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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.

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 utilization.

In FY2013, the system was used not only for JAEA's major projects such as Fast Reactor Cycle
System, Fusion R&D and Quantum Beam Science, but also for R&D aiming to restore Fukushima
(nuclear plant decommissioning and environmental restoration) as a priority issue.

This report presents a great amount of R&D results accomplished by using the system in FY2013,

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

ii



po

w

JAEA-Review 2014-043

H b/4

= S D5 X TR 1
JR A FIRERE D RTUFFTRE S 2T BBREE oottt 4
Rl 25 AEPEIZ AT D R BRAEFI I TEAE oo 6
3.1 VAT LRI « FUFHER oot 6
3.2 KIUGHEME T AT I DT T oo 9
3.3 KAUGHERE S AT DT ERE oot 10
3.4 EEBEIIZLARD TR TOFIHTAE oot 11
TUFHRRE S AT BOFUHTIE (oot 12
4.1 BRI ICI T D3R it 13
1T FUFHFHFE oottt ettt b e bbb sb et sbe b eae 13
4.1.2 7w 7T AR, B, T—2Oat (V7 FU =T BFREEM) e 13
4.1.3 T T T AT 22 D s 17
4.1.4  FERBEPERETIZD (oot 19
4.2 FHEBFAEAMOM EIZmT728E GEES - BIT) e, 22
RBUGHERE S AT DRI L DIFFE R oo 23
5.1 BB TSI o eeeeeeeeee ettt 23
5.1.1  $k A T & NI BRI S ARE Y AT MBI D PERERM I .o 23
5.2 B ARMFTEE L st 26
5.2.1  RAKDEMEET V% T BGREIIIT ..o 26
5.2.2 KRN EEREIZBEIT 2 CFD AT oo 29
5.2.3  [AIHGHEIE O ZETEZEE oottt 31

5.2.4 NOx T AFHKFICHBT ULV T =0 Anb = ha i b7 =7 LA
SOEFAEFENZ BT D ERFRIIIIFTE (oot 33
5.2.5  BMRENMENTIC X D MEBEEIZB§ DA, o, 36
5.3 IR BT IEE L e 37
5.3.1  KRHBUGEAMFEIC L D= XY F v ZEREEDIITE (oo, 37
5.3.2 ARRICIRAHBIR O IEIRREIS L O X A T 7 ZDBFTE o, 39

iii



JAEA-Review 2014-043

5.4 ST JIFERE TS TEERRT oottt 42
5.4.1 XMONIELHERRICE DR E LT ADOFMH o, 42
5.4.2  JRFTEE S REEEREILE T I S AT L OBIFITENT T 45
5.4.3 LRS- CT #HE 711 275 2 NIPPON D EFEAL oo 46
5.4.4  RMEZEEBND S1% L BT BT B~ T A BT oo 48
5.4.5  FIRNIBHNEIZHD < AR — SRR FIEBITE (o, 51
54.6 T ETT T MEOBGRENRAT FIEBITE oo, 54
5.4.7  IBEERE R OVEF RIS T 2 5 0OINIEE BB F AT IR O BR% ... 57
5.4.8  JRETIEERFZ 31T D BB EHMARAT FIEDBHIFE oo 60
5.4.9 PHITS O A L v FUFULKE AT UM STIEDZEE oo, 63
5.4.10 ki - EA A HEEE 2 — R PHITS O & EAICBT D878 e, 65
5.4.11 PHITS # M\ /= J-PARC TEF-T ¥ —%' v F 727V ORSHEEH ... 68
5.4.12 BRGNS MERZEFE D & OSMIIHIE < MEEHEAREOFEAN (PHITS).....cvovcve. 70
5.4.13  JKFEEA AT 00O FEBRIREIT oo 72
5.4.14 FCA-IX J N2 T D FUSERICE T %5 JENDL-4.0 % FIV 72 S2BRARHT ... 74

5.5  JEAJIKFE « BFIHFIEE & B e 76
5.5.1 HEIFHEHEARFHA L7V — o R — BRI A OREERES e, 76

5.6 B B AU IFTEEBIT oot 80
5.6.1  fRBET ¥ RN AR ORI O BAHIE : 2R8 1 KTET T KD

FTTEZT ottt bbbttt s et b et et se et nebenan 80
562 TxzAMRL—P—TTL—2arONTEINFEYI A=V Ve, 82
56.3 L—Y—2HN=7a hEROPIC VI 2 b =33 Ve 83
5.6.4 L —W—HICHLENRETIAT IV AOE —FHHE I 2L —v a2 .85
5.6.5 JEHRICE D DNAHBED T I 2 b =33 G e 88
5.6.6 WEIZHBITHIWICHEER Y I 2 —2 a0 T 07T EOER e 91
5.6.7 b NpCEEAMOENDNARIES AT I 7 AMRITOT= DO KBS I =

L= g VR DOBRFE & D AT oo 94
5.6.8 U NBIRIYA A WA T OFHRHE T RN IE D SFREE o 97
5.6.9  MURBRESEEELE 531 O ERMEREEERAME & o /X7 BT K 5 50 1R B AEARAT ... 98
5.6.10 H—JHHEFEN ) FEICESWIALFEROED T T 2 b= 9 e, 101

iv



JAEA-Review 2014-043

5.7 B AT TEBAFEIBI v vttt bbbt 104
5.7.1  JT-60SA D A N—=FBBARD L I 2 L= 3 2 et 104
5.7.2  JT-60SA (2331} 2 B EHEBIRMP)HIINC X 5 =R T 1S DT ... 106
5.7.3 ITER KPR —h EC T 2 F ¥ —DREMRHT oo 108
5.74  JT-60U M~ 7 IZBIF @RV X—hF O I ab—Ta V.. 111
5.7.5  EEBEHIY ¥ A v IEENRIZHDS < @S — FELIRE ST TR oo 114
5.7.6 V¥ A nIEBFRIIZRIFREEL Y R 2 L— 3 3 I K DRI ERERAT ... 116
5.7.7  ITER/TBM i85 O AR L BB BT ..o 118
5.7.8  KEFAUAIZHIT H XA N—2 T F7 X<D SONIC I = bL— 3 ... 120
579 ITERFMTFHE=ZHA~A 707 4 v a Tz "—DFMRFOHO

FZIEHIT oottt bbbttt 123
5.7.10 ITERIZBIT DTNV TV =—  [EHAEE— RHEOE T RV —h - F@ET 2 —

RBATE ¢ ovoveeeeveee ettt sttt sttt 126
5.7.11 MCNP =1— F% v 72 ITER KPR — MIB T 2 5HUEEE OB .............. 129
5.7.12  SlimCS % B f§ L 724 22 TO JT-60SA BHNL D LT OB v, 132
5.7.13 TUNERFIHEN B U F 0 LREI 21— ROBIFEEE oo, 134

5.8  WHARF T T3 AT BHFFEBRFETIT oo 137
5.8.1  mEFIREME SR EEM MR EN AT FIEDBHFEEEH oo 137
5.8.2 I ABIATBIG % fRENT T X D RS SR AR A ARAT = — R O BA%E

BT oottt bttt 140

583 T HNUTLRBEHE T 77T AOBERERIEAL oo 143

5.8.4 MU U AGHEEE OERM 1 IR EGEHREEINTET VO 144

5.8.5 HUFARIEAERNT N U U L —IKBOSBGEERT 2 — RO EAb ... 147

5.8.6  mHUFAKIAERNT MU U A —IKRISBREEERYT = — FoEH b ... 150
5.8.7 HftTZRAX—FE LT I a— RKMVP ZEH L FBRIFLO Ry 7 F K

JEBEEFAIT vttt ettt b bbbttt s s s 152

5.8.8 TU-RANSIZLED MY AT L REENTEOL I 2 —3 3% e, 154

5.8.9  mEIFIA LRGN OBREHES IRNER S 7 NBEOTAR T AR .o 157

5.9 Ny T REFZEBATETBIM oo 160

5.9.1 3 WIchafn - REAFNR G — B il 7 2 77 A (Dtransu3D + EL) @
FEIEAEL ¢ BB ettt 160



JAEA-Review 2014-043

5.10 ST FIBFFHIFTEIIT cooveveeeeeieiieeeie ettt sttt senenas 163
5.10.1 R 7-HAFRE LR BRI S AT 2y DT oo 163
5.11  BEIRBFY A 77 IV T IEIT T vttt 165
5.11.1 i BURPEBEIRITRE I 351F 2 BAIRENIRHT .ocvoeeeecc e 165
BAL2  HET =B T AT T U DB oo 167
512 J-PARC o Z oot 168
5.12.1 J-PARC/MLF » VA oA A= 2 7 4 8 O UEREERERFAM ovcvvvevevn, 168
5.12.2 DCHAIN-SP 2001 FHEAHRICE S HREREDAADOULE oo, 171
513 RUEHFTEBATE T S oot 174
5.13.1 FLUENT : & 555875 G AR AL BRI DT ..o, 174
B.14  FEZRTR coeveeeeeieeeeetetetete ettt ettt sttt s ettt b bttt es s s bess 176
5.14.1 FREEMEARRIEEAHMOENVE OIETIRERA D2 DD 3IRTTAMRER T I 2 L
L E U ettt 176
5.14.2 b A U0 EREELR D B RIGERD EIZEBN DFRHT oo 179
5.14.3 SPLICE = — FIZ X 2 L —HF —IEMrZEB O EMEIFT ..o, 181
5.15  BAPE JERFFHIFZEIIT cooveeeeeeeee ettt bbb 184
5.15.1 Csl 431 & Cs JF1 D Cs RISIEDFFRFHEIZ L DEEL i, 184
5.U6 AT AFHRIFE L A e 187
5.16.1 [EAMERE Y LN [Sakurai-Sugiura] {EOBIRER A~ A & KBRS
BETTEDBITE oottt 187
5.16.2 BREPOBSTHEMEOZENIET ML I 2 =33 U e, 190
5.16.3 H—JFEFRIC K DI TIMEPEACFERE DT oo 193
5.164 Fv MU —JEEBE LRV Ial—vara— RoWsll.......... 195
5.16.5 HURE K OMERRIRIZIS T D ZHIERNI oo 198
5.16.6 R SIRBISEIRIN S DT T~ VY BIRICBET S 3 R~V TF A7
LY T Z Lt H Y e 200
5.16.7 H—JRPEFHRIT X DERE L OBEREA B D IIMEREA ..o, 203

vi



5.16.8

5.16.9

5.16.10
5.16.11
5.16.12
5.16.13
5.16.14
5.16.15
5.16.16
5.16.17
5.16.18
5.16.19

HH A

JAEA-Review 2014-043

BRSO O DS IVF A r—)L e LF T 4Py T A I al—g

Y DFIBERETL oottt ettt 206
NTT BN I T DHANL L VA CR O —JRERE AL s 210
BRI A B DA ETEIE S S 2 L —2 a v DO D — B 212
T F A RILEM O SEE I FEEIRAE DS — FERFRIC X DL oo, 214
GT5D = — RIZ LD 7T A ELIRHIERF TR oo 216
BLF_—=ZARY 2a— L L H ) T KD KRBT — 2 ORI ... 219
KIFFET — Z ALY AT DOFEE oo 222
7T D7D 3 IRTTPABIREN D DREFE ..o, 225
BN MR E 2 I T2 SR TS A S OB 2 O MR IS BT oo, 227
MHNERAREE RIS D 3 WOTABREN G AT T — % DAL T 229
WHIRERE > X 2L —a v« 7 a7 AOMEREM b 231
A TR DOME Y I 2 =3 VOBTE e 233
................................................................................................................................ 236
................................................................................................................................ 237
SEHEG] oot 239

vii



JAEA-Review 2014-043

Contents

B BaR o To RETe1n o) o PR 1
Supercomputer System of JAEA ........ooo e 4
Computer Usage Records In FY2013 ...t 6
3.1  Availability and Utilization Rate ...........ccccoviiiiiiiiiiiiiiieee et 6
3.2 NUMDEE Of USEIS..uiiiiiiiiiieiiiiie et ettt eetre e ertre e e etae e e e stbee e e stbaeeeessaeeeesssraeeesssseeeans 9
B T 070) 4o} 0101 73 s ' s 1= RO USROS U SRR 10
3.4  Time used for the Issue of Fukushima Restoration...........cccccoeveviieiniiieeiniiieeeenee, 11
User Support of Supercomputer System of JAEA ..o 12
4.1  Support for the Use of Supercomputer System of JAEA.........coovviviiiiiiiiiiiinnnen. 13
4.1.1 HELP DESK. ...t e e e e e e e e e eaaaes 13

4.1.2 Program Development, Porting, Data Visualization (Software Development
ANd MAINTENANICE)........oueevireeeteeeetieeeeeeteeeese ettt et eee et eeeseetes e eteaseseeseseesesesseseneas 13
4.1.3  Program Optimization TUNING .........coooeiiiiiiiiiiiiececieeee e 17
4.1.4  Computer Performance Investigation ............c.ccceevivuvviieeeeieeciiiieeeeee e 19
4.2  Training for Computer Usage Techniques (Tutorials, Seminars) ..........c..ccceuveneee. 22
Research and Development Activity by using Supercomputer System of JAEA ............. 23
5.1 Headquarters of Fukushima Partnership Operations........ccccoeovvveeiiiieiiivivvneeeeeennnn. 23

5.1.1 Study on Measurement System for Depth Profile Investigation by Steel

Pipe MEthod ... ..oooiiiiieieeeeeeeeeeeeeeeeee e e e e e e e 23

5.2  Nuclear Safety Research Center ........cccocooiviiiiiiiieeieiiiee e eeciree e e eennees 26
5.2.1 Numerical Simulation of Thermal Flow with Steam Condensation Model..... 26
5.2.2 CFD Analysis on Density Stratification in a Containment Vessel................... 29
5.2.3 Shape Variation of a Rotating Liquid Droplet .........cccooeeiiiieiiiiiiiniieeeeineeee. 31

5.2.4  A'Theoretical Study on the Reaction Pathway to Yield Nitrosyl Nitrate
Ruthenium Complex from Gaseous Ruthenium Tetraoxide in NOx (X=1,2)
Gas ALIMOSPRETE ... 33
5.2.5 Study on the Pressurization Thermal Shock Events Based on
Thermal-Hydraulics ANalySiS......cccoiveiiiiiieiiiiieieee e 36

viil



JAEA-Review 2014-043

5.3  Advanced Science Research Center .........ccocccoveiiiiriiiiiiiiieiieeeeee et 37
5.3.1 Structure of Exotic Nuclei Studied with Large-scale Shell-model
CalCULALIONS ..ottt ettt et 37
5.3.2  Research for Ground State and Excitation Dynamics in Low-dimensional
Strongly Correlated SYStemMIS.......ueiiiiiiieeiieieeee e 39
5.4  Nuclear Science and Engineering Directorate .........cccccceeeeeeeiiiiiiieeeeeeeeecciiireeeee e, 42
5.4.1 Evaluation of Cs in Soil using X-Ray Spectroscopy and DFT Calculation ...... 42
5.4.2  Towards Development of Local-scale Atmospheric Dispersion Prediction
N 4] 1)« DO USRS 45
5.4.3  Improvement of Computed Tomography Software for Pulsed Neutron
IAGING oo e e e et e e e e e e e enaaaes 46
5.4.4  Multiscale Simulations of Defect Mechanics and Thermodynamics................ 48
5.4.5  Development of Two-Phase Flow-structure Coupled Analysis Method based
on Interface Tracking Method .............ooiiiiiiiiiiiiiii e, 51
5.4.6  Development of Numerical Method for Thermal-hydraulics in Severe
ACCIACIIE. ..ottt ettt ettt e sttt e s e e abe e e 54
5.4.7  Development of Unsteady Thermal Hydraulic Simulation Method for
Inside @ ReActor COrTe.....cuiiiuiieeiieeiieeee ettt 57
5.4.8  Development of Thermal-hydraulic Analysis Methods in Nuclear Reactors
at Transient EVEnts.......occcooiiiiiiiiieeeee et 60
5.4.9 Improvement of PHITS in Terms of Thread Parallelization and Memory
AR ettt et e e e e e e et e e e e e e et taaa e e e e e e e e ntraaaaaeaeeaeannaaes 63
5.4.10 Development of Particle and Heavy Ion Transport Code System PHITS........ 65
5.4.11 Displacement Damage Calculation for Target Assembly in J-PARC TEF-T
USING PHITS COde..couiiiiiiiiiiiiiiiieceeteeeteee et 68
5.4.12 Evaluation of Dose-conversion Coefficients for External Exposure to
Radionuclides Distributed in Environment (PHITS) .........cccccoveivieiiiiicieine, 70
5.4.13 Experimental Analysis of Fast Reactor Core with Hydrogenous Material...... 72
5.4.14 Experimental Analyses of Reaction Rate Ratios of FCA-IX Cores by using
JENDL .0 ettt et n 74
5.5  Nuclear Hydrogen and Heat Application Research Center...............ccoeevvvvvveeeneenn. 76
5.5.1 Nuclear Design of Clean Burn HTGR with Utilization of Double

Heterogeneous EffECt ........eeeii oo 76



JAEA-Review 2014-043

5.6 Quantum Beam Science Directorate........ccoooveeiiiieeiiiiveeeeeeeeeeeeiieeeeee e 80

5.6.1

Quantum Control of Molecular Isomerization Competing with a

Dissociation Channel: a Theoretical Study based on a Two-state

One-dimensional Model ..........coceiiriiiiiiieeeee e 80
5.6.2  Molecular Dynamics Simulation of Femtosecond Laser Ablation.................... 82
5.6.3  PIC Simulation of Proton Acceleration by a Laser Pulse......cccccccccccoeeeennnnnne... 83
5.6.4  First-principle Calculation for the Electron Dynamics in a Bulk Crystal

under an Intense Laser Field ..o 85
5.6.5 Simulation Study for DNA Damage due to Radiation...........cccccceeeeeieeeinnnnnnn... 88
5.6.6  Simulation Program for 3 Dimensional Structure Generation in Materials... 91
5.6.7  Development of Large Scale-molecular Simulation Method for Analyzing

DNA Dynamics in Nucleus and its Application ..........cccovveeiiiieiiiiiiiieeeeeeeeeinns 94
5.6.8  Computational Design of Caesium-ion Selective Binding Protein................... 97
5.6.9  Analysis of Molecular Recognition Mechanism of Biomolecular Function

Repair Related Proteins for Radiation-damaged Molecules ............c..cccennn. 98
5.6.10 First Principles Molecular Dynamics Simulations of Chemical Reactions.... 101

5.7  Fusion Research and Development Directorate.........ccceevevveverueeenereneennnnneeneennnnnnnnn 104

5.7.1 Simulation Study of Heat Load in JT-60SA Divertor........ccccocvveeeeeeeeeccnnnnnnnn.. 104
5.7.2  Analysis of 3D Magnetic Field Structure by RMP on JT-60SA ...................... 106
5.7.3  Nuclear Analysis of ITER Equatorial EC Launcher...........ccccccoooeeiiennnnnn.... 108
5.7.4  Nonlinear Simulation of Energetic Particle Modes in JT-60U Tokamak........ 111
5.7.5  High-Beta Plasma Turbulence based on Electromagnetic Gyrokinetics ........ 114
5.7.6  Turbulent Transport Analyses using Multi-species Gyrokinetic Simulations

.............................................................................................................................. 116
5.7.7  Shutdown Dose Rate Analysis in Transportation of ITER/TBM...................... 118
5.7.8  SONIC Code Simulation of Divertor Plasma in Larger DEMO Reactor ....... 120
5.7.9  Neuronic Analysis for Detail Design of the Microfission Chamber for ITER

Neutron FIUux Monitor.......cocueeeieieiieeeiieeeeee ettt 123
5.7.10 Development of a Simulation Code to Analyze Fast-Ion Confinement in

Alfven Eigen Modes for ITER......c....coooiiiiiiiiiie e 126
5.7.11 Nuclear Analysis for Diagnostic System in ITER EQ Port with MCNP........ 129
5.7.12 A study of Plasma Current Ramp up on JT-60SA under Low Flux

Consumption Aiming at SHmMOCS ..o 132
5.7.13 Development of Fluid Analysis Code of Tritium Transport in Pebble Bed .... 134



JAEA-Review 2014-043

5.8  Advanced Nuclear System Research and Development Directorate..................... 137

5.8.1  Development of a Numerical Simulation Program for Detailed Thermal

Hydraulics in a Fast Reactor Fuel Assembly...........cccoovviiiiiiiiiiiiiiiiieeeeeeeens 137
5.8.2  Development and Validation of High-precision Numerical Simulation Code

for Evaluation of Gas Entrainment in Fast Reactor .........ccccceeeiiiniiinennnne. 140
5.8.3 Enhancement of Simulation Capability for Sodium Fire Analysis Code....... 143
5.8.4  Development of Integrated Numerical Analysis Model for Unsteady

Phenomena in Upper Plenum and Hot-leg Piping System of JSFR............... 144
5.8.5  Advancement of a Computer Program for Sodium-water Reaction

Phenomena in a Steam Generator of Fast Reactors........cccoecveeeiieeiiiencennnnee. 147
5.8.6  Advancement of Computing Speed for Sodium-water Reaction Phenomena

in a Steam Generator of Fast Reactors ........cccccoeceeviiiiiiiniiniieniiiieiccceeee 150

5.8.7  Calculation of FBR Core Doppler Reactivity by Continuous Energy

Monte-Carlo Code MVP .........ooo it aae e 152

5.8.8  U-RANS Simulation of Unsteady Triple-elbow Pipe Flow.............ccceeeuvunen.... 154
5.8.9  Mechanism of Inner Duct Wall Failure within Fuel Subassembly during

Core Disruptive Accidents in an LMFBR ..........cccccoiiiiiiii, 157

5.9  Sector of Decommissioning and Radioactive Waste Management......................... 160

5.9.1  Acceleration and Parallelization of the Computer Program (Dtransu3D -
EL) for Analyzing 3D Saturated-unsaturated Groundwater Flow and
Advection-dispersion MOdEL.........ccccoueueuuuirureriiiiiiiieieeeeeiieaaeieaaeeeeeneennnna—. 160

5.10 Nuclear Science Research INSEItULE c.ooouvueeeeeiiieieeeeeee et eeeeeeans 163

5.10.1 Improvement of JAEA Computational Dosimetry System for Particle-beam

Radiation TRerapy .....coooociiiiiieiee e e e eaarr e e e e e e 163

5.11 Nuclear Fuel Cycle Engineering Laboratories.........coccccceeeeeeeiiiveeeeeeeeeeecireeeeeeeeenn. 165
5.11.1 Thermal Fluid Analysis of High Radioactive Waste Tank ..............cccccuvue..... 165
5.11.2 Conversion of Nuclear Data Library........cccccccooeeeiinieieeeiiieeccieeeeee e 167
B5.12  J-PARC CeNter.....uviiiiiiiieieciiiee et ettt ettt e ettae e e e stve e e e e taae s e sebaeeeesstbaeeeenssaeeennees 168

5.12.1 Evaluation of Radiation Shielding of Pulsed Neutron Imaging System at
JPARC MLEF ...ttt ettt et ettt e e et e e eans 168

xi



JAEA-Review 2014-043

5.12.2 Addition of Calculation Function of Dose Rate Distribution to DCHAIN-SP

Q00T ettt eeitee e ettt e et e et e e e et e e e et te e e et b ae e e e brteeeaabraeeanrraeeeantraaeeenrraeeennrrees 171
5.13 Oarai Research and Development Center ............ccocvveeeeeeeeeeeiiieeeeeee e 174
5.13.1 FLUENT : Analysis Relevant to Contaminated Water Treatment System of
Fukushima Daiichi NPS.......ccoooiiiiiiee et 174
5.14 Tsuruga Head OffiCe.........coouiiiiiiiiiiiieeiiiie ettt eetre e eeearaeeeenans 176
5.14.1 Simulations of the In-service Inspection of Monju and JSFR SG Tubes
USING Eddy CUITENES ..o e e e e e e 176
5.14.2 Thermal-hydraulics Analyses of Instruments of Monju.........ccccceeeeeveeiunnnnenn... 179
5.14.3 Numerical Simulation of Laser Cutting Phenomena with the SPLICE Code
............................................................................................................................. 181
5.15 Kansai Photon Science INStitute .......ccoveeeiiiiiiiiiiiiii e 184

5.15.1 Theoretical Investigation of the Cs Exchange Reaction Between Csl and Cs

FN ) s RO USURUURUPRRINt 184

5.16 Center for Computational Science & e-SyStems ......ccvveveeeeeeeeiivveeeeeeeeeecciireeeeeeeeenn. 187
5.16.1 Simulation in Superconductors with the Sakurai-sugiura Method ............... 187
5.16.2 Numerical Simulation of Radioactive Materials in Environment.................. 190
5.16.3 First-principles Study on the Degradation of Nuclear Materials................... 193

5.16.4 Parallelization Strategy for Quantum Simulation Code in Consideration of

Network ArchiteCtUre. ... .ooooviieiieeiieeee e 195
5.16.5 Multi-orbital Effect for Insulator and Superconducting State ....................... 198
5.16.6 Full 3D Multi-scale Simulations of Terahertz Emissions from Intrinsic

J0SePhson JUNCEION SEACKS .......cvvviiiiiiiiiiiiiiiieeiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeeeees 200
5.16.7 First-principles Study on Physical Properties of Nuclear Fuels and

Functional MaterialS.......ccoociiieiiieieeiieeeee et 203
5.16.8 Framework Construction of Multi-scale & Multi-physics Simulations for

Application of SUPErcONAUCEIVILY ......cccvviiiiriiiieieiiiieeeeiiee et e e e eeereeeeeans 206
5.16.9 First-principles Calculation of Interaction between Solute Element and

Dislocation in Hexagonal Close Packed Metal...........ccooovvvvveeeiiiienciiinieeeeeenn. 210
5.16.10 Ab Initio Calculations for Microstructural Evolution of Irradiated

Y B Ry - £ PSR 212

xii



JAEA-Review 2014-043

5.16.11 First-principles Study for Variety of Ground States of F-electron
COMPOUINAS ..ot 214
5.16.12 Study of Plasma Turbulent Transport using GT5D Code.........cccceeuvveeerunnnn. 216
5.16.13 Remote Visualization Processing using Particle-based Volume Rendering... 219
5.16.14 A Visualization System for Large-scale Datasets...........ccccoevvvuveeeeiieiiecccinnnnnen. 222
5.16.15 Three-dimensional Vibration Simulator for Nuclear Power Plant................. 225
5.16.16 Seismic Response Analysis of Nuclear Containment Vessel Equipment
using the Observed Seismic WavesS.......ccccceeeeeiiiiiiieee e 227
5.16.17 Assembly of Cooling Equipment and Piping Structures for
Three-dimensional Vibration Simulator...........cceccvreiiiiniiiiiiieeiee e 229
5.16.18 Performance Improvement of the Parallelized Electromagnetic Simulation
Program ...o...vvviiiieeeceeee e e e e raeaaeeean 231
5.16.19 Development of a Seismic Simulation for an Entire Nuclear Plant............... 233
6. COMCIUSION ...ttt ettt ettt e st e e bt e e bt e e e bt e e sabteesabeeenateeebeeesans 236
ADPPOIIAICES oo 237
AULhOTr Name INAEX ..eeeiiiieiiiieiii ettt et e et e e ette e et e e e st e e et eeenteeenaeeenneeas 239

xiii



This is a blank page.




JAEA-Review 2014-043

1. [ZL&HIZ

FHRRFAHANE THGER) RO TR L5 3 Ot Fik e LT, 21 o Limmitsto 7
a7 47 &L O OEERFMEINE o TV D, R, T 0L 5 B REINICE
WL, RZAamOREHE - ZHOFIFKIEIC L ERBR LRGS0 <. R ENIIER 5
BERFTRFIEL o> TCnD, HAFFIMEEAZHRE (LT TR 8% 1201 Th, £<
ORI G AR A BIR NN B TR Y | RS RBE R S 2 7 L IIAFFEBHFE OHEME (2R AT
RILHD LT o> TND,

R IRERE O RFZERR T T B 1 2 BHE R R E O ML, BE R SKICBWTHL A TH S (1K
1.1), AL 25 R, R MR DR IR Lo A Fi A am S O EIE 1,360 1. Z 0 5 HEFE R EHIN
2RI L7zimsCE, 245 #F (18.0%) Td D, FAk 25 FEEIE, JRT TIHHE IR O STEDMB TN,
FEE LT 20%% FlElo72b OO, #ExHCIE s 284 250 fFfRE LA 2 A2 > MIAI LT
B JRASIEE ORI T D R B EAT O B E O & S A IR LTV D,

BEE

350 1) [ StERARICLIHE

300 2594 | | —{ 25744 F— 1
24441  [22.9% 251{? 20.1% 2454
280 | [2328F] |20.9% 21.3% : 18.0%

250 20.5% | 21.3%
19244
18.5%

200

11844

150 I I
12.2% I I I

100

| I

0 : L L L L B B

H174EE  HI18EE HI19FEE H20EE H21EE H22EE H23EE HUEE HBEE
2966 £1,0394 21,1144 £1,0881 £1,169¢F £1,129F 21,1814 £1,276{F 21,3604

O [RAFOHBBRR (EBATIRSO OH20%0 5 E R FHTZER

X 1.1 FHEBEEINC IR A E B [k 17~25 424 ]
URF ISR B LT BT X3 ST BT AR B R A B ATE L= 30 L0 EIEY)



JAEA-Review 2014-043

RFADERTFHEEBM

(1)

N

HI74EE HI85EE HI9%EE H20EE H21EE H2EE H2BEE H2A4EE HSEE
21514 21714 £164¢F 21594 2155k 21504 21634 21684 21564

G e ]

)
80

6244 ‘
30.5%

60

514
26.2% | 461

25.3%

20

b,

H174EE HI8EE HI9EE H20EE H2EE H224EE H234ERE H24EE H25FE
22264 £166{4F 220344 21694 £175¢ £192¢F £195¢ £182¢% 21704

BEFE—LEARREHM

)

80

60

40

20

354
12.2%

314
10.5%

304
9.8%

T 2644
9.4%

254
8.0%

2t
7.7%

1944
5.6%

204
5.8%

134
4.4%

HIT4EEE HISHERE H19EBE H204ERE H214EFE H224FRE H234EFE H244ERE H254ERE
228414 23064 £286# £205%F £313¢ L2784 2206 2346fF 2338

RERRFHY AT LBIRE S A

80
514
60
49.0%
394 3off | 42
35.1% 42.4% | 38.2%
40 3044
e 34.9%
o | 2 | e
164F | 39 gy | 25
26.2%
20 54
5.8%
0

HITERE HISERE HIOER H20F[E H214F[ H22G [ H23GEME H24GERE H25ER
2860 261 261 277 21114 2104 2028 21104 286H

DATLEHERZE -
()
80
584
— 100.0%
60 4944
1000y ‘0K | 4stk
e 100.0% 100.0% 43t
a5¢k | 364 35 | 100.0%
40 100.0%| 100.0% 100.0%
25§
100.0%
20
0

HITEE HIBEE HIOEEE H20GE HAGE H2FE HIGEE HAEE HOFE
225 2354 236K 240 246k 245K LS8l 2358 243

1.2 FMBIFH AR A BN LA FERR AN R [SFRK 17 5~ 25 4R




JAEA-Review 2014-043

HFRICIE, KAGHERE S 27 A0 a2 7RI R 2\ 535 (1) 260 T2 Jeim M., %
REA TR ERM, B B — S HBFZEET . IR ) & 27 LBRFZERRFE T e OV 2 T
SRR R 2 —) IZBWT, U CGHARSEIN 2 Lz L oBI &8 & <. BIEORRD
U3 LLEZAILTWDEM G H 0 KA ER Y A7 2 2R A UIZFEBSE RN A< B ST
% (K1.2),

ARG T TIHERE IS 31T 2 SRk 25 ARJE O KRG R S AT LA FIH LIEFERR 2 £ & 9
b TH Y, 2 EITFA D KRS AT 2O S 4 | 3 IS KHH RS 2T L DF]
FRBLE . 4 BEIZKBGH RS A7 LOFHSHRICOWTORT, &6, 5 BTIE, JRFiED
KRB ERE S AT LA ERANIC E D X5 TebiseBAs IR & 4L, ED X D el A AIH L T D
DNERT,



JAEA-Review 2014-043

2. RFAEBOREAFEKR AT LIRIE

Rk 22 4 3 A 1 B X VEMAZLE L2 KGR 27 & (R IR — N —a a2 —
AU AT ) E, KHEEY R 2 b—v 3 VEREAE AT O 72950 BXI00 (KBS EE) 4
iz L, EOR THLIR A B a—F 2 BWaNIEHT 272007 7Y r—3 9 VML
LT FX1 (kittf=— RBAFEHED) . R OVELMEE D DA S LD, VAT LAORERAK 2.1 12, &
IpfbRR A 2R 2.1 1R,

R NEEHEF

FX1 PRIMERGY BX900

12TFLOPS/300/—-F(1 .20037) /46TB memory 200TFLOPS/2.134/~F (17,07237) /SOTB memory

e ESTTl ¢

Application DeveAlopmeut Unit for Large-scale Parallel Computation Unit
the Next Generation Supercomputer | AN

Gigabit Ethernet

|
I I InfiniBand

FEEARYVBEHE Y- RAFRIER

SMP Server Disk Stirage

BRI AIEE

Disk Storage

ETERNUS 4000
ETERNUS DX80(xss.  ETERNUS LT270x2) SPARC Enterprise M9000 Model 600

WAT—72475V&E
Tape Storage

1.2eB 1eB 1.91rL0ps/ 300/~ (19227) /38468 nemery 2518

2.1 A IR — /R —a s B a—F T AT DO



JAEA-Review 2014-043

# 2.1 R IEEA— R—aL B a—H AT LD Tk

KRR 5] 158 B KA 3 — FERRE
BX900 FX1
AN T AT 7
200 12
17,072 1,200
2,134 300
Xeon X5570 SPARC64 VII
4 27 /CPU 427 /CPU
24 16
50 4.6
F 51\ 8GB/s (£ ) R 5\ 2GB/s (&)
Rad Hat Enterprise Open Solaris
Linux 5 Solaris 10
Fortran Fortran
C/C++ C/C++

Rk 26 4E 3 AR BifE



JAEA-Review 2014-043

3. Rk 25 FEEICHITAETE#FIAEE

3.1 VAT LIREE-FIFE

JRATIEREA — /" —a B a—F VAT AOHEE 723 BX900 1%, v AT MEILEZES N T
NOFAEIT—E LR ZEICEE L TRV | FMOB@FE L LT 9T% % #EH L1z, %D D 3%
X AT LORSHERE 4 AL 8 AL 12 A) KO IRFEEET (LT TREHMF)) i (8
A, 12 A) cXsEEEIETHD (K31 k7 7 7)., /-, AMoa 7FARZ, FIAE
DR AERELNER VAT LEHECEE L CX eV a T AV a— 7 O%RCHAE
77T AOFEBLED AT AONRFIRMEERIC LY | FZE LT 90% %8 2 5 @ CHff
BLTWD (M3.1: #2777, FEM2aef IR AlTRT),

100% / &~ \

NG
o«

A——

90% -

50% -
40% -

30% -

20% -

I I I I I I I =:|7$IJFFJ$+$§!1J$
ool I
0% -

H25.4F8 5H 6H 7H 8H 9A 10A 118 12H H26.1F 2H 3A

KBBR= GRS ATEERFR]) X100 a7 RIS (0= 7 FHEH /= 7 EERH) X100
T PTRERFH] < S AT RE F £k X 24 R a7 FMAKEH © a7 TR L a 7R ok e s

SEEMEERT  c ERA TR — CATAY OV R+ IRSTIERD) AR = T SEAIRERY ¢ SEEMRER X 17,072 =7

3.1 BX900 ORf#=: - FI 3

FX1 28Tk, BX900 & FERIC, AT MMELEMED P T T AORAEIT—ES R ZEIL
B LT, EMOBEIRIL IT% 5 ER L TWD, 72, I 7FIARIT 90%DERAHMR LT
Wh, FX1 i, sl&fiE, AKER CE24 9 ) Bt LIcar ¥a—2 2FH7 2%
W27 7Y r—va COBR%E - EEH E L TEH STV D,

BX900 (23517 % Rk 22 FEEED B Rk 25 4FEE £ CTOBM@IZER - a 7 RIHEZX 3.2 1277,



JAEA-Review 2014-043

O BmE=R
R 22 AEEL, VAT AF a—= 100%
(/ — FMIBERED/RT A — 27 L)
IZE D VAT BMESFRFAE L2728,
DOBMERIT 90%I2 L EE o7z, Fk 23 4 90%
B, BKOREL ST s HE InE¥
(ZPE D JRBHFRIRT FE I K 2 IR (k2B
W, RER NI TNVEOREITRL, F
M OBERIL 96% 4 Rk L1z, Fik 24 4
B, 2N E TOEMRBRAEN LA
T LD TR () — Rov R
TT LY T — MR TO /) — KD A 70% - -
TUVEG L —"F v =2 O/ 5ER) %
Fh U, R OB@FRIT 98% & =Rk L7,
Rk 25 EEEVE, AERRIFTHE OIRST - SARRTEHE 60%
PN, SWEDIRWEERT 4 A7 DT
BAEESE BT OYE THFITLE S KA 4
BEEBIC L D EIRE RN D 72720, R
DOBBHRIIVEEE LD L TR b D0,
%D E AR LIz (X 3.2 : ¥Tiufk s
7).

80% —

a7HAE --BEE

50% ‘ [ 1 [ 1 [
H226FE H23FE H24FE H256E

¥ 3.2 BX900 DOf= - FIHHE (4 FH)

©@ aTFIH=x

JRF IR DR R TR (RO FIHRRE RS CHEEMOR 2 £5) TR TH Y . BX900 DR
ﬂﬁ@%LiEE£ET&51K%0Ti BHO 2 —FNRIATT DWHNE DRI Difx 72T =
THNFEHNSES 572D a T ATV a—F 2L TS, — iRy a7 AV a—7
fm\&ﬂéhkyaf%ﬁkﬁ_%ﬁﬁék %%ﬁ%@%@@Va7ﬂMEk¢é:7ﬁ
ERERCTERWE, VDY a 73R TETERHR-ESND, ETRHHLOM. S Tnana

T (FEEa7) BRAELTH, HHEVa TOMNELTLaTHEBMHERTERVIRY, Zbn%E
TaTFMHAISNRNEEERD, TS, KN Y a T AT Y 2 —J 28T 5 aTRIHE
X T0%FEENRIA TH 5,

THMY AT LERETIT, YWEAINE RN a T A5V a—F % RWR L, KEES
Va7 (RKRIATRM @ 24 KfE]) 2NEATANCRF DM DOZEE a7 2 AW T, FRFH (R EATRAM
12 W5f, 6 BEfH) TR T3 2/ NS 3 7 2 EIC T3 HH8RE (v o 7 ¢ VBkRR) % 58k
L7z CERk 2245 H), ZT0ht, Va7 A7 Y 2—7 Oflbicly fila, £ 3.1 IR T X9
7R FERBLGE A ke I S30E L C & 72,

IHNHOXEK (K310 2~4) REIHL, a 7HMARIL, BRG] 90% &5 TmWHI RO
HEFFRATRE S R o T2 UV a T AT ¥V a— 7 OWREISIT T 90%E B2 5 Z LIFEHE LW, 2072w,



JAEA-Review 2014-043

3.1 RNv 77 4 URED S E

Rk 224 Nw U 7 4 VEEREDE A (BX900, FX1)
5 H

FER 22 4F i 2 — (a7 FIARROBAEXNS) O/NhHiEY a7 (266 27 LLIT)
TH DA, KB a7 (2,048 2T L) b3y 7 7 40 HH%REZ BN

FHL 28 4F T2 —D T a TRRWEE, ZEEb X a— (2 7 FIHRER ORER X
TH B4 DY a 72y 7 7 4T S8R BN

SRR 234 KRBT a7 (4,096 217) RNRWEE, 24 EEUIN TR T4 5 ¥ =
9H —DOTVaTdE AR T T 4T HEEREE BN

SRk 24 FE o —YRY g TOERBHAZEMICIEET 720, a—VHIOBEDERK
10 H »H¥a 7OEREERN & EZITHEMZERRT D2~ K ljelapsel #ffk

TR 254 © Ny 77 4 ViERER KV RIRAICIEN T 5729, ¥ a 7 ORI & 1E
4 A HICHEET D2 & T a—HF DY a 7EITEEENE L 72 DR 2B
Q@ EZRHHLOY a 7 OFETEFZ ANEZ TNy 7 7 4 VT HH4EE% B
mn (EFRFHOEHOY a 7REE aT ZHHETERWEA, 2FBL
e a 7 & FELT)

YRk 24 RN, 22— O Y a TEIPRGICER L, ¥ a 7 OREICE b 7o dE 2 et LT,
a—PRHOY g TEITRB AT LToER. Z2< 00—y g 7O ZRIEH (22—
DIEETDH DT, Va TFEITICHEL E X HIFME) 126 LT, EITHM (EBICY a 7ETT
Eb TR ) NEWZ EAHB L, 22—V Z OEREFM 2 IEMEICHEE L TWhiuE, Sy o7
ANENTCEBEZOND Y a 72 BHEE LTz, Al 22—V 8y g 7R AR ERI M 4 1M
WHETHZ LT, KNS a 7 OFITERE COMICABETE LNy 7 T A VR a T
WL IR BEaTEGNERTE D, T2 T, 2TV a 7T EAROmEY) 72 BREERE O %
ExEHESH LR, 2—VF~OBEZFHEBZFMT 5 & &b, =—F O 120 K ORIk
T L7y a 7 OERIEHE & TR A R+ 5 a~vr Reff L7z (£3.105),

v RGO T, ¥ a T EOERBERIC KT 2 TR OFIGIEL, FHMHE T 10%0m k-
(36%7/1 5 46%) L=t DD, FLEWEORMMPSH D Z L, FRk 25 R, Eb) 7 BRI
EREL TN —HOYa 7EITNEBEINIERELZEM LT, T, BExaT742 0%
FNTERT 2720 IBEFH DY a 7 OFATIERF 2 ANEZ TNy 7 7 4 VT D82 B I L 7=,
(£ 31D 6), ZNLHLOXKT, HEaTERERKFENIEATED L1220, Fik 24
FEEEIZEHE N 4% (8TFLOPS 73I2HHY) [ L, PRk 25 4FBE 0D = 7 R ISR 1A ) 94% A =Rk L 72
(X38.2:#H777), ZOXIHAx DEVMEATEY | 7 gD = 7 RIASRIL, ok
RKRFEOFHREH L TH, hy 77 TAOFHRLR->TND (F3.2),



JAEA-Review 2014-043

# 3.2 FlMiE, RFEFIZBT 22T AFHR

(AT LIEEMERE

1

B

: TFLOPS)

90%~  HAJF T /IAFFEB S (200)
FH 2R TR B RS (120)
PALEAFTERT (96)

80%~  HLZEHFZERT (5 (10000)
WA JE R T RS (131)
o Wy A ZE i (127)

0%~  HEKF (550)

60%~  HE K (1329)
JeyEE R (172)
I KFE (95+GPU)

50%~ B TFEKY (2400)
JUNRZ: (717)

t

\

L [5% o HPCI #iEH#EEDLE Y J7I12 B

T5 BT —Fr 77—

(1) % 9[M(H24.11.21) BE&EE 1 T
BT, LR AR, MSZATBUEAN
IZBFAHAA—=—N—a Ea—F4D
FHEE IR & BEER

(2) % 11[1(H25.1.25) 5@k 2 19
REFRAEBE L 74— K TR O

MRS |

High  THPCI FHEHEEZ 5 2
(1) % 16[EI(H25.12.26) & 1-1 R
DOEIRBUZDNT

3.2 REHEH AT LOFIAER

LRk 25 4EE O BX900 (FX1 &) OFHEHIT 4384 Th 2D (R HEZED 5 L
448 4, VAT LADOEHEB X)), WEEEICHS, EICEBERICRAIFIHESENEZ -2 &
T, AT, AT LR 2 — FERWE (8 BN BA R R T — A K

TR 24EEFIFHEEL ER25FEFHEEL
397%& 438%
BFHkE| [FBRF5VH — =
KR N 923,00 | 62 1.50% || T ave el / 62%%/0 zofth
13% 3.3% 164 ’ N 1044 2.3% : 232,
4.0% 128, 2.7% ’145.3%
SRl . '“V’A/, BT HkE
15%, 3.8% wRa 2% 2 7% e
75% 76%
BFC—L 18.9% J-PARC 17.4%
204 [ 23%
5.0% HET 5.3% STERF
724
J-PARC 535;'/ EFC-4 16.4%
23% 13.5% 23%
5.8% 5.3%
BRWR SR KW
29%, 53% 38% | V\'\j/ BThH
p— IR
7.3% T?ﬁ wipp]|  [13:4% 8.7% roe | | HET
539, 438 8.9% 424 62:50'
=2 10.8% 14.2%

9.6%

3.3 BX900

(FX1 &de) OEPIBIFI A%




JAEA-Review 2014-043

O S EAITBH R ARBRTS) R O, Betiit ¥ —%8bE T 41 4 (0 10%) #EimL Tk,
WFFEBRTEIC R T DRt RBHEEAMNE AR LT s (K 8.3), HMBIRIHE IO T, it
BRI R, R DR TR e, AT A ER S Z—0 3 SO N K& 7a
BEEDTEY ., WIZFERF, WIMRIFET /13 2T LFFEEISEERY OV VEpfge v 7 — &t
WTWD, EOMTIHETE— LA, J-PARC & & —, i1 JKkFE - 85 ALt
VA= SRR v X — T EIRFI BT L o TRAGHER S A 7 4 (BX900, FX1) A3
FIHEN TV 5D,

3.3 KREHEH L X TLOFIHERE

Rk 25 L, 4 ADORRET 18,593 1 a 7RISR Sz, SERITIE. X 3.4 TR
FTEOICERFE—L, FHEBY. WBEE, R EHELO 4 0BERREREGEZHDO TV D,
R AR 1R BL ORI IR 25 FEAREE 1T e ~F0 1.8 i (WEAREE : 1,305 75 = 7 H§fH]) ALK L TV 5,
eV T, I, BZELA . FBR 77 > b JelinkE. RAerfsE, J-PARC 72 808204 LT
W2,

FBRZE

ZEHF
7075715
0.52%

J-PARC
28717 KfH
0.21%

JRABH
237075
0.17%

O
3R 7k E

21577850 | 0.02%

1.6%

FoimEEe
3005077k fH
2.2%

7 =)
408/ 078sfE
3.0%

REH
150770/
0.01%

A
Y SMYYiS
0.07%

IRIEAS
63375077 B fH
4.7%

BFC-A
4,35651 78R
32.0%

FEFHERT
2,297/ 1785 E
16.9%

STERIF
2,854 7175k
21.0%

RE1EE
2,379/ 17k
17.5%

3.4 VK 25 £EFESy BRI = 77 IR IR S

,10,



JAEA-Review 2014-043

3.4 BEERIZZRAIXICTOIHEEE

VR 25 AR, MEEEEIC S S s . REHRE S X7 A 2 M L CTra B e BUS LR 5 5hE 21T 9
FIAHE G2 BRUEA D = X LORALSLTHEIN 2 LICB N THREHIT o, AHEIZERL
TR EEELIAR D xS D — T 23 3.3 (TR T,

* 3.3 ERIAGIEHE S X T AEFIH L@ BEBULR 2 60

Turg n | FIHEER
e . | py s
HENE HR R 4 (= 7 I —
BRI | B ) a
X Motk L E R K | R S T T VASP 080 | 5417
%ttt o A o FH 72 Y 128 ' D
FHBYRNEIC IS < TR | R SRR TR TPFIT
. . . 123.5 | 5.4.518
15 T R AT T 1 BR ZEE A 4,,096
VBT T VT MEOBN | R AR T ACE-3D
. . . 424.2 | 5.4.6 14
PRENRMT TV BR % e 2,000
WS N OVE B RIS 1T 5
) BT B T2 | ACE-3D fih
FLAEEREE | T 200 748 | 547
(AT 100 B 5 e ’
BR BT G TR DOANER | SR ) R T 2200 PHITS 14| 410
BT < MR EMRAR SR OFEA | ZEERPY 256 ’ T
B FE B S Rkl gk
. ]7 N e N RN SE Y CPMD
SNWTALFEIED Y I 2 N 250.4 | 5.6.10
o il 1,024
—v g
18 B FS I YK AL EER# o> | KPEHFSERH% > | FLUENT
1.7 | 5.18.1&
fiEHT A 4
PULROPSEDRDRD | o avmmer | vasp
BT AEfE R =2 1 — ' - 1,410.4 | 5.16.2 1H
B x— 512
SV
BB EIC L DEE | AT AEEREE VASP
e - 67.8 | 5.16.7 14
K OBSEEA B O W PEREAR o H— 512

,11,




JAEA-Review 2014-043

4. REGFHE#ATLOFRAXE

KRAUGHRERE S 2T LRI LR O EZ LA, FRFICBT2AELRICELDEZA
ME—TIEH LN, VAT LA EAEHET MM T DR HE~DOFLIE LI SHR KRS O S
FIRIER, RBGIEKE S 2T M3, KR OEHE R AT 5 (—Fu=7, Y7 Y
=7) OMABEDEIZLVRY Lo TEY | SHRIKHINE > T THID T, KREGHRBE S 27 A
EEWNZ 092 ESAEIRRIC AR D,

KRG EE S AT L% GT HENO— 7RI BT, FIRF IS 2 RS D 2 E
L. AT LORMMHEEZFLE LEHRIEOREZER L TWDH L ZANRLY, FYur T LH
ROBAFSLU BBIFIHAELE LD L, FIHZEOZIEZT v T T I FOFME TR0,
INDHIZERBIEMEZRSLT I L0 | AROHFEDORHRHEDOT T 1T/ D, Fio, VR
T LAOEAEERR D DI, FIHREFIADEORTEHL Z &Ik D,

JRT- I Tl A Y v 7 X DB AT SARIRHI 2 5i 95 Z &Ik v, ¥R
KRG ERE S 2T LOFIAEN S, GEREINE EST 57 07 7 AORBLH R (Falk) (2
EHETEAIN—TDHLELEHIC, KEGREK Y AT AOF AN OEL - Lz B E T 5H
&I F—BRR OB L EMT D LI XY, FIHE OGS Z R oM
EFIAZ R OWE 2 DERANCSHE L T D (K4.1) o ZOFMASEE~OEY M, 3 #EiT
LK ST, KREGHEK S 27 A0FAEOIKR, FIREEICFE L Tn5,

A RBARICB) SRR aHEARRER O Lz
(BMRFY LB RBHEA) | | MI7EE @B &I

oFRETOIS
DEITHROWE,
SNIBRFRE DITHE

o FIAE DIRFTEED
DOIMREH(CEHE
KEROBZFIA

ORTHTIOIUS A
RUGtE# DR
HFRZ{TEY D
JO9S ADRFE

o N> FIFICRE
ERY 3 0] N
d>PILTo >

s e

4 4.1 R SRR A

,12,



JAEA-Review 2014-043

41 HAERFBIZEITAXE
4.1.1 FIFEMEH

FIRAF T, D FHRESROTAICET 2HHIG, 2) RKEGHEM S 27 L ORFAF]H
WZOWTHh a7 7 (PO R ZETe) | 8) KGR X7 25T 25
ARER (V= NEEEGD) V7 MU =T HEOV=a T AVORME 2To T 5,

YRk 25 AEEEOFI R IL, A 857 1 (A - M 71 1) FEoHiv, £ 5 BE) 58% 13 KA
RS AT & (BX900 : 478 {4, FX1 : 17#F), # 17%23 Aldi{k. (BX900 FI#RALAHGR « Hffi S
1070, MUY 7 U =T OA A S —V3HE - 354F) OFIH (WEFEED 2 %) IZBT 5
LD Th5D, BAAEREZ 2T K ERE S 27 L ORI, FEERE & FIED 1.06 7 (42
) Th o7z, GEMIEER BITRT) .

412 TOJSLEE. BHE. T—2DE[HRIE (VI TREER)

V7 by T BRI, FIRE IR THMRA Y v 712X VRN T v 7T AR ET
2 HDOT, T IEENSTM CHBICER SNSRI m s T A, KEHEKS X7 0%k
ORI (b EETe) ZMRET LY 7 hU =7 OERE O, BEFEY 7 N =7 OFER -
WEAEITo TV 5,

F7o. FHAEMMERROREEN M EICEV, YR ab—va VEFEREROT X L E KR b DT
STEY ., INOHEMROBMIIZAIUER KT, T — X ORIk T5Y 7 by =
7 BAFEEEAE b RIS O EBE R ER DO DO Th b,

V7 bU = T BRI, RTINS A 0T TR D . Rk 25 I 16 1, {EE
THEL T8 NADOHIAR S 7, HLIAMEETHIL., T ANARETEO 1.77 5 & 720, ¥
NEEZRED L, 10 F0 Y 7 by = 7 BIFEMIEE AR - Fh L7z, Rk 25 FEOIEHIC
DNTHE 4.1 TR T,

Rk 25 X, J-PARC W'E - AP RSB O RIS X DS mREE TR L,
FEER L AR RN TH AR E L7z DCHAIN-SP =1 — R0, AZRh A [ (A il K v 507 5K
Ty N OB NERFEEARNIZ BT 5 7 A= T B AT NS & BT 2 5E Y
2 b—ara— ROWBEHREEITo7-, £/, b7 177 ABRICB L TiE, s
BNCT 7w v =7 MZIiT 5 ERNBREFHIEIN O S EIR D3R & LT AMEDIRIERE D
EREG AT A 27 —2 (CT, MRI) % Altf{LALERT 2 7 0 7T LBASE 72 & 2 Fefi L 7=,

,13,



JAEA-Review 2014-043

F 4.1 VR 254FEE Y 7 U = T BEEmEE (1/3)

(= SEE

TR KOY KR

B4 %
PR

(Hkdoe)
sV AT CT &
A=/ N
NIPPON o1k

it CT 8 7 1 75 ANIPPONITAR D Y 7 h o =7
BA¥E D —BE L LT, J-PARC TR EN D7 UL A hPEF|Z
iézﬁﬁCT?H&%%wt3ﬁﬁTﬁm%£mbto
2WILCT T —H 06 3RIL CT 7 — X 155 121%, &k
e B — AR L ClRllR S %O)Iﬁliﬁﬁlfﬂ (A
Tv7) O2WILCT T —HNOEREED 3 ot CT 7
IR T DM ER S D, 2T, FilEMit
v TED—D>TEH S Total Variation (TV) %%
WG DSt 7 n 7T AOBEFE &24TV . NIPPON (2
L, ZICEY, DRV RT v TERO 2 kit
CT =4 b EBROAE DRI W& 2 R
LG 6T,

5.4.3 &

CBr A1)
HiFiEa— FIC kD
AR S0 FTARAL T
PP

& S 56— R 7 )3 EATI T 5 57 DG EY O TR Rl R 2 1
189 2 RL IEMRHT = — K POPCORN O BRI Z 6D T
% o TFRE 72 KT — & O Al LI 2. KEORL %
FER I CALEE CE D AL F BT DUV T, AVS/Express
EnSight &, PBVR (Kif_X—ARY a—ALL 2 HY
V) OERERE L, 2k, BAED 30 JikL
FREOT — X 2% LT, AVS/Express T +471Z
AN RRFIEDHBETED Z LD MR TE /-, PBVR
FEEIC AL T E D, FATN—T A —F ZEHEE
ETHRENRDY | BAIZHTz > TE— I
MATED LY — VHOEENPLEL 2570 Y, 5%
D &L LR 77— 2 2B 5 AL OFREN ] 5 7>
Lo,

5.4.6 18

(Rks5E)

JEF AR IR IS d 1
% B BRI AT
EDOBA%E 1,2

YETT VT MR DB ER & O T ERF O 4R

DB BN S 8) 2 SAE L T T S T FIEMENL O T

O, PLATAEEN = — F FLUENT., WA= — K

FrontFlow/Red } O, —AHiifi#tT = — K ACE-3D % it /]

L. LUFD 3 5DET /AR & FHmAENT 2 F2hiE L 7=,

O JRTIFREHEGIRNY 7 F v o RV % flilg#EHE L 7=
M PS4SR

5.4.8 18

,14,




JAEA-Review 2014-043

F 4.1 VR 254FEE Y 7 U = T BEEmEZE (2/3)

(= SEE

TR KOY KR

B4 %
PR

@ VT F v FNVNITHE S LD AX—F IR & il
P U 7o MBS AR

@ BREHEA K% SR L7\ RUERCR

TRV IRESE S ORE TN BET D

WPERMICKT L CHBTO RIS TE A RBE LA

o TOREIE. BAMSSE 26 [BIFHE )Rk

NTRELLT,

(& 5e)
WEIZBIT D 3 kot
BIEAR Y I 2 b —
varrual T LD
YERL

3 Wotmm T ROKHMEE T VIZEB N TRy NT— 71
BB AV 2L — 5T RS T ARG, 3 KoLk
RICBI DMEREEERE Y 22— hT57 077 A
L, aHRACIIZHATREY 7 b =T
(Micro AVS) ZFIH L7z, ZHUT kv, 3 okl
HEZR R — IR B AT O DR Z B 5 2 Ic L
T, B TROBNER: Ll2R T D & BRRICBI T 5
P72 ARG LN D L DT/ o T,

5.6.6 &

(fke)
PNERFEEAR N B U
FULKE = — RO
ikl

BB NER FEBEAR N IC BT B~ U 7 BR— P A D
NGEMET 5720, WHTIA##T 2 — F FLUENT %
RAWT BLFD 3 2D T MAERK & FHGAENT & 52 L 7=,
O FHAEET A LI LTS —

@ FHEEETH AT LU RITIR LT Z—

@ FIERZ AR FIE L To R —

ZhC X, bUTF T LAOPER & FEEEIR PN A Y
ENRFHTE, ERTHONZEIG L OBAEOHR
MTEALRBLEE-, ZOEIL, AR ESE
26 [BIFHE )l a TRE L,

5.7.13 &

(FTHL)
U T AREER R
7a T AOHER
AL

EBIF 7 NEWNT N U T LR 2O BREE RS BT
— F SPHINCS OB D—E & LT, PC b KAGHA
B (BX900) ~DOffE & U 2% — MEtHEEIEDBINZ 5
i U7z, SUREGZ2 T R U T ARBERTRE 2 6t & LT U %
X — MEREA WA A FEM L, PC BREL R COMEHr
fifk & BX900 TRIFORRENHEHND Z & 2R L
oo ZHUTEY ., 7T v MEREMERFEHEEE DR
KON, ZERIRFR O AIRE & 72 5 T2,

5.8.3 &

,15,




JAEA-Review 2014-043

F 4.1 VR 254FEE Y 7 U = T BEEmEZE (3/3)

R4

TR KOt KR

B4 %
PR

(ke
R A S R AR
TiEh = — N ORHn T
1EBA%E

EHF R R I AR OB L O, BEFECEH T 5 2 &
ZHM & LT, SERAPHIM ==— K& TACT =2— KRB
HEMEDTND, Yika— ROMAETIE, AP
LGSO M JE 0 OB BLIG D F T WAERR & fifbT % i
LT, BEEHT —% (FEBRER) Sl m3ivE, f#i#
W OF M #1772, ZHICKY, H%a— RoET
VR T A — A RESCH RO FHMEESE Om LR G LI,
T R 7 SR A AR D AR A BB AR T1T 9 2 &8 T
xHRELESET,

5.8.6 1H

(Hffoe

AL T R A IRL A AR
A S AT A DY
=S

WA TR (BNCT) OBH% - EA{L 7uev=s b
O—B L LT, b7/ RHNHRETMS AT A
(JCDS-PRT) DB %D T 5, JCDS-PRT Tii,
NERH OEREEGE A T A A7 —4% (CT, MRI) %MW\
L=, FHEEEN OB KGR (BX900) ~? PC
NHOBAE (64 By Mb) &7u 7T A%k (2D H
g#x, PHITS (oxi3 2 A 0uE) %Lz, wf
FALALB I F A IR LY 7 o =7 (AVS/PST)
ZRA L, kv, 300 ¥l LB %2325 A
2L O BRI EE 2 RIS E i 25 2 & 23A]
BEL7roT,

5.10.1 A

(FTHL)
DCHAIN-SP2001
B RIS
ERSMOUE

J-PARC W& - ‘bl S2 B i o SEBR G 0% 4 k) 3R

\CHESLC DT, BT RAX —R B8 et R =2 —

R DCHAIN-SP (Z%f L, LAT ORREENN & MREEE¥ A R

fiti L7,

O 1968 FEDFEFSUSWIEFEZ A 7 7 U OMLEE L —F
> DB

@ RBIRAEE LTz y BROB G FEERE DB N

@ 6 FHOFHFERE RN LZ PHITS OB = —7
— (ANGEL) T a[#{LEERED BN

@ PHITS B TO vy #IFREZR O IHREOEM

ZHUC Y R ROMRBNEL TR0 FMEME

O ENRK S, J- PARC O FZERAEE ~DERA

s DIEHERT RS N v 7 7T > Rl BRI T &

HE DT Te,

5.12.2 TH

,16,




JAEA-Review 2014-043

413 TRV LRELFa1—=0T

Ta 7T Mgt T a— = 7T, KREGHER Y AT A TIEITSND T 0 7T MTONT,
EEAL - WIULTF 2 — =2 7 E4T\, FATROSE, MR OB A BT 5 2 LT I
FHOMEIEB ARSI & & BICHBERFROAGIMEHEZK > Tnd, FlziX, Fa—=27IC
L0 FEREA 2 B AU, AR 2 BHEIM LR A bbb T e, RET
DR RS Z L0 AEHT 5 ECEERRIKE o TW5,

BN DR WRKBGHRE S 27 MMZBWT, ZOMWREZ HoIC B8 S 57201, 5k 2
Uy Mg KRBIZSIEHEL X170l 72587 74 0 Fa—=0 T H5ZENRARAIRTHD,
ZOF 2a—=U ISR ERBEM 2L, —ROFHAEIT I — FidE <, X
B T DRI IR,

7T At o —=27 (Gl - WAL X, FIHE L VKOS 7T m 7T AT
Mz, KA B, BREHE) FIREOF 077 228\ T, WIHEEER « T8
BGEDOLENGH D71 7T M RBRICE L T\ D,

YRk 25 HEOFEFEIZONWTE 4.2 IZ7-T, ZRIET MU U A= KGR =2— R
(SERAPHIM) Tid, FHATHEREIZIRWT 1.17 fF (4.42%—5.18%) OzhR{bz, Kif - HA A
it E o — K (PHITS) Tit, /— K72V 4 a7 TEIML TWA Ly RIFIEREEZ 8 27
TH TR RWHNMEENELND X IICAT—F VT 1 OUGEEX -T2,

4.2 PRk 25 EEEHAL - WAMEIEE  (1/3)

. . Al - WHHE .
B ) R OS5
1 | LES mirismofif | MPL G5k AV I (BRI | 5.4.2 1A
REPLH = — R @O BX900 ~#&fit - WAL | Ik LT, 5.5 f% (83f
(LOHDIM-LES) 3t H) O b A ERL
@ WIHLx LR DS T —F
(27 f&) @ MPI W51k
2 | BRI AR = — R | MPL 514k F U TR GEAR) | 5.4.6 I
(POPCORN) ORI AP & lZxk LT, 6.4 % (16
@ WHHbxt GO Y7 —F o | W) OEE W\ 45
(26 i) o MPI 511k Fi¥o
@ AHAALEE D MPI-IO {b

,17,



JAEA-Review 2014-043

4.2 PRk 25 FEEEHAL - WHEIEZE  (2/3)

Al - WAL

S rs a AL . j%ﬁlJ1t By F%Jiiﬁ?“é
Fa—= U T OWE SRS R OWE S fE D& =i
ZFRVRIA G ERR | KBIBOE S OxtIs, FEATE | 4 U P F ViR (64 3631, | 5.4.7 10
Fra— K PIERS FATRIR 1.49%) 1xF
(JUPITER) O 113FHE T4 77V (AMG | LT, LLFOFETHERD
Y VoN) DEA )b 2R,
@ AMG Y VRO <MPI fifi>
« 256 W 4] 2.71%
- 512 W4 2.0 %
+ 1,024 341 1.4 f%
KiFEA A gt | A —F T 1 DikE AU TR (1x8 I | 5.4.9IH
FEa—F O ALy FEOHBAER DS | 51]) (2% LT, LLF O
(PHITS) - atomic FER LD HEIIC K| B A A R,
B A== RHIE
@ TutAH-DBEAEVL | <A TV v Mh>
- EXRFOES OBIEI T | - 1x8 W5 8.51%
@ FrkADmEm#E
- a— ROkt (74
VIERR, RHREIEFF O,
~REFEHHE O SIMD 1b)
- TLRFEOHIH
ZWLFT MU UL | FATHEOR E AU UF R (128 i | 5.8.6 1A

— KBS ARAT = —
.
(SERAPHIM)

O AHBTFa—=27 (G5
DR, VAT ML
JRIZE D AT VEREDA —
N—r~y FHIPE, MPI B3k
M LA — "=y R) I &
% g b

(ALLREDUCE #f3) &
% 1845 RE R D ik
JALZ— K OB — R/XN7
v AFEE S (v— R -
HIEHEDBM) O

®

Bl FATRNE 4.42%)
Wkt L CULL R OFEITRD

KO A ER,
<MPI fifi>
- 128 i 4 1.17 fi%

,18,




JAEA-Review 2014-043

4.2 PRk 25 HEEE AL - WWAEIEZE  (8/3)

Sk P - I e T 5
Fa—= T O SRS R OWE S fE DSy
6 | 3Wochufn - ~ME | mEbTF a—=r7 AV UF VR GERIM) | 5.9.1 1
iR — %ty | © BX900 ~DO#Hi X LT, 1.15 {5 (%
BT 70 77 A | @ HEMREOUGE W) D&M b %
(Dtransu3D-EL) cE A RN —F U OEEFIER | k.
TETRGy DIV— T I~ DR H)
=T HENC L D F Y v v
= OFFIH
@ T —2HENCET ik
- T — ARk A N S E
HETEETRET—XOD
FH B BELR

4.1.4 FHR#ELMREHAR

FHEMMERER A I, RBIGHE S R 7 A2 OFARNIMERE (FEMERE, WEMEE, 1O e
AL TODENICOVWTHET 2 b0 Th D, 0. HT IO EEEAZRETD
a—YTa 7T AOMREZHHE L, RHIRBGEHER S 27 2EAD T2 DOIFRZ INE - T2
LOTHD,

TH#MY AT LEHETIE, BIFOED D [A—_—ar a—4—8AFHE (&KE)| (T2
vay - Tur 7L THEEZE S, PR 2 ) ITho T, K 24 FF 4 A Db A—R—a e
2— B VAT LOFEFRHE 2D TV D, FEICIE, BB ORKROESRE A2 £ Lo
TR E, T ORKIRREO —HTh 2RI (R F~v—2 T X ) KO, BREFF
EEN B L 70 D, PERERH YR, JR IO AN A KT 2R FHE T 7 7T A&
LTEHATLVAT LOMREFHET 56D T, ARREZRKET LS ECROEERIM D 0D, 2
D=, FRk 24 4 10 H £ TICEM & 72 2 22— 70 /T AR (A B, @I5BI%E,
VO BIfR) W N T 2 — = Z &7 « ML FEOREELITV, X F~v—2r 7T u s T A(F4.3)
ELTOARERE L, £, ZOXRVTF~—r 707 T L& b0 L LT, @ESL V0 Ok
AVERRICHHE L7 AMERE R R F~—27 7 u /T A (£ 4.4) ZVERL 4 KB LT,

RK 25 L, 2N E TORBELERITEATEDA— "~ Ea—F VAT AOMWREL E &
HINZFHIT 2 72 D OPERERHA A E A TR Y £ & 0Tz,

,19,




JAEA-Review 2014-043

£43 RXvFv—rIurIs (a—Hrar7s) o—E (1/2)
e N ) . g e PNl 1)
A=A O7r 77 LORHE KO @QF 2 —=r 7 ##& ST A

Ab-initio @ BESC VO 22 MIELS, AEV T 7R | AE VML,
Real-Time BEHEICEET 2 a2 X RA3E, TERERE
Electron © 7atrRxYY OEFEMERRIZEEZ 2GFLOPS &
Dynamics BUWERE L 7o T D3, 7k XA &
simulation code A by R A Sy BT 5 i ki k- T
(ARTED) AR E B LS5 2 L AHRETE
Al
AR v A miE | O AEVT 27 BRCET S22 A MREL, BE | AE VMR
EETEO RN = O % LB DRIRFFEIT T TV 5, {5 PERE
W7 7Y 7a | @ BICEmERREENFERINTEY, K
— K (GT5D-P) DEHIT D720,
SR EBEINEC | O BERSEMEED if IPFET S DO V—T7H | A€ U MHRE
X DR AR A HH., AV T 7RI NRED RO | HEMERE
Pra—F VDT 7B AHNFEE), MPL WHHENR L L
(TPFIT) EHEEDO 2 A M EL 2D,
@ DO NV—T7 ORI L % SIMD b &~
A7V y MUIZEK DA —F 8T 2 Om E
DHRIAENSD, AEV T 7 AR EE4E
iE(E =2 A MEOIMIERWIFRFTE 5,
B« RgA = | O Fxvraby NEMIWZDAEY T 7 | AT UMHEEE
7 ZADFUE Sy 7 AARARRED, £lo, @fEE /O =2 FR
#hra—F BN=DIZAT—F VT 4 BE,
(PMD_MechT) | @ FFO_T7L—FHEEDERIZ LT, F—
2T 72 AORPHLEEE O SSE itk b
PEREM) B RIAE N D,
FrTAasaER | O WHEOa R MREL, BEAHERSOMRE | HEEMERE
Ala— K IZ. BLAS L —F > (DGEMM) (Z X %7741
(RMCSM) XATHNOFETH 5,

@ z—% a— FZiEE#E b ORI D720 A
FA 77 VITIIATHNY A R E b =il
DOFEHITH 5,

,20,




JAEA-Review 2014-043

#£43 RXRoF~v—r Il Ih (=T rsIn) O—E

(2/2)

A=A NN

Q7 v 77 LOKHE KO @F 2 —= 7k

UGB D
PERERFAH AR A > b

FOR IS AR
BB = — ¥
(NERGAL)

O fTPARIEIZHEI ARV T 7 AR F LEH
W5 2 A R ASE, MPI AN E E (1024)
TdH D,

@ MPLWHIHEAREEDT-H, ALy RIEFIEIZ
KB ATV y MERMATH D, T X
D, AEVT 7 EBAMRb M ETE 5, 1741
ik OEMEE 2 2 MIEtEREO R Yy b U —
772 BIXREE & T2 B2,

A& U PERE

Fa4 EAMEERBEHR F~—0r Tl T7 0%

A= S/ A PASE AN i
sendrecv BEOT 0 ZANBRHEE  ZEOMAEDEEED FrnoTm
EANLED YO T ek R T ey X EE CRIZERE L, 7
Y7 0 ORKICE LR 2 {ES 5 7 0 7T L
putget 7u w2 ZlE TiE< RMA #1F % - T, sendrecv & [A Ul
ErTHT0T T A,
allreduce HETREANRGBLCROT =2 DY X7 v a UEREIZE LTk

ZMET DT 0T T A,

10

£7av 25 MPI-IOICLE > T 1207 7 A /LCEXHL, FhiC

HLERMZMES L7177 A,

,21,




JAEA-Review 2014-043

4.2 FE#FAEMORLICHITI-HE BEX-&3+—)

FIRE O EAIREMom FICm g 7=28E & LT, KSR 2574 ETHHRERD VY 7
FY = 7T REBE(LED T ST I T FEEICOWTEEASRZHEL TR, FHEDOZAX LT
N D L L BICKBIHEMK Y AT A OF| F{EEIZBIT T D,

Wik 25 4R OB 41T, BX900, ISV (Independent Software Vender) ~ 7 k. w4k RS

D I F—ROEE L TP, L8NS LT (K 4.5), FERICLLMEHSbAE®EL,
E 2l > THEFR R BANER 2R LT 5,

K45 TRk 25 FREHE R
PHfE R BT Po%s ot | s
gk 25 4 e AR A
1 5 A 21 A i%;;j/\}; ANSYS #HfimgE s (A a—x) e 12 %
i H =
, | PR2sfE | B | FLUENT 87w I
6 25 H DEE | MEBE IS — A7
PR 25 4 AR | 4
3 7 H 26 H Zﬁgﬁg/ﬁ\); TR B AT EnSight AP RER S | 55E 10 4
TR 25| iR o e .
4 75 30 n . BX900 7' 1 /7 X v JiE S 15 4
PR 25 4 154 32 et o N
° 11 4 26, 27H Sl A ABAQUS ikt X F— ET> 10 %
Pk 26 4 I A 4
6 o F 21 A %ﬁﬁéé—;i MicroAVS 54 2 23 94
Wk 26 4E s A A FieldView ¥ & U Pointwise @
NG ) - : -
! 2 H27H ;QZ; HHERERR N e N XA P L— | EH 10 4
- EH = - 7

,22,



JAEA-Review 2014-043

5. REFHERIATLARAICLSHAERRR

51 RBERMAL

Headquarters of Fukushima Partnership Operations
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Study on Measurement System for Depth Profile Investigation by Steel Pipe
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TR L 3 — N R % DR EIE A~ MR O FG T K B BURHEREFE DR ES I b o s, JR
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521 IKERKDBEHEETILEBUL-2REAEH

Numerical Simulation of Thermal Flow with Steam Condensation Model
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L7z, EmEEEITEEOREIZ B E LT, 0.13, 0.50, 1.0m/s & L7z, &LIEET /LIZiL SST
k-omega, laminar €7 /VZEH L, ELIEE 7 /L OEEIZOWT H R L7,

,26,



JAEA-Review 2014-043
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CFD Analysis on Density Stratification in a Containment Vessel
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523 [EER&REDERZEE
Shape Variation of a Rotating Liquid Droplet
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A RGE R IZEE 9 RN BT
A Theoretical Study on the Reaction Pathway to Yield Nitrosyl Nitrate
Ruthenium Complex from Gaseous Ruthenium Tetraoxide in NOx (X=1,2)
Gas Atmosphere

IR N
YET T 7 w7 v bRl S L —

(1) MAEM:

KRB O FALER f p% Tl IR KA Z WU T o7V b= A EBERRIC L > TAED
T2 OMOTHFEE ST 5, TORBKITE WLV OBEHREEZ A L, Mz TAEEN AT D,
ZDTH, TNO ENET DRSBTS 2 0BR8N H 5, i 5 DJFIK T Z DO mHERE DS K
DiILD EBERD IS L. iR & LT =0 MBI ROG LTS LSRR LV T =
2, RuODZAE LD, VT =0 LMIZOMEFERICK T 5 FHERBRIETHY . ZOEMD
FEERN~DBATITERELIZ KR & BT D, WIS, £ O IERE E ERFHI LR F /)i 02 et %
et d 5 ETRAETRENIRE VY, —FH T, ZOMFEBEOFEMIANHTSH Y . ERGFIETIE
FOGHERE D53 FimlliE 2 B S 20T 5 Z LT L U,

AT, BB R FHnEEE O CRERIBIEIRFIC S TR 20 5 2 kLT =0 L &
NOx # A(X=1, 20D IET 10 7 7 A N EMRET Uiz, T OMEHIIEER % 22 RUSFR I OBRIR S ER &
N5z Li2hnz., IE#%<° intrinsic reaction coordinate IRC)DFHR 72 Kl =2 A R 3K & 72
Va T EFETLRTRER SR, Z0), KEHEKORANLHEOETH D,

(2) FIANS-HER:

FTRTOFEITS FIER RSy 77— GAMESS % VT BX900 (12 & » THEfi S iz, #
TR L DFT(B3LYP)EIC X - TITW, =)L F—FFii2 X BSLYP & DFT(M06)#:% Zh
ZHERM L7z, Ru ORISR S KE kI LANL2DZ, = %/L¥—iHfilZ LANL2TZ % Zh
ZRHW=, Z oo FEF I3 E RiE{LIC aug-ce-pVDZ %, =3/ X —FLli2i% aug-cc-pVTZ
ENEHHWI,

OB NO W2 L - THth S 56 (path D& NO2IZ L - THth Sh 5356 (path IDO =5
OB EET-, Z 2 TIHREOEE L, §iEO IOV THE T %, Fig. 1 1%, M06 &I k&
STHLNZERZRLE—T 774V ThbH, ZORNIR SN0 T O Fig. 2 125 2
LT 5,

RuOs 725 TSie Z#fF CTHMIE 2 24 U 281X 19.3 keal/mol OIEMEREREEL A L, 11.6

,33,



JAEA-Review 2014-043

keal/mol DFEA LS . Z DI RuOs b O DBEEIR T8 X i, VT =7 LD
REALEIIHVIIL 226+ £ TRV T D, 2F0, VT =T ADBTNIDAT v 7 OB /)T
B, HHEE2 OREIREEIL 2 HIETH -7, 4no 0O IREAERD £ TORKITEK SN TN D
D, T OTEMERERE 2 2 HFRIL R <. 2 ORREKIT path T OALEBMEIZFEYS T 5, FERIIZZ
DL 35 CREETHEATT D2 Z &b TE Y, ZOFHEMBE L FE L, £ 2 13 NO
T ERGTFOMINZ &L > TRIBMA 8 24T 5, KO FIIAFHBEICL > TLEE/LINTND
WL KRGFOMIMNE 2 53 Fn6 1 F AT 5720, AR RLF—MIZIEAHTH 5(12.7
kcal/mol DOWREGETR), RIBEIA 8 DOR(AFE X TSs4 LIEFIZ L SLITRY, FHEL LT OH HE
B OIEMEL= R =13 FEF 12/ X2 (4.8 keal/mol), 2n0 7> 5 MK 4 1I2FE S £ TTRTHEER
REIX 1 HIE Ch o7, FRIK 4 12 NO NEHMIC Ru AN s 2 Lick > T dno AL 5,
Ru'N3-08 DAEIX 169 ETH Y | 3 2O FIdd L2 —EMR LI ATWD, Ziuddily
72 Ru-NO O#ETH 0 . EERIZ NBO fifhr TIZ NO 7°5 Ru ~? 0.31e DEMRBE THDH Z &
EHER LT, Lo T, W7 =7 2OBANREBACEIZHILI THhDH, ZO=ra I VETEDOEE
AR E THE D, RO IIEIC L > TZ D= F i Lo NO fEREE M S Tun 5,
FHE SN TSR C BT D NO EEELT 1873.1ecm! TH ¥ | FEBrfE(1873-1874cm ) % K <
L7,

free energy / kcal mol?
— Ao
o S

e
o

reaction coordinate

Fig.1 MO6IEICEDHAMTRLE—T 77 AL

,34,



JAEA-Review 2014-043

1.86240.974
@

Fig.2  Fig. LIZHALNTZnFOME MEaROBMITA,

@) MERVRMESR, TLAER, WXF):
7% L,

4) SEROFATE:

B LoV BRI O WIS IZ X o TR AT =7 AT 2 A B = X A Ot FHE L
TW5, ZOWRBRITEKN THEITT 2720, ZEOKS OMIES R ONCED 5, Tilbh
WbV T = DOAERRKIZ ED X BT L0 ETHRDIIET T LIV OB R LETH 5,
T LI AICIE N E TR bR X NOFHERFESLETH Y | 5] S & KGR O
HDBARAIRTH 5,

,35,



JAEA-Review 2014-043

525 ERBENICEOMEREREICET HRET
Study on the Pressurization Thermal Shock Events Based on
Thermal-Hydraulics Analysis
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Advanced Science Research Center
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Structure of Exotic Nuclei Studied 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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541 XEANEELEHAEHRZICLSLEP LSV LDOFE
Evaluation of Cs in Soil using X-Ray Spectroscopy and DFT Calculation
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Towards Development of Local-scale Atmospheric Dispersion Prediction
System
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Improvement of Computed Tomography Software for Pulsed Neutron Imaging
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Multiscale Simulations of Defect Mechanics and Thermodynamics
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Development of Two-Phase Flow-structure Coupled Analysis Method based
on Interface Tracking Method
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Development of Numerical Method for Thermal-hydraulics in Severe Accident
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Development of Unsteady Thermal Hydraulic Simulation Method for Inside a
Reactor Core

I W, kit . EOFISE fEW e, SR B #E. R F &m0 e
BREN L 7 —

(1) FIAB#:

ERFEREFHCHIE L LT, A%OREEY M LICH T TOREBRERETH L [TREMBEI 0%
FRIEENC IS 2 BUENECIF N E OB GRE | (THOE ) (MO B 25— /)3 8B 1~4
SREOBEILFTEF T R R — P~ v 7] 1I2o0nWT) Oz fREICT 2 Z &z AL L
T IRAL U 7B S P OGN 2 0> L7278 B IE AV BRARIEENC Y T UG 2 288 & 7 S
(SR T & D B AR RO BNRENARAT L A BASE L BRBHILY H LS L B2 1 oD A O A5 0> SE581
Z BIR LT AR 21T > T D, AWIZETIR, R 2 b—v a K DFHFEDR &
1To T, FEMZR R EHA LS E) O FEROFRIT R RE DB M OV U2 el 2 Z L 2 A & 5,

(2) FIARE-ER:
LN T EEf#T = — K JUPITER DOBA%

R T TIT, MAMERIC LD OMAEREOETICE Y, B FRICRESNATWD
EHES N EIRIC 2 Y . ZORER, AEEOREME TN FEAE L, TN RBITIER L TH L
DRAEZ B L7 Z D HER IR D, 20X ) RIEMFEROMERZ I 50T 57290121,
WRBG 25 THITE S
it =2 — RPN METH D, £
T LR BT SRS
fiifr = — K JUPITER (Jaea
Utility Program with

RERH RS
(FEVF)

Immersed boundary
Technique and Equations of
multiphase flow analysis for
simulating Relocation
behavior of molten debris)?
B %1T-> T\ %, JUPITER
BRI T PR FIEICEE D
WTWD, JFRERW O
X, FEEMEERE MR A TR &
NDEWRET D&, XAl
XL, Navier-Stokes 7=, 1 3 WIcAHRAER

,57,



JAEA-Review 2014-043

HgEOR, =x X —HRA, REgin iR cRasns, JUPITER IZBWT, [EHRT YV
TR % FAEMREIZ K0 SREET 2 BN B 253, KRG HRIZ W CIIRAE R S 84
%o WA OBIMFE > KEEE O E TE D20 8H§ 57201, ~vF 7V v LK
AL AMGS #8 A LTz, ZOREE, WA K E WAV TR 4, 16k
X0 EWIESIEREZ R T D 2 LN TE T,

BWR JFLIIR & MBS L 72 (KR T, 20 R TOF DM EFR L RIT 2108720 | M
& INDEARBLFRATHERE (REH DOVETL - b T8N, FEEY L CoOREE, = OB L D
Wvestah K OVBE[E U 7= BRI O FRvARNEE) AR 3 572, 3 ot TARARNT & 0 L 7=, X 1127
THEITASRIL, ) BERNOFL Bk K 0 T & @ L2 b 0T, BEHESIR, P03k
. FIEEENE SOOI ET V2 S b 0L 35, FHHETIL, il {bo7=o, BREHL UO:
(Rl 2800K) . & DI L ZFRCHIBIE RN E EORED T T X TAT L A8 (Bl
1750K) & L7z, T OWIHHEE X, ARKMHOREZEE L, EHES RO i 2 flsar s
(2800K) & L. TouibE THIBHNIIRE AT 2 K 9 ICRRE Lz, ZOMICE L Tk, K%
BN LR E TE 1500K & L, =7 v b REHIRE 500 K &£ Th SI2Hp] LT
B SH7e, BEEAEBUET 270 O ORI, MEHES RO IR K AMW/m3 % 5.2, $hiE
THIE—E, ERGNE—ERE THDT 2 X9 IRE LT,

(a) ) (c)
2 BRRTFRMTRSRERER AR

2()-(OC, AT B BRI T LA\ S OBATHB OIS (% T L7 iR %
A B2 k. A RO SRR L, R T LIk (3 5 )

,58,



JAEA-Review 2014-043

IFIC A B DNEEE T D, — T, BEE L7220 TR BHI RN E N~ L AL 1
BERPRNE 2w L7 DI E (Kb A @) SRS LT A~BITT 5, £,
SR CRERE L 72 RBH R, R & IR D OFEBNC L 0 BiEad 5, LbEX D BEYEL
FHEFEBMR OB SRR D IRAEAT - BEE ST IR R Z Y TH 0 | SR BRHTHREDS
IR <EMES D 2 L 2l L7z,

(@) FRVARMER, TURFER., #WXH):

1) S. Yamashita et al., “Development of Numerical Simulation Method for Relocation
Behavior of Molten Debris in Nuclear Reactors(2) Analysis of relocation behavior for
molten materials with a simulated decay heat model”, Proceedings of 22nd International
Conference on Nuclear Engineering (ICONE-22) (DVD-ROM), 7Pages, 2014/07

2) S. Yamashita et al., “Numerical simulation for relocation behavior of molten materials in
nuclear reactors on severe accident”, Proceedings of 1st international conference on
Computational Engineering and Science for Safety and Environmental Problems,
Sendai, Japan, April, (2014).

3) U fth, JRFRES SRR DI NEEY ORI TREN Y R 2 L— 3 0 (REEEL
FEHED 7= O DFER DY MBI T 25D . 5 26 [BIFHHE s m s cE, 4. 11 H
(2013).

4) S. Yamashita, et al., “Development of Numerical Simulation Method for Relocation
Behavior of Molten Debris in Nuclear Reactors (1) Preliminary Analysis of Relocation of
Molten Debris to Lower Plenum”,Proceedings of 21th International Conference of
Nuclear Engineering (ICONE-21), Chengdu, China,July, (2013).

5) U f, FETFREMEASIKOERY S 2 L—3 3 VT3 3 EEIma. B ARS8
25 [aIFHR SR SCHE, M, 10 A (2012).

6) LUF i, R NS RRENS A TR BB TR OB (D) T 7 L A ~D AR T
EEN PR, AARRF %S 2013 £HOES, 3 H (2013).

4) SEROFABFE:

ZIVE TITHEE L= SR AT RE 2 EICIRIE L. N ((REOEE) ik z 28RI27 5,
ZERWT, EEOFNHESRM (U0, Zr, SUS, BsC) ZAW 5550 Tz FEiiL., £
RO RHTRERE OFERR &2 1T 9,

FRMTRERE D 28 K OWERERERR 2 JE0i L 72 B CLBRBHE SR 1 ORI L NV E D T 7 L) b
DVRRE R ZE) K OWE PRI DWW T ORI Z Ehii 2 T7E CTh 5, BRI FEMICIIT VAR Z 3R
E L. BEUT 2000 5 ~EE A, WFIEL 1024 WA~ 2 E LT 5,

JUPITER (4L STV 5723, BX900 TOF = —= FIRFEM TH 5, /- T, 5% b
MEBEAC KRB R 72 2 — ROK#E(EEZ{To T E P A— R—a L Ea—FZThF =
—=U T HEL TV FETH D,

,59,



JAEA-Review 2014-043

548 RFFBERICEITHRRBFTMAENTFEDORSR
Development of Thermal-hydraulic Analysis Methods in Nuclear Reactors at
Transient Events
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Improvement of PHITS in Terms of Thread Parallelization and Memory Usage
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Displacement Damage Calculation for Target Assembly in J-PARC TEF-T
using PHITS Code
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Evaluation of Dose-conversion Coefficients for External Exposure to
Radionuclides Distributed in Environment (PHITS)

(G PN
TSR T 7 e — T

(1) FIAEMN:

BRI HIC A L 72 BURPERZAE D © OANHEIE < BRE 2 HEE 3 5 12, JE ATRE 72 U PEAZ FE 0D
JEER R B SO R [RIRR B © FERNR 7 &~ OHURITFI I C & 24850 (BREMELRE) N0E L7
Do AHFFETIL, HORHRPIEICBE T 2 BB O A2 B Adv, €27 v m IS < B i
E¥Ialb—raric k), ZOREBRBFABOEFHLZED TWD, REIZH T DEk4 2gkiX<
ST T & 2 ikl B A A AR A A R 3 5 12, BREE 2 B L 7 R I RIARIC B T 2 R
IF I 2> D KB AR RS o 2 2 L —y g U AR L A B 72 RIEEH RS 27 Ak 5
FIBREII AR TH D,

(2) FIANE-BR:

TRk 24 A FE I B PERERE DS TR 3 L OV IEE L QW A AICH LT, ER A
Helig L7, TRk 25 R, MRS KK HIZ /0 L TV A H0E < SRCxt 3 5 5 EIZ oW
THET 2,

FHRIE. BX900 @ 256 WAHIZ L0 FEhi L7z, BURFREES X = L— a3 ICiE, TR
DB E D TV DRI 1« EA A kR 2 — K PHITS 2 Wiz, BREEZHHET 5720k
ROREKEIE & PR O TR A 28 L2 FHRIRR A S L RASEEIC AT XL — i+
BRI &2 —RRIZ 00 S W72, ARFHE T W 72RO = %L ¥ —1%, 0.01MeV 725 10MeV
EFTD 11 W THD, o, AREEROPERITNEARIR O 3L X —IKFE L TE LS, P
RIAFRE LTHARRESTHDLEBZ LN TORKUK T 2 EHHBITRO 5 5L Lz,
SRR O EFHF T S, BB OBERBEE Y I 2 L—3 3 LIk b | HIRETEE DL
SRR 2 T LT, X 112, RIS 0.5MeV O Hifa = 3L F— e FHRIENS — k04 LT A D,
HIE M D@ S 100em (28T 2T OB Z <7, 0.56MeV (Tl Abivd B —27 1%, i
DS SN TR BRER CHEMMAT 2 Z LR BELZEERS TH D, £, LK
WL F— IR A SIS IRV E— 2 1E, KRF OS5 o E oM EERIC LY =31 ¥
— R T S NFIC L DEEE S TH S,

WIZ, Z OFEHRBO I AR E RSB ICEE LI2R 7 v 7 o b AZELE L, s s
L b=y a LRSI EZ R L, 2SS R EEE N Uis, WG R,
Yoo & NMEREROESE & O AAERICE DV AR S NTZE T ORE =R VX = oaHii L7z, F72,
BEMERIE 2 2ROV I 2 L—y g o, HRZEXRTOZES T —~ 00y &
H*(10) & FHHE L 72, ¥ 2 ICRGUSH A LI FHRIRD D O F2hfit i KL OVEID#REY | o AR,

,70,



JAEA-Review 2014-043

REmT, ZOFEIZEY | JEFRRIES —B-A0 L7 RKUSI T DM < Tl Bahi i
SRR B AR T )L IS IS W TR R EZ 52 5 2 L 2B BT L,

HF 7V TR (1/cmMeV per Bg-s/m’)

-2 ) )
10 10-2 10.1 100
HFIRILFE— (MeV)
K1 KEHIZ0.5MeV O HLh T 3L — N T HIRDS —KE A0 L2550
HMFEHHE S 100em (2B 5 HTFD 7o AR

10! ‘
—@— EHIEE
e Qe FEITARER L BEHY(10)
00 o .o .
0 2 ® -
10 o e o g ?

L H— LD DEDIRE (Sv/Gy)
=

102 107 10° 10"
HFFETRIVF— (MeV)

B2 K& AR LIRS D25 —~ Y72 ) DR R

Q) BRYRAMER, TURARR. WXH):

1) PEERHE, @R, W. Bolch, C. Lee, BRETIZ/N L7 BURMERZRIT 03 2 AMMBRIE < M
R ORIl —IF Q380 & ORI < —, AARFT /%2 2013 FHOKRE (CFRk 25 4F 9
Ao NF) .

4) SEOFIAFE:

Rk 26 AR, BREEFICE TR A /040 L T D355 OANIHIE < BREHUEIR B O He i
DD, ZOHMNEERT DT OITITZRRHERENNE L 5720, 5% b KGR
AT ORI H Zflkfee L TITU 72Uy,

,71,



JAEA-Review 2014-043
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Experimental Analysis of Fast Reactor Core with Hydrogenous Material
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Experimental Analyses of Reaction Rate Ratios of FCA-IX Cores by using
JENDL-4.0
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Nuclear Hydrogen and Heat Application Research Center
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Nuclear Design of Clean Burn HTGR with Utilization of Double
Heterogeneous Effect
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Q) BRVANER, TUARR. WXFH):

1) Y. Fukaya, M. Goto, H. Ohashi, Y. Tachibana, K. Kunitomi and Satoshi Chiba: “Proposal
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Nucl. Sci. Tech., 51, (2014), pp.818-831.

2) AT UV = NR—= U EIRH A O — AT MM A S BORYE— U —
AEFERME  AAR TS 2013 D KE,” JAEA-Review 2014-010, (2014), 33p.
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5.6 EFE—LIGBHEER
Quantum Beam Science Directorate

56.1 BREEFYoRILEFODFOERMILOEFHIE: 2 KB 1 RTETIVICKLE R
R
Quantum Control of Molecular Isomerization Competing with a Dissociation
Channel: a Theoretical Study based on a Two-state One-dimensional Model

L—— a7 e — 7
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562 JILMMIL—YF—TIL—3avORFEhFEIIaL—ay

Molecular Dynamics Simulation of Femtosecond Laser Ablation
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56.3 L—Y¥—#AW=JAatE/RD PIC P 2aL—i 3>
PIC Simulation of Proton Acceleration by a Laser Pulse
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1) T. Morita "Proton acceleration by using the deformation and movement of a target " 6-th
Asian Summer School and Symposium on Laser-Plasma Acceleration and Radiation

(ASSS-6) 2013 49 H 3-6 H., BHFESLRI2IFZERT (ORH) .

2) T. Morita "Layer formation of a target in laser ion acceleration" High Energy/Average
Power Lasers and Intense Beam Applications VIII SPIE Photonics West 2014, 1-6
February 2014, San Francisco, United States.

7 3C

3) T. Morita "Laser ion acceleration by using the dynamic motion of a target " Physics of
Plasmas 20, 093107 (2013).

4) T. Morita "Approach towards quasi-monoenergetic laser ion acceleration with doped
target" Physics of Plasmas 21, 053104 (2014).

5) T.Esirkepov, J.Koga, A.Sunahara, T.Morita, M.Nishikino, et al. "Prepulse and amplified
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targets " Nuclear Instruments and Methods in Physics Research Section A 745, (2014),
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564 L—Y—ZHICHIEREFFAFTIVADE-—REFHEIaL—30
First-principle Calculation for the Electron Dynamics in a Bulk Crystal under
an Intense Laser Field
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Q) BRYRAMER, TURARR. WXF):

JR 7R 3

1) S. A. Sato, K. Yabana, Y. Shinohara, T. Otobe, and G.-F. Bertsch, [ Numerical
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Review B 89, 064304 (2014).

2) K.-M. Lee, Chul Min Kim, Shunsuke A. Sato, Tomohito Otobe, Yasushi Shinohara,
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pulse| , Journal of applied physics 115, 053519 (2014).

3) Takayuki Kumada, Hiroshi Akagi, Ryuji Itakura, Tomohito Otobe, and Atsushi
Yokoyama, [ Femtosecond laser ablation dynamics of fused silica extracted from
oscillation of time-resolved reflectivity| , Journal of applied physics 115,103504 (2041).

FRRRE
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5.6.5 HMEHRIZLS DNABIEDSIaL—Lav iR
Simulation Study for DNA Damage due to Radiation
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Simulation Program for 3 Dimensional Structure Generation in Materials
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Development of Large Scale-molecular Simulation Method for Analyzing DNA

Dynamics in Nucleus and its Application
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Computational Design of Caesium-ion Selective Binding Protein
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Analysis of Molecular Recognition Mechanism of Biomolecular Function
Repair Related Proteins for Radiation-damaged Molecules
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First Principles Molecular Dynamics Simulations of Chemical Reactions
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57 e EERFEM
Fusion Research and Development Directorate

571 JT-60SA DFA/N—FBAFDIIaL— 3>
Simulation Study of Heat Load in JT-60SA Divertor

#HF Hin
JT-60 ARIRBHIE 7 L—TF

(1) FABR/:
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572 JT-60SA 25T 5 HIBHIZIEEN(RMP)ENMNIZ &5 = RITHIGEE D FEHT
Analysis of 3D Magnetic Field Structure by RMP on JT-60SA

Fagk Hll
JT-60 AIKPHIE 7 V—7
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5.7.3 ITER KFER—F EC SoFrv—D#%fEHT
Nuclear Analysis of ITER Equatorial EC Launcher

miff =]
RF INEABRAYE 7 Vv —7

(1) MAEM:
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574 JT-60U MATVICEITEAEIRILEF—HFOEHREIIaL—ay

Nonlinear Simulation of Energetic Particle Modes in JT-60U Tokamak

Andreas BIERWAGE
BA7uyx/ ha=y b FI9RXHHB I L—va L —7F

(1) FAEMN:

In order to explore conditions in self-sustained nuclear fusion plasmas, JT-60U
experiments were previously performed with strong neutral beam drive. The beams create a
population of highly energetic ions that carry a significant amount of the plasma pressure,
while having a relatively low number density. This is similar to the conditions to be realized
in ITER [www.iter.orgl, where energetic alpha particles created by fusion reactions are
expected to heat and sustain the plasma. These fast ions (beam ions as well as fusion alphas)
interact with magnetohydrodynamic (MHD) waves of the shear Alfvén branch. This causes a
redistribution of the fast ions, which may affect the fusion performance, current drive, and
heat loads on the wall. The overall goal of our research is to understand the physics behind
these wave-particle interactions through numerical simulations, and develop the capability
to make predictions for experiments such as JT-60SA and ITER at the required accuracy.

Within the scope of this long-term effort, the goal of the research conducted in FY2013 was
to examine the role of Energetic Particle Modes (EPM) with toroidal mode numbers n>1,
besides the n=1 EPM studied previously [1]. The mutual interactions between EPM with

different toroidal mode numbers and their effect on the fast ion transport are examined.

2) FIRANE-ER:

We use the hybrid code MEGA, which was originally developed by Prof. Y. Todo at NIFS
[Y. Todo et al.,, Phys. Plasmas 12 (2005) 012503]. MEGA employs MPI to parallelize
computations via decompositions in both space and particles. BX900 was used for
simulations that can be completed within a wall time of 12 to 36 hours on 64 to 256 nodes. In
particular, this was the case when exploring new simulation scenarios through parameter
scans at low resolution or when testing new interfaces and diagnostics.

The JT-60U plasma of interest is characterized by a high thermal plasma pressure
compared to magnetic pressure: the toroidal beta value at the magnetic axis was estimated
to be Beq,0=3.6%. As a first step, we examined the stability of this plasma within the scope of
the resistive MHD model used. With the normalized resistivity n=10%6, which is the value
required to dissipate small-scale structures that cannot be resolved by the grid, resistive
MHD ballooning modes with toroidal mode numbers n>4 were found to be unstable as shown
in Fig.1(a). These modes were then filtered out from the simulations in order to allow the

study of energetic particle modes (EPM) with n=1-4.
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While EPM with n=1 was previously shown to be relatively insensitive to Beqo [1], the use
of realistic Beqo0 value is necessary here because EPM with n>1 are found to be more
sensitive. As an example, Fig.1(b) shows the power spectra of the n=3 EPMs for Beq,0=0,
Beq,0=1.7% and Beq,0=3.6%. Depending on the value of Beq0, the n=3 mode lies in the upper or
lower shear Alfvén continuum or in the toroidicity induced gap. This affects the continuum

damping and the nonlinear evolution of the mode.

(a) Resistive MHD ballooning modes 2 ﬁeq 0=0 (b) Power spectra for n=3
0.1 ; . 3 i
—k—n = 3x10° 3
/| -e—n=10° g
2 008/ Mode // 1 g
s structure g
~
o [
£ 006/ [ 7=
2= i
o . @
8 ¥
£ 0.04f =
E
o 3 4
o R [m]
0.02
0 L L L L 3 Se
0 2 4 6 8
Toroidal mode number n 0 rla 0.5 1

Fig.1: (a) Growth rates of resistive MHD ballooning modes found in the simulations.
Results for two values of the normalized resistivity i are plotted and an example of the
mode structure is also shown. (b) Contours of the power spectra of fast-ion-driven modes
with toroidal mode number n=3 in the linear regime for three values of the plasma beta

Beq,0. White dotted lines represent the shear Alfvén continua.

In addition to realistic bulk plasma pressure, we employed our recently developed method
to initialize MEGA simulation with realistic fast ion distributions computed with an
orbit-following Monte-Carlo code as reported in [1]. As shown in Fig.2(a), we include only the
high-energy tail (150-400 keV) of the distribution, since this is where most of the
interactions occur. In the relevant regions of the phase space and for mode frequencies
around 50 kHz as seen in the JT-60U experiments, only the n=1 and n=3 harmonics resonate
with the fast ions. Their resonance conditions are also plotted in Fig.2(a).

Before proceeding to multi-n simulations, a thorough study of the linear properties and
nonlinear dynamics of the single n=3 mode was performed. One of the most important
results was that this mode undergoes a significant convective amplification (CA) when the
fast ion drive parameter Bno is increased above a certain threshold. This can be seen in
Fig.2(b), where the first and second saturation amplitudes are plotted as dashed lines. The
onset of CA occurs around Brno=0.6%.

When the simulations are performed with multiple n=1-4, the effect of CA becomes smaller

as can be seen by inspecting the solid lines in Fig.2(b). When drive is weak (Bno <0.7%) the
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n=3 mode is amplified by the n=1 mode, which has a lower growth rate but larger saturation

amplitude than n=3. When the drive is strong (Bno >0.7%), the n=3 mode undergoes some

convective amplification, but the amplitude increase with increasing Bro is not as steep as in

the single-n case. This is found to be due to coupling with the n=1 mode, which is not a direct

mode-mode coupling but occurs via mutual scattering of respective resonant particles. These

results were reported as an invited talk at the 2013 TAEA Technical Meeting on Energetic

Particles [2] and in a peer-reviewed journal paper [3].

Pitch angle o / 1t

(a) Fast ion distribution & resonances 5 5 (b) Saturation amplitudes
[ N s ' ' ' - -
[ E P -
0.35 < :
(] H
T :
0.3 2 1 -
a : .
0.25 E :
(/)] z
02 é 05 :
0.15 Threshold for - - -single n=3
convective : multi-n
0.1 amplification 0 . : : :
0 100 200 300 400 (CA) 05 0.6 07 08 0.9 1

Kinetic energy E [keV]

Fast ion beta BhO (= instability drive) [%]

Fig.2: (a) Energy-pitch-angle distribution of the fast ion tail (150-400 keV) and resonance
conditions for the instabilities with toroidal mode numbers n=1 and n=3 as found in the
simulations. (b) Dependence of the n=3 mode saturation amplitude on the strength of the
instability drive. Results for single-n (dashed) and multi-n simulations (solid) are plotted.
When the saturation occurs in two steps, blue lines represent the first saturation

amplitude and red lines the second (final) saturation amplitude.

Q) BMRIVAMER, TURAER. WXH):

1)

2)

3)

A. Bierwage, K. Shinohara, N. Aiba and Y. Todo, “Role of convective amplification of n=1
energetic particle modes for N-NB ion dynamics in JT-60U”, Nuclear Fusion 53(7), pp.
073007_1 - 073007_12, (2013).

A. Bierwage, Y. Todo, N. Aiba, G. Matsunaga, K. Shinohara and M. Yagi, “Properties of
Energetic Particle Modes in N-NB Driven JT-60U Plasmas”, Proceedings of the 13th
TAEA Technical Meeting on Energetic Particles in Magnetic Confinement Systems 2013,
Beijing, P.R.China (International Atomic Energy Agency, Vienna, 2014), invited talk.

A. Bierwage, K. Shinohara, N. Aiba and Y. Todo, “Dynamics of low-n shear Alfvén modes
driven by energetic N-NB ions in JT-60U”, Nuclear Fusion, 54(10),
pp.104001-1-104001-14, (2014).

(4) SEROFATFE:

Wave-particle interactions and transport of fast ions will be studied in detail. For instance,

the trajectories of resonant and nonresonant particles as well as the mechanisms underlying

the observed convective amplification and frequency chirping will be studied.
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575 TBHMI YA/ DEH:R

[CEDKER—2EL REE R

High-Beta Plasma Turbulence based on Electromagnetic Gyrokinetics
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Turbulent Transport Analyses using Multi-species Gyrokinetic Simulations
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Shutdown Dose Rate Analysis in Transportation of ITER/TBM
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SONIC Code Simulation of Divertor Plasma in Larger DEMO Reactor
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Neuronic Analysis for Detail Design of the Microfission Chamber for ITER
Neutron Flux Monitor
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BOZAUAE D IR EA AR AWCTHET 52410, A— N7 7 7NITEZE (EiteR L) ol
RN & M LTz, SRR AR LR, EMER— 7T ZIERE A E N 2 SIS k0 |
K788 % BT R BRI L HTREERIN LT 5 2 & SRR T X 1278, 75 R~ AR 6
N2 LDV, ERAEITETOMEIZK LT

105 Wiee LT Tio % & 37l S L7z, K1 REGNET OBRENR
SHBORERE D LT, BRI 1T 5 7 R > 23tz e~ o)
ITER MEHEtD 0O BLZ88 AL O B B i eI, B2 HH pRE Wiee)
AT O EIRIRE L0 b F3CEWETH B | AT VA 7.8E-6 [9.8%]
EDNHERR S, ERRIC K DR BT K & Ao & 2L 9.2E-6 [10.2%]
ROIRNT EERT I ENTE, T F 2.4E-6 [8.9%]

(3) MBUAMEE, TURARRE. HXE):
1) @il fh, TITER e RE=SH~A 07 4w arF o R "—ORBOER] % 30
[0~ T A< EAFaES, 2014412 A 3-6 H, HUE.

2) A M TITER T IRE=FH~A 2707 4 v a T oo _"—DOREME O 7= DR
Mr1 BARRS1%E 2014 FEHEOFES, 2014 4F 3 A 26-28 H, HUAL.

4) SHOMATE:

MFC ORI B RN Tt R O f A R ONERRS IE 45 O35 72 R T1E 0
HOT DI, BFBIRO LIS, M2 ORI R0 T OB 1 0 MR DFE AT &
BEThH D, S, BlEFEE S EE R LI BAH 217\, ITER OEEH2 160 Tu
<,
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5.7.10 ITERIZBIFTAT7ILIYUz— EHE—FEOEIRILF—RHFEEETI—FER

Development of a Simulation Code to Analyze Fast-lon Confinement in Alfven
Eigen Modes for ITER

ML #ER, B B
BT 7 —T
(1) FIAEHN:

ITER O KOBFEMIX, EMEKIETERINDEZRVTXF—T V7 7RI fIC L) 7FX
~ O ERAREE & S BOS R SN 5 F A ERINCHEET 5 2 &I D, 2D LD, AT
RNF—R A OERITER T 5 AE E— N & @mmrF—hi R OMAE/EMIZ, ITERIZE > T
REZERFFRED 1 DIl >TnDd, 2T, BEfFOfLEBHE 7 711 (0OFMC) 22— RiZ
AE &— R TO®T3/VF —hi B BEERE 2800 L, ITER 3 X OV JT60U I2551F % AE £
— RO@ETRNF =R CIADIC RIETTHEL TN T 5,

(2) FIARE-BR:

AR FAISERT ChR%E Sz AE £ — Nt = — N MEGA O 7T — 2 %A v 2 —7 = A
2% LT OFMCIZ7 7 A VAT U, BERE AR T v 7 7 B35 KOV NBI Al A A4 o4
BEHIRFEIZ R D AE E— ROZN DL O UIADIC RITTHEBZFE L7, AE E— R, Fn
A ZNBENOE (R,Z) A v =8 1T Cos(ot —ne) B L Sin(wt — np) DR E L THiAk
Ate, 22T, @lXAE E— ROEWE, ol b ZraThs, AR ITER © 9IMA i
iU AZBIT 5 AE #ESGO R oz 1 12Rd, SRSz AE £— RiL,
ow=-4228x10"., n=13 O LI NLE—RTh5D,

MEGA =1 — RO g 6522 [
& OFMC DO xR 2E[MIEZ OfEMT
KROFENNL RS> TND, =
D=, MEGA OH AT —4 1%
A v H—=TxzA AN LT
OFMC Z=Ef] FicFa—E vy 7 A
TIAEROCTEHERS NS,
MEGA =— KO HAfERITIE,
Z DT FIE K B30 72
IR AR D D33 TN D,
Z DOEIRE TR DA o F—
Tz A AIBTLF2—E v
AT T A AHE ORI E KRR
WBEHEX DI EPNHH L, Z 1 ITER ® 9MA iE#z ) U A28 5 AE & — N

-1,02%x10"2 3,34 x10°%3,46x10"% 1,03x10~7 -0,0104 -0.,0033 0,0037 0,0108

R [m]

ICCHT 4 NE—ERRE LT R oy DR a A 2V A,
2 ot D2 AR ERESR A /2l : Cosine, £[X| Sine £2%4,
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3.5E+05
3.0E+05 b (A)
2 5E+05 — WIAE

2.0E+05 \ —Axisym ___ |

L7z, ZHUZ LD, AE BRSO X
AN—T 2 AT —5ff, FHi
TEREEES 72 E 9 =T OFMC

ZEM ETCREFICHEMEREIND Z &
AR L7, 1 5E+05 \

OB T L7 7B 7 6N 1.0E+05 \

W T AT AT ENB/NT — 5.0E+04 \\

3

Power Deposition P(W/m)

DS ERIR LTZ, AE £— F72 0.0E+00 ,
o 3 0.0 0.2 0.4 06 0.8 1.0
FEBRERGE L TR LSS 1.0E-01
52752 VIAVAN Y. P S RN T 21 ) 8.0E-02 A
6.0E-02
BAICOWCRE L, ZNH08 2 LJoee ]
RDOZEIG NS AE E— RO AR é* 2.0E-02 ‘¥ \ /M\
0.0E+00 -
U Hi0EGERMb o, S e \ vV W
BE2X 2177, -4.0E-02 \J'
(WEOABIE AR E— K& psbel (®)
TAERT, HHT AE B— FO%E -1.0E-01 : : : :
0.0 02 0.4 06 0.8 1.0

Wl R T O R TH D,
F DSy e dlhk S R O3 AR T
HAAL L=k R 2 B2 R~d, AR ] 2 ITER ® 9MA &z U FI2380T R0 T

yhy,

F— NI yp/y, ~ 02 (HEICHFE TNT 7RiA- NS VT T T AT ANTEND
LTWBMN, TL7 7RFIEZED U =DM, (A)DFRBRIT AE T— R, 7
WEEZ T TRFMCEE L, HRITHI PRRGS T OFE R, (BIX, W#H D&%
DUED T — NSy NEALT DB il FRBsE S O o3 A TS AL L 7o

FTHREINTWD, K1ITRT &L
712, ITER ® 9MA iz F U 4 Tl AE T— Fidd DKM 25128 — RO 12T 5,
X 2121%, Ol AE E— ROFEEOEMBL KM ENTWD L HICRZ D,

b O — oW MAF L LT, JT60-U OffRZR"d, JT60-U ® AE E— RO huA Z/LE— R
ik, n=1, AEKT. ©0=2.023x10°Ths, AE T— FEHED$/7=00E¢/7=05T
DR OERGy DR A LK AT % K 3I1TRT, [FEC, BoEiEBRE < NBI A E = L X
—HRLTFNEINT T T A AT END T =D 275 Lz, AR T— RI20 27325045
ELTERALRSG A & RZERG 72 WESRIFREES DS B QW TEEA L, 21 b OfE RO #ES5
16 AE E— ROANNY =54 DFEE2 BES o7z, #REZK 4 1277, (AROKRMIE AE
E— FEFDIAERT, FHI1T AE £ — OO B H OB R TH D, Wi# 0 7Ey &kt
PRl o 53 A CHIkS AL L7285 R A2 BT, JT60U Tik, AE £ — R 3 IR X912,
TR THIRLS . £, T ACHLEL ETEL DML TS, Z0izH, BIZ
REND LD, T AT D & = RV F =R S ELER IS STV AR TR ST
TW5,
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10

Z [m]
Z [m]
>

-0.3

25 3 35 4 45 25 3 35 4 45
R ] R

3 JT60U IZk17%5 AE E— FESLEDO R D@/ 7n=0.0 (EX) kO¢/x =05 (HX)
TORBA X VWA,

3.5E+05

3.0E+05 \ (A)

2 5E+05 |- —WwAE
2.0E+05 N\ —Axisym |
1.5E+05 AN
1.0E+05 \

N

5.0E+04 \\

02 04 06 08 10

P(W/m?)

Power Deposition

0.0E+00

-

o o

-

mf‘ﬂ
o O

8. 2

0.0

6.0E-02 N\

4.0E-02 \/ ‘
v

2.0E-02 f\ VA AN A
0.0E+00 \n/

2.0E-02 \ .r v \"\
-4 0E-02 \J*

-6.0E-02 -

-8.0E-02 L
-1.0E-01

P/Payisym1.0

(R)
=

0.0 0.2 0.;1 06 08 1.0
(A
4 WOEAFE T NBL K705V 0 7T X< AT SN D80 — O, (A)DOIRBRIE
AE E— Frp HFHUTHE PGS T ORGSR, B, W D757 Z il B s th o 534
THIUEL L7t 8,

Q) FRUYRMESR, TLAER., RXF):
72 L,

@) SEOFIHETE:
ITER @O L 0 |78 H5 ) U A CORMEFHE 3 L OV JT60SA O FHEER T HIGHE,
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5.7.11 MCNP O—RZAL =z ITER KFER—KIFH T 55T RIEE DR
Nuclear Analysis for Diagnostic System in ITER EQ Port with MCNP

WEE #8Z
FHUBA% 7 v —TF
(1) FIABH:

EREBE A EBE (ITER) OBIZEHEICIW T, I3 A A ENERE (JADA) &
LT, SR (vA27u7 g vyarF=rn_— Raf ZUEEEIEER, IR —F
75T 4=, BANR=ZRH T =4 —, b LY CEELEHEEE) OREEZITY., O,
~AruT 4 yyarFe o N—ZRGHIEE T, 27 -F0oFHRER— 7T A
RE U CRHIZAT D 72, FHAKSE 2 MR35 BB | BRI X 2 GRS -OMER AR O £Z %
BOFMEAIT) Z LIZEETH D, £72. AFICEHHEEBO A T F AOBLEND, EiRE IR
MEROFHMEN NI L 72D, 2T, JADA TIX, FYETEEMNT = — K MCNP % H 7= B fi#
WraiT- TV, mWHKEHEE 2155 %, BX900 KAUGHRIEIC X 2 W8GR & 506 L 7=,

(2) FIRARRE-ER:

1. ICBHIC

R 25 AEEEOIFFETIZ, MEEEIZGIEHiE, ITER @
KER—=F (1) NIZERESNLD IRIP—ETTT 41—
ROV b A AAELEHIEEE IO W T, 3 IRk T
TIALEATO, B Tt A 2 T o 72, 22Tk %
o OHEEDOA, IR —F27 77 4 =22\ TfTo
TR R O —EIC O W TR T 5,

2. IT5—Ry I AOBERAKRVA VX —AX—RIZBIF K1 MCNPIZ L% ITERF L
2 AR 1L PR B3R~ D RN T
IRY—FETT77 4= IFA"—F—K (X158} »

B E 3D RN D X A N—F — O FRE A 1 E

THEHIEBE TH S, K2 IRT X9, KER—FFF

THIZI =Ry 7 AR BEL, ZOFITNFI T — %2

BT 252 ET, XAN—=FR)D DRI DIREETT

Do LU, T XD OHMEFR y #RIC K DI EUC

KoTIT—Ruyr7ABMAINDLE, I T7—Hh v/ AH

HWIRIMROFEAEPR & 720 Z3 ) A R & 7o TFH

RBEOKTEZHE BN DD, D%, IT—KRy 7 AD

BRBAZRMZ DLERD Y MEOREEBEEIME X2 27—Ry 7 ACB T 58

TOED—>OFETHD, FEADF RN E (P1~P4)
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AW TIE, S T—ARy 7 AWK LTAT VR (BLF, SUS) KO T/ =74 (LT
AL) &) 2FEHOMEZRINL, BTICEY ., TS DOMEZMAEDETHED,

1) 2 7Ry 7 ANOERAE

2) A H—AN—2 (X1) IZBTDEEEIEE (12 At%) BRER
FHET D LT MEOMAA DY ORGELEITo T2, FHEICIE, = — K& LT MCNP5
verb.1.4, Wrififg 7 4 77V — & L TH@E MICER & 7z FENDL2.1 /] L7, ¥£7=, SUS
X AL OPPEMEIZ DWW IR i1 260 GO BiEALNIEEZE & LT,

2.1 7Ry 7 AREROME &K 2 T 56 ORI R

ETLHIZ, I 7 —4K vy 7 AEK #1 TRy 7 AOEHMEICEBIT D
%Z”SUS80% + 7Kk 20%” K& Tr, "AL80%+7K BZHEEN & TEER R 447 R
20%"DME & LTca O 21T > 72,
ZOREREFR 1177, £ 10 [SUS)
X7 —hy 7 A2 E SUSB0% K | g
20%DHME & LTcspa. TAL) 12X 7 —R

SUS AL AL/SUS
P1 9.98E-01 |4.16E-01 0.4
P2 1.49E-01 | 6.49E-02 0.4

(W/ce) P3 1.59E-03 | 3.93E-03| 2.5
- Pas
v 7 AR E AL8S0%+/K 20% DA E & L P4 2 19E-03 | 3.69E-03

1.7
EEEDIT =Ry 7 ADKRETOR [
BT A 2 5 — AN ACORIEER | o ;’:ﬁ; 1.30E+01 |[1.19E+02| 9.2
%%%i’% LTb\éo (pSV/h)

TRy 7 ADOERAEIL, 7T X~
D HIUTVMZE (P1, P2) TiX AL OEA DI SUS DA R TR 60%IK < 7272,
—H T, FTRAvPHEWIE (P3. P4) Tk, AL OBLEOEFEIL. SUS OHAICK L,
TNEN LTS, 25 /OMEE o7, T, IRY—FT T 7 4 —ICL DA v F—A_—ADiH
HAE R R ER OB 1E. SUS DA 131 Svh THHDIZx L, AL DAL 119 1 Sv/h
L7209 ERREICHIM L7z, ITER TiL, #HiRE RS 12 BEO, FHUZEE 2% 720 O
HRfE AR ERA~DF G5O B %% 154 Svh L LTEY, AL OBATIIZOME2REMEL
TL% 9,

TS DOFFTHER DB AL 1% SUS (TR THHEFR vy SR = XL — 2% & T HIG 03T
e, BRBEZKSMZ L Z EnTE, RUHFMEFH - v BROAE TOFEEEDK FITITE
ATHHEEZD, LnL, 2OZ LT, AL OBEFMEEMENE W) ZEZERL TV 5,

ZOD, RN— 8T T THEFOFPEFHRIIKRIBIZHEM L TLED, A F—AX—2DIE IR
MEREORIGLEMOAL 0D, IT7—ARy 7 A% ALIZEX D Z LT RE Ml E 72
DT Dol

2.2 HHHAOEBILED Z AL I 3—TE - I A OB R EFRNT

21 FiOFRERNS, I TRy 7 ZDON, BREENEL . I T =Ry 7 A0D ORI DG
ARSI RELS BT LEZLND, 7T A REOEB®ILELOAC AL (AL O 7 444
—) EHEHL., ZLANOEHZTISUS 2 L-ET L (X3) 2#8LL.,
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1) ERILEN DR E:

2) A B —AR—=RITRIT D IERE SRR
ZEIE LTz, AL 7 4 V2 —1%, @A EEILOERE
X LT 1258 LSBT W TEEZITo 72,
Fio. ZOFETIE, FHERER O BLHNE D % 12K
RN—NTT T Oy DI Filg LT e T V%
L7z, fERER 27T,

AL D7 g 2= L GE, BEiEfLEE o
BREEIX, X7 —FR v 7 A2 TH SUS DLAEIC
T 60% R S8 5 = L3Sk 7z, — 5 T,
A B — AR— TR B EERE LR RS O H
Mo3E 21w Svih &7 - 7=, AL Offi % B d
FLEFFIZIRE L2 L2k, I TRy 7 A%
RCTAL ZfEH L7256 (1194 Sv/h) & T,
WnsyzERESIEBT5 2N TEE, UL,
ZITHEHEEE — DO EIRT SR EE A~ D
HFHHDODBELTHD 15uSvh 82 TLE D, £
T AL 74 VE—ORENEE I T—Ry 7 A
AT D8 2 2 7 —F CTICIRE LA, BREE
(I S 7 & FE R SRR R OB % 15

X3 BEAFLIDOAL 7 V7 —%RE
L7 — ADOfMET L

F#2 EWELELOAL 7 4V H — OG5
BB L A B — A= ZDE L%
R (R BEOfIT AL 7 4V
H =& T —Ry 7 AEEMN
SUS ThH L% 1 & L-REOEIS

Svih £ THA S5 2 L ARE (2 OB, AL folder | e
H33I5— 4 35— (HEORERORREE (@&TAL | "5 'qus)
XTI T B3, ZVE TOMERGHEIZ LV E front—M1 0.39 0.39
HEMEW=, /A ZXPRET2DIC<W, 20 | B | M1-M2 0.41 0.42
GG | 7T R |V AT B> B AL D § M2—M3 | 042 | 1.13(SUS)
DI AL 7ANE—%FHTHZ LT, I7— | & | M3—M4 0.42 1.18 (SUS)
Ry 7 ABROMEHMERE A HERE Lo F F | BFRE M4—M5 0.42 1.08 (SUS)
XD A XD ) A KR ATEETH D 15 IR R 91 15
ZLAERTIERTE, wSv/h)

(1] T s S0 luif, & R

(3) MBUAMEER. TUARRE. HXE):
2L,

(4) SHROFMATE:

53R, AIEEL, 1972 4.

ITER (23517 % 45 RIS O SETE BN IR G OBPEICA Y | Hix 7 —2250n T, LY
R ORI RN L 22 5, Z DR A% b KGR 2 O R 21T 9 PETH D,
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5.7.12 SIimCS ZBEL-{EHFIEE TD JT-60SA ERILH LIFD#&E

A study of Plasma Current Ramp up on JT-60SA under Low Flux
Consumption Aiming at SIimCS

g PERE, = HE— FHA KB
KT T AT VT T N—T *1 HEKF
(1) MABEM:

JT-60SA DAFZE BIE XL R—F T T X~ DEFEILTH D, TOEIADT-HIZIE, NBI
I K DA D OEWRERENZ T Tl < BEER (77— A N7 v TER) ARKEFIHTS
CEBETHD, FEINODHEEZ ST AVERYD FIFRCRT A2 ik, v
— YL/ AR (CS) T/ HERZRIGIZERT 5 Z LR AREICR D, ZANFEBRTE UL,
SlimCS X° VECTOR ® X 5 72, L0 @G ca v X0 hBmE i o FZBERmE 0, InEk -
BB R O F b3 LOMEERE N ORI b 22N 5720, ZOEFRITE,

AR TG T T A~ 2 I b— 33— R TOPICS #HW=gHE %217 5 72 DI KAE!
BT AT DEMERT 2 MENDH T,

(2) FIANS-HER:

AHFFETIEEIC TOPICS 22— R&HV, JT-60SA OEIRND LiF o) U A 0at21T- 72,
FEIZ JT-60SA DK BAED—>TdH 5, SimCS 7 EIFIZEIT 5 CS OFEH ZF/NRIZIMZ 7277
X< BEBRSED FIF LTV AOBRICETH L2 FEL LTV 5,

BEt U727 ) AW T, 9T T A= Afiih D 7T XA~ BIRIMERVBERE T CS IZ L 2758
BEENEFE S E 2 Full CD RREZ AL L, Z ORIEE R -T2 T T A~ Efia b EiF 52 &
ZHELE, ZOX 97T U ANEBTEIUR, LB CS WRITIH 77 X~Akk LU
Full CD JREEICHATT 2 £ CICHB SNDIRIET L0 28z CSIC X 28 CHEN T 51
BICHARTKRIFINS S TE D LHIFfFTE 5,

Rk 24 R E TOMFIERRE L LT, BE, IREORMFREZEE L TLH RiF v Y Ao
HEATO, EO X9 RBmE, BE, BREFEOMAEHHE T Full CD 2{#->72 77 X~ &b

9 7

8 —Time=5.05 y —Time=5.0s b i @5s —
Sy \ Time=10.0s j Time=10.0s £ 0z LN /\ Jior
"6 \\ —Time=1505 —> \\ —Time=1507 ‘Et : \J .
E \\ T 200 > 4 —Time=20.0s s — as

5 —Time = g ] ,E," .
2c>4 N\ Time=2505 =3 \\—TimezZS.Os i 01— = s
oE A Jz \ 3
=2 \\\ 1 _—*\\ E o

! \;§§% :

0 T T T T \ 0 T T T T 3 0.1

0 02 04 P 0.6 0.8 1 0 0.2 04 p 0.6 0.8 1 0 0.2 0.4 p 0.6 0.8 1

Fig.l ¥ =l —va B0 TRE SV EE oA OReEFsE(ER), CDBM #iik€ 7 /vic
ESWCEHE S EARE ORI R (P I X) & Full CD 23 E S LD 5 BickiT 5
UL AT Jtot, JOH, JBS, INB IZZNEI, &FEM. A—I v 7 &Eit. 77— MA N7 v &
it. NBI BRENEE T D 5347 & 773
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FFRHRETH LB REN TN D,
= DRI NG 1 R P e R 2 | MTSATER | 21 MAFTOIRBISL E(FOER |
— YA N A I = —>

7S R RMEMMICERL, & _ g | | B 'p —

DREE RS EET T A<ERE 2 1 J /w
WhEFHZepCEE, b B0 T o | |
T o TEBWMICL ST T X<ERR 05 5 10 15 200 25
D 8 FIFEFE ZBRE 5 Z & AN A[REIC 72 -1 —

=1.7T Time [s]
0. JT-60SA TTE I TV D INE, o

EITERENA ) DN T 2.1 MA £C Fig2 77 AX~ERI)tZzDH>HD7T—KMA KT

DB FIFTNTE DA RN H v 7 E Vi (Iss). NBI BRENE R NB). 55 E
BT ENGZIoTWD, TiTom) DEFMHZE, 5 XV #%IiX Full CD
SRR 25 AR FE Tl OFE R A2 1 T DIRFEIZ 72> TV D,

B Sy D R A ik T T VIS EE D

WTHET D VI 2 b —rvaraziToTz, AWizinkEs v CDBM HikET /L &I,
JT-60U O N EIEREN TG SN2 T T A~vDY I 2 b— g U TRYREREEDL 2 LN T
ETCWVWEHEHLDOTHD, ZDOVI=2lb—rarTlE, 7—hMA N7y 7 EH L., off-axis AL A
VEER NBI OBRBYENEIC L > TARBR S T BB S 1L, WEEREREENTER TE 2 2 &b
>7=(Fig. 1), ZOfER, BEZHET IV I 2L — 3 L IZBWTH Full CD Z2{& > 7= E i
H EF TV AOHENMTA S Z B LN 572(Fig.2), £/ ORE, CS I X > THEH X
NI-BREOEETH 2P0 FREE S NBLECH %4 < AV WngEa & i LT 1/10 12
K Cc& b2 Lndbhotz,

CIETHEEINEZV T IV AIFETRT Lmode 77 A~ Z{RE L TV, MMEA T
H-mode B DOBIEA#H 2 T\ 5, £Z T, Hmode A7 —U U I MmETFRIND T A LD
EEREZRE LA ZITo IR, 205G TH FullCD 2>/ £ £ 2.1 MA £ TOY
TAREWALS EF TV AEFHETEDL Z BN ST,

3) BBRVANMEE., TUAHRK. WmXEH):
OEARER

1) T. Wakatsuki, Y. Takase, T. Suzuki, N. Hayashi and S. Ide, “Accessing advanced scenario
with small magnetic flux consumption”, “JT-60SA 3rd Research Coordination Meeting”,
2014 45 A 19-23 H, BRH].

2) T. Wakatsuki, T. Suzuki, N. Hayashi, J. Shiraishi, S. Ide and Y. Takase, “Simulation of
plasma current ramp-up with reduced magnetic flux consumption in JT-60SA using
TOPICS transport code”, “66th Annual Meeting of APS-DPP”, 2014 4 10 A 27-31 H,
New Orleans (USA).

(4) SEOFATFE:
FriZ72 L,
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5.7.13 WUNKFIERBWN)FV LREI—FDREER
Development of Fluid Analysis Code of Tritium Transport in Pebble Bed

B R
TT Uy P LR V=T

(1) FIAB#:

AR BRI H G R T 7 v s OBIEMBUNRFEHEAEN Z i 5~ U A (He)
N U TR EEFHETEM D SN D N F U Lk 2 T D 720 0 = — REZE A & F
e D, MRMEWR 7T 7y MNTO MY F U L3, BIEMBUNRORK TR THL U F U L
EBMAIFNO T T A6 B SN2 T HEF ORI XV AERKT 2, MU F U LE, HEME
RN TTHRRCL . BUNERSR 2> S RIS SOGIZ K 0 i L2k, ~ U 7 L= TR XD 5
HENZBE L, ) FU LR ~wESND, o T, 7Ty FORGEHE P F UL
B A Rl L OBLE D, FERIITORIRSND Y F U LAEOTFHINLADOREL 25,

AfFHT = — BT, BUNERO FEE A (851225575 DEM @A C5EM L. R e, HoRTeE, N
RAEHE, xR FETOMTET L (K1) IZBW BT 2 Efirfae L L7z, S HIT
3. ARBHIEEAE Tl AR OBENIC )??AZN:O)J: INTHEB L TV &g 5720, k
U F 0 Lk iR & AR OBAERH R 28 512 80 BUNERFEEIEN D B Y F U LREEE
?ETE?‘%) EEHAET D, BEREOZERIZE Y £L< Oﬁ%%%%gkﬁ‘%’ﬁ:&b (X 3), #thH=

FERTHY . KRB SRIH &R BEY I 2 b —ra V2RI OLERDH720
j@émﬁl IR OFI AN AR TH D,

1 HGEAS FES AR E 7 1
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(2) FIRARRE-ER:

2 FeHEARET L omERN (A) kERE, B) 7% L5, (O) 74 LAFEEITIME

CHETOMNT I, R a2 BANEL ST L, diths LIRS WEIERZ < 2 & Thnk
BFLRETHL TV, ARl RERE, 727 LT, 7 07 LFEERICIIR LIZFEHO 3 /37
—VTCREEETVEERL (K 2), Kif—>— D08 % Non-slip & & L. FEEAPHE
D 3 RITTHENIRHT 2 i L 7=,

2.89e+00
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X3 FEEAEHAFMIOWmEIZHITL2HEa 7 —M GEX2 LFELE,)

X 3\ 24T TR F 1T % FesE R ) O AT i O = o 7 — X & 7m 7, KA A BIAIE L < 58
HLUTEREREET LTI, ZRETHMONTVD LBV | BETEF D2 DK X 2255 TS
REL RO TOLZERHISN TN D, 7, 7 F AFETIE, BEIEZT TR, FREf
WNERDZERRIZ BN TS IR R E Rl E B STz, S 61T, 7 0 & AFEZ IR L 72 e
BETILTIE, ZEZROBIRIEN S HITHHE L7220 | BETEE & NERTHtE) /S 2 DMFAET 2 Eh 53 D
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(R E Rl EDMFAET DM & g o 7o, AT T A FEEEE 7 /L T O /340 O EE AN E & 72
D FRIEERZETE ) & UTH D ZAERET L TIIFBLTE R0 2 T2 2230 K 2 WS ~0
E;ﬁ"% E/‘j LE‘Y?%‘?‘% — (1: ‘—EEIJJ L/f:o

X 4 FEHR SR OBEZ M LI BT 7 L 5 w7 R r—VWERE (BREEE)

SHIT, FEHEREZ B L, BENEOWEILB OB b E i L. (K 4), bh~ 7 B
B~ aA ZNTTEOFTEERN b U F 0 LM REARE L, FRET RO MOV TIE L
WICKREEMIRNT O B U F 0 LAERED S E L TR D Y — A~ 5 Z 22k, FUF
?A?&%W“Z‘ﬁ@$?ﬁﬂ%ﬂﬁék L7 (M 5), AT = — FOBAZEIC & 0 BUNERD FEI ) B FEdK

DFAIERIS MU F U LE, £ L TEBENILRE T, vV F AT — LV OBIREBIT 5 2
EIAFRE L fcﬁo?”:o CTHUS &Y | BUNERFEEREE ORRARC - U F U ARIE: & BUNRTEEIR N O
U F U LR 2R 508 I T Y — L O RS A Z A U T, AT ORERIT, EBLG D
TR T 2 Z LS AIRETH Y | £ OBEEMEOTHIFERIT, PEFEDHL ST b EEE R
PCRDHIF SN D,

(3) RBURNMESR, FTLAHER., AXE):

1D BPER, RS ARBIC—, WAREE, “BRAE 7 7 v v OB 2 B FE R
WD kU F 7 LR—HAFENCRET 5 T2 B AR E 26 [BIFHE 153
£ ], 2013, 706, CD-ROM.

(4) SEDOFEFE:
EREREBR R E Y D20 DB S A FHV T, Verification & Validation % 3 L. AZFHE
K2 DEHEMER EE Y F U LGET =2 _X—ADRFEE5| iz #EDLTETHD,

- 136 -



JAEA-Review 2014-043

58 RMHKREFHNIATLHAERFEERF

Advanced Nuclear System Research and Development Directorate

58.1 ERFMRHMESHKRNFRRRBRITFEORREER
Development of a Numerical Simulation Program for Detailed Thermal
Hydraulics in a Fast Reactor Fuel Assembly

HE PR, PR IESA. A3 K
i HIR 2@ 7 v — 7

(1) FABM:

mdUE O FERBIZ NG T, BREER Eo—BR & U CTIREL o @SB AL - St b a3 FR T &
NTW5, ZOERBUIE, BERRSTHEZ PR L7 GBI Z2RER G N e SN D BN & 5 03,
ZDTZDITIE, B DL % 5 ok & 708 ER T — NITkE U CRRBHE BRI O 2 sh 28 8) 4 5
AT 2 Z LA E 0D, ZOBGMIICET L2 L2 HIyE LT, ARG m AR 2
Bt 7 L — 7 T, WS OFIEBILERRE ) 2 B (T, REHE S IRETY - BARENNT S X = L—
AV AT LADOWEZFEMLTWD, RIFEL, 2OV Iab—Ta UV AT AERWEKT DR
FEARfRHT = — B SPIRAL 1D\ T, A IRENRER O FBU#T 28 L T2 — N2 M 4 i
THZEEHNET D,

(2) FIFARE-HBER:

SPIRAL = — NI, BB E L RT A ¥ A=V EDFIEIC L ML T2 DIREHE A RN %
ERECED ] D 720, ORI ICEBEN - AIRESRE A BRAT 2 L & bio, EHERFE, =L
F—RGEROZN UK T D EBOIRET VAR - HHTE L WIREERT 5, 21
F CITEE & 7 BRI A FE0E L C & 72208, Bk 25 AEFEIINER X 7 M UE SR OB E %
M5 72, ERAER 3T REVEAIR, BXIOL FESERO—MADD 4 ROBREE &2 B
DERWIZINERZ 7 M 33 R RS IR A G & LT B Eh T 2 S L 72,

X 1 IZHAT IR R 2T, FRHTRI G 72 SE B RAARME (BB E 28 D=6.50mm, VA ¥
£& d=1.32mm, BFIE ESIE »F P=7.8Tmm, VA ¥EEE v F H=307.0mm, BREE %
B L=930.0mm, P/D=1.21, H/D=30.29, L/H=3.029) %A 5 37 At"> /33 Kt REHE
BIRTHY, EHERETEICH L TT 4 BE VA Yy F 25 L Lz, EHREREEITH 300 77
3 (FRARREIR 200 03, HEEMEEL 100 EE) THY ., KFEEEHZ Y TIEK 1.5 TE
FEed, BRFMHFICEL X, MBS CIXMARHER 2 BB R &M LT, BERERIX
Non-Slip &fFZ# L7z L CRERMAZ A L7, RES CIXIRARRORE L —E D Tin=397°C
& LT, BB BB N Sk LTG0 A & A T 2 B RS & B 2 CRLEE L
7oo 1o, EBAEREHMOERE L~V E —H I D70, REFE R, BEMRARE, B
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K ONEAGERREER TR ZES R T X
iz, FEREIZT MY O ATHY | FEEK
AV win=4.94m/s, FMHER Deq=3.40mm
NHEHEND LA L 2T Re=51280 &
725, BiEFHEET VLTI, B MkiEE
LT SUPG %, fLitE7 /L& LT SPIRAL
U U Fv® Hybrid ! k-e/ko-eo €T V%%
NENEH LTz,

fEFTAERO—fF & LT, X2, X 312k
VAEEGE RISV Dl i & EIR R
FED 53 &3, fiT mpEEIZ B LT 1B
BREAIRE N Y 7 MEGIRTIL, 4 O3
IR —E L T Y | B — 7 il S I BHE e
ZEFBN TR, F 2 BEFIREEIZEI L T,
EARAEMEARICHTHNEEY 7 MBS
ETIE, EAERPLOE— 27 EENK 5°C D
FR & RDRERNELN TV D,

L Lokt Rk, SPIRAL =— KOMGE
ELTHIHEND 2T Tl JBRBHER IR~
F ¥ v FIUfENT 2 — K ASFRE ORGEAT —
2L L TCHRIHENTEY BIEEfT TH 5
[ 2 — N OETEEEGRIRNTE T /L ORGSR
HLTW5,

ANAER 3T AR AR

2 PRERE BN il
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IEARMER 3T AR A EEIER WER & 7 R 33 AR AR

3 BRBHE FEENER BIIC IS B M AR D A

() HRVAMER, TURRER. #WXHE):

1)

2)

VEATIESL, fepkffie . BHER, KEBZEZ. BE . SHEK. R N VNS
TF X R BIT DT A Y A=V EOHAMES . BARRA 152 2012 F£F
DHEE (2012).

M. Nishimura, H. Sato, H. Kamide, H. Ohshima, K. Nagasawa, Y. Imai, “Investigation
on velocity distribution around the wrapping wire in an inner subchannel of fuel pin
bundle”, ICONE-20 (2012).

4) SEOFATFE:

Tl 2 DERARTERIC X 2 REEART 2 MikeHIIC 320 L T, SPIRAL =2 — FORGEZ RO 5 TE T

Do, o, EWFIE~OBEM L LT, WEY 7 MUES RO BGTEV R IR AEHT . S IKmET
PAZE S G ARAT 55 O RMUBIRAT 2 i3 2 TETH %,
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582 BEFHRAEAABRZREZHEMTEIEREIR-_BRKEFETI—FDORFEE
REE
Development and Validation of High-precision Numerical Simulation Code for
Evaluation of Gas Entrainment in Fast Reactor

Ohgg & A e
i HIR 2B gy 7 v — 7

(1) MAB:

R ZEERAT 7 )V — 7" Cld, Na I E R @ iR DL 255t 7 74 7 ) THEO—8]R L LT,
JFA RN H IR Z 31T D T ABABBIR 27l T & 2 FEOE[ 21T > T\ D, ABFFETIE,
TER P T ABIA TR BLG: 2 BUEFATIC L - TR 2 2 & 2 HER L, F-Ets RSB T 2 B E
SR FRBEEEAEST 2 — K (NERGAL : NumERical Gas Entrainment AnaLysis) DBH¥E - ¥
i ZAT>72 D,

(2) FIARNE-BR:

AT, SRR 5 NERGAL = — F oot 3l % 720, HHEmEZ &t
EHUE BT L AESOIIREET TV (1/4 &7 X —fEikE 1/1.8 #F RIS TET UL Lz KR
KIREERER, Fig.l) Zxt%d U7=Edifgtr 2 BX900 (96PEs) (ZTHEhE L, H ABKALE [ &
fL 2 RBEMEDN B D < AR DI A LB A FRET LTz,

FRHT AR N DI 2 RS D 72D WAL 02 %82 Ui Refd] 190s 725 200s £ TD
10 PR ORFHER)fi#R 2 Fig.2 (27, ARl (Fig.2 M) oo ERIFADMo=a—L K
L7 (C/L1) \Zfl22 U CROEBENM & 4FBE (R/V) 0 — T2yl %, Bl BEPIOFEIUIE N
BE L DORIZH DRV A N ~EWiivd, —7F . RV L Crildi W Chiig 138 N Clil 238
TN, Ay M T (HL) 026 RNV &7 4 v 77—~ (DIP) HMIBOWGAIIZ L0 KFES
TP e L, Al 22— v R 127 (C/L2) 432 T D/P B~V A £ 5, £7-, C/L1-H/L
BHCITECEREPN O RO —#AY C/L1 DRl v AT H/L 1EHE THld 2 FhasmA L,
H/L F® D/P MR OWEAR G K > TR S D/P ~[A0 5 FREFRATEA S TN D,

Fig.3 (2 C/L1 % CTHRA LT IEAMD 0.5s DO AT v 7> a v MErd, AXNEH B

(VOF fi 0.5 OS¥fiEmm) . AKITIERE T 2em AEWIRICE T HiE (X7 ~L o KEG T
A EEGETGE) AR, WITRbLIRE EF L RO TH S, IEAiIE, CL1 &
[ VA ATEFEAUC HILIZ X » TG L= R0 — #0361 5 2 & ThE L. C/L1 % R/V filH
SENY AT SR T 5 & IERMHBEET 5,

Fig.4 (2 130~200s £ T? 70 RN EIT 2 < I EFAMOFBAENE Z2R~T, <IEAIT C/L1-H/L
W& H/L %5l T < &AL, HIL %50 < EAMTTEh HIL 28509) 5 0N EBED 5
FIEET HBRICE T T D, £72, C/L1 & H/L OB T, EBED S OFBECINZ T, Bl %R
AT RIV 2 @83 2 N OB 0 AWHT K - TE Ui DIP BB OWA R Fiiiu )
THT 52 & TUERMBFEL TN D,
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AR TUL R B A BIA S BLGE % iR C & 2 3 RS B KU AR AR A ARAT = — R D BRI & MRk
D—Br L LT, FEHH A BIALBG~O 5 AR 2 I Lz, 1/1.8 5T 7 Vil 2 k4
& U TRIT 24T o T2 i L BLE ST EF 12380 T 2 miaLEs O IEE 728 & TS PE D IEAiss A2
PHBLAEECH D Z L AR LTz, o, TR RIS W TBIZR TE 72 T A% ot LR
R T O ABRLA TR & o TH L 2 HERTROIRTANIC DIP WHAFIZ & 5 FRFEN T
T HMEBIC BV TIAMEN T Z & 2R LT,

Cold Leg2 (C/L2)

KEREEEDO Hot Leg (H/L)

Dip Plate (D/P)

Fig.1  1/1.8 #i UK/ € 7 /L K ii Bl R

Velocity, m/s

0.0 0.4

Fig.2 Fpf R s (10 F0fE)
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Vertical Velocity, m/s

-0.1 0.1

Fig.3 <EZm (0.6 BEOAT YT va v )

)

Fig.4 < EAHIMFEAENE (FRATIFRH] 70 FORH)

@) HRUARMESR, TURARR. RWXH):

1) Kei Ito, Tomoaki Kunugi, Hiroyuki Ohshima, Takumi Kawamura,
“A volume-conservative PLIC algorithm on three-dimensional fully unstructured
meshes”, Computers & Fluids 88 (2013) pp.250-261.

(4) SEROMATFE:
I LT L0 A B BRTE 0 D O T A BIABBGEEH OG22 D 5 72 L0 FEM 2 fpT
BT 2 IO T BUERRNTS0 | AL PEE S URIR 78 & ABIABBGI B T T LEAOND T
A =G AL SETZBRO T A FIA B ZE Rl 2 FE L T\,
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58.3 FRUDLBMREESHETOISLDMEESE

Enhancement of Simulation Capability for Sodium Fire Analysis Code

REF &+

U HIAE S BORAT 7 v —

(1) FIAEMN:

FEIE T o bOmAM T Y Chemicm Heat| transfer
7 AIEIE TR OB E D 'eact':’l‘ Nz, Oz, H20, Hz

LB & FEE P 5 (LB (8 7 = Cpfhcon
) AU D, 20D, T— 0% R S Convectjon
DT 5 2 b 22 Ak FAN < B Mm,," N
ERHROBRICET S L % H y &5 iy <. . behavior  Buidng
FIZ, F U o LBREEE DB A / (/fr?\ A Structure
By S 2 L—v 3 v AT o a s g + - of + " Chemical reaction
— K SPHINCS 7% BH¥&%&4m L CTu Floor S

U LW AT UAMRICREE 721X
R ETT— VIRITIENS 0 R BET 5
BB DOREWE (HARGOMRL IR ORE) DNEMNEBITIEE T 22824 9,

1 F MU U NRBEREAT = — N SPHINCS Ot x5

(2) FIARE-#ER:

SPHINCS =1— Ri%ilH PC L TEDNS 71 7T LA TH DN, 5% 2z KRG FEIC B
L. IEEHER R C R 21T > C PC & KA EME CRIS OB ENEOND Z & 28 L
7zo Z® T, SPHINCS = — REZMRTHHEEY 2 — LD ) bLE L MOT7n—Ry U —
2 FHELER R OREE B BT SOV T U R X — b EFERERE 2 N3 5 8 B & 920 L 7=, #d
B7eF N U o NRBERIEEZ HWTC, U AZ— FHEDNEFIITbND Z L =/ LT,

() BEYRMER, TLARR. WXH):

1) S. Ohno, E. Hamase, H. Kamide, “Ongoing Validation of Sodium Fire Analysis Code
System for SFR Safety Evaluation,” Proc. ICAPP 2013, Jeju Island, Korea, April 14-18,
2013, FF228 (2013).

2)  KEHET] IR BIE, T N U o NN AN TR O BRMFZE. . B AR 2 2013
FEEFR KRS, S083012 (2013).

4) SEOFAFE:

A Bl FEHE U 72 KRB G E A~ OB L - T, RGN Z A 20E M Lc KEBRNT 2 X 0 &
B BNRANTAT O ZEMNAREE e o Tz, T, U AKX — FNEHEBSREZMINCG R L= 2 & ¢, §Hl
KI5 LT D EGHER O IRFAL, BERSUEZEACA~DRIE DAL N S 7= & R, fiifra— R
DR - BT I ab—2a VEITOAEY— KT v 7y iff S b,
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584 FHIYLAHBEERFOSEAIRESNAREBTET ILOER
Development of Integrated Numerical Analysis Model for Unsteady
Phenomena in Upper Plenum and Hot-leg Piping System of JSFR

HH IEBE
s - SRR 7 — T

(1) FIAEHN:

TRV U AGHEREEFO EREARE Y NV (HL) BB &, BT 258 BBV 2RO
fENTE T VA RS Lo iRl — R EGHRR AT FIE O TREMITET V) &2 %H L <
WD, ARRHTFE TR, HRERYTE OB BT L A B iR & 72 5 HL BE IS A E
NDERETHAT S HL BEEALEFHE TORPIRICE D ¥ v £ 7 — 3 CORAEFML LOA
OECRAETZHELLNCL D HL BEERB LI OZ0O FiiD Y 2 — b /L RE COiEhEE IR E)
FHIiZIL Lo & LT, BET L af e HL B I T 5 IFE H AR B BRIk K - 2 AT
i LR BORBNE MO Z H L LTV 5, MEFRIEBRHMEICS W TiE, ZhETIZ, ¥
2 — b LA A T HL BEEICHE B Lo KRB BRI X OSUEA#T IC K v | FEfESE ()
EEELDODTCEXIEIATHI N, BEBRFHIBWTIIFE B 7 L A5 HL BEE ~DW VAR
OIBFRECHAT 2 HEELN O BIR S E & 72> TV e, £ 2 C, B IEERHI OB T
W BN L C &7z HL BE BUREZ R & LICMTE T L & IR B L AN ORER) 75T
METH OIREMRBILBR L RRE U THIEEM L C& 7 BT VT AireTr v /A L
T, FLWEITET L (REMITET V) 28T 52 & & Ui, Tk 24 DT, KEGEHE
e AT K &FIH L C R OIETE T TRBIENT 3 WIHE & 72 D K 5 T A » o 2 B/ DRt &
1TV, FEEABRREIC DWW COBENMEMER AT o 7o, Pk 25 FEIIE, #IEk LT 7 L &
AWT, B L LB TOIEEE RIS OWTHIRT % & & b2, IEEF IR 515
DIVDENEET —F 2oy g — VAR EZ ST HL B OREISE (RENEIRE)) #7
Hrat i FIE O R &2 i L7z, E7o. WEMTREOFHRAMKEEZ A& LT, B DM A »
YaDEE bR ST,

(2) FMIANE-HR:
@ WEERATET L OREE

KBGO FE T LT D &K 111 fig R U7 KRR 2t & LT AT e
IV DFRREFAT 2 Fhti L7=, A L7 CFD =— KX STAR-CD Ver.4.12 Th 5, fENTIZIZH A »
T a$i 1,100 T ve s ZETAEEALE (K128, K2 (a) BELWY (b) (Z=/LK
AOD 5 2D EIRALE CORMERES AR & LT (a) (& HL BLEWIERN ORE A (TR
) OkkFE L, (b) W[l st OER S MM Er~T, K2 (a) O REHIZOWT 1/11
i ROKGRBRAE SR & DB L0 | il HBfrESCh & i —HT 52 L2l Lz, £72. ¥
2 (b) 726, B FIRIED IOV T H ERRERAMOFE T2 L2l Lz, 722,
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AEFRAT TIRFEMER T W=7 — 2 5003 1,600 i & 70 < FEBRAEIR & O |k +4r & 13
SV TH D Z LITEEPLETH D, 4%, S DIT, BEEIT 2kt T2 LE1 H 5,

@ Ay 20ERDEHEL

WPEMATRF O HAMKIRZ BRI E LT, TOMSMITET VOMEE] TEHLIZEBA vy
5 1,100 TOT7 Nt 7 ZETANL R HEHIEK T2, [ORAMHITET VORGE] DI
EFRATOFERN S, A v 28N %S LT\ 5 UIS JEUERORENE 2R Lz & 25,
B 7RV STV RN 2 E B8 o Tz, 207 UIS ED A v ¥ = #8711 8
AV a KR EE R A Y 2825 1,100 505K 900 5 E TR S W7 A » v o S
L7ce LU D, MNTRERZHERLIZEZA, ZNETOMRLE —H S LR WFERNAET
7o (X <BEFEIROV NS W), S DICERSHT 2D ffTAm ORI (GEML) ZE L Tun,

® BHULA v v = OHBERHERR

BEE LAy a2 U CHEEFMNT 2 L7, TOFAMITET VOMGE] & I35 M:
WELI2 Y ARFENT CIIEBNAE 550°CH T R U w AL L, HL B PN O KRR 7 63758
Un DS RBFZAE (9.2m/s) 7220 X HITFLHOMEARE LTz, K3 (a) IZF 7 1F A
NOBRRERFI O &, K3 (b) & HLEEEZ LK LEREE O 2753, K3 (b) @
HL BRI TR, M3 (b-1) 12X 3 (a) 75 HLBEE GRAR) 2Kk L-NB L UM 3
(b-2) IZ[FLE TORHFY LR 2 7rd, M3 (a) ICB Ty a— bR AT
BERROT —F MR RAEL THWD2, X 3 (b) ORFFEESTIZI A OITHERL TW5, 7
b, va— b VAR BB MG R 2R R & U CTRERRIBOSEIRINZER S, ZRLENRT
FMICHEN TN Z & T, RERBELIHBIOENLEHZF | EEZTHRNE 2D, Zhix, HL
RS A COBMAERB TEONEZMRALEAE LTV, /2, HLEEWNICB W T HLEE AN
H DIE D IO (WS ANFAT 22 o) BB T 5, 720, ZofEmiz=
JVRERNCIEL TE Y, BICR_BEHR OSSR L KT+ 2 L3k, 5%, BB A
¥ 2l OWNWT Y TOFRAHNTE T /VORGE] & RO RGN 2 F0 U Cill T % it 4 2 42
FERd D,

Q) RMRVAMER, TUARER. WXH):

1) HF, BIE, (R Y AAHERFOY 3 — Fm VRS2 AT 5 L7 L Ao IE
TERRATE T VO | . B AKEMFS 2013 KGR, H 7. 2013, (CD-ROM) (2013
£9 H).

(4) SEOFATFE:
RAE HL BEH L BT L AR & 28t L Te BB M 7 /L % IO T BB AR AT 6 R 4 3
HMUZHT9 % & & b2, HL B8 OFBIahE AR BT 3R () 7o BER SR & 22 % 1 BB 7 —
ST, REGHR S 27 D215 U U2 a2 920 L T <,
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2 VAR AE 2D bt Y Wi o iR ] - sl oy A1
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[m/s] (a) A EE 7 LT AN (b-1) WREFERIEIL (b-2) FFfEEEIfE
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585 EERFEAIFKERATNIVL-—KRGEZHERZTI—FOEEIL

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

NI BEE
VAT NN T — T
(1) FAEKM:

F RV A (Na) GHEEEHFOESREES (SG) ITBWTREVERICEBMEILNAEL D &
EEDKE 213K ESD Na Mg H L, Na & KOBFES (Na—KE&) ZFfE D Eik - & -
JEEMY = v BB EN D, ET AEEVEICZOMGY = v h3EET D & EREOERE (7
2 AT =) RERCICE I BEER T 25 XEZ L, 2603 E T3 25 & BRBREEAVE D ki
AR (RIS HR) (2E D, SG ORRGHR OV Aa Ml TIEMABR s DR LT 5 alaettE 2 #Hid5 Z
ENEERREE 0o TND Z 0D | RUFECITBUEMNTIC X 0 EBVERIBRFFR 25T 5
BRI A o A 7 2 2B LT D (X 1), AFHl S 2T LITEB OB =2 — R
DAER S, TOROEERMBRERE CTH D Na—KKE - JEMEEZ D ZHRHET 2 — R
SERAPHIM (Z DWW TIERBUGH R 2 FIH U CRENTE 7 L OREELORGERNT 2 HE D TV 5, Fpk
25 R, THE T LIc B DT 7 L 2 B L7256 O RS T 2 61 72
AR A B & U T RS & 1 U 7o IR Na K28 XU R & AR = — R TRt L7,
AT S D ACRIT, FEHE R R O TR R OB Z R TR L 25 b D TH D,
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SERAPHIMa—F (Nafl) S| TACTa—K (IZ2VE)
EREREEELEETO w&mamnum”m e
Na— 7k i & FE A 1 2 B 43 HikNa I, B EREDRE-
AR O O / us Hl*lauﬂiiﬁ RRIB I
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=\ &3

1500 SF T e hy RELAP53—F Gk
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1 ACBNVERHRRF RIS D RATR TR & 2 7 L O

(2) MANE-HER:

R Na WK 28 <0 H BRI o3 2 AT SRS M OV A > & = 2 [ 2 12" d, AT REIsIC
HEED E L CHKE, ¥—F v ME, KOEOIFRPAFAET D, FRITHEIRI IR WIHRIA Na T
7 SAv, HEREHFROEKRILEL O AKERZNRE B X235, HKRL TR, £ OBEFLE
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58.6 BRFAIRELERANTNIYL—KRIGRZHEETI—FOERERIL
Advancement of Computing Speed for Sodium-water Reaction Phenomena in
a Steam Generator of Fast Reactors
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58.7 EHEIRILF—ELTHILODI—FMVPZFERALI FBRIFILDFY TS RIGERE
iy
Calculation of FBR Core Doppler Reactivity by Continuous Energy
Monte-Carlo Code MVP
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5.8.8 U-RANS [CkBMTILTIARBERBRHDSI2L—ay
U-RANS Simulation of Unsteady Triple-elbow Pipe Flow
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589 BEFFLMEGERFOMHESHKRNISY VNEDKIEFREKE
Mechanism of Inner Duct Wall Failure within Fuel Subassembly during Core
Disruptive Accidents in an LMFBR
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Acceleration and Parallelization of the Computer Program (Dtransu3D-EL) for
Analyzing 3D Saturated-unsaturated Groundwater Flow and
Advection-dispersion Model

KEF HEA,
N mEsa, Bk R R sl wiIL R,
MR L B s JEK RGE

AL FEBSE R MU BREEMIZERL & 7 v — 7
+1 MBS AFFEBAE R RRHA AT = » b RS E e UEER BT SE  — T
+2 MBI HFTERARE IR BRAETRHE AT e~ = » b HERUS VB BRER BT IE 7 1 — 7

+3 HUEALTHFSERHSE RN MU BRI SERR e = > b =T 7 =V R v —T

+4 VAT REERSEE L X — B AT AE RS

(1) FIAEM:

S TR S e oD 2 RIS OAFFERERR G RN IV T, U R KDL 4 IEFEIC FFEL, TR 2
TR BEREANRRED— 2 & LTZHET b TR Y | BT BT 1ED £ O HEZ) 72 Bdit
ELTHWHR TV D, Loy L72Rds & R 5RO BB 7 0 7T 5% IV T2 51T
KEROKHEIERE LN AT — /L TORBUH RIS T 2 2 L8 L < 7 /L O HHiEe
A= O/, b L < ITEOBEM A~ AICH RSEHOFREICHES S 252159, KE LR
WNZIZRREZ 7R LT 7,

LLED XD e b0 AWFZE T, MR & REEZREBFE L. BN TH A EHEFO
&% 3 okl - ANEFR T — Bt o il 7' 777 & (Dtransu3D - EL) @ MPI i34k
£ D mi b a ik 2 1R KBV (36 1 2 MRHTRE L 36 L OMIBAT DR DIRARRIIRIR 2 [ % Z & %
HigE LCTHER LT,

- 160 -



JAEA-Review 2014-043

(2) FIANE-BR:
ittt 7 1 777 A (Dtransu3D - EL) % MPI W3IEIZ L » TRk 572010, KEEIL, O
7’v 77 A0 BX900 B X OVE Lt FORTRAN ~O#flH, @22 FOENY T —F B IO
Tyl a O, Fa—=27, @MPI WFHE~NEITFTOT — 2 EOHRED 3 HA %
Fhi L7, ERERELLTITRT,

O Fu 77250 BX900 B L UE L@ FORTRAN ~DBHE
JR T D 7 0 7T NIFATRE KNG T D720, Y —A a— ROwAE#R 21TV, FEAT
R T v 7T AOBEIEEZITo 7o, BARRICIE, 7 7 A NVORHMEEZ D D207 7 4
Nyl L a— K (UTF-8) O@E M. B0 5 | HRHRT- O, 2585051
RABDEERDT = v 7 AEIEEFER L, JFF IO 7 v 7T L FTEREL TRIEE < B
BT 52 L&A LT,

@ aXPOBWYIIA—FUBIOT 77 va v Offlf, Fa—=r7
TuT7 7 ATICED AR IS E RFETRRIO 95% % 5D TWD 3 Aot 7 v
—FUERRFET D L & BT, TLRERHERE T ORIKTH 5 EE A - 7-F s O F RS %
B LTz, WIZ, ENHDOH T NA—F U Zxt LT, v A AF T v a 7 b RN — T4
BOWEIZL mE L ZIEREK Y | KA FATEEMEERO 7 1 7T & & Hlg L TR
13%FECUFET D Ea2MERLE (K1),

@ MPIFHE~RET TOT—# 53F

WEHLDOHEFIEE L LT, 7’07 7 ANOT — X EREZEYNCSET 5 LT, BETET
— 2 OHBARREZRA L, & H LRSI B B EN & 22 b N FIRICER S
DATANDA =2V TR D Z LI K DINHRMERRZE L ORI 21T > 72, HikE LT, (D
RHiR X EETY — b, Q4 iR AhEz, G)&finy 7 b 3FED Y — F R ATRER
07T LERWTITD, RRT—& LT 3HLUL EORBET—H L TWAD Z & 2B L.,
R & e HESNC N EFEO RN &35 o Tz, — 7T, BB 2 By 7 5 I L
AT T2 6, FRET 217804 —X V) o ZITE L WHRERFLT DLV EL 6
meinoie,

B) BBVANMEE, TUAHRK. mXE):
2L,

- 161 -



JAEA-Review 2014-043

4) SEROMAFE:

SEORIE, MPLIEFHBICAIT 28 —BERBEOR R THY . 51%. 7'v 7T L0 MPIEAIL
(AT 72 B B & AL T 2 72 01T | - Tk O RGBS 2 W T AR 2 ik L TS FRET
b%, £, EWNATHRE SN TODMOISNCHTK - WEBITHIT 7 0 7T AOWREZAT D
&L bIT, RHE O ERR (Bl - IRAE) (2361 2 #t F/AKIREMRMT 213 C @ &3 D oo g s
GyRIGERA S 53 B~ DT ] & BB I AT T & BRI IR & L THT > T PRETH D,

8600

8400

8200 9.6%IE 10.8% K E ‘ 10.9%%E | 11.0% & | 1BI%SRE

8000

7800

7600

RATHEEE (sec)

7400

7200

7000

6800

1 BEY T I—F o OEmE bR (7920 TOEZEKEZH T2 3 IRcO/KBEMER#EET
I TR KRBT DT R 2o A AT v g (D) ~3)), v—TWE O
W (W~G) ZIELGEAT S Z &Ik, FETHEENK 13%tkE LT,

- 162 -



JAEA-Review 2014-043

510 RF¥HE=MHZEFT
Nuclear Science Research Institute
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Improvement of JAEA Computational Dosimetry System for Particle-beam
Radiation Therapy
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Nuclear Fuel Cycle Engineering Laboratories
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Thermal Fluid Analysis of High Radioactive Waste Tank

O PR
PN o 2 — B LSRR PER 1R

(1) FIABR:

EHPERER (HAW) 1, o RAERDORBEBIZ L VIREN EAT2 2 000, ITRENG
HKZMHAE L —EIRE (60C) LLFICEH L CWD, £io, BEH - FR IR L 7=
BRERR, A ML AT A RNTi, 2KWMERNER LIZ5A1C HAW I, 70 b= ARrl
SEDMATRER CUBISIZ 2 D 0 & Wi BT 7 L CREM L, WBISICE AR £ TIC e R R 2 Ff > C
WHIK G OCEBROMRN TEDHZ L 2R LTV D,

—J. WEAET LT, EEORIFHEOIRE A BRI bRTFIRTHE L 2> Tk Y | FEEE
® HAW O FFIESFR A2 FANC e 5123 E > TWhwy, 2072, HAW OIRFE A8
ZEEAMCEHME CE AR, RVBEICHIL-ZeRE LR TE D 2 ARSI TWD,

AHFZECIE, HHEFFALER i % | ATBCE B S LT 5 @ i BRI ATl O v Tl b VR O K &
UNE PR TS O HAW Rrf 2 ak & U, BRIt = — R 2 W iric T, HAW o
YIME 2 ZEACEE T 5 Z L 2 A E LTV 5,

@ FARE RE:
RN R ITA B L AT A MRIEEICBWL T,
FAERER (48.5 W) CbBET 5 & A S U AFH o
BB O HAW RIS L, JURS e / engsn TR
WA 2 — K FLUENT % fVC. HAW B ~
HIN O HAW OIREE F5IC & % [ Sk 4 b
U 7= B4 2 5206 L 7=,

FRHTE 7L T, AR DV FER AT &
% HAW il ~0%2ih % %08 L. HAW % |
O HAW B R 2 088 L 7= 2 L % 6P & L 7= 2 }

* ' + LAl
i > BHNTIT. BRRpNG Y BT .
(Fig.1), 7. HAW O®HENZ I, BN ¢X \tMiﬁ
D aA JVROEEICHEK 2R L THEIdT 5
WHEI A VERSy & BTSSRI A 2 S L Fig.1 =7 /VEWMX (&)

- 165 -



JAEA-Review 2014-043

TWHEIT DIFHERE Y ¥ 7 v MR DIFAE
THZEnD, BHIaA NVETIEERED A
Ve RO AT LI P2 EE &L
TH#EA L, IPRIEE Y v 7 > MRS T,
BN Y v &> by OB - BV &
Fir-wsz s cETMELE (Fig. 2),

FRAT SR 13, S AR RL Bk D B fiE & FL 1
HAW MmAENERARE GBS A L <
HIEEITST,

FRMTIC K DIREE AR R A Fig.3 177,
FHIERIC K DR O FERIfEA 31.6CHRDIT
%t L, [AHSIZ I 2R E OfEFTEIX 32.0°C
LIZEREDMHEE R L, STET AN YT
DL MR LT, o, RESMELT
%, BRicd 50— 2 INEROIRFE AN i
OGP ER E o7, Ziud bt —
ZWNEICHH 2 A VR JAFE AT L
AP TEDLDNTWATZD, IMNBITHEETE T
\Z HAW OIRE EFICH L LT D Z L DR
K EBEZ BN, EEEOMEEE T, S
HEHEINBEEN, SreE—2AND
HAW 35— 0 ~DELNLT20,

JEOLEITA2 VA, ERFERS IR L, HAW ImAEE 2 TE L L7235 6813,

NLt—4

BREARO
AEaAIL
FEAVNO
. BRAER
z ‘
Vg;L,x TEAFIAIL

Fig.2 7 /VEMX (HAW 1)

ﬂﬁmﬁamam4
=Efi{E: 31.6°C

fiZHr{E : 32.0°C

T EEE RO HAW OV 5 A

Fig.3

2—H N

ALV @IRICRD Z LN TRINDIKERE RS T,

3) MBUARANMEER. TUARRE. HXE):
2L,

4) SEOFATFE:

HAW 2360 DEHTE 7 VO RSN HERE TE 722 L s HAW O ARE D & T Ik
L7=5%a OIRE EFBRICOW T 2 £ 4 2, £72. HAW WMAVKKES D Lizha o
HAW DR BRI OV TG L. WEET L LB L7223 5 HAW ORI R L5 A

B = A LORERZAT-> TV L,

- 166 —-



JAEA-Review 2014-043

511.2 BT—375473)DEH

Conversion of Nuclear Data Library
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Evaluation of Radiation Shielding of Pulsed Neutron Imaging System at
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5.12.2 DCHAIN-SP 2001 st B RICE DR EXRNHTDOHRER
Addition of Calculation Function of Dose Rate Distribution to DCHAIN-SP
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T, ERWrimifE A Lo i E SO R A D Z E N AREL oo Tz,

2) ANFEROEE

DCHAIN-SP D AJji%, f8ESNTNAERTNRT A= DI EFTRT HHNThH o772, Fifi
DRI SNTEATI 7 7 AN E720 | AIHHEMENS D Th Tz, 2T, AT 7 A VOVERL -
BEEORE L2 HEE LT, ANT 7 A0E [T A—=FXFR=,3F A =4l &\ HTEX
IZEE LT,

3)  RBRMRERE Lic v BROBRERFHMRE DB

DCHAIN-SP i3, B KOG HGRE, BERL, v RAY MR L, O D HaE
EAELTV D, HEBSTED D OBSHRY#ELZE 2 550, BETREOME TIZAR<, v ROBESR
& ITITHE 21T 5. DCHAIN-SP OFHEIER RN 256, BRfEO B IR R 2
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513 KEMERAFE L 2—

Oarai Research and Development Center

5.13.1 FLUENT:fE2 555 % /KL EEED T

FLUENT : Analysis Relevant to Contaminated Water Treatment System of
Fukushima Daiichi NPS

SFHOBE
ROEATHE B H AT B F Rl 57— L
BEX AT A MrREZEBRHE 2 v —T

(1) FABEM:
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IBA T ADBEEEPELT TND, T RAEEE DK A BRELE 7 6 2258 % WA EENIZ
WA SHEDERE) ) & 72 W KFRREORBARHET 52 & 612, BUTOKERKRE L TE DR
TWBHRY NET T OO KBRS T AN T 52 10k 0 KEREITBETRE TIRA

- 174 -



JAEA-Review 2014-043

(4vol%) LAF (X 2) ICHEFFSND Z Dot~ T2, REINTWH B U AWEM D
REIKEO H CAEKRE (560C) LV HIZDNURWIRE LR (K 3) 2L EFEDLZ sy
Mol
B ABRIT T AT LFHER T X —DZRBEIARICE VG oo, il 2 0 TRGHT 5,

Q) FRUYRMESR, TLAER., RXF):

1)  Yoshiyuki Koma, et al., “Research and development on Waste Management for the
Fukushima Daiichi NPS by JAEA”, International Nuclear Fuel Cycle Conference
(GLOBAL) 2013, Sep.29-Oct.3, Salt Lake City.

2) SFHBEUEM., “BEYA T A b ORWRE RO KEILEMTRM” . AR %s
2014 FEDFL.
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5.14 HEARED
Tsuruga Head Office

5141 BEMEAIRERCGREDRERREGRED-HOD 3 RTBERERIaL—

ay
Simulations of the In-service Inspection of Monju and JSFR SG Tubes using
Eddy Currents
Mihalache Ovidiu
REBANBATE 7 N —7
(1) MAB/:

The simulations aim to validate experimental ECT data taken in mock-up of SG tubes
similar to Monju FBR tubes, to confirm detectability of defects in helical SG tubes under

support plates and improve the ISI of Monju SGs.

(2) FIFRE-EBR:

In the In-Service Inspection (ISI) of Monju SG tubes, eddy current testing (ECT) is
employed in order to check the tubes soundness and their integrity. Due to the complicated
geometry of the helical tubes and support plates (SP), full 3D numerical electromagnetic
simulations were used to validate multi-frequency ECT algorithms that could reveal defects
near SP on the outer tube surface.

The electromagnetic code 3D-RFECT, which was developed by authors in-house in JAEA,
uses FEM to compute ECT signal at various frequencies from Monju ECT sensors. The 3D
parallel simulations based on a hybrid OpenMP-MPI approach were conducted with up to
1024 CPUs divided in 128 nodes with 8 cores/node using BX900. Validation of simulations
with experimental measurements were conducted for a SP model with three helical SG
tubes, with a 250 mm tube curvature, (as in Figure 1a) and three defects: full circumferential
outer defect (OD) 20%tw (tube wall thickness depth), 10 mm wide and partial OD 30%tw, 10
mm wide with a 900 degree spanned in circumferential direction. The 3D FEM model to
simulate one point in the ECT signal (as the ECT sensor moves inside tube) had 5,100,000
tetrahedrons and 7,000,000 nodes resulting in a 41.9 million DOF and 1.25 billion non-zero
values in FEM matrix for one point simulation. The disturbance of SP signal (calculated
using 91 points simulations) due to presence of defects is simulated in Figure 1b-c in several
configurations: location of OD20% change from lower to middle and upper tube (see Figure
1b) or the defect signal is computed when there is a SP model; with one or three tubes (defect
located all the time on middle tube). The 3D simulation is then able to calculate variation in
SP and defect signal when defect is located on various tubes (low, up or middle) or

electromagnetic interference because of close proximity of other tubes in the large SP model.
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Figure 1. a) FEM model for SP with helical SG; b-c) FEM simulation of defect signal
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Figure 2. Multifrequency (MF) and window-multifrequency (WMF) for straight SG tubes: a) relative
positions of defects to SP; b) principle of WMF; c¢) Application of MF and WMF to experimental data
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Figure 3.  Window-multifrequency using 3D FEM numerical simulations of helical SG tubes.

10

¢t 0D20% (UP) s 0D30%-X
[
S/N /)L S/N ’
4 |
2
F ™ AN TR N e ‘ WWWW \NWW\/«‘N\M
ok f I I n
o 500 1000 1500 2000 2500 ° s00 1000 1500 2000 2500
points points

Figure 4. Dynamic window-multifrequency for defects under SP using experimental measurements
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While in previous years multi-frequency (MF) technique was applied to ECT data, this
time the authors developed and tested an enhanced method: “Windows multi-frequency
technique” (WMF), which improve signal/noise (S/N) ratio for partial outer tube defects. In
WMTF (see Figure 2), a standard MF is applied to a mix of ECT signal at two frequencies in a
selected band of signals that scans the original longer signal. The width of band is related to
the width of the defect going to be investigated. A point in the WMF representation
represents the S/N ratio of MF in the chosen window-band. Applications of WMF to the 3D
simulated signals are shown in Figure 3 for OD20% and partial OD30%, resulting S/N ratio
larger than 2, indicating presence of defects under SP. Validation of WMF algorithms with
experimental measurements in mock-up SG tubes are shown in Figure 4, where an
enhanced dynamical variant of WMF was employed for further increase the S/N ratio. While
in WMF the optimum parameters of MF remain constant when changing the band position
along ECT signal, in dynamic WMF these parameters change from point to point and
provide the highest S/N in each band.

@) FRVARMER, TURFER., WXHE):

Based on simulations articles were published and communicated at international
conferences: The articles are now in review process to be published in journals.

1) Ovidiu MIHALACHE, Toshihiko YAMAGUCHI and Masashi UEDA, "Validations of
Multifrequency ECT Algorithms for Helical SG Tubes of FBR", Electromagnetic
Nondestructive Evaluation (XVII), Studies in Applied Electromagnetics and Mechanics,
108 Press ,Vol. 39, July, pp. 109-119, (2014).

2) Toshihiko YAMAGUCHI, Ovidiu MIHALACHE, Masashi UEDA, "Experimental
Measurements and Simulations of ECT Signal for Ferromagnetic SG Tubes Covered by
a Sodium Layer", Electromagnetic Nondestructive Evaluation (XVII), Studies in Applied
Electromagnetics and Mechanics, I0S Press , Vol. 39, July, pp. 144-154, (2014).

3) Daniel Garcia-Rodriguez, Ovidiu Mihalache, Masashi Ueda, "EMAT Simulations based
on a Two-Dimensional FEM Coupled Electro-Mechanical Formulation", International
Journal of Applied Electromagnetics and Mechanics, Vol. 45, pp. 543-549, (2014).

4) SEROFAFE:

Future work will continue validation of WMF and dynamic WMF with numerical
simulated ECT by taking into account other source noises as: ECT probe vibrations or
periodical variations in tube inner radius, sodium noise, others. Optimum WMF algorithms

will be evaluated for either large defects or small defects near tube SP.
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5.14.2 LALWRREIHIRD BAREIRAHNES O fEMN

Thermal-hydraulics Analyses of Instruments of Monju

KEF b
77 v MR 7 v — 7
(1) FIFABH:

(b AL ORI TN Tk, BN = — K Super-COPD 23V HI T
2, Super-COPD (X 1 kD7 —F v hT—7 T NVEHFALTEY, Mo Y EREGR)
RovE7ewn, L L, FlEEECRBNT TS AL | OZEHE LD EE2FZ%E CTH D IFIMR
BHF A EVSTHIXIRERE SN 3 fbD0HTH Y | MBZFEMICE T 2 Z L IxREETH
Do

VIEX Y | Z oftrakho B 8913587
— Z\C X0 B E ISR D
ZERHEE THA L) EVST N
RRESMEEEICTHMT L2 L TH
B k. SORRE. LRET T RE REERL
FrPEfEMT = — K Super-COPD (2 L5 v B

T
T 8
. B> e
T T v MO T S, A B CIL—TF
(EE 2 R HEER)
FANE ,

(2) FIFANE- 2 R oRR . swE
3 <: <+}~ﬁfm :>§<: (d—iﬁfm =& ?é% v

a) fENT &I
EVST O %X 1 |27~ 3, AREFZET 1 FAREHTEIEE D AT A
I%., EVST NOMEERZ T T~ THHE
L7 vk 7 & OfTE T V(K 2400 J7 #1 it oESL:
g%)%}ﬂb \f:o ﬁ?‘*ﬁc:r}g—j—égﬁ%{q: %i% a—K STAR-CCM+ ver.8.04
LT, FEEMA O BE RS 1B 35 R BRI LR 2RIEE
. I . ETLDERY 2,40075
v FORmMEGER E L TRE LTz, 2R 1R AR FRYS L
Wik, &Ry LIS, ol 2RAHM FhU L
AHNE SUS304
MBI —E & L, HEREIXTER R KD
660kW & L 7=, MEAMIDBER ST 2 ) £9 9 WR AN DR RS
RAODOJEEREEL L, ERHEIERD S ==
H%Fﬂﬁ E%FEﬁ HILE
EAMERE R E L FEL A HE L2 sec K sec ke/s %
) o B 0 475 0 12.5 100
WS (R 2D ZRE Lz, T D%&MIE B, 300 475 3 5 40
C A—7'D 2 AHAERERRD D> 2L S0 T 4o e T
A 2 ) Y A N 2700 453 30 0.9375 75
JREELICE Y | D 1800 M4 Ic4 /L —F 5900 o3 0 or :
DIETIRENE A — 2 P BRI 2 & 3600 | 433 TR E T
3600 1.25 10

ZRIZTH LV =T AETED,

- 179 -



JAEA-Review 2014-043
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1) J. Ohno, et al., “Multidimensional Thermal-hydraulic Analysis on Natural Circulation
Behavior in Ex-Vessel Fuel Storage Tank of MONJU,” Proc. of International Mechanical
Engineering Congress & Exposition (IMECE), November 17-21, 2013, San Diego,

California, USA.

2) KE fth, [T 77272 MEO Y A U IFIMRETRAE 2 B9 2 ZAGRENAEAT |, B A%
WEE @) XX —2 R YT A, June 26-27, 2014, Fukui, Japan.
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PRk 26 FFEITERER G 21T T ETH D,

- 180 -



JAEA-Review 2014-043

5.14.3 SPLICE O—FIZ&AHL—H —BMEB D HIERET

Numerical Simulation of Laser Cutting Phenomena with the SPLICE Code
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5.15 BEFEERF=HZEFT
Kansai Photon Science Institute

5.15.1 Csl #F& Cs [RFD Cs R|RIGDIERETHICLHER

Theoretical Investigation of the Cs Exchange Reaction Between Csl and Cs
Atom
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516 JRATLFERZFEVS—
Center for Computational Science & e-Systems

5.16.1 [EHERIREYIL/\[Sakurai-Sugiura iEZDBIZEARADBEHAERREL H|ETE
FEDERFH

Simulation in Superconductors with the Sakurai-sugiura Method
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516.2 IRIEPOBSNMENEDEHICRETIHRELI2L—ay

Numerical Simulation of Radioactive Materials in Environment
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First-principles Study on the Degradation of Nuclear Materials

o T
VR ab—3 g UENBRS E

(1) MAE/:

JRFFR Bt O (k) A =X L2925 Z LIS X Y BAFHEO s LRI R
FH) - BEE R RS D, £ RS A D = X LHHIE, HF IR LSO SR
MEHZ B W Tl L THER T —~ Th 5720, HEREAMEM OB E(LZz@ L7z CO:2 HF
HUKDR, SR EHI 1T 2 e R 72 LICH HEERTE D, 7o, EHEE Vv a =0 L5888~
DIGHZ R L T 7 XU AT DR EFEZHIE L T D,

2) FIRAE-ER:
[PHAEHE : SRMFTEt ORI L, TTRERE T r Y =7 ]

ATAEEE & TSR L7z, SkAA K (Ni-Cr 8ll) O~ 27 v 22 EIPEAE & il SRR O I - [ATEEER
TRNF— & ORMRE | ZHLHNTARE L T KEE A VIR K DRI bR & G &
B TEB DK EFH R IECE N U, ARSI T 5 IRAUS DIERAAE Kth O K# R
JERAFIE A BN LT, 2 ORERZ SO TR WAL B9 2 M%7 - KGR Z . Pk 25
FEPIZ 5 T o7,

(2> 7 v LPSO #BEDHERFE (RIHFE B FNTEIR) ]

v ufl LPSO Mgz Ffo~ /2y U AE&IE, MMIERIC T3 78] &0 Rk
WaTHZEICRVBENREGEY, ZIVE TIZRWETRE <~ 7R 0 U AE@BHSE~OER, % Bl
TW%, s, LPSO M0 — b XM= x ¥ —2H—HEIC L VR L, |0 OoME
EHSNTVWD, TORE, BORGEND D Z EBbroT,

@) MRYRMER, TLRARER, RXF):
W RS

1) Intergranular Decohesion induced by Mobile Hydrogen in Iron with and without
Segregated Carbon: First-principles calculations, Proceedings of 2012 International
Hydrogen Conference - Hydrogen-Materials Interactions - , ASTM.

2) Multiscale Thermodynamic Analysis on Fracture Toughness Loss Induced by Solute
Segregation in Steel, Masatake Yamaguchi, Jun Kameda, Philosophical Magazine,
published online 30 Apr 2014.

- 193 -



JAEA-Review 2014-043

3)  ERHDBER UMaltk & RIFOKFEMEMEC I 1T D~ VT A — VMY - 5 JRBREHRL L R ) R
BRI O IR, B, B 57 [a] B AT IR LA S S SRR SR 2013/11/25,26
(TR T )

WK - AR

4)  (RAEFER) SRR UMt &R ROKBMENED ~ VT A — VR TR L Al
EpEEREBR . L D IER], AWM. 55 151 [RIEREMEATSES . 2013/05/10, fHF KA.

5) (Invited) Temper and hydrogen-induced intergranular embrittlement of alloy steel:
first-principles calculations and fracture mechanics experiments, M. Yamaguchi, J.
Kameda,The 8th Pacific Rim International Conference on Advanced Materials and
Processing (PRICMS), Waikoloa, Hawaii 2013/08/04-09 (USA).

6) (R SR UNett &R R KFEMEEIC IS 1 B~ VT A 7 — Ui 8 — R A
C S ER (L0 R BB 57 (] A ARFIN MR T E AT S 2013/11/25-26
LT )

7 (HRHEER) TSRS ORI K FEMEME I B R REEE K TR S O R (LA IE
W R, B ARINIRRLS FER W IR R E S MBI ORI & BEEENESE 133 ZE S &
219 [FIAfFZES T8 —FEEGHRE 2 b & LS et o BlEm st 2014/01/25 FERT A4,

8) (M) [~/ %P U ADMIMUEDT- DO THEER  FH—FHHEE ] LA ER. &
BFPE, BEARSME, F K BATE CE S 89 WIE R a4, 2014/03/18-19. KRBT
SRF (PEEES v /3A)

9)  (HFmzER) =98 M ORI R K EMENEIC BT 5 R FREE = 0L X — K T B> D OFRE |
(h O IER], B, BARSBFENGEY VIRV T L [T 2 N OMEES] 2014/03/21-23
W TR ORI .

W

10) T & ZUE R 2R 5 MMM SF R REREE = XL X —~DIRIENE (LD IER), @R, B ARk
2 SRS, 2018/09/17-19 &R KRF, &R,

11) —#ilEHE T o LPSO #1231 BHENL O3 =)L Z SRR, LA IER, BA e, S
Z. BERZERE, CGRKTI) PEpsEw], HAGESS 2014/03/21-23 B T3 K.

12) v~ 7 XU AORIBHESED T2 OO URER - B BHE (L0 ER, OB e, #HA
GO, AR, BHARSESS 2014/03/21-23 H LK.

4) SEOFIRTFE:
GlEfe . JRFIMBOZGEA T = X L% ZED 5,

- 194 -



JAEA-Review 2014-043

5164 HRUrI—VEEZERELE-EFIIal—ava—kDiiFl{E

Parallelization Strategy for Quantum Simulation Code in Consideration of
Network Architecture
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Multi-orbital Effect for Insulator and Superconducting State

AR R
U a2 b— g UENBRE

(1) FMAEM:
ERBERE. 77T A R EIBW TEHENRITEME R 2 A T 2 LA b ATV
Do Elo, T, SCRERER EOZHIESN RN AEINCEHE L e 5 BB E PR RS TW
Lo K7u =7 FTIE, EEBEOY I 2L —F—L LTHEEEZED WD, BHEl7 =)L IR
TR T I HUE N RN S & Z TR ORBE 21T o T, BHRTFIE & U CTEEITAI:
VIABRER W,

2) FIRRE-ER:

ARK7vY =7 FTRBPUENREZ I ANTE AR T H 2 ZiE N — PRI 5 i
WradATolc, ERFHRFEDT EROTE FROLEREL EMRICKRD D Z EBHKED . BEITS
W AZEE (DMRG) ZHWebDTHD, AFEL p HuBPOMAT =L IFFXIRICB T
Bk, ZHERREI 3T DR DT 21T > 7o, AMFFRICE VLN R-TeZ Lk
Z LU ICERT D,

cp HLUETOHEI T =L JRFRIKR

BRI L0 A VT UAEREENER T E AL L (K1 REE), Zofid v
7 DIIIIMEFRAETH VD | SO IIFHEN 2B ER N BN D, £, ZORICHRRR L ZE
ATHZEIZLY, HOBERERS|I R END Z Enfiio7- (M1 EEEA),

- ZWLNEBREIZ 1T HERIEhE

34 R R BCS BT /MCKT DT & T o7, N> FRICEHIK 77 XA hL— a3 O
W2k, EFFEOEENIIITERIC R A EENH AL ST (01 T, Bz 4 X R
TR RGP CHEMBIRED Y 7 MEBSER Z 5 Z L 25T LT,

+ EREOMIS, p BUETOWMANT = b IFRFRURICIIT D mREIER B O M2 L 21T~ 7,

() BRYRMER, TURER. WX%H):
[

1) Keita Kobayashi, Masahiko Okumura, Yukihiro Ota, Susumu Yamada, and Masahiko
Machida, “Ferromagnetism in multi-orbital Fermi gas loaded on a one-dimensional
optical lattice”, JPS Conference Proceedings, 3, 016006 (2014).

2) Keita Kobayashi, Yukihiro Ota, Masahiko Okumura, Susumu Yamada, and Masahiko
Machida, “Quantum phases in degenerate-p-orbital attractive one-dimensional
fermionic optical lattices”, Physical Review A 89 023625 (2014).

- 198 -



JAEA-Review 2014-043

3) Keita Kobayashi, Masahiko Machida, Yukihiro Ota, and Franco Nori, “Massless
collective excitations in frustrated multi-band superconductors”, Physical Review B 88
224516 (2013).

4) Keita Kobayashi, Yukihiro Ota, and Masahiko Machida, “Analysis of collective
excitation for multi band superconductor: Frustrated spin model approach”, PhysicaC
494 pp.13-16 (2013).

5) /IAREUKR, BLAHEE, (LEdE, MHEE, SAHR KA T REF I — FERLIZE
55 ED DMRG fi#T7, B AP 69 IR RS, HlERY:, 2014 423 H.

6) /IARECK, (LEME, BAHEE, BTHEE Ly 7 b 2 RRIRIS T D BUE AT, B A
WSR2y 2013 FFRKE RS, KT, 2013 £ 9 H.

4) SEOFAFE:
2 WtHR, 30 REZRICH L, DMRG ZHW5 Z &2k EFRHEEERS, miEBmEo
AF =X LFERZR E%1T 9, BH) DMRG. FE{K(F DMRG OFHEAZITH Z &I LD, ik A
X7 MVDIERR EEFNT LT N E B X TWD, 2D OFFRICITE R ARG RN LI L 72 D
72, R 26 FFEEIZ IV T b RIS 27 A OFI & ke L TITUV 2w,

3.0
2.5
2.0 |
1.5 |
10
0.5
0 LT e T 0 N Y A N
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
(2 /t YA
Wo =0
1'8 T T T ’
f 1103
of |
el 1Ho0.2
~ F m
o
AN L _|
= | Ho.1
0.0 | M-

0.2 Wi3/Wio 1.8

X1 EB:: pBEZF S 2 VIR FRIEOBESFGRER), AU BENMEGER. FE 3.
4 32 REFFS, ZHEBREERICB T 2EMIEOEE @uEMOMEIEHR %2 /37 A —
Z—L LTS (Bl ftdh)),

- 199 -



JAEA-Review 2014-043

5.16.6 BEBRRIARILYSEBEERNSDTIANIVYEIRICEAT S 3 RITIILFRYy—
L2 alb—o3ay
Full 3D Multi-scale Simulations of Terahertz Emissions from Intrinsic
Josephson Junction Stacks
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516.8 BIZEHFLADEODTIILFRT—IL-TILFI4IOYIRIZal—3>D
EREE
Framework Construction of Multi-scale & Multi-physics Simulations for
Application of Superconductivity
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First-principles Calculation of Interaction between Solute Element and
Dislocation in Hexagonal Close Packed Metal
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Ab Initio Calculations for Microstructural Evolution of Irradiated Materials
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First-principles Study for Variety of Ground States of F-electron Compounds
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5.16.12 GT5D aA—FIZ&BHTIXTELREMEMR
Study of Plasma Turbulent Transport using GT5D Code
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Remote Visualization Processing using Particle-based Volume Rendering
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A Visualization System for Large-scale Datasets
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Three-dimensional Vibration Simulator for Nuclear Power Plant
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(2) FIARE-#R:
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CIHDORRRIT I Y | K 25 AR O LRI 2 A E T,

Q) BRVANER, TUARR. WXF):

Uy -V EERAERSERE  QH)

1) N. Nakajima, A. Nishida, Y. Suzuki, ,Assembly Structural Analysis System”,
Transactions SMiRT22 (San Francisco, USA, August 18-23, 2013).

2) Akemi Nishida, Sayaka Igarashi, Shigehiro Sakamoto, Yasuo Uchiyama, Yu
Yamamoto,Ken Muramatsu and Tsuyoshi Takada, ”Characteristics of Simulated Ground
Motions Consistent with Seismic Hazard, "Transactions SMiRT22 (San Francisco, USA,

August 18-23, 2013).
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5.16.16 FRAIMZTRZRALRFNRMNBR[AER O RIS S FT

Seismic Response Analysis of Nuclear Containment Vessel Equipment
using the Observed Seismic Waves

LRSI ES
e P R SAREAITBA 28 =

(1) FIAEK:
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AT DETEH LT, BEBVERATH 2 B3 U, R s 2RI 3 ) O AR HE R B & IV 72 28
T & AR L 95 ) OERICET D Z L2h D, AN CIE. T s RUeprZep s & v 4
— O iR LR er R (HTTR &R) O FIFE IR 4rds X O M AR R s 1S % Xt
5L LT, 3%t FEM £7 /WIC X HHIERIRFEEh 225 Z L 2 HAY & L. AARHG RS
MEE A2 AT & T DRI BT 2 TS 2, AT OERIZ, T ETIZHEE L TE72 3 RkoL
RARIREN B AT LD 7 L— AT —27 )3, 2011 FEFACHG KB LIS B & 7> T D
SRR MR BNk 2 R ik O MR O RIS HIS A EETH D Z L 2 RAET 5 2 &1Z
H 5,

(2) FIARE-R:

PAEN BRI C & 2 @il L s BRI JEIFE ORI A SN FEH IR Ch D E IR axtge & L,
2011 4£ 3 A 11 HICHA U= sdb 7 K SEPErh B R O BB 2 A1 & U T2 B fRT % 32,
BT — 2 CUERTIEIC L 25t R & okl a Foli L, REEH 2R 572007 — % 1
Bl ENEZRISWITFEM 7L THY ., 6000 5 HHETH D,

HER AT D 515 D T2 RIS A % ke D 9 X T O X R &Y inEt £ 0 s8HIZEAr & LTA
T U, WEREIGEMENT A2 Fehe UTe, RFRFHRFERIT =B A2 5T 5 #2(500Step) & L7=, figbr
NN—1L 3 RTEARAIREN G D A A 32— R Th %D FIESTA % v 7=, i = 7% 2096 = 7 1f
FE L4098 =27 WA TH Y | = 7 & FHRERM OB AR 1 1TRT, TR 7 74V
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(3 51850 (B FE) = (GB) _
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6000 F EHHE 500 1000 - IERE - IS
4098 171.43
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(c)
M1 FEHRWETL I —F RIS 50

() MRIYRMESR, TLARER, WXF):
Uy —TArmXLERAERSSERIE AR

1) N. Nakajima, A. Nishida, Y. Suzuki, ,Assembly Structural Analysis System”,
Transactions SMiRT22 (San Francisco, USA, August 18-23, 2013).

MERZEE - BES « (AAFHRE 1)

2) PEHAZE. (R Ilisk D7D 0 3 IRt BIREN B OMEEE . TRk 25 4FFE m AR L S a1t
mEEEZES a7 ) — bR - VAT A EERGE (K, HA, 2013 4 10 A 31
H) (AfwiE) .

4) SHROMATE:

AR BRSO IR R >0 C b HIEHRRBIARGT 2 50 L, AT IR Ao 3
YTERHIE 7 U & D IRTRE R IET 2 TIE Tl 5. SEVIER, 1 DL TRERD O T
LA AR X A S BT & AT 3 YOLBUMRBI A AT O 7 L— 5 U — 2 O E
B TiE T 2.

- 228 -



JAEA-Review 2014-043

5.16.17 AERHEERBED 3 RURBIRSE ABEFT —20DHE LS

Assembly of Cooling Equipment and Piping Structures for
Three-dimensional Vibration Simulator

LRSI ES
e P R SAREAITBA 28 =

(1) MAE/:

AFENT O B B9, R TR ORCE RIS ORI E 3 5 7260 RFHR O KRHE
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(2) FIARE-#R:
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HEKFR DK 550 T HHETH 5,
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Ty —T VX L EGAERRERE 0 (1)

1) N. Nakajima, A. Nishida, Y. Suzuki, “Assembly Structural Analysis System”,
Transactions SMiRT22 (San Francisco, USA, August 18-23, 2013).
AERREK - HHESE . (BEEE 1)

2) WHHAZE, RF-IE OO0 3 WITIBIREIE O || Rk 25 455 E R L H ARl
FEEEZESa L 7 ) — MEE - VAT AZERRE (B, HA, 2013 410 A 31
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5.16.18 MIRREHIK IaL—3>-TAY S LOMERER L
Performance Improvement of the Parallelized Electromagnetic Simulation
Program
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(1) FMAEM:

ARG & B OBERCALE T DB TH DT TV I, e & B O 2 R 2
Enn, EGBAEROIEMIERAE, BEHBE, M AT/ nv— BEE=XVTklL
DEE % R FENHIR SN TWD, 2D, 77~V 3R E O LRI ET T EiRmE Ak
FFICRDT TN RIS AT LORGEAT O T2 DT T~V YIRS AT 5O KB E
VIalb—va rOEEEARO ATV,

aﬁEfﬁ\??AW?%%VX?A®kﬁﬁﬁ@ViJV~VaV@%ﬂ@@%ﬁOT%
T2 ZNERO BVITHIELO EBUTBE LB O FBE(L A SATH D05, AT, —xt—\@Ex
EE #é:&f%ﬁk%méofﬁb%\%%%@@E%&fm&?i/ﬁukwf*ﬁ*
BEDPHONONTWER, 2086, RELE N LB 7=/ 7 vt A THERENEAFTH L 78 -
TLED ZEnn, EEMPZEMBEEFRVTHIBEZEET 5 2 L camflba X5,

(2) FIARE-R:

T IV ERE Y R 2 L— g COFPREEEIT, AL Vv T g R HAERL S
N, V7 ya CEBITERBEERR - TR ST 70y BIREE 2B HE L TV
By RNF AT — L ENTZBEDNR—V 3 Tl BZEEE Vv 7 g VIETCIT R AR D
A=V O HANDI0, T a AW CHEHMEEREEELE LTS,

MO 177 N, —x—BEEZHNTEY | BEAHE L RO Z BZRLE L Tz, A
Mﬁ%%%ﬁ?é:k?ﬁ%@ﬁk@%@ﬁ@ﬁ%ﬂ%iyﬁﬂ@%%ﬁb\%®%%\mﬂ@

PEREZS Kg A B L7z,
VIF A — LT TNV ERE Y I 2 — gy s r ST AIBNT, —x—lEE A
e & FEE 2 V256 omdb= o ik 24 1129, 51T BX900 TITo 72,

HM@E%%wtfmﬁibfﬁ167&?1?@ﬂ%&@5%ﬁ%$ﬁ A @ E Tl 256

TR AETAT—NV$5 2 L 2R LT,

(3) BBYARMER, TLRHER, WHiXE):
7 L,

- 231 -



JAEA-Review 2014-043

(4) SEROFATE:
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516.19 [RFNEFZRDMEL 2L — a0 DS

Development of a Seismic Simulation for an Entire Nuclear Plant
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(1) FIAEHN:

55 2 B G (R hEsR OMEMETHEICE 5720, 7V v RELmEE S 2T L %08
AU T, PRI 2 B L. R MR RIS 0\ O A HE IR Bh & F 7= 2R Ehfighir 2 vl
REE T2 ITBWT, JRF s RISV IR B 2 W - 28T 2 vie & 35729
DIFFEBAFE % Fehi LT 2 BARAYICIE, BERR DO FEAN 22 25 8) 2 4048 3 2 72 912 iR -t -HeRR (2
—AETIVOHEHEE Y I 2 L— 2 S XV R HMERR 2RO F TR 2470, 22 b5
SN DM EEHREZFANT, oo Uy RET VOGS I 2 b— 3 L 0
PEOFENRMT AT A D 7 L— U — 27 (% D) EERT 5,

-2 E-#EZBeam) D E/E ol —2ay BRI Solid) DI \/E ZalL—ay
HBBRORFERISRBOSERE X EBRDIRTHRRDE IR

EAHFRE ENESE

RitvRE)/ EHE B RE

AR R
HEER

X1 7lL—AU—27OHEAX

(2) FIARE-R:

FANAEIE S R 2 b—3 a3 T, ZAMEED S 6, BHEHEE L MEEN D FiEEZHOTY
%o RFETHE, WEMEHEAR TA v ¥ 28R OMEN—H L TR WEHRE D LEMANLTT
FRNT I DA, HE ] C £ (master-slave) BURGHNZNEF) 2 3 ET 2 LE R H Y | Z OFKE
DAEROREEICEEEY 525 2 L13Mo T, EENZRTHHITH2ciThbit T o
7o T T, ZOFEOD, ETIEAFHROET V(X 2)% HV T, master-slave #2451 C

DAy atrf RN ERD T —RIKH LT FENEFNA Y 2 e G2 ICER LT3 7r—A
UL, 2 it 21 r—A(FE 1)75:>®L%%& LC. FNTIEFE S RIS 8D X 5 12+ 5 0 % 3
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Q) BRVANER, TUARR. WXH):
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D e EZ, EE BAZE, R 1, B UL, gk =M R OFi5h, 8EE FnZ, “Assembly
structure analysis system”, Transactions of 22nd International Conference on Structural
Mechanics in Reactor Technology (SMiRT-22) (CD-ROM)(2013).
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i 8%
T A
#F A1 ik 25 SEER A NI EA— R —a L ¥ o — 2 AT LR G
BX900 FX1
PSyF 27 a7 ST 27 =Vs

AR | TR | BEEGED | AR | AR | RS
4 A 14,987 29,731 10,121,808 798 118 595,490
5H 14,921 15,054 11,813,057 497 75 753,088
6 A 15,774 22,895 11,341,170 1,261 120 744,471
7H 16,170 29,394 12,064,271 1,048 116 824,918
8 H 16,069 5,639 10,288,730 991 128 705,195
94 14,363 5,364 11,233,158 1,061 211 703,625
10 A 17,748 6,263 11,942,687 1,180 118 820,820
11 A4 25,150 5,919 11,480,468 920 133 821,344
12 A 16,736 5,993 10,704,503 1,074 204 763,980
1H 19,111 6,203 12,068,120 1,647 247 847,536
2 A 15,607 5,920 10,865,287 1,423 161 772,781
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fT #B
# B.1 Pk 25 4 EER AR A2 (AT E 22 BR<)
BX900 h:‘;i)go (Eilr\ii) WA | /~v=r | network ( %lj%ﬁﬁg)iﬁ“) =i
4 F 44 4 1 0 8 0 12 69
5H 40 0 6 1 8 1 11 67
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7 A 45 0 0 1 2 1 7 56
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10 A 50 3 2 0 5 1 5 66
114 42 1 4 0 2 3 4 56
12 A 31 2 0 0 3 1 14 51
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3 A 18 0 4 0 9 3 10 44
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