S N5 PCE v~ A X KR Z#RET D (% PCE / — RO3FIHT 2 A€ Y &I3FIEH
%) dOPEBEHFRRIERY A — b
#3 MRELIHERT—X
TR AT UCD /x A7V
TrANYA X /NERAL 0 100KB, KEBAL : 10MB
w77 ANV 1,752 {i
1 AT v FD¥ AR 5~6GB
T 1,600 A7 >~ 7 (B (geometry data) 1ZZ{L L7320,
BAIEREALTBY . ZOHHRITLD offset LT 5,)

VI a b= a UORG LR DMEEY R E L TR D ERIC, £ s oRE D&
WCHEDIE WL S THEIL TWVDED, SHICA Yy VaZERLLTWEHIICTHEILZY, 1
AT7DAEVICWNEDLLOICHEILZY LTWAHH, BURTIE, HAmBALT LLEKRDOSH D
fEETIC 7 D EIFR D2, 207, R LIS BRWVHENRERINTLE Y Z &Il TN5,
FR LT RWVWHEZEAET 5 X D IZHEL % E D TEOE AL THMEMRTE T OFT — % kT
52 & TREEERRE & b b, Ry T —ZEE Ligi il bianz Lic/e b,

WA I AT T HWHNIH O e R A 7 > 7 LS O 5 2 WA 5 Z &3k,
ZDTD, KA T v T TEHAIALT — X IIHEE SN TWARMERSH D, T07D, RO HPY
(I S 7200,
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LHRMMARRENTHINEWVIFHED S & AIEAIC S 2 AEERF R 2 E L7z, £ OfER
ERABIOK LITRT, £, 7 7 A5 Gk 2358722 56 OLBRIFF O ik 217 - 72,
WHBLERE— NIZIZ~ A TFE— FE AW HET— FIER Y T8 — FEHW7z, JIEDORER.
WHHEE DTG, 7 7 A VD R D & EHREENALBRRERI A R < oo T d, Ziud, A
VAL UASNDEY 2 VBN Z D TEOICE LD EEZLBND, 77 A NVKBEEDOES, I
FIEHHE 2 % EABRRF RIS 72 o T D, 7272 L,y WA D A WA id, ALERIRE R 23 20
IZEEL 72> TS (BIZIER 1 OFM), ZHUIK T B AR, U AX VAT HEY 22— VN
EODHZLITERLTWEZ &, AV AFVATHEY a— VT EA VAL ATH)N DI
fl - EHAE Y OBMROHERE L7z, £ O, #ilE— Fo@Ewy (KU 2 Hig) 12K 56
b, RRGFTOE (R 1) 12 X 2R E 1T o 7223, MmO G EHIET 5,

K4 PERR

7 7 A IV -1P=48 , -1p=1 -1P=24 , -1p=2 -1P=12 , -1p=4
500 32.305935 47.104828 225.121124
800 85.386925 206.782272 1412.450195
900 117.024124 308.794922 2231.501709
1,000 161.898804 453.973236 OB A — N—TCHIE & T
1,752 AV A —N"—TCHIETET 3999.325195 OB A — N—TCHIE & T
271 IEIC Eijid
4500
:ggg | —e—IP=48. p=1 /.
a000 || —EIP=24, Ip=2 pd
‘@ 2500 | -IP=12, -lp=4 Wi\ /
& 2000 ) yd
8 1500 //
1000
500 l! E”
0 = N}
0 500 1000 1500 2000
FdrAH T P ILEL

X1 E R R

B) MBRVANMEE, TLAHERK. WXE):
L

4) SEROFIAFE:

LSthiE. LV BMICH > T-REEOE WAL Y 7 b = T ERET D720, oY 7 b
T TIZONWTHRHEZ LT TWE W, 207012, ICEX # Wiz D TinE iz, K
PHEIZBNTE, VAT LR — IR AT 2 ERAREOIEEZITE Lz, 2 ZIT&
HELET,
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6. EHYIC

AL, TR 2255 ICb 2 KBS AT A2 F A LI-@Bh =g
BRDE DI TND, IO DOIFFEAERIL, MFEFE OHEL LN LD Z L3 TiEd
D3, ST IR O KGR > 2 T A BHERFE OB B W THRERAI K TH DH Z L 2t
TRLTWD, RREEN, R IEEICBIT 2 KBRS A7 2 2R LIEER RO & 5
RIS, T ABZ T IFRILA IS L D ER DR ORBICTENL SO L2 WL TV
5o

THHY AT LEBE T, AT 23R ERA R ZUGET D720, K 3 D BUT
FHEFRE 2T, (R TR 12 50 BEREEMERE & 72 5 TICE X & i & 35 KRB 7200 5]
SRR AT AN EHH L, PR 2T 4E 11 H 25 B BIEREZBA LT, Y5k AT ATBWT,
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