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

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

In FY2017, the system was used for R&D aiming to restore Fukushima (environmental recovery
and nuclear installation decommissioning) as a priority issue, as well as for JAEA's major projects
such as research and development of fast reactor cycle technology, research for safety improvement in the
field of nuclear energy, and basic nuclear science and engineering research.

This report presents a great number of R&D results accomplished by using the system in FY2017,

as well as user support, operational records and overviews of the system, and so on.
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Numerical Analysis, Annual Report
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512 MEBEZSILTIZEITH M EE LA/ S A—2D1EE
Correlation Between Topographical Effects and Topographical Parameters in
Radiological Aerial Measurement

Als FE
TR B S IE 7 v— 7

(1) FABH:
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(3) MBRVANMEER, TURAHER. WXEH):

1) A. Ishizaki et al.,, “Application topographical source model in radiological aerial
measurement”, 6th AMS International Technical Exchange on Uncertainty in
Radiological Aerial Measurements (2018).

4) SEOFIAFE:
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5.1.3 ENACCEF2 /KRI&#EERD CFD fi#fr
CFD Analysis for Hydrogen Deflagration Tests at ENACCEF2 Facility

Nuri Trianti, JE8 ffe, Bl B2
YETT I VT MRS N~

(1) MAEM:

Simulation techniques were developed to analyze the deflagration behavior of hydrogen
generated during a hypothetic severe accident in the nuclear power plants. This work aimed
to improve accurate and trustworthy combustion simulation that is applicable to the
feasibility and effectiveness evaluation of countermeasures against hydrogen explosion in
the reactor containment vessel or in the reactor buildings. CFD (Computational Fluid
Dynamics) analyses using the OpenFOAM code were carried out on the hydrogen

deflagration tests performed by IRSN at the ENACCEF?2 facility in France [1].

(2) FARNE-BER:

The ENACCEF2 is the flame acceleration test facility with mainly a vertical cylindrical
tube with diameter of 230 mm and length of 7650 mm (Fig. 1). The tube is filled with
hydrogen-air mixture and the gas is ignited at the bottom. To promote flame acceleration by
turbulent flow, 9 annular obstacles are placed in the lower part of the tube.

The simulation is carried out using the ReactingFoam solver of OpenFOAM 3.0. The
turbulence is modeled using the RNG (Renormalization group) k-epsilon model which is
known for its reliable performance for the wall-bounded flow. The interaction of the chemical
reaction with turbulence is modeled using PaSR (Partial Stirred Reactor) model with 19
elementary reaction set. This model scales the chemical reaction rate by a factor related to
the chemical time scale and turbulence scale. Hydrogen reaction model of LLNL [2] was used
for the chemical reaction model for PaSR. Figure 1 shows the computational grid with
various cell sizes. The gas is ignited in the second mesh from the bottom by putting energy
equivalent to the heat generated by complete combustion of hydrogen in the cell depending
on the initial gas composition.

Figure 2 shows the transition of hydrogen mass fraction in the acceleration tube for
ENACCEF2 Test 3 performed with initial gas composition of 15 vol% H2 and 85 vol% of air.
The position of flame front was detected by the steep drop of hydrogen mass fraction in the
tube centerline, and the flame propagation velocity was estimated from the time-position

relationship.
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Fig. 1 ENACCEF?2 facility [1] and computational grid used in this work
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Fig. 2 Distribution of Hs mass fraction of ENACCEF2 Test3

Figure 3 shows the flame propagation history in the ENACCEF2 Test 3. The experimental
result shows the flame acceleration occurred when the flame passed through the first

obstacle. The simulation result shows qualitative agreement with regard to the flame
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acceleration in the obstacles. However, the reached velocity in the obstacle region is lower
than the measurement and the simulation did not show the reduction of flame velocity above
the obstacle region.

Further investigation is needed to clarify the cause of discrepancies and to identify

effective modifications of the simulation models.
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Fig. 3 Flame propagation in ENACCEF2 Test2

[1] A. Bentaib and N. Chaumeix, “MITHYGENE project: Specification report for Double
Blind simulations of Flame propagation in the new ENACCEF2 facility,” Technical
report (2017).

[2] Lawrence Livermore National Laboratory, Hydrogen, 2004,
https://combustion.llnl.gov/archived-mechanisms/hydrogen (% : 2018412 H 11 H) .

() HERVANMER, TURARR. WXH):

1) A. Bentaib, el al., “ETSON-MITHYGENE benchmark on simulations of upward flame
propagation experiment in the ENACCEF2 experimental facility”, 12th International
Topical Meeting on Nuclear Reactor Thermal-Hydraulics, Operation and Safety
(NUTHOS-12), Qingdao, China, October 14-18, 2018.

4) SROFATE:

Improvements of analysis techniques of hydrogen deflagration, such as influence of cell
size, turbulence model, application of burning velocity, and application of laminar flame
velocity, are needed to resolve discrepancies with experiment result and to construct

appropriate simulation methodology to evaluate hydrogen behavior in severe accidents.

,24,



JAEA-Review 2018-018

5.2 J-PARCE>%—
J-PARC Center

521 HBEHMREERNER (TEF) OMEHRE R

Evaluation of Radiation Shielding for Transmutation Experimental Facility

(TEF)
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[1] T. Sato, Y. Iwamoto, S. Hashimoto, T. Ogawa, T. Furuta, S. Abe, T. Kai, P. Tsai,
N. Matsuda, H. Iwase, N. Shigyo, L. Sihver and K. Niita, Features of Particle and Heavy
Ion Transport code System (PHITS) version 3.02, J. Nucl. Sci. Technol., vol.55, No.6,
pp.684-690, 2018.

[2] J-PARC o % — AT + £ a3, J-PARC B ER R Bifak st £ ADS ¥ —/47 v
kiR s% (TEF-T), JAEA-Technology 2017-003, 539p., 2017.

(3) MBVANMEER, TURAHERK. WXF):
Bz L

(4) SHEOFATFPE:

disfe = A MBS £ OV 5 B BRED 200 A AR D REMBRASE T LI\ PR 247
5T 5.
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Evaluation of Nuclear Properties and Radiation Dose for Accelerator-driven

System
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5.2.3 JAEA BRiSAE AT RA—S YD HIEERET

Numerical Design of JAEA LBE Spallation Target
Tao WAN
Z—7y MRt va v
(1) MAE/M:

JAEA plans to construct a Lead-Bismuth Eutectic (LBE) spallation target within the
framework of J-PARC to perform basic R&Ds for the future accelerator-driven systems
(ADSs). The target will be bombarded by high power and high intense pulsed proton beams
to produce neutrons. The target design should be optimized to allow the LBE flow to remove
the generated huge heat effectively, and to suppress the damage occurrence as well.

The thermal-hydraulic analysis on LBE flow needs strong calculation capability. To carry
out the detailed design work more efficiently, it is required to utilize the super computer to

perform the calculation.

(2) FIARE-BR:
1) Original target design
Figure 1 shows the Schematic drawing of the LBE spallation target at JAEA. The effective
target length is 1000 mm. The inner diameter of the LBE vessel and the inner tube are 150
mm and 105 mm, respectively. The arrows show the LBE flow path in the target. The pulsed

proton beams are injected into the target through the beam window (BW).

............

Half model of
LBE spaliation target

| ' Supporters .
____________ Detail of target rear part
Reflector

Detail of target head part

Annular flow channel
To flow liquid LBE

LBE vessel

Beam Window (8W)

Rectification lattice
To cool irradiation samples
slit

To cool the sample holders

Fig.1 Schematic drawing of the LBE spallation target at JAEA.

Figure 2 shows the LBE flow pattern for the original full target design. Several issues
arose due to the special configuration of the original full target design: 1) stagnant flow
regions are formed in front of the inner tube; 2) a stagnant flow region at the BW tip; 3) a
large re-circulation flow region is formed in the drain hole area; 4) a stagnant flow region is
formed in the upper side of the annular flow channel close to the reflector; 5) extreme
imbalance flow between the upper and lower part of the annular flow channel. The target
head design and full target deign was performed to solve the above issues. Details of the

designs please refer to the publications listed in the next section.
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1. Stagnant flow
regions in front of
the inner tube

4. Stagnant flow region
b e —— | in upper side of the
— flow region at annular flow channel
the BW tip close t_o the reflector

5. Extreme imbalance
flow between upper
and lower part of the
annular flow channel

Vel.

— (m/s)
3. Large re-circular - =12
-~ flowregioninthe -
drain hole region
-

Fig.2 LBE flow pattern of the original full target design.

2) Comparison of original target design and updated target design

Figure 3 shows comparison of the LBE flow pattern between the original target design and
the updated target design. Results show that all the issues mentioned above have been
solved effectively by modifying the original target design. Moreover, flow velocity in the
irradiation sample region is uniform and is similar to that of the original design, which
provides a steady condition for material irradiation test in flowing LBE. Figure 4 shows the
temperature and generated thermal stress on BW. After the modifications, the maximum
temperature on BW has been reduced by approximately 35 ‘C to 506 ‘C Consequently, the
maximum generated stress has also been decreased by approximately 10 MPa to 205 MPa.
Furthermore, there is no stress concentrated on the center of the BW. The strength of the

BW improved by target modification.

Relative balance flow
pattern in the annular
flow channel

No flow fluctuation in

the inner tube Vel.
(m/s)
m1l2

! e Stagnant region in the
Uniform flow velocity in UpdaterN \] inlet pipe was partly

the sample region

mna

design \\j removed

Fig.3 Comparison of the LBE flow pattern between the original target design and the
updated target design.
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Original
design

Updated
design

Fig.4 Comparison of the temperature and thermal plus static stress on BW between the

original target design and the updated target design.

Q) BRYRMER, TURARR. RXH):

1)

2)

3)

4)

T. Wan, H. Obayashi, T. Sasa, “Study on optimization of target head design for the
TEF-T LBE spallation target”, in: Proceedings of Third International Workshop on
Technology and Components of Accelerator-Driven Systems (TCADS-3), Mito, Japan,
NEA/NSC/R(2017)2, pp.117-127.

T. Wan, H. Obayashi, T. Sasa, “Status of J-PARC Transmutation Experimental Facility
Program Numerical design analyses for the TEF-T lead-bismuth spallation target”,
AESJ 2017 Annual Meeting, 1D03, (2017).

T. Wan, H. Obayashi, T. Sasa, “Study on the Thermal-hydraulic of TEF-T LBE
Spallation Target in JAEA”, in: Proceedings of 17th International Topical Meeting on
Nuclear Reactor Thermal Hydraulics NURETH-17), Xi’an, China, (2017).

T. Wan, H. Obayashi, T. Sasa, “Study on the thermal-hydraulic of the LBE spallation
target head in JAEA”, Nuclear Technology, pp.1-12, (2018).

(4) S&OFATFE:

In the future, detailed design for the LBE spallation target will be continuously carried

out. Other more accurate turbulence models such as Large Eddy Simulation (LES) will be

performed as well. Therefore, the support from the super computer system is much more

necessary.
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524 J-PARC AMATERAS EE&T—2fi##T
Data Analysis of J-PARC AMATERAS Experiments

TR R
PRI E 7 va v

(1 FABM:
J-PARC |[Z@E Sz h e+ 7 o v /3—RI558s AMATERAS TFT o 72 M- R M HGEL

EBROT —=ZZONT, O 2l Ao, [FIERE THG S iz s X2 b B EIERUEA
DWERHEE DSy 2 B FHIE T L & HHR U T RIS B D DRI N T A — 2 — 2 hfid 2
ZLERAfELE,

) FIARE-ER:

2 AMATERAS OfHi#s/ N> 7 TR O PEFA <> b OB (R HIIRES LTV 5,)
J-PARC OW'E - A FHA BRI a (213, Bk 2 oo i EBCIEE ViR & S v, P&

Tu—7 & LIEWERFEIIEMTOR TV 5, TOHRTY, JRF I3 E LEM 217> T
DWHVEFT 4 27 F a v 3—R55 ks AMATERAS (K11, [1]) 1%, #RE B3E S5 ik
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FOEZRZNFX —E GO TS T 3 v /= THERRZ1T> T, W ONOHi - To =R L F—D
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T—=HIZOWT, TRENDIYEET VL DL EITS 2 LT, ZORITET DEEMEDOHBLAZE
BERETLEMENRT A—F—Ofitt 425 2 & 2l kmﬁ%yxTA@ﬂ%%ﬁ&ko
AMATERAS THEOLNLERT —Z1IH A XDOKRENWT —Z Th D72, @H DOR/NEFTIEID
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[1] K. Nakajima et. al, AMATERAS : A Cold-Neutron Disk Chopper Spectrometer, J. Phys.
Soc. Jpn., vol.80 (2011), SB028.

[2] Rk, BT 4 27 F g v =52 « AMATERAS & ZhIUC k> TIT b 50k
7%, RADIOISOTOPES, vol.66, No.2 (2017) pp.101-115.
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Takatsu, M. Tamai, “Continuum excitation and pseudospin wave in quantum spin-liquid
and quadrupole ordered states of The+«Ti2-xO7+,”, J. Phys. Soc. Jpn., vol.87, No.6(2018)
pp.064704_1-064704_6.

4) SEROFAFE:

LRI ER THE LN —O T — Z ITHOWT KRG B S 2T A DOEIFRZF T L7223,
TN RKTH D7D, HERFRN TR B D)oz, EBROLT — X 2kkx 2 ET IV
RNRTA—H =T LB LR EZITOE D DIIZZOHETIEH LN EEZTEY, &L
A RO M7 REIRE 7 7 A — LT 572 E L THIETE AWVt Th 5, - T,
RIGHEE S AT DMZOWTEE D L ZALBOFATEIL R,
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525 EHEEABKESERZEZAV-HREBEERFeSe DT/ UEHE
Lattice Dynamics of FeSe Superconductor Studied by Density-functional
Perturbation Theory
I EA
HHETRIRHE S v a v
(1) FABM:
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® Phonon dispersion w Calculated S(Q, E) based on DFPT
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(4) SEOFATFE:
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53 RFHERIFMRELZ—
Nuclear Science and Engineering Center

53.1 SEWIELDE=RITIZANSERAEDRE

Study on Operational Quantity for Monitoring of External Exposure
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JE -1 R T e e v 4 —
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[1] N. Petoussi-Henss, et al., Conversion Coefficients for Radiological Protection Quantities
for External Radiation Exposures, ICRP Publication 116, Ann. ICRP, vol.40, No.2-5
(2010).

[2] A. Endo, Operational Quantities and New Approach by ICRU, Ann. ICRP, vol.45,
suppl.1, pp.178-187 (2016).

[3] International Atomic Energy Agency, Compendium of neutron spectra and detector
responses for radiation protection purposes, IAEA Technical Reports Series No.403
(2001).
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5.3.2 FNDIEZAWBETIUEHRICET S 3aL—ay
Simulations for Measuring the Fuel Debris using the FNDI Method
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533 DDAYRTLRUVZBEHUTIILAREFERAAICHTEIIaL—avfERE
RERED LLER

Comparison between Simulation and Experimental Results for Neutron Flux
in DDA Systems and Standard Samples
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Meeting “Comparison between simulation and experimental results for neutron flux in
DDA systems”, ESARDA Symposium 2017 / 39th Annual Meeting, Diisseldorf Germany,
2017, pp.694-701.

2) BiHEZE, KEE, kmEge, iR, <JAEA 7 DDA {EIZ 81T AN E R 2O RN, FEK
IR IE FEBRTEL A e 2 TRAREM . 2 %052 & U 7= FERREE S M AT I B9~ D iF%E 2y, RE
Ht, 2018.

4) SEOFAFE:
5% b DDAt AV I 2 —ya v a2 FEhiTHTPET, TDYI2aLb—rarTEELD
HEEREZVLE LT D720 KMHEKIC L 2 ZBIIVATHY . TORHEZTFTEL TV D,
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534 RERREIO=RTARILICEET S PHITS DHEREHLR

Development of 3D-visualization Tally for Particle Tracks

WH o
SR PR UE o — RAfFSE 7 L —

(M FIABM:

it « EA AR o — R PHITS [1] Tk, a— FRIHZOFNEMEZ [ E X & 572012
AR L OISR ORI 12 AN TE Y . FIFAEREET A X U — (ZAT 4 A—X)
OFEFIIN UK (k7 7 7 ZkocEaEfiX, ATEsMR) OFERERE 2 TV 5,
PHITS IZ LA HHHRO Y I 2 b—2 3 AZBWT, ZOREE (BB L) HIRRNIE &
DOEZE « HEEL, WU IE RN~ ORI E CTORER) 1L, WENTOHBSFROIR L F ()
ZERET D ECHERRERE G220 DThD, LNLARRL, ZE THREBOMZ =kt
THEET D472 Y 7 T = T FEIE LR o 1212012, RO 2 4 2850 2 V) —
I SN T o T,

Z 2T, ABFZETIE, PHITS 3 2 = L —3 3 NS K D R O %8 2 SR AR 5720,
PHITS ®=—H—E#&% ¥ U — ([T-Userdefined]) ZiHH L T, B#AT — & fAT L OVRIEAL T
7'V /r—3 a3 v ParaView [2] O ATTEXTH L VIKEX BICHIIT25% U —%%(i LT,

(2) FFARE-ER:

PHITS Oa—#—E#HZ ) —E, HHBROV I 2 b—va BN Ta—F—n3BLafFo
TWHERx el (FH) 2RV HTZ&DTEH4 Y —Thb, PHITS AJ7 7 A4 LD
[T-Userdefined] Tix, K50 DO 7 7 A W EFK 10 HOEENEETE D, 72720, 15
ELREN 7 7 A VIl 3 fE#RIZ, =2—%—2 PHITS Y —AT7 7 A LD—D>ThHD
usrtally.f |2 FORTRAN SfETHON L ORI L TEB LERH LD, 2—HF—ERF VU —
DVERIZ XL EDORREE 2 B L35,

AT TIE, AR OB OMRBI A Y HF 72012, 1) BIRONET —% O, 2) 7—
B ORGR, KDY 3) T AN~OEZHL O 3 SOMELVEREN 2 —F—EHRF ) —%
el L7, REFZ B M3 oOREEIX, AJJ7 7 AL ([T-Userdefined] W) 2»HHEETE
D X OITERE Lz, IRNICET D4, 28, SR mBEEIGIC S SN 246 E Lo U SR OALE
T—21%, VIK JERITEH L T, 77 A MCEESHT LT L, Ik, Zoa—HF—
EFRF V=L D7 7 A VX, ParaView CTHE$E, BiAAieZ &N TE D,

B Llca—P—ER Y UV —2 AT, B2 WHICAH L TE e FmickhikIh 5815

(LLF TTHGEL]) 2 aTdb L7oRE R 21X 1 IR,
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2MeV electron N ‘ 2MeV electron

B1 77 VnklE (PMMA) KUSMIEEIIASN L7z 2 MeV OEBEFHRICELHE T (FEHR) &
UL (RGER) D =IRITIRBR

HADOE TR T 2 88f% FEEUR I E DR 7B L L bICR&EL D L, £, BT
OHENHE (ZIUTHED KT OERKR) bWEDIRTE S L LEBICEL BETIHIZ ENMOLNTE
D [4], M1IZEBRTRLEBEF. ROBEBR TR LULEETFORBRNT., OB 2 MmAIcED LT
W5,

X 23, FOWE L OMBEEMICL D “KREFOAEME. REF VIOV TAMEL L
bDOTH D,

Photons 0.6 MeV 0.8 MeV 1.0 MeV 2.0 MeV 4.0MeV
bbb d kl_;l”;»l L S TR NS SR R

X
Do

BN KICEEICARN LIZBEAONTIC LD - IKRETORBF (FEH)

,46,



JAEA-Review 2018-018

et LK E DA LY AT 2 ZREFOEBIX, £ DOHFTONAFHHEITHE L, Ak L7z
CREFIT EEEE RS DON /Vn‘?@@ﬁjﬂ'] lm-> Tttt s g (4l 2 o Bl

REND K DI, HTFBAST L KEAE ZTREFOE (Z 2T, EFORBIOH)
DEIZREEM, KO, %@f&@j'n?%ﬁﬁ@%gl"]ﬂﬁjéﬁ RS (T REF V) L5 0,.) &

ERTHZENTEDLHE I TR T,

EROHIO X 512, BSOSO FIHIL, WEN TORBSROZE) 2 8F+ 2 LTI
FHTHY ﬂ%ﬁ"]TH&ﬁﬂﬁ&U\Eﬂﬁﬂﬁ77 U/ —3 3 ParaView 5 Z & T, FEE
WCHTHRD Z EDBHE LW A, ZORREEZ 50T, HOWLHENORIRETHZ LB T
EDHEHIT otz BT, BRICBWTHHRY =V &0 Z ERHIfFEND,

[1] T. Sato, Y. Iwamoto, S. Hashimoto, T. Ogawa, T. Furuta, S. Abe, T. Kai, P.E. Tsai, N.
Matsuda, H. Iwase, N. Shigyo, Lembit Sihver and Koji Niita, “Features of Particle and
Heavy Ion Transport code System (PHITS) version 3.02”, J. Nucl. Sci. Technol., vol.55,
No.6, pp.684-690 (2018).

[2] ParaView project, ParaView, https://www.paraview.org/ (&8 : 2018.12.10) .
[3] VTK project, VTK, https://www.vtk.org/ (=8 : 2018.12.10) .

4] ZHIE—AS, &7, FEEEH, I, REFER, ") T WS B KGT 3 kR,
F— L4t Rk 30 4 (2018) 295p.

(3) MBVANMEER, TURAHER. HXEH):

1) Tatsuhiko Sato, Yosuke Iwamoto, Shintaro Hashimoto, Tatsuhiko Ogawa, Takuya
Furuta, Shin-ichiro Abe, Takeshi Kai, Pi-En Tsai, Norihiro Matsuda, Hiroshi Iwase,
Nobuhiro Shigyo, Lembit Sihver and Koji Niita, "Features of Particle and Heavy Ion
Transport code System (PHITS) version 3.02", J. Nucl. Sci. Technol. vol.55, No.6,
pp.684-690 (2018).

(4) SEOMATFE:

FUTANBERET— RE VT, ?E%””*E%ﬁ%@ﬁOD%Eﬁ BRETTICiH Sz
T E B R 5 22 R 2RI T 2 TETH D, ZO%E . JRWHEIIAI 00 L7 B
W7 D DRI K D% 528 E L EHRE T 20BN H 5720 KGRI & 2 3 I3
ThHh, B BFHZFELTWD,
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535 wEFE—RFAREMELEROBSIEME O RIEMKXILLAEN

Long-range Atmospheric Dispersion Simulation of Radionuclides from the
Fukushima Daiichi NPP Accident

CEo ey
BRETENRENTIE 7 N — T

(1) FABH:

BRESENRENTIE 7V — 7 Clk, KEURIEFIGHEHE SGI ICE X v A7 AZFIH LT, fEEH R
FIIFEEFTEHAC L0 FH S AT U T E O & BB SIRERNT & I L TN D SEBUEATIC
FO T R B SRR R B 3 Tl > 2 7 & (WSPEEDIID (%, &Ry Ialt—vay
£7 /L WRF (the Weather Research and Forecasting model) } U T-¥LH0E 7 /L GEARN 7>
OIS TEY | FMkm A7 — A BB — L ETERHRE LTV D,

THET, B2 T COENAOLEONIFEREIL, EIC AR (8E~1,000km fH
) A —/V OGS E O RKILBIRIT 2170, BATEEB ORI ZED C& 7z, —F, KR
B TRENC B L I A TV 2R, ZOJRKO—2 & LT, IR E 3 fifhe Thi 74k
BET NV EFEITT 256 R FBOR R OREIZ &V 35 ORI CHREE O/ NI 2338 4 LS
FTLRDZENBITbND, £ 2 CTERIL. KEBSF RN X 082+ ok LoD
JRISHEBGH A 2 i L T 5

(2) FFARE-BR:
a) GEARN Digth, BHELERREOKRIE. R
KN HIGH R E N 2 AT, SR /1B SRR O 133Xe & 187Cs %5 & LTz
AR HUBLAENT 2 920 L, RS HOBIT — & 2 FO TR 2 Wil L7z, R 50R I & B #eat
RAZENMRIY SRR, BB Z2 B 2 & 720 183Xe TIEBIN KFE7e & D 5 O E ST H FHEMMN
BEME X< —F Lz, EuTxt L, hE DORR A MR T & 220 187Cs Tl 1357 TREBEME A
TEAE L0 /N DM E Lo Tz, £ 2T AT A—XOFEEZ RS 5729, 137Cs
(ZDWTRAEILTE DI, HEMEILAE DR OFHT 2 C N ENVEM LTz & 2 A WMEILFE O A OfFEHT ¢
13 7 CREGAE 2N E M A58/ NaFA L7228, RPEDRAS O e DM Tl / NG A 2R S 4,
7 ORE #CH FHRAEDNEE 2 RIEI@ AT L7z, 2 b OFRERICE D | BIELE /T 2
2R B D 2 L R LTc, ARG T A —Z OFE L L, MERNBRZHE
Mg %,

b) AEARSEHEFEIRICI T DMWY I 2 L— g U ~D KRR b DILE R

BREZENRENTIE 7 0 — 7 Cld, RS — R 8 BT IR O 137Cs |2 X DBREE~ D BIZ S
WT, RRTET Tide SHEEIC DWW TR 2 e L TS 72, W OF i 137Cs BAT
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RN A2 T DB, KRR OWWERAETEET LI ENEETHDH Z LIL, WEDH
XTRENT. (Kawamura et al, 2011 [1]), FEAERE X, H—OWLEILECE TV B OWEEKR
PEERET VMR LTz 187Cs OWFFEIRIL Y X = L — 3 > OF A A 36 & L (Kawamura et
al, 2017 1) 2)) %% 13 WSPEEDI #FIH] L TR&D b OALKFEDMER A~ DU & (A )
L7z, =2 b—3a d, mERIBE. ARG K OSNE B S 117 137Cs YR & L
W RAFICHE L7, Loy, ) TR LT TO 37Cs i/ Nl OBBEIZAR Y R 2 L —v 3 v
THIEAEL, BAEFED DIEWALCK KRN A 3572 & T, 3HR S R IRE S HIE M 4
W N U7z /N O JRIR & Ui, FHESEEOMIH TR O BIRA Z R L TWh RN &
FELET LN, ILEBROBIMN L ERGTRETH 720, RATHST 2,

[1] Kawamura H., Kobayashi T., Furuno A. et al., Preliminary Numerical Experiments on
Oceanic Dispersion of 1311 and 137Cs Discharged into the Ocean because of the
Fukushima Daiichi Nuclear Power Plant Disaster, J. Nuc. Sci. Technol., vol.48, No.11,
pp.1349-1356, 2011.

@) HRUAMESR, TURARR. RXH):

1) Kawamura H., Furuno A., Kobayashi T. et al, Oceanic dispersion of Fukushima-derived
Cs-137 simulated by multiple oceanic general circulation models, J. Environ. Radioact.,
vol.180, pp.36-58, 2017.

2) Kawamura H., Furuno A., Kobayashi T. et al, Oceanic dispersion of Fukushima-derived
Cs-137 in the coastal, offshore, and open oceans simulated by multiple oceanic general
circulation models, American Geophysical Union 2017 Fall Meeting (AGU 2017), New
Orleans, U.S.A.

@) SEROFMAFPE:
AEET GEARN OWMEIRE T A —Z OUEZAT ) TETH D, FERIICITRATE b H#l
BRI TH e < —H LB 2 KB4 2 Z LA TH 5.
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5.3.6 EXPACS-V O #hk Windows ~ i A

Update of EXPACS-V Executable in Latest Windows PC
Ve =z
TS FRE AT IE 7 L —

(1) FIABK:

REENOFEHIRT T v 7 AL, DRMIZEETH B OFHHREIT S SEvogky 7 b= 7
—RAEROFAMCEE L 725, R IHE T, SEAk 2007~2008 FEED 7 1 7T L BRFEHE
EHEIZB N T, KRERBENOLEMRIZB T 2FHR T 7 v 7 A0HIE < MEEFHE L T Google
Earth FICA#{td % Windows 1 ¥ 7 b7 =7 EXPACS-V Zil{E L, == —H —&kiHil oo 22—

F&LULTAB L7, LaL, EXPACS-V X, &\ kD Windows <° Google Earth O F|ff] 248
ELTWezd, F#Hr® Windows PC TIXIE L EE LW E DREBINSZHH 7=, £ T,
EXPACS-V % fc#i® Windows TEIET 2 X HWB Uiz, ALRIE, 71/ T ABRFEHEMHIEED
—Eg L LCHEM LT,

(2) FIRARNE-BER:

AR EIZE Y, EXPACS-V 2351 Windows TEIET 5 L 91272 > 72, &HTHR Windows T
FLih L7 EXPACS-V OfiE #[X 1 KON 2 1277, THHOXTIE, 201841 H 1 HOEE
12,000m (Z351F D F AT < BER 4 O (B 36.462° | R 140.6° ) #H.Le LT
FHAE - AIBUET D KO ICRREIN TN D,

O EEG R S P e | En M* E O G x|
EE: EEEE £ 12000 m BET
B emULE) 48 2 psfiggsn ¢ SEEET
B O #E
FEEEE 140600 E%f% © RZBR
HFT
T S - = I Rt 23 © on
%% @ OFF
| smeme:  mam seeen 2 2T HASRE
S
R 2561 navh & e
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| I .
16784 33521 50277 67003 93770

FHEHRIREFE [
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BZ: Linear grE gt F
1 & Windows TiL#hL7- 2 Google Earth ElZA#i{k L7
EXPACS-V o[ BRIE < B

T2, CORETH 1L DOE FICHD T T T7RA V2T E ZORBICHTAFEERY T v 7
ADEET — 4% £ 77 78 Excel LIZFErEND (3B, ZNET, 20X RFTHBEY
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7 v 7 AERETHOITE, REBERWIEIRZLEL LTWeR, KV 7 Fy=TI1280,
AECHMEICEE Ltk 32 Z ennrge L o7,

EXPACS ver. 4.03

Excel-hased Program for calculating Atmospheric Cosmic—ray Spectrum, Copyright® 2006, B &R NiFRMFER
BAFE: (T EE, MR EEENTRY L -7, BEEFHWEEFEREE, E-mal: nsed-expacs@res.go.jp
Reference: T. Sato, Analytical Mode! for Estimating Terrestrial Cosmic Ray Fluxes Nearly Anytime and Anywhere In the World: Extension of
PARMA/EXPACS, PLOS ONE, 10(12): e0144679 (2015)
Cantact E-mail. nsed-expacs®peaso jp Homepage URL: http//phits bea go jpfexpacss’

BeEoEL EEEADLTTEL PARMAE L CEH LI A 75> /2 (EHSE)

Japanese ‘ v

BESI A ARFE 1 [N )|
BRFEAIE 364020015 [ B8 (2o~ ]| |/ — T
RT3 140600006 BEEE ) | T e b — —t =
s, £A8 ° o018 | F ]| = [~
HLL 3P IETE= P5 E T2 e — —terts ||
#hEE s 3 e HEF
EnEis TEErEs =9 e pb—— S wHE L
ENEE SA—R 0z ANTE | = 7
thisBoEs  [EaEs o) g e / \— —mrEF [
wNDSy oA [Gomasevim)  (w)| X g AT
HAREED S/ 2|RN X

& 1.0E-04

= e \ N

T N \

AHSTESE C1 10607 N
REEE 197815 (g/cm? ™ \ AN
TR 1074 (GV) 10608 SO
APSEEE (WiE) 257 \ /
BinimiE iSx—% 02 ANTE 108-09 \ / \f
ﬂgﬁi . iﬂlﬁi 1DE_W]“EIE-I]E 1.0E-01 1.0E+00 10E+01 1.0E+02 10E+03 10E+04 1.0E+05

ELp 2.652E+03 (nSv/h) .
il = 1.014E+03 (nSv/h) THILA—(vev/n)
BT 4 740E+02 (nSw/h PARMATES L CERLCASPFEHE 7S » 7 (AR ME)

( )
He-f 72 3I513E+01 (nSw/h) 0w FLEESETOIS w22 (lem2/s/(MeVin))
T 7 O08E+01 (nSwrh) TFEpswi CAPET fEF He{# w+iF w-WF BF EET ®T

3 FHWM7 T v ADRMET—2 &7 T7

@) HRUARMESR, TURARR. RXH):

1) kg, “PHITS #FIH L7oFHMY L 2 b—1 a v EHIERBF R~ DI, R KPR T
P SEBRPT R P S 2 TS0 AT K OV -2 RO 7o BRI Z2AOATSE ), RBHR, 2018 4£ 1 H.

2) T. Sato, “Cosmic-ray transport simulation using PHITS”, 2017 &7 — X #F9E 2, &
1, 2017 4 11 H.

3) T. Sato, “Features and applications of the analytical model for estimating terrestrial
cosmic-ray fluxes: PARMA/EXPACS”, European Geosciences Union General Assembly
2018, Vienna, Austria, Apr 8-13, 2018 (Invited).

4) SEOFIAFE:

AR Windows [Z%fI5 L7z EXPACS-V % 2018 4F 1 HIZAB L& 2 A, BEIZ, 5 {F0FIH
HEENRD 7=, 5% EXPACSV OFHERIZED D TETHD, £z, BED L Z A 64bit
iR Google Earth (23 L TV 2\ 7=, 64bit Windows (233 T 1 32bit it Google Earth
A VANV ==K L T\ D, FAIEETHIUX, 64bit )LD Google Earth (& & H 7]
AE72 X 9 EXPACS-V Z# %R L7z,
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53.7 IRIBMSTEZIEL S DS EMRIE IR EHE R 2 D T

Evaluation of Dose-conversion Coefficients for External Exposure to
Radionuclides Distributed in Environments

GV PN
TS RRE BTN IE 7 L —

(1) FABH:

BRIRHC A L T2 U R D © OANE BRI < BRE 2 HEE 3 12, JE AT RE 72 U PEAZ FE 0D
ST REIR O 2R AR ) D TR e &~ OELIZ R T X 2455 REMEIRE) B0 e 7
Do AWFIETIL, SRR EIZRE T 2 BB o R 2 L Adu, %‘/?77/1/1:% 253 < ikt i
EVIalb—ra ik, ZoORBREMRKOEHAED TN D, B Té%ﬁ&%i<
FAFRITREIER T & 2 R B At S AR A A AT 3 5 12, BREE & Akt Ltr“jtfoe FHRIRRICE
5 R RO KIS S S = L — g U AMEE L R BT KBRS 25 Mk
LAHIFHEBRBEII AR K TH D,

(2) FIFARE-BR:

TERE 28 FEEEE TIZKRA, KB KO HIRIC AR 2 O PERZFRIT b U CREAR 0D Fich Al L
DD AR AENEFRT DA F IO EME L2 N T 2 R A TR L, o, @R RCZ 0
THI S D HEICTESE Uit o 202%t LT, B CHIE S30 TV 2 JEI R Y B
TE KRR B & R B OMBERBREZ I S/NIC L, T=F U U VT EICES S BESHROZ Y%
LTz, 2, SRR 29 L, SR JIMEER T OHEIT K D U MR O B O w1 B &
NDBERMEE (F—2) 55 OINBERIE < BREO TR 3 2 LT — % O 21757,

FHEIT, ICEX @ 432 EHE = 7 2 A L MPI X80T L7-, BREIH OMERGES 2 = 1
—3 3 ITIE, SR IERE DSBS 2 D T DRI - B A Vs R o — R PHITS % V7=,
X 1 ICBREEAZREE L CHEE KRR TR LIZY R 2 b— 3 URROBERX & -, (=E DO
REIRFE /0 A1 & FE O U MEZE D & OANERIE < BRE A AT 5 7o 80, KR HICHELE L 72 AT U
JRIZ K DHIED D E S 1m CTOFUMEY BR~OTFEEHEIEG (REREE) Z5H Lz, HEHRR
& LTEME LT 85Ky, 131, 132 183] 132Te, 134Cs, 136Cs B LN 7Cs TH Y . T-FfZ
FOEDLEH T ImX 1m X 1m OFElA 5 1kBq OB TH T2 E T T 5, BIEO
S E, HiFRE S 122 1,000m £ CHEE L, INEREEO YA X3 1,000m X 1,000m TH Y |
%E%ﬁHMQm@%%%@xyviﬂ%ﬁéoEzmnwm@m%%@%%foiﬁm%ﬁ
TR 6 OB, MIRE SRR B IEE/hEL 0D, £, B EICHRIEOFET 2 I8 B D
L HEENDIE E RIS L 2D, T O ﬁﬁ&mﬁﬁﬁwﬁﬁméﬂ A EPaE
LD,

EE OB R OGHEEZ 3 IRTTE FIRD A > o 2 TREJY [ & A v & 2 DFEREIC
AR LTSS B E R L TEA v 2 IZOWTHEST 5 2 & T, MiFRmic ki) 2 Ei0meE Y
BROGMEZHETHZENTE D,
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[1] D. Satoh, T. Furuta, F. Takahashi, A. Endo, C. Lee, W.E. Bolch, "Age-dependent dose
conversion coefficients for external exposure to radioactive cesium in soil", Journal of
Nuclear Science and Technology, vol.53, No.1,pp.69-81, 2016.

[2] D. Satoh, T. Furuta, F. Takahashi, C. Lee, W.E. Bolch, "Simulation study of personal
dose equivalent for external exposure to radioactive cesium distributed in soil", Journal
of Nuclear Science and Technology, vol.54, No.9, pp.1018-1027, 2017.

() BRRYRMER, TLRARR. RXH):

1) VERERM, ik, & R, EETIROBEEED S OSMNBHIE < $REFHn = — R o
387, AR )52 2018 4EFK D K2, [ (L, 2018.

4) SEOFIAFE:

WoRk 30 FEFEIX, AT O HREIR L3 AT 2 FE O U I3 Uy B0 U 72 & B % % v ¢t
T < BEZ PRI 2 20— REBHHET 5, B%E Lo o — FORERGEIZIZ, T L
2 {EIZH-5 < PHITS OFFMIFHRE OFE R & OB IR THY . ZOHIZERT D 72K
RIS AT DDA BLIEL 2D,
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5.3.8 PHITS Aa—H%—AHAXEVI+Y 7 PHACE DRI
Development of PHITS Graphical User Interface: PHACE

HIT AT

SRR BTN IE 7 IV — T

(M) FABH:

Wit « A A kit H = — N PHITS 13, (EEOIR - WEWNIZIEIT 2 2R U D25 8)
ERENTRIREZR LB T Ve E R a— R Th b, BifE, PHITS DOEWNAO 2 —H — 5 EFH K
1% 3,000 4 & 2, IS ERIR, B R L AREE S . IR Er, RIS, SRR 2
iz %, —F T, PHITS 2—=H—3Z DANT 7 A NVDNTA=ZEL<w=2T MK
DVEMRL, 77X A MNEXNTANTZ 7 A NVEAERT DREN D D20, FRITHLEIZE o T
PHITS OFIHOBIERENE W EIRBFF-D, £2 T, 2—F—2NHRHICE T A—H
EHfELCANTE D77 4 Vv a—F—A 2 T7=4 2 (GUD I2Xk% PHITS AJ17 7 A
NWERSPE Y 7 b7 =7 PHACE (PHits graphical user interfACE) OB %175, ARIEH#IC
KOERENTZY =V E RS Z & T, PHITS 22— —NEGIINT A —XEEZIRL T, il
RHNCA 7 7 A NVEAFRLTE 2 X 012705, D720, Fiila—% —o PHITS (267 % Bifig
REICRE<S<HIRL, == —OE I RKPMrEENS, £z, BEFO PHITS = —%—IZ
P HANIZARG ATRE L 72 D,

(2) FFARE-ER:
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WME DT —F 2 AT DHHHAANTT T +— L% 1B LTz, Rk 29 F 51X, Fnk 28 FF i PHACE
OFMEMEDM EA B L, [surfacelz 7 ¥ g SN OWTHT — X OEHAA 7 +— L& 1B L,
7 — 2 NIBERE D kI K OB T HERE DB & 1T > 72, £72. Pk 28 R PHACE @
BWREDIEIEL LT, BFEY U — DR, f/IMB, I KEFEDOAT T +— L DOUFEFRIRT, LER
RO EFEZ D120, ETEAWTNOTHTRIZ S U 1 R UMRSEE ATRE72 A RE DB &2 1T

ST,

BAFE 3 K OEMESRA 1T Rk 28 4R L [ARRIC, %< o2 —V—3FIH3 % LLF® Windows @
BT E LT,

Q#EhfEEREE (0S) Microsoft Windows 7 LA[%
@/N—FRy=7T Microsoft Windows ## PC
QR E7E C++

@BEAFERE (V7 v x=7)  Microsoft Visual Studio 2010

,54,



JAEA-Review 2018-018

B 1A EWER LTz 7T — 2 OFHAT T +— b &R T,

‘OB
BES el ES i S (R
22 RPP_5-5-5-5-16-5 0 RP (THORT— EHIHEEN Y BUCRE) - BB
EH0iEE | 8% | ®RES | @S | BESHE .
@EEEL  OREHE O OEERHEH 000010 | _l 50 | 500.
00l

0011 | | sols.
000012 | 70 sz]8.|s.
_l .
3 |

M1 ‘7 —ZOHFHANT +— 4

FIANZ —21L. K2 DX ITHEL AN T NE T A RS OEREZAHEE T 52
VIR I A b7 oTWN A,

EDE T
EES E2) TRES Hise S {E
22 RPP_-5-5--5-5-166 0 | Tl i B2 H [ EMEDD ]
EHOEE i : (£ TORA ) -

F (ST, Y 2 EE))

eEERL  OEMGO O : ae
SEWELRL  OSEHE O HBREEE g T

s RCC (A0AT 1~ FIHE)
=-5. » | RHP (FHO4F . AEEDEBTENA L)
E

HEX (FH0AF 1 — 1EEOeEIEFIZ L)
BRA REC (ROOAT 1 FiFHE) |
< z-min > = -16. - | TRC (FHOHRFr— hybEniziE)
ELL (H0AF+—fHFiFR=0))
ELL (H0AF+— fHFiFR<0)
WED (7O0AT -/ {EUR

w

Cl®sh EOHERS

1

X2 MWiesDFINE 7 A

F72. Hi S T & OREERBMEA T D=6, X 3 D X 9 72BN ZE 5 OB D FK RS RE
%ifwéo

EDER
HES =) TREFS Hso S (EE
22 RPP_-5-5-5-5-16-6 0 SPH (RHOAT +— = (R EIsEREIL)
EHOHE [ moem (@ |[ 6 --
eEESL  OREHO) O BRENG) [ EEE | RES | BmS | BaSDE .
5. 000010 | _1l 50 | 500.
000011 | _l 505,
<xCI> 000012 | 7 sz]8.15.
<yl 000019 | _l czlL
E <z0 > 000020 | _l PZ | -13.
<R>» 000021 FZ]19.

X 3 EIRAERE 5 (SRS L 72 X TR o]

H7 =2 DOERAN 7 +—2 (LT THT =2 AN 7 +—2)) 1. A7+ —25 BB IO
EEZET —F e 220D ATEZBRL L, AT — 2 X— AR SNl T — 2 &
BPCCHIFR, WO L WS Te B EEITO UR PRy 7 ZEZ B LT E 7> TV D, Fiz,
W7 =2 AN 7+ —LETHICHLF =y 7Ry ZL0RAM ) 2fETL2ZLICEV AT
4 — DA OER S NI HE R 5 (ST DMl 2 Zorn T 5 & 912> T s,

SHIZ, FHF V—DAN T = LDOLEFRT, LEOREZEA L0, M4 I1R-7 @
D EFELEWTNOHGICE Y 4 FUMER~ T A KD EFEAEE L IR DBREA BN L7,

,55,



JAEA-Review 2018-018

B LR

'

Exh fie ST Ak CIEREEE LA A LEA LAl FLET

4 ANT7H—DbDT 1 v FUEEFERED B

A EERL L7= PHACE 23 PHITS O % w7 — 2 & £ 545
(phits/lecture/basic/lecO1l/input/lecOl-end.inp) DA77 A N EZIELL HIIL, TDOAN%
F 72 PHITS OFPRE DS EFIZEET 2 2 & 2 s L7,

@) HRVAMESR, TURARER. RXH):

1) Tatsuhiko Sato, Yosuke Iwamoto, Shintaro Hashimoto, Tatsuhiko Ogawa, Takuya
Furuta, Shin-ichiro Abe, Takeshi Kai, Pi-En Tsai, Norihiro Matsuda, Hiroshi Iwase,
Nobuhiro Shigyo, Lembit Sihver and Koji Niita, Features of Particle and Heavy Ion
Transport code System (PHITS) version 3.02, J. Nucl. Sci. Technol., vol.55, No.6,
pp.684-690 (2018).
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5.3.9 PHITS IZ&IFTHH DK DHLGR

Improvement of Function for Output Format of PHITS
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(2% BEIHIZ MeViu (B DEEBEDHFE 21T o 72, ZHIC X W T L HA A & MeV/iu B
THRTHZENAREL IR DT, BHA A DL 2 BT T IR BRSO TF R O 4 1
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1) Tatsuhiko Sato, Yosuke Iwamoto, Shintaro Hashimoto, Tatsuhiko Ogawa, Takuya
Furuta, Shin-ichiro Abe, Takeshi Kai, Pi-En Tsai, Norihiro Matsuda, Hiroshi Iwase,
Nobuhiro Shigyo, Lembit Sihver, and Koji Niita, “Features of Particle and Heavy Ion
Transport code System (PHITS) version 3.02”, J. Nucl. Sci. Technol., vol.55, No.6,
pp.684-690 (2018).
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53.10 —a—hJ/BREETIVORFEERE

Development and Verification of Reaction Model for Neutrino-induced

Reactions
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[1] A. Strumia, F. Vissani, Physics Letters B, vol.564, No.1-2, pp.42-54 (2003).
[2] S.Nakamura et al, Nucl. Phys. A, vol.707, No.3-4, pp. 561-576 (2002).

(3) MBVANMEER, TUAHER. MXEH):

1) NIGEE, BAREKES, HEHEEE, —a— b JERIGET VORI E PHITS ~0 3%, H
RIFT T2 2018 FEFRDHES, KB, (2018).

4) SEROFAFE:
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53.11 BTEKIRKET LEAV-RSTRREFTE

Radiation Dose Assessment using a Stylized Eye Model
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(2018) pp.105017_1-105017_13.
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5.3.12 PHITS o T-DCHAIN #!)—D e R
Improvement of T-DCHAIN Tally in PHITS
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[T-DCHAIN]|# UV —IZ L% 7 7 A D H )} O DCHAIN-SP TORtAAAMN, xyz A v ¥ = K
rz Ay aTHIELIEETENERIEEZED D, VT, xyz A v a2k WVrz Ay aT
o DCHAIN-SP O ZHEfE R0 HIHRE 2 5172 1IC BT 5, BIRIICIE, sR8 e 2] 7 o
77 AN EBRECHIET S LT AR L LT, MU R G OWERER Y TRET S oS
2y MERROBRRE R L TWD,
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5.3.13 PHITS OFtEIZaL—avITkdFLLY PKA BIE S AT LD EKRE
Design of a New PKA Measurement System by PHITS Simulations

P
)

SRR BTN IE 7 IV — T

(1) MAEM:

Primary knock-on atoms (PKAs), which are heavy recoiled charged particles created from
spallation reactions, are critical for various applications, particularly for radiation damage
assessment in accelerator facilities and in space environment. PKAs have a continuous mass
distribution from target nuclide down to one atomic mass unit (amu) and a wide energy
distribution from a few tens of MeV sown to sub-MeV. The PKA energy spectra and its yields
are one of the fundamental input parameters for radiation damage calculation models. Yet
the experimental data up to date are still limited, due to the high measurement thresholds
and the insufficient mass resolutions to identify PKA species in the conventional
experimental setups using solid state detectors.

To provide the important PKA data, we proposed a new measurement system consisting of
two fast timing detectors and one dE-E gas ionization chamber (GIC). The design of the
customized GIC, the experimental setup, as well as the estimation of the system

performance were all performed by Monte Carlo simulations using the PHITS code.

(2) FARE-ER:
I. Design of the Gas Ionization Chamber

The all-in-one dE-E gas ionization chamber in the measurement system should feature (i)
a thin window that minimizes energy losses in the window when PKAs enter the chamber,
(i) adjustable operation pressures to be able to measure a dynamic range of PKA energies,
and (iii) an optimized length ratio of the two anodes/cathodes, respectively for measuring the
PKA stopping powers and the remaining kinetic energies, such that the PKA atomic number
can be identified at the energies as low as possible.

The above mentioned three factors are the key that determines the performance of a GIC.
The PHITS Monte Carlo simulation code was employed to simulate a various combination of
those three factors. The optimal conditions determined from the simulation results are
described below, and the design in shown in Fig. 1.

(i) A silicon nitride window at a 30-75 nm thickness is technically achievable and the PKA
energy losses caused by the window can be neglected.
(i) The GIC operation pressure will be between 15 and 50 mbar.

(iii) The dE and E anode segments are 2 cm and 10 cm long respectively.
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Fig.1. The design of the AE-E gas ionization chamber.

II. Design of the Experimental Setup & The Estimation of the System Performance

The PHITS code was used to simulate (1) the correlation between the PKAs’ time of flight
(TOF) between the timing detectors and their kinetic energies, and (2) the relationship of the
PKAs’ stopping powers and their total

15 LEN B S S |
kinetic energies as part of the GIC design [

mentioned earlier. By combining these two

relationships, the PKA isotopes can be

Nt {1 winsve|

Deposit Energy in E det (MeV)
o» =
| \ ~I
> ©
=
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between the two timing detectors, Fig. 2
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shows two examples of the TOF and E
relationship from (a) 70-MeV protons
bombarding a thin 12C foil, and (b)
400-MeV protons bombarding a thin 28Si
target. It is found that the for 12C targets,
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the PKA masses can be clearly separated

above ~1.5-2 MeV for all isotopes, i.e. less
than ~0.15 MeV/nucleon. Compared Fig. 2  Fig.2. The TOF-E relationship simulated by

(b) with Fig. 2 (a), with the increasing PHITS from (a) 70-MeV protons
target nuclide mass and the increasing bombarding 12C, and (b) 400-MeV
projectile energy, more heavier reaction protons bombarding 28Si.
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products with higher kinetic energies are created. The separation energy limit for different
PKA masses also increases to ~3 MeV as the PKA mass increases to 28 amu.

Figure 3 shows a simulation example of the energy depositions respectively in the dE and
E region in the gas ionization chamber. Such a dE-E relationship can be used to identify the
atomic numbers of PKAs. The trend of the element identification is similar to the mass
discrimination: the thresholds increase as PKAs become heavier. For PKAs with atomic
number between 10 and 14, the charge discrimination thresholds are ~6-8 MeV in total
kinetic energy. To be able to identify the PKA isotopes, the dE-E relationship needs to be
combined with the tof-E information. Thus, the isotope identification thresholds become

0.2-0.3 MeV/mucleon for A = 20-30 amu, and less than 0.2 MeV/nucleon for lighter PKAs.

Energy deposition
in the dE detector (MeV)
N;mber [1/source]

0

Energy deposition in the E detector (MeV)

Fig.3. The dE-E relationship simulated by PHITS from a system with 70-MeV protons
bombarding a thin 12C target.

@) HRUAMESR, TURARR. WXE):

1) P-E. Tsai, Development of the Detection System for 70-MeV Proton-induced PKAs,
Workshop of Accelerator Driven System and Transmutation Study, Tokai, Japan, Jan.
24, 2018.

2) P-E. Tsai, Y. Iwamoto, M. Hagiwara, T. Sato, D. Satoh, M. Itoh, and H. Watabe,
Establishment of a Novel Detection System for Measuring Primary Knock-on Atoms, the
IEEE Nuclear Science Symposium (NSS), Atlanta, GA, USA, Oct. 21-28, 2017.

4) SEOFAFE:
The new measurement system has been constructed and undergoing tests. The new PKA
experimental data will be compared to the PHITS simulation results for future PHITS code

improvements.
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5.3.14 Cs U )/7r—rDIBELRNFRHE

Structural and Thermodynamic Properties of Cs Silicates

Miradji Faoulat
PEREE AL EINBA S 7 L — 7
(1) MABRR:

In the framework of Fukushima Daiichi Nuclear Power Station (1F) severe accident (SA),
cesium (Cs) retention phenomena are of high interest due to their impact on the
decommissioning and dismantling work. Current SA analysis codes present large
uncertainties in the estimation of Cs retention onto structural materials of reactor coolant
system (RCS) regions, due in part to the lack of knowledge in Cs chemisorption processes
onto stainless steel (SS) surfaces. To improve and extend knowledge on Cs chemisorption
mechanisms with SS, we investigated chemisorption behavior by means of experimental and
theoretical approaches, aiming to derive a Cs chemisorption model able to take into account
specific chemical conditions of 1F SA. In particular, to characterize the possible formed
chemisorbed species and revaporization processes, the thermodynamic data of identified and
potential Cs chemisorbed species are needed. In this study, we will present the derivation of
Cs-(Fe)-Si-O substances structural and thermodynamic properties from DFT calculations
and the validation of developed computational methodology through comparisons with
available literature data. In particular, the thermodynamic properties of a newly
characterized Cs chemisorbed species in our chemisorption tests, CsFeSiO4, are provided for

the first time.

2) FMARE-ER:

To obtain the desired structural and thermodynamic properties of our targets substances,
we computed the geometric and energetic properties with density-functional theory (DFT)
approximations, using the Vienna Ab initio Simulation Package (VASP). Thus, the derivation
of the thermal properties was computed by calculating the phonon dispersion curves of the
crystal structure. PHONO.PY software was used to obtain the force constants within the
small displacement method and to post-process the obtained matrix to derive the phonon
density of states as well as the related thermal properties. The latter values were computed
using the harmonic approximation, assuming it is a good approximation regarding our study,
as our experimental highest temperature was chosen under the melting point of investigated
substances. All these calculations were performed using the Super Computer installed in
JAEA (CCSE-ICEFS Tokai). The investigated substances were CsFeSiOs, a newly
characterized chemisorbed species in our experiments [1], and Cs2Si4O9, an identified
chemisorbed species from literature, for which standard enthalpy of formation was derived

using calorimetric solution measurements [2, 3]. The increment enthalpy was measured by
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vaporization tests [4]. Afterwards, the data regarding standard entropy and heat capacity
were extrapolated from room to high temperatures regions. To identify the main stable
crystal structures of our target species, we started by investigating several prototypes for

each substance.

After computing the relative heat of formation at 0 K of all candidates, two prototypes
were found suitable for Cs2Si409 (P-3m1 and P-3cl space group), for which no clearly defined
crystal structure is available from the literature. Two symmetries were selected for
CsFeSiO4, two crystal structures in P63 space group, differences coming from unit cell
shape, with one having 24 formula units (f.u) in the primitive cell, and the other 8. The
second symmetry is Pc21n, crystal candidate taken from Henry study who synthesized
CsFeSiOq [5]. For Cs2Sia0y, the standard enthalpy of P-3m1 (-2.923 eV/atom) prototype is
the closest of literature one (-2.969 eV/atom), but while observing the derived heat capacity
in Fig. 1, the P-3c1 candidate is the most likely one, with a AH298K of -2.885 eV/atom. As the
computed heat of formation for both prototypes are in good agreement with literature
accuracy on standard enthalpy calculations within DFT [6], we selected P-3cl crystal
structure as the most likely one to represent Cs2S140s.

For CsFeSiOs4, one computed heat of formation at 0 K was available from Material
Database (-2.427 eV/atom) [7], using DFT approximations and crystal structure similar to
ours, our derived heat of formation at 0 K (-2.429 eV/atom) similar to the one from literature
DFT calculations emphasizes the appropriateness of built computational methodology. The
derived thermodynamic data are almost equal for both symmetries considered for the cesium
iron containing silicate. To conclude on these results, it seems that, even under the harmonic

approximation, the computed thermodynamic data for Cs2Si409, in particular, the derived

heat capacities from room to 400
high-temperature regions are in good 350 o b 4 A A
agreement with available literature  _ 399 . ¢
. X "
data. In addition, we proposed for the = 250 3 = DFT P3m
first time a specific crystal structure _E, ¢ DFT P-3c1
= 200 g A Experiment [4]
for this compound. Regarding 'E
] @ 150
CsFeSiOs4 results, not only we § p
— ]
derived the thermal properties for % 100
the first time from low- to 50
high-temperature regions, using o+—T———T7
' o _ 0 200 400 600 800 1000
first-principles calculations, but also
Temperature [K]

we determined a polymorphous
characteristic for this substance. Fig.1 Calculated heat capacities of Cs2Si4O9

Such data will be incorporated in compared with literature [4]
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equilibrium thermodynamic calculations to evaluate which candidates remain the most

stable while varying the partial pressure and atmospheres to reproduce SA conditions.

[1] F. D. Lemma, K. Nakajima, S. Yamashita, M. Osaka, Nucl. Eng. Des., vol.305,
pp.411-420 (20186).

[2] E. Cordfunke, W. Ouweltjes, J. Chem. Thermodynamics, vol.25, No.8, pp.1011-1016
(1993).

[3] P.J. Spencer, NPL Report Chem. vol.21, 36p. (1973).

[4] R. Ball, B. Bowsher, E. Cordfunke, S. Dickinson, R. Konings, J. Nucl. Mater., vol.201,
pp.81-91 (1993).

[5] P. Henry, M. Weller, Chem. Commun., NO.24, pp.2723-2724 (1998).

[6] S. Kirklin, J. E. Saal, B. Meredig, A. Thompson, J. W. Doak, M. Aykol, S. Riihl, C.
Wolverton, Npj Comput. Mater., vol.1, 15010p. (2015).

[7] J.Saal, S. Kirklin, M. E. A. Aykol, JOM, vol.65, No.11, pp.1501-1509 (2013).

(3) MBVANMEER, TUAHER. WXEH):

Oral communications

1) F. Miradji, C. Suzuki, N. Nakajima, M. Osaka, “ Quantum modelling of Cs substances in
the case of LWR severe accident”, 2M14-17, AESJ Spring Meeting, Osaka, 26-28 March,
2018, Japan.

2) F. Miradji, C. Suzuki, N. Nakajima, M. Osaka, “Structural and thermal properties of
Cs-Fe-Si-O systems under LWR severe accident by DFT calculations”, HTMC-16
Conference, Ekaterinburg, 2-6 July, Russia.

3) F. Miradji, E. Suzuki, S. Nishioka, C. Suzuki, K. Nakajima, M. Osaka, “Comparative
study of Cs silicates properties between DFT calculations and experimental data”,
3E10-12-17, AESJ Fall Meeting, Okayama, 5-7 September 2018, Japan.

4) SEROFATFE:

For future plan using CCSE Super Computer center, an application for computational
resources project was launched to finish the investigation of remaining Cs-(Fe)-Si-O
compounds. Several compounds, identified or predicted to be chemisorbed are investigated,
the thermodynamic data extrapolated and calculations using the quasi-harmonic
approximation carried out. A further analysis will be conducted to understand the
mechanisms of diffusion of the Cs particles into the oxidized layers of stainless steel. The
final purpose is to identify main possible compounds retained in the reactor structural

material to help develop mitigation tools in the decommissioning and dismantling work of
1F.
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5.3.15 E—REFEIZESH SA KD Cs Wig BT

Evaluation on Cs Adsorption Behavior during SA

A sk
PERE & AL BN BR R 7 v —

(M) FABH:

BUE, mEH IR NHEEN (F) [ZB T 2887 7 VIR0 H LOBKF T T 7 o7
~ (SA) Zxt L., 8KIE SA REOBEAERY (FP) Ottt « BATHEERHNFIEO s B kA3
HDHENTND, ZODOIZIE, FNREICH 2 RERY (FP) Ok F 4 FE L T FP 1k
FHEEERAT HLERH D, FP O ThH, BHNTOZ 0 BAHRR - BER L 205580 D
L (Cs) DIEEM ~DILFWRAELEBOMRIITEIE TH S, L LR b, 1F HElggH» & 8
SNDHIRERLTRIARE TO Cs DAL FRAEZB ORI 153 TiX/ev, Cs (IMEM OFEKE T Si
&L Cs-Si-O RDALEMETER L TRAET H Z NS Tnb, £z, #iEM~0 Cs Dby
W EERNED 5N TEY ., Cs-Fe-Si-O ZDLEYMDIFENRBR I N TWD, ZNbDILEW

VAR E N B B 12D ALFRE 7 et AZBWTERT 2MbAMERKET 5 Z EITEET
H D,

AT, B REFHE L HW T, FRREICEIT D Cs DILFROFHMBIZ A2 Th i X
FOLE4tE (HAXPES) ODﬁﬁﬁ%‘:/ﬁ’%%%?é S 51T, HAXPES %O EBROfEHT )~ b il
N R A2 GR35 2 & T Cs W%é@]%?ﬁﬂi?’é ZEERHEMET D,

(2) FARE-BR:

EIZ 31T D Cs OMEEM E DAL W5 2B ORI IC fU}F —BRL LT, fLFPREIC K
0 AR LTAb B o X B E 06 (HAXPES) S L5z ED T\ b, ZHE TIZ
CsfbZWEIZ XLV Cs-Si-0 {LEW=° Cs-Fe-Si-O ﬂﬁé%ﬁxélﬂﬁqé ZEnmeEnTWA, —J7,
B DAY HAXPES HITEIZ K D AR hUVIZA HIVTWRW 8 Z DT Tk % ffer
THMENRD D, R, 20D OLAEPIERIBEN & < RE O FEENSEL LT VD
HAXPES #IEIZ & M%%ﬂtz«\& MDY E B OO UOMERT 2MERSH DH, £ I T,
:n%m@*’#@ﬂ:é}%@ HAXPES % 5 — B I L 0 koD, JERS RO Y M2 5540 L 7=,

Cs-Si-O fb&=<° CsFe-Si-O {kEME LT, Cs281205, Cs6Si10023 3 L ¥ CsFeSiOs @
HAXPES Zxt4 & LT, S REERIC X 25l 2 556 L7, §1H5A = — FiX WIEN2k [1]1%
W, Fe #5Te CsFeSiO4 12 DWW TIL.GCGA+U I K W EHEZFE M L, /T A—% & LT Fe203
THWHITWD U=4.6 eV, J=0.3 eV & I\ 72, Ni#iE O HAXPES O 1)L —id, PR
BEOBTERELIEREEEREBOROENZENDO =RV X —OFRFEROAEL L TR,

7 112 Si 1s HAXPES OJIEREF & FHARRE RO 2 /79, = R/LF —(X, CsFeSiOs % HHE &
LTRLTWD, JIERRIL, Cs:81205 & Cs6Sijn023 DR /LF—TIFIE[E L T 5 A3, CsFeSiOs
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FENZVIERVMETH D, F—EFEIC L AR, WERROM M & —Z Lz, WEICHT
LRI OREIRIEE D E, HAXPES ORIERE I JOE —HE A O R EELZBET D
&L MEMBREEHEMRRIIZERETHL B2 0D, LLEXD | CsFeSiOs, Cs:Si0s 38 LY
Cs6S110023 © HAXPES HIERERIZZ L TH DH LIS D,

71 Sils HAXPES O R/L¥—

Ak I E & R ERCEEES
CsFeSiO4 0eV 0eV
Cs251205 1.3eV 1.5eV
Cs6S110023 1.1eV 1.6 eV

I H1Z CsFeSiO4 & Cs281205 & Cs6S110023 DAfiEE 115> HAXPES O RIERS R & 51 HF R4
LI, MER R TIEWTROEW S Cs bpse OETF X — I T — A BHFIEL TN D
2. BHEAERTIX CsFeSiOs DA T — LR H Y Cs2Si205 & Cs6Si10023 (21720, Cs2S8i205 &
Cs6S110023 TIEEHEIZ Cs2C03 DA B X2 HiLH T2, AlifE Tk HAXPES (22U CTHIERE
B Cs2COs DA EBE LGt EMAEREZX 2 18T, K2ICLVERIZE Y T—ARHEHI
TH Y, Cs2Si205 & CseSi10023 OAfiEE 1+ HAXPES (3 m D Cs2COs DEENEETH D &
EZbiD,

[1] K. Schwarz et al., Comput. Phys. Commun., vol.147, No.1 (2002) pp.71-76.

(a) JEHRE R Cs 5p3 (b) FHEAAER Cs bpsi2
Cs bp1e
R Cs 5p1e
E CsFeSiO, /g CsFeSiO,
- c
=} =}
s g
S S
> . —_ >
2| Cs,Si0 T—IH Y 2
c c
3 3
k= £
T—)vH Y
CSBSI1O 23,
16 14 12 10 8 6 16 14 12 o / 8 6

Binding energy (eV) Binding energy (eV)

1 CsFeSiO4 & Cs28i205 & CseSi02s DAt 1> HAXPES (a) HIERER (b) FHEER
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@ WEER o 5pa b) FFHER  Co 5pan
Csb
5 R Cs 5p1e
B CsFesio, 3 CsFeSiO,,
2| Cs,S8i0 T—LH Y :;
CSGSI1O 23,
16 14 12 10 8 6 16 14 12 0 8 6
Binding energy (eV) Binding enerM
2 Cs28i205 & Cs6Si1002s DAiiFE 115> HAXPES (a) HIEFEH (b) Cs2CO0s % 8 L 7= G H
(B) HRUANMELR. TLARE. WMXF):
[EFfT & 5wl
1) C. Suzuki, T. Yaita, S. Suzuki, J. Pacold, A. B. Altman, S. Minasian, T. Tyliszczak, D. K.
Shuh, H. Yoshida., and M. Osaka, “Evaluation of electronic state of Cs-adsorbed clay
minerals by NEXAFS analysis using DFT calculations” , J. Phys, Chem. Solids,
https://doi.org/10.1016/j.jpcs.2018.11.011.
[FaZXK]
2)  gaARFNSE, JNEFER, HEFA, BARER, ERIEEZ, “BKFEET T 7 VT v MNEOF
WNERSEIRIZ 31T 2 FP R ONIEE o k72687l (1) DFT #5812 X 2 Cs (kAo X #i
WHE T HARY NIVIRNT FEORBEE”, AARFT1%45 2018 FEROFS, KH (2018).
3)  SAARASL, /NEHER], EIA, RRITIS, ERIEE, “BKIFEKFSRHCS TS Cs L
B OACEROE DFHM (2) FH—JFEFRIC L D Cs WE LAY D HAXPES /iHr s RO fRdr”,
A AR 71942 2017 4EFk D42, FLIRE (2017).
4) SEOIATFE:

Gtk A A AR A2 BERAVICEHE LT LY R E O HAXPES A~ MV OfEHT 217 5,

F VMBS LTey 7 ALEMOLEZTHET 5720, 7 T VEERIEEM ORI R 2 T 5,
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5.3.16 SEEIVEICEDCEMRERNT FARRE
Development of Multiphase Flow Analysis Method based on Interface
Tracking Method

HHEOEZ, sk BAT. SR ER. B (AR
EAREN AR S 7 N — T

(1 FABM:

AR TIE, RJE ) DRI £ TOREIERA A~ AVE 2 MRS L7z TPFIT (2xf L. T+
EOWRHEEBINZAT O & & bio, KBGO K 0 B2 RPL O fRdT 2 Ff L, 715
TP ENR A D IERIZAE 5 1 IR OYERRC, B R BRA~DREBA BT o7, S 61T, @EH
IR BRI A ST IR RSB D6 D A RNERE T B BRI S A~ O b 1T o T
Fepk 29 FEEEDOEREANEIZE T D B - EERZUTITRT,

1. ERURERE TEBRHEFIEREZICEET D%

YETT YTy MRS A — ROEBEAIZIE, P OERER OB BGRENR R 2 YIS E TV
L., ffffr =2 — NITIBRT DR EDR DD, AWFZETIE, ZHETRIK FAEHIRICHIEL TS
T RERIRAT Fik 2 | TRRMRERE NI O BGRENRAT IS MR T & 5 L 9 IR 2 2 & T, Bt
2N DL TR T LT be o TREMRERE TR OBV BN BLG: 2 3HH Z A T & 5 fiE
WP FEZHRET 2. S HIT, BAFE LT Fik 2 0T RRERE NI O BB 26 8) 2 71
DENEET NS D, AEEIR, PRl 28 4EE F TICH R AT o Tt FE 2 HIV T, K
T VNIRIRY = v MROAEENRAT & FE ki L7,

2. [RABGIR TR FIEBRFEICET 505

K2 oo ) b N OWRBER R ORI FiE D i b 29 %5 BT, R LOBRE L ST
ST DIRBMRA TH L TIRFABGRA ) 1OV T, BRI TR THEOBIJE AT
FEA TARGRARST = — N TPFIT O¥f - R 2179 & & b, TPFIT Z v 7o “HRFMAT & 52
L. [RFEGEAR TR TR AT TR RS 5, AR, fiffT = — RO AMEREED 7=
O, 5 R TGRS G IR BT 2 92k L 72,

(2) FIFARE-ER:
1. BRURERE TEB M TFERRBICET 2%

TR RRER 22BN FIEBR R D —Br & L T WK T — VINRIA Y = v MRNZEENIENT 2 S
L7z, RSRITHIE KT CHME S NI K T — AWNIRIR Y = v MR AR O FEBRIE{E 2 45 LT
%o RO, BATE &SI 200.0, 200.0, 50.0lmm]TH 5, HIHIOEKRNITHIRF
JEDT Y 3 A A NVTliTe STV D, R B RICITRIEY = v FOS MO Z2##E L7, X
JL (P 3.0[mm]) % & L7z iKY = » b OWPEIL IR & [FERIC 7D & U L IKEEIR (34wt%)
AW, AU s O HEE I 1.7[m/s] & Uiz, BRSSO 2 ZVELA 2 B Bt
G 7 ANVERIIXITR AR & 5 2 70, (IBE I TBE RS AR 0E, i R fih A ool < [ (RBE D S
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& LTz, RS TE0Ex,5,24=[400,400,100]=1600 K+ & L. xyz FAOIFHEIT4T 10 &
L. &F 1000 W51 CREMT 24T > 72,

FENTHE R DO—F] & L C Ml & A S RICIRIR Y = v S OREIGIR ORESRIIZEAL & FEBRifE R
2 1R T, MR OBRWESNRIEY = FOREBIRER L Tnd, U a A A st
SN 7 V'Y UKBEROWEEY = v MIOT NI L Z N2 HEA LT 52580
MR TE D, Z2D0%, Yy NPEIKRT D & EBROZFBE 2R3, BICRERHA R 5 & ERE O
Feln TR E I O NTCIRIEY = v MIRAL T 28 T3R8 C X 5, JEEMA L OB TIEY =
> N OWRIES KRGS & & BIZIED DERF DR TE D, RN, RIENBER TH ENDERT
MR TEIND D, TS TREBESSERER ), BiAORETIIRVWNEEZI LN, L L
IRNG, EVER MBI FERER L B L TR0, A%IT, TV DK EERT A=K L L
T fRbT 2 FEhi L. EBRGE R & OFEMAR R 21T O TETH D,

50.0[ms] 100.0[ms] 150.0[ms] 200.0[ms] SEBRRE 3

- @

50.0[ms] 100.0[ms] 150.0[ms] 200.0[ms] SEBRRE
1 KT = v b OFREIRERFIZE L & TSR & ol (B Al HA. FE: : RS

2. FRABGRRTHIFEBERICRE T 550

PRAENGR AR FRITFER O —BR & LT, EEKIAEIRBEIMNT 2 20 L 7o, AEEITRIEEK
N T DI ORETHM DT, JES & /T A—2 L LTHRZENES 0.1, 1.0MPa @ 2 /-
—2AFEE Lz, KROKFMOE ST 6X6X6(12)[mm]lE L, @EDFr—ATiEE S HE
12mm & L7z, 72, (BROEEICER 1.7Tmm OA Y 7 4 A% 4 Of%F, ZZhbEASRD
SILDO B ERZFECHE AR & AT x5 & LTz, ARIaM OB 2.0lmm] & U, &idE O b A E
1% 1.0m/s T—E L Lz, B FIIETHOr —AT dx=dy=dz=0.1mm & L. #&FEITIRE
Zeh Clx,y,z]=60 X 60 X 60=216,000, &/ESMTlilx,y,z]1=60 X 60X 120=432,000 & L7=, 2
(ZIRHT TR DN — A TORIADE . B REEORSRINZE 2R T, REORMETIZAY
7 4 APBIEASNIZRIEDOTRIT R Z R L TR0 | FREEORE & & HIiZ 4 o@%%ﬁs/—\
AL, 5.0[ms] DR R CRIZEDRIN DT DR TE D, LLRRL, ®IEOSEMIC

% L ARKIDTER SN D LI 6.5[ms] LB 725 Z L3 bnd, Zh m’a—o—o@ﬂ%ﬂv
WL TWDH EEZ LI, ®IESRMT TORIETROF BMEESRME T & 0 A3t a9Ic kI8
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<\ BFRA~OKIADEERDBIELS 725 Z ENIT L VAL E o Te, A% L0 @RgED
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Development of Numerical Simulation Method for Thermal Fluid Flow
Phenomena on Severe Accident Condition in Reactor Pressure Vessel
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Validation of Air Free-convective Heat Transfer Analysis with JUPITER
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Analysis of Hydrogen Adsorption at Surface of Steel

FE B
Bh B R B R 77—

(1) FIAB#:

JE B BRI O B~ DKFARANIT, JRFFIM B O 270 & 9 s REEH 2 I T 2 — kB EHS
& o THRFEMALZ 5 S ZFIRK & 225 72D ME O e 2 HElR 2 72 D13k FE M xR
IIARAIR T %, UL, KFRAFB Z BT 5~ < S OKFESAHIE 21T 9 723 OHABH
FEMWIIEDNREANTAT O TN D, ARBFIE T, BT amBI SR 6 BRI 23 1T 5K EF D4R
RS, REFEMICEG X 2B CORMEMRT D2 L2 AL LT, 5B BIEHE 2 vk
K OEAFIRBMAT 21T > 7o AWFFEOFERIC KL - T, FEBE TH 2 RImEN & FHREIC K HRME
DETIRE & DEEEVENTG DL, KFERAE T I OEHRAR OISR D Z LB fFT&
Do AMFTIE, BEFIREEAATICE —JHBRHE 21T 5 0L S OFEERP/SLETH Y | KGR
BIC R DB METH -T2,

(2) FIARE-BR:

A CTIEE IREMHTIZ Quantum ESPRESSO % HW D& & 72 5T L 2 EHE 3
D12 DEFENT A — 2 TG WIRFH 10~20 EREE D 5 7 D 8k3 i & AKFERFDOET /L ORE
NI AT o 7o, SRR MEITTE I & B b gt 2 it L 7R I m O 2 FiHZ B8 LT,
12 E L CEQ00)mE R IR 1 AE T + K BIR T WAEET VOMEA /T, DS EIFR/T A
— ZERBRORER, AEITED) e & BT v, kA Iy A TRBES) #1570, 1)
RAT DR, SR - W E Tk LAKRIE 308 LIRS, RmEM A RKE KT 2 &0
bhrofe, K2 12810008 1WA H + KRIR WA E T /TR D R i BT R R4
T THULEBRHE TEONIZBRE KL TWD, ZHEHITFEDOE IRENS, BAMK T OFRIA
VAR - T ORI BRI DK BT RAEICL > TRELSZENT H72DTHL Z LM
Lot

® :HFEF
o 0 0 0 © : IKFRIEF

1 fEATET ] ($R(L00)E SR W A i + /K SR )

,87,



JAEA-Review 2018-018

3
2.5
KERETFIRER L
2 [
E 15
= BHDET
\@ 1
= KBTS D
'|'|'|§./\ 0.5
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
JT)LZH#AT
-0.5 ]
1 s
8 10 12 14 16

fiiE& [A]

B 2 FEEMOFRMHRER ($R(100)EE R 1WA -+ KRR T E)

@) HRUAMESR, TURARR. WXH):

1) HHREEE, MBS, (WD IER], EERE—, BB CEE, SRR~ DK FERAFEEIC
RIS S 2 L— g VRN, BRI ESSE 175 mIEFESFE KRS, THE, 2018.

(4) SEROMATFE:

INETOMHTIX, BEEFMEEZIGE LT b D Th oz, S%IE. BRI O MEF~D K
FIRAZFEB OB 2 GBI, B2 E LT 217 9 PETH 2, BEHESE 2 B0 %
DN IR T 0 F DM ARV R O 72, T E TULRICEWENT & 705 Z L3 TPHREND,
ZD RN RERRIC L 5 X BIILATHY . SR BFMETEL TV D,

,88,



JAEA-Review 2018-018

54 SinEBEHRtE 42—
Advanced Science Research Center

541 ERXRTHEBEROEEREEIVCMETAFTIVADHE

Research for Ground State and Excitation Dynamics in Low-dimensional
Strongly Correlated Systems
Ria 56, A HRL & JERHE. GuBo
A B — TRV IE PR SR IE 7 L — T
(1) FABRM:

AWFZEIE, ARKTTIRFABI R OBEMEICBT 2 P By 7 22 FDIT, ZARREE T, B0 0% &
ORI « BERINFIEIS & ERRRICE D 20, A E D3G9 D8k % 7241 0 FE SRR, 2 B & 7>
2T 52 LEHHPELTND, 2R AL PVEORI A I = XL EfEEANT Z & T, m0
HAHIBIRE OFEBL, @i~V T 7 xu A > 7 HEORRE. @ A v oL - il
M, L— RS L 2 E MO B EEGIE L, BT LN Z A T OUERL - DNEI T D s B SR e
& HTHRHE - ZAERE - SRMBIBRICR 2 H AN GO N D RIS N D,

R ICIRAHBER TIE, TRV ET-HE D & D7D 5P 70 & OISR 7 Tk & BRI T &
T BERTFIEC L DB ORI EN 2 FEE LTAKHEHA SN TWD, AFETHEHT 52—
N O ER 2 A TAIRIR B /0 151T, BEATHIMR W IALREEDILHR & LT, RIRSTHA B R O 1
JERREAR = R /L — kR RE, bt A =2 Fov. §#d L OBIRMBERE . BV R Shkx
BRI E T D ECIEFITHR AR TFIETH D, Mhx I ERBLINE & B ATRE e Bam e 4
RAAANAF D 72O DRUEFHR A — L 24 - mE(L LT, J-PARC 72 & TOERNIIE & O
Z R NZHERET D,

(2) FARE-FER:

(a) 77 A L — MEBEFHIZBIT DAV X7 1 v ZIREBEOF RN 2 3] 5 s
L7128, UK A~ NV OFRNT 21T > T, ZSHFE AR SO TR & 79488 ©# Of7E
WZFX v v TV AE— RPAE T, FRICEIMBELE CIRRIAD 7 7 v MEEZ R L, X7 7
AR L= a3 YOMETE L OIREDEMERET 288 A R Lz, GRzX )

b) AV R~T 4 v 7 REBIZBWT, BL 2 Z2ES~ 7 ) VB AE UMRE - BMREIZ SO K
INCHHTHNEHONCT D720, A U REE L BYREE OY v F ks Th b Fv
— T HADIRE « BRI, 3 X OWER R R ECRIE CO R v it & Bt o i) - BhiH
BB A AT L C. BESFME WSRO B 250 U, GRsUHEREYESF )

(0 #E—Wot XXZ FBREMER BaCo2V20s DALY T C O A7 7R RN S5 DREIR & i1 4~ % 7=
O, fEA LN U TN L B NS ES 2 B AT A 902 AR O REAE 1E & ik b
AT bV EMRYT LT, Ve 5EBR & ORI iR 24T ~ 72, Bllim - FEBRIMH 2> & OAR
HIBLIL COIITE T, ARy DAFAE A FERET & 72, W 71N TR E DRIz > C
HAPEHNTEY | HRBEMEM B~ OISR E WO BLR THERPRE Y, GHX 11)

,89,



(d)

(e)

JAEA-Review 2018-018

R EA &AL O S %2 F7> BiCuePOs DEMEICEE L T, G 7 7 A hL—
3 VDS T OARIRREEIC 5 2 DR FRAT LT RE R A & AREE DS ERBIRRED D ffk
RHPREE~IERE T 2L 77 M —EB N ERNEBLT 2 Z L 2 6T LT, 2 Okt o
ZRIZEBTIE, AV By 7R E VTR Y D BRI RV — & B
DT T-ODFEF I EOHRBICEND EHIFF IS, GRsT )

MR\ A NVABIEE Z BT 5G] & LT ¥ = 7B 25 2 | R RRRSOHEE M
72 EJR I DI R 2 TR, AN RAEDOZRIL, ~ I 7 TR OBENC L DA TE,
FEFRE L TR MR a U VERFFIREED B S D, *j:T HEE IR 72 5] L0 . B A
P E A FF OO b & THMICHERZB VIR L, ZOHKPEFR—ILRIZEBT S
Hofstadter D¥ED L 5727 7 7 X VIRITLEFFSZ & %%ﬁ L7z, (Ga3L6). 9)

@) HRUARMESR, TUARR. WXE):

FATEm L

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

T. Sugimoto, M. Mori, T. Tohyama, and S. Maekawa, "Magnetic phase diagram of
frustrated spin ladder", Phys. Rev. B, vol.97, p.144424 (2018).

S. Shamoto, T. U. Ito, H. Onishi, H. Yamauchi, Y. Inamura, M. Matsuura, M. Akatsu, K.
Kodama, A. Nakao, T. Moyoshi, K. Munakata, T. Ohhara, M. Nakamura, S.
Ohira-Kawamura, Y. Nemoto, and K. Shibata, "Neutron scattering study of yttrium iron
garnet", Phys. Rev. B, vol.97, p.054429 (2018).

M. Fuyjihala, T. Sugimoto, T. Tohyama, S. Mitsuda, R. A. Mole, D. H. Yu, S. Yano, Y.
Inagaki, H. Morodomi, T. Kawae, H. Sagayama, R. Kumai, Y. Murakami, K. Tomiyasu,
A. Matsuo, and K. Kindo, "Cluster-based Haldane state in edge-shared tetrahedral
spin-cluster chain: Fedotovite K2CusO(SO4)3", Phys. Rev. Lett., vol.120, p.077201 (2018).

K. Morita, T. Sugimoto, S. Sota, and T. Tohyama, "Magnetization plateaus in the
spin-1/2 antiferromagnetic Heisenberg model on a kagome-strip chain", Phys. Rev. B,
vol.97, p.014412 (2018).

B. Gu, S. Takahashi, and S. Maekawa, "Enhanced magneto-optical Kerr effect at
Fe/insulator interfaces", Phys. Rev. B, vol.96, p.214423 (2017).

T. Sugimoto, M. Ohtsu, and T. Tohyama, "Reentrant topological phase transition in a
bridging model between Kitaev and Haldane chains", Phys. Rev. B, vo0l.96, p.245118
(2017).

H. Onishi, "Dynamical quadrupole structure factor of frustrated ferromagnetic chain",
Physica B, vol.536, pp.346-349 (2018).

M. Mori, "Broad linewidth of antiferromagnetic spin wave due to electron correlation", dJ.
Phys. Soc. Jpn., vol.86, p.124705 (2017).

R. Ghadimi, T. Sugimoto, and T. Tohyama, "Majorana zero-energy mode and fractal
structure in Fibonacci-Kitaev chain", J. Phys. Soc. Jpn., vol.86, p.114707 (2017).

Y. Tzeng, H. Onishi, T. Okubo, and Y. Kao, "Quantum phase transitions driven by
rhombic-type single-ion anisotropy in the S=1 Haldane chain", Phys. Rev. B, v0l.96,
p.060404(R) (2017).

M. Matsuda, H. Onishi, A. Okutani, J. Ma, H. Agrawal, T. Hong, D. M. Pajerowski, J. R.
D. Copley, K. Okunishi, M. Mori, S. Kimura, and M. Hagiwara, "Magnetic structure and

,90,



JAEA-Review 2018-018

dispersion relation of the S=1/2 quasi-one-dimensional Ising-like antiferromagnet
BaCo2V20s in a transverse magnetic field", Phys. Rev. B, vo0l.96, p.024439 (2017).

12) K. Morita, M. Fujihala, H. Koorikawa, T. Sugimoto, S. Sota, S. Mitsuda, and T. Tohyama,
"Static and dynamic magnetic properties of the spin-1/2 inequilateral diamond-chain
compounds AsCusAlO2(SO4)s (A=K, Rb, Cs)", Phys. Rev. B, vol.95, p.184412 (2017).

13) A. Okada, S. He, B. Gu, S. Kanai, A. Soumyanarayanan, S. T. Lim, M. Tran, M. Mori, S.
Maekawa, F. Matsukura, H. Ohno, and C. Panagopoulos, "Magnetization dynamics and
its scattering mechanism in thin CoFeB films with interfacial anisotropy", PNAS,
vol.144, No.15, pp.3815-3820 (2017).

ERRRE

14) B. Gu, "Large magneto-optical Kerr effect at Fe/insulator interfaces", CEMS-Tsinghua-Asia
Pacific Workshop (APW) Joint Workshop "Highlights of condensed matter physics" (2017
12 A).

15) T. Sugimoto, "Majorana zero mode and fractal structure in Fibonacci-Kitaev chain",
Novel Quantum States in Condensed Matter (2017 4F 11 H).

16) B. Gu, S. Takahashi, and S. Maekawa, "Theoretical study of enhanced magneto-optical
Kerr effect at Fe/insulator interfaces", 62nd Annual Conference on Magnetism and
Magnetic Materials, Pittsburgh, U.S.A. (2017 4F 11 A).

17) M. Mori, "Lifetime of magnons in an antiferromagnet/correlated-metal bilayer",
Workshop on Antiferromagnetic spintronics, Grenoble, France (2017 4= 10 A).

18) M. Mori, "Thermal Hall effect and multipole", International Workshop on Multipole
Physics and Related Phenomena, Hachimantai, Iwate, Japan (2017 4= 9 H).

19) T. Sugimoto, M. Mori, T. Tohyama, and S. Maekawa, "Symmetry breaking of quasi-spin
inversion in magnetization-plateau phase diagram of frustrated spin ladder", The
International Conference on Low-Temperature Physics, Goteborg, Sweden (2017 4 8 /).

20) M. Mori, "Lifetime of antiferromagnetic spinwave due to electrons correlation", The
International Conference on Strongly Correlated Electron Systems, Prague, Czech
Republic (2017 # 7 H).

21) T. Sugimoto, M. Ohtsu, S. A. Jafari, and T. Tohyama, "Topological transition induced by
anisotropy, alternation and frustration in XYZ spin chain", The International Conference
on Strongly Correlated Electron Systems, Prague, Czech Republic (2017 4= 7 H).

22) H. Onishi, "Dynamical quadrupole structure factor of frustrated ferromagnetic chain",
The International Conference on Strongly Correlated Electron Systems, Prague, Czech
Republic (2017 4 7 A).

4) SEOFIAPE:
7T AN L— MREMEEHDO A 2= T 4w ZHHICET DEOFRE LT, S HIZEmRDOIN
M1 FE TH O THREERHE L R EOBR 2 B 5720, A « T« JU-fahikd 2~
7 MR RHNCIRT T 5, £12. ~ 27 ) U OWRA A F IV A AV VHGER SR, TEE
AV RWEIZET 2T 21T TETH D,

,91,



JAEA-Review 2018-018

55 YEHFMELVF—
Materials Sciences Research Center

551 HMHAKRIZET2MRMEIERIES I aL—3070d 54

Simulation Program for Microscopic Magnetization Processes in Magnetic
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571 SERARFOFLLFAIZET S FiERE
Feasibility Study of New Applications at the High-temperature Gas-cooled

Reactor
Hai Quan Ho
HTTR £ k3R
(1) FABM:

Development of the multi-purpose use will be the important key for future
commercialization of the HTGRs. Besides the electricity generation and hydrogen
production, HTGRs also have advantages for irradiation applications such as great stable
operation over a long period and large space available for neutron irradiation applications.
This study investigated the feasibility of irradiation applications using the high temperature
engineering test reactor (HTTR), including neutron transmutation doping (NTD) and

radioisotopes productions.

(2) FIANE-BR:
(2.1) Neutron transmutation doping of spherical silicon solar cell
The p-type spherical silicon solar cell, as shown in Fig. 1, is a candidate for future solar energy
with low fabrication cost, however, its conversion efficiency is only about 10%. The conversion
efficiency of a silicon solar cell can be increased by using n-type silicon semiconductor as a

substrate. This study proposed a new method of NTD silicon (NTD-Si) for producing the n-type
spherical solar cell at the HTTR [1].

Incidentlight
Anti-reflection l

n-Si
Spherical \
solar diode
7 AN
\Reﬂector,
n-electrode
\ «—>

p-electrode

1 mm

a) Solar arrays b) spherical solar cell
Fig. 1. Designs of a p-type spherical solar cell

In the conventional NTD-Si method, the cylinder silicon ingot is irradiated. Thus, keeping a
highly uniform resistivity of the doped silicon is the most difficult task. In this new method (Fig.
2), spherical silicon particles (Si-particles) are irradiated directly instead of the cylinder silicon
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ingot. The Si-particles move from the top to bottom of the NTD-hole around a screw conveyor by
gravity, so that the radial uniformity of resistivity can be pursued and the complicated procedure
for flattening axial uniformity of resistivity is also not necessary. A further advantage is that the
Si-particles can be irradiated continuously without changing the neutron flux. It does not

influence the other experiments as well as the operation of the reactor.

Filter
o

Intrinsic

Si-particles \

| S—

Vacuum pump

Storage for
radiation removal

\ Reactor

pressure vessel

Control rod block

Replaceable

Block Stationary

screw blade

Hole for NTD | Suction tube

Irradiation

Doped
block ope

Si-particles

Fig. 2. Proposed scheme for NTD of Si-particles (not to scale)

Optimization of NTD-Si facility at the HTTR showed that we could design three holes with a
diameter of 20 cm at the replaceable reflectors of the HTTR that could produce approximately 40
tons of doped Si-particles per year. In this case, the irradiation time is about 42 hours in order to
produce 10 & cm resistivity of doped silicon for spherical solar cells with 0.5 %Ak/k of negative
reactivity insertion. Furthermore, the optimal core design for NTD had a negative temperature

reactivity coefficient, required for the passive safety feature of the HT'TR.

(2.2) Feasibility of producing Iodine-125 at the HTTR

Todine-125 (125]) is an attractive radioisotope which is widely used in various in vitro and in
vivo medical applications. The demand for 1251 as a medical radioisotope 1s increasing
significantly in the recent year. However, the 1251 production is still limited. The 1251 can be
produced by irradiating natural xenon gas, which is suitable to be irradiated in the HTGRs. This
1s because the gas phase of xenon target allows it to access easily into the reactor core and
possible to design a continuously irradiated facility for large-scale gas target. Therefore, this
study investigated the feasibility of a large-scale facility at the HTTR for producing a large
amount of 1251 production [2].

The 125] is produced through the neutron capture of nature xenon gas containing 124¢Xe, which
will become the unstable isotope 126Xe and finally the 1251 through the beta decay. During
irradiation process, various isotopes are produced ( as presented in Fig. 8) so that a complicated
differential equations need to be solved. First, a computer code based on a Runge-Kutta method
was developed to calculate the 1251 and other isotopes concentration. Then, the irradiation time

and decay time were optimized to obtain high specific activity of 125 with minimum
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contamination. The total 1251 activity produced in a year when irradiating 1g natural xenon gas

with different irradiation time and different decay time is shown in Fig. 4.

100 60
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Fig.3. Formation of isotopes of interest during Fig.4. Total 1251 activity per year with
irradiation of natural xenon gas different irradiation time and decay
time

The optimum design of HTTR could produce about 1.8x105GBq in comparison with
3.0x103GBq of total 125] supplied in Japan in 2016.

In conclusion, the feasibility of the new irradiation applications, including silicon doping of
spherical solar cell and radioisotopes production, in the HTTR was studied. The HTTR shows the
advantages for thermal neutron irradiation application with properties of stable operation in
long-term and large space available for irradiation purpose, which makes the HTGRs become

more attractive for future commercialization.
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(4) SEDOFATE:

In future, the feasibility study of producing the 9Mo/9mTc production will be carried out as

one of a new irradiation application at the HTTR.
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Evaluation of Neutron Flux of Structure Materials for JMTR Decommissioning
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HTGR Hydrogen and Heat Application Research Center
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Development of Three-dimensional Reactor-kinetics Code for HTGRs
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Evaluation on Volume Reduction Effect of HLW from a Commercial-scale
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Advanced Fast Reactor Cycle System
Research and Development Center
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Validation Analysis of Thermal-hydraulic Experiments for Fuel Assembly
under Natural Circulation Conditions
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Development of Sloshing Analysis Model for Evaluation of Impacts on Roofs
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DREEENMEZ R T D72 DICRE Y AT LOBAPRF SN TWAA, IHEEAMAEE L, X
0y OEAFIGE S 280D, An vy v FORBERER L, BRI X - T,
ARy U TENEBORIFICE TREIET H 2 L BBESNTWD, 20D, BEsORIFOMHE
RSN O LR E E > TWAH N, EHRRIFO R v v v TEBEIE A2 F M T 572D D —
IRBO 7RI T HRIT £ L SN TR, £ 2 THRA D Z L —7 Tk, #lk L72KEIZHE T 5
< SUEHIRICR T 2 E BRI EOFEICH VO D T — 7 —HERICHE B L, e KA
Xt 2 G FEOBFE ORMET 2D T\ D, Z 2 TIk, i 57l FikE O 28 R O 72 012,
RIEA~DEREE TEGOT-AT v v 7 OEEfNTET VOB EIT - 72,

(2) FIFARE-BR:

FEMTICIZPEH 2 — N STAR-CCM+ Ver4.12 #fifH L, fRIESELEE T /L & o o E 2 fig b
F7va ik, HUMT CHEAEEOSH LA TV a v EBEICR 1 OBYRE Lz, £72.
FE. BEREOEBRFERND . RIF~DRAT v v T OBEmREPHER SN TV D82V,
PR RAARIIK OKER 0.63m) ToH 0 | MHRSAFITIRIE 0.088m, i 1.77 s DIEGXK Z 5% E L7z,
FRNTICHER L7e A » v 2 id, FEBRCERA SN MERS & FREEO~HE (B 2.23m, &S 1m)
TR L7z, 1IZA vy v a@Emrdt, Ay 283K 130 5T, A vy aBIRIEETF
T THD, ks, KIF MIBE, PRICXE L, 80 8L ORI A2 308 Uz, AT O REZ] 412
BIL Tl EHUE (2.56X103%s) A#RE LIHe BRED) &, 7 —F7 VBORKEEHREL T
SHREHICHBIMICIHE SN D L) ICRE LTSS REQ) O 20 O E THRNT & % L7z,

FT. HEODINTHFERIC DN TIRR D, RIFA~DHE 1B E OFEEOR T Z i+ 570, K
1@ DA ERBICH Y 3 2 S8 TREMZIFZNC I T 2 KO Z Ak LIz 2 A, K2 D X
D IR D R S LT, MIEE S BN & 2 A TIIAKS R IFICHEZZ T 523, X 2 ORI~ 58
TR, ZEROBPIMENCIZR SV TEDRARRIIK E 220 | RIFICHEZ L72WZ &3 0o
7oo R TIERIR L TWRWA, Z OIS ORFZNCIB T H AR TH 5, KB RKHAIHEZET
DRI, WS RIMICELT 2 Z e h, FiAIA, A v > alf, FREEORE DD 5720
(2, FULEEICRIT 57 =T CHEHER LT, X 2 LRIFFZICKIT 57— Lo mzM 3
(R, RIFEEEOILHA T — 7 VB8 3 A TV AHENTET 5, X 2 ORI Y
THEETH 7 —F DS 0.5~1.0 222> Tz, STAR-CCM+D 7 —F D KDOHE
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THEIZ 0.5 THY ., ZE LRl TWD Z R oTc, KBRIFITHEZE L2 WEOFIK O 1
DLELT, Z7—F VB HERE LY b REWD, BIG A2 HICHETE TRV I ERRES
nic,

WIZ, BEQOIHTRERIZONWTIRRD, 7 —F VOB KEOKEIL, STAR-CCM+DHELE
5 0.5 Kim Of (0.4, 0.2, 0.1, 0.05) Za%iE L7z, AHMTIE, 0.4 & LI2GE OITRERICD
WT, 41277, K2 THERINTEARBRRZEZDREITRD bT, X2 OfENdEI T
ZENGDD, Fio, RIBITRLTZIEY , KMBEET HER (7 — T BN R KIT I HEK) T,
7 —F UEOEKEN 0.4 1ZIZ LN TV DERF DR TE T,

LLED X 51 S B L7t e 7 A2 v 7 —F 8o ERMEA IZRRET H Z & T,
TEMERIT 22 f;% 0y TEERELND D EEMEGRT A ENTE 7‘:0

F1 FERMNAT a9
fift ik P fR LI E AT
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WEET L (ZER) | EASKE (EREE)
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Q) BRUYRMER, TLRARRK. RXH):

1) S.Takaya and T. Fujisaki, "Proposal of a Simple Evaluation Method for Sloshing Impact
Pressure on Flat roofs", Proc. 26th International Conference on Nuclear Engineering
(ICONE26), ICONE26-82562, July 22-26, Hammersmith, London, England (2018).

(4) SEOFATFE:

AWy 2 T DRAERNTE T NV O At D KIFO R vy o JERE T RHE~D Y — 75
—HER OB O YL METT DBRICHE L R KIFTH E LIZHED AT T v ¥ 2l DO

Wrakhid 2 TETH D,
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593 EERFRIFEEBRANTNIVL-—KRIGEZHBERTI—FOEEL
Advancement of a Computer Program for Sodium-water Reaction
Phenomena in a Steam Generator of Fast Reactors

P BETE, JEER . MR kst
VAT WRERT T v —T

(1M FIABK:

F hU DA (Na) mEIEEFORLZREES (SG) ([TBW TRAVEREIC BN AT D &
FEE DK E T2 13KELKN Na FI~lEH L, Na & AKROLZERUES (Na—KS) 2 £ 9 @i - =il -
JBEMY =y MR END, SG OFF K OLZEFM TIL, ZOMGY = v NOFEZ LY B
PHREVE S IR0 (BHBARIR) (IS 2 WTREMEZ G2 2 E NEERGRE L 2> T D,
Z 2 TR T BUEMNTIC K 0 ARBVE AR R 4 4 3T - 2 B aa AT S LAt o 2 7 2 % B
FLTND, KFHli AT LD b BERMRER Th D Na— K « FEREMEZ R A0 AR
#r=— K SERAPHIM (2 DWW Cid, REGHEE S 27 L2406 L CHBEHEZED T 5,

73k SERAPHIM =t — R Tl R 2 W TV T2 08 ARBVEBEDIFAE S D MR IR 5t
U CHHRIE A ) BT 570 RGN T RMNT FIEORF, WA A4 2 E TICER L, FEFEEIX
B =77y MREVE 1 RERBLE L7 IR 1R COMNT 2 FEii Uiz, AFE X, L0 EHEICT
W COFREIATE (REMHE) MREEREMNE L, ¥—Fy MeEVERNEEGFET DK% T
DfEiT a2 Fh LTz, F£72, mdfbiaits LT, AfEtha— R A by RIEFHEEO SRR 20 L |
T DOPEREMERR 21T > 72,

(2) FIRARNE-BER:

A GRS 7 SERAPHIM =2— RiZ2W\W T, 7t AWSURIZM A TA Ly RifFHE % EiE
L. 250 a7 Bk 2000 2 7HRE) 2 AW T285E6 OB EMRRANT ) OIS FHRALERIC R B4
RN L EMER L, DI, 7reAWS L A Ly RIS ZMAG DT A7) v K5
ETHZ LT, REBAR BET Ay v =2LlE) 28T CPU % L0 A0EH L7l %
fivTRe & 7p o7z, LA EDORFHT LV | Kt = — N &2 KREBEIRICHL S 2 Z &Ik Lz,

KARHT 21— ROFHEFETHE (REME) MG 5720, EREMFO T, BEEROMFET DK
F CHRIR Na HKZ& S HH 2 #5585 L 72 3R & b 1T FEREIEHE 1208 L7z 3 ROTIRR Tl 5l
R ARG LTz, FREBR - AT AR OB O A » &2 24 1187, MERGHRNICIE 43 K
DR EEVEREDSEE SN TRV, ROIC Na BEE SN TV D, [EVER R FEICH DInEVE
O ILZER T IV REERIR AL (K ZV) L0 BRIk ARR S B A~E 5, SR T & H
W DG EITEEE RFED BRI R 503, ISR T2 V5 2 & TRWIREBHME S ST
W5, K21, KREKEHBRLD D 0.2 ki OfTRE R a2 777, S OKZRR) 1308 %N
R L CARRIZIRER A Rk L. 2 ORRKEHEITEEIHEIZE L T D, B LoKERIE. KRN
L35 L L BT Na & DTN X 0 IHE S i, (KRNITIIRIS AR T o 5 KE &K
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@) HRUAMESR, TURARR. WXH):

1)

2)

3)

4)

A. Uchibori, A. Watanabe, T. Takata, H. Ohshima, “Development of Unstructured
Mesh-based Numerical Method for Sodium-water Reaction Phenomenon”, The 17th
International Topical Meeting on Nuclear Reactor Thermal Hydraulics NURETH-17),
Xi’an, China, 2017.

A. Uchibori, A. Watanabe, T. Takata, H. Ohshima, “Development of Unstructured
Mesh-based Numerical Method for Sodium-water Reaction Phenomenon in Steam

Generators of Sodium-cooled Fast Reactors”, Journal of Nuclear Science and Technology,
vol.54, No.10, 2017, pp.1036-1045.

WNIRHETE, JE05e, Em%E, REZZ, “T b UL —KUSHE AT = — N SERAPHIM (2
X532 FEMEE R AT FIE OB, 55 22 BIEN ) « =L F—HI o R T L, BT,
2017.

NHIRIEE, JEE%, B2, KEZEZ, “F U v A—KSESMENT 22— K SERAPHIM (2
52 FEREE RS 7 AT TR OB A, H AR 2250 SR, vol.84, No.859, 2018.

(4) SEOFATFE:

Atk RBGHREREZ ke L CHEH L. FEEER 7 SERAPHIM 22— RiZ L v, BE, EHe

BEVERLE SR ORI D RRTOMNT 2 LT 5, ZHICE Y YRR EROIL T EZ X 5
FHE & LTV B,
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594 EHEIRILXF—PEF-IFEEE TAHILAEI—K MVP ZALV - ZPR6/7 @
As-built ETJLT®O Na R4 K Ik ERT

Sodium Void Reactivity Analysis on an As-built Model of ZPR6/7 with the
Monte-Carlo Code MVP for Neutron and Photon Transport Calculations
based on the Continuous Energy Method
wE —R
S LSRN 7 — T
(1) FABM:

ENEAE OREFNE R O LD LR DO —BR & LT, BREHREER LIZE T 2 &mkik
Pu (TR0 D FEBRMNT T —H X—2A %G5 Z L2 B E L, @ r /L X —htE1 - ikt
7 vaika— K MVP Z 0T, Na mEIEEF 2 B3 L 72 2490Pu @& 5 A EIR (240Pu FIAZ K
FHRCEER) 26 wt%) ZFF> ZPR6/7 BSR4 x50 Na A8 A N Bl BEARAT 2 S8 L 7=,

(2) FARE-ER:

ZPR6/T Ea L IEFRIZ DN T  240Pu @B A IO —HO Rr Y AND Na 7' L— MR A REICE
B 52 L THELILD Na A A REOSEO IR E MVP 21— RIZ X D MEITE A bl U7z, FEAR
LB T 7 LU AMRRIZOWT, XY FlaWim d—H ALK L7z MVP 22— R CTOfTE7T L
Z 1R T, £ 112 Na 7' b— MBS Y — BT 2 5 DO 77— A Zomd, &Mt r—
ADANNIBEERHINCIRM & T D MCNP &N VIM 22— KD As-built 5 /LD A ST —
X% MVP 22— RICEHAT 5 2 & TR LTe 7 — % 74 77 VIZ1X JENDL-4.0 25 L,
ETOffHTr—ATMVP 22— Fof e 2 b U T 2018 4 T 5 (MR OMEHFRZE 0.001%
LIF) & Uiz, UTESRICOWT, X2 1T, JEHGEEIZ B A7z Rk ik = — RiC &
DFENTEL, MVP =2 — RIC X 2ffrE A2 =<7, K2 255 &, < O r—2A f%ﬁ%ﬁzi&&%
B A7z kg o — NIZ K DfHTE L D & MVP 22— RIZ K D fENTE O 5 23 SERME LS
< ZENIMND, Case 3 ITOWTIEERNE L MVP =2 — RIC X 2Tl & ORI k& fx%/%h
V. FEHAED RS TV D AMREMEDSRIB S 41D, 4%, Case 3 LIS E XTI, BakEHEE M EiC
G DRI T — F R—R LRV 0T D,

[1] Richard M. Lell, et al., ZPR-6 ASSEMBLY 7 HIGH 2¢0PU CORE EXPERIMENTS: A

FAST REACTOR CORE WITH MIXED (PU,U)-OXIDE FUEL AND A CENTRAL HIGH
240PU ZONE, Chapter 1, NEA/NSC/DOC (2006).

(3) RBURNMESR, TLARRK., AXE):
Friz/p L

(4) SEROMATFE:
GlE e . ZPR6/T A EROMNT 21T 5, T2 T D vikil K DM & i L TS MfRZ K
LI ICE X MM 25, FRERFZHE L TINDG ORREZHERERE L T TETH
50
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gy 3X3 R 4FHL 3X3 FFHFL 37 FuU [FHLoTy 77 |[FHLDEy 77T
0 EZHRRNG mv%ftlﬂﬁf%sza (X1 H o > 7 HlEE &y 7Hl#EE (BeO
i1 5 [T A =l Y- R A =1 B ) el | P8 Fr Ui | U oAt %2 JH [
15.24cm R4 K | 76.24cm ﬂvh FENZE7624cm | 2» HEE F A2 = |8 Ru U &)
k& 1k ~A NE 15.24cm KA b | & #l 5 17 1T+
15.24cm A A Ffk

*1 Cased TIIFHLOFRnUEZEY 7T v 7 HEMEICESHZ S,
*2 Caseb CIINFHLO R UYEE Y/ 7 v 7 HBICEES L, TOT v 7T v 7HlfEEE%
L IICEEO Fe UNIZ BeO 7L — k& HERiT 4,
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595 EMIRILF—ELTHILAI—K MVP EFEALEBHRHETR) Y LSEER
B RRIDIZSF 4 AR AT
Calculation of Core Neutronics Characteristics of Metal Fuel Sodium-cooled
Fast Reactor using the Continuous-energy Monte Carlo Code MVP

Rz fth, IKH 7, 5
RSB R 7V — T

(1) FABEM:

PRBHE AR 72 & OIF DB SR 2 B IR L 7o 24P Do Efit = f L ¥ —F 7 v it
X, BERZHERRAZZET 2000, TUBMIZEALERWEEATIETHLZ D, L L
TORBULETRMERZGL Z LI CE 5, — 7, REHTHEN T 2 e i1, FHAERE
MNREETH LN, EPEEGTD, ZOBELZRIET H20LERNDH D,

Z 2T, AW T, BRENTEEN T 2 0 ERR AT FIEORERGEZ B L L, Z D7 HIT%E
RBRF A ER T RN F—FE T AN BFETHES Z L2 AR E L, KGR S X7 5 %2 FH
L7zRt R 2 i L7,

ek AW, BARAR IR BEY —F 0 7 7NV —7"OF T, FlFH%T 7T —%
YT ITN—T D=2 7 av =7 £ Metal Fuel Core” & LT, KET /LA X[ENLAFFEHT &
OIEMTEE LTHEM L TW5D, ABFFETIE, 1500MWe D4 EREN b U o A EIE LR 2 5t
5L LT, MVP 22— RIC X 23R R ZFI L 7o E it FIEORGEZ R A TV 5,

2) FIARE-ER:

BEEHE B RN OIRELE > R TYT » I DN HIERR R S RN OWRIUAR & 2 55 2 B2 L
TR EME L, MVP 21— R L C—E 0 OSBRI OME R 2 540 Lz, X 1IC5E
L7z &R REHA D O DR E X Z | X 212 MVP 22— R COTRRO—f 2777, Z OfFTIC
KU BEFTHO D IRE I FIEIC L 2R ROBRED 1O DS WG 2157, £, KBS
TR DAL MVP 21— RIZ K DR & IRERRRNT FIE TORIRRE RO S 320 L, m#H 23R <
—ET L LR LT,

@) FRVAMER, TURRER., WXE):
L%, BESHELZBR L TCINLOR/BREMHFREL T TETH D,

(4) SEROMAPE:
Atk BUSERBOFH Z ik L TW LS TETH S,
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5.9.6 EREARITI—F (Fluent) X2 BRIREABR A MERESTE - H) ) LEERIRET D 1=
D EETHEFEERICDOLT
Establishment of Analysis and Evaluation Tool for the Investigation of the
Sodium Test of Decay Heat Removal Characteristics

FNN AEAT, FoE B
PR - IR ETESR | kRSt NESI
(1) MAEK:

VETT 7Ty MG ER LT, MY U AEIEF S ENE O R IF R AR D D O RAEEER
EDTZO DLRRIRIFNBEN Y 2T L ORASLHERER O 72 0 OB IEE  (AtheNa-RV/DHRS) Dk
MR A EE LTV D, ARBRIEE O T, MBEMZERTE D L5, FAFEARNOE
VBRI 2 BB AT IC & 0 3l L CREE RO R b2 Mo Z & & LT 5,

R 29 AR IXATEEICEM LR TR RSN O ET V2 W TR MO CFD =— R
(FLUENT) 2 X % ZRIufitT 2 9k L T2 OEMGRR 21T > 7o,

FRHTE T L CIIR A RERNIC 2 DO ER (DHX) Z#H#E L T\ 5, b o DHX
DIEFRRI DB A iR T 2 72D DHX B O UALE & WHABALE & 28 2 CE R FHE %
Fhiti Uiz, ARFNTET V& AW GHR 2 £ T 572 90121%, 75fl7e A v ¥ =212 K 5 ERERFE O #AG
it & FEha T 2 MERH Y . KRB SFH R ORI RN AR TH %

(2) FIARE-HR:
AIEHTIZEBWNTIZ. PGH CFD ==— R Fluent Ver.18.2 % A\ TiE F T 2 i LT, 11
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DHX1 : L&~ 7 2 id DHX1: kT 7 L) s E5mh DHX1: T 7 L AR ER
DHX2 : EH~7 L) AER DHX2 : E#i 7 L) NZiER DHX2 : Eii~ v A ER

1 DHX oE#EfRKE
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—

Z @ DHX OIEFRRIED B LR T D120, A v =24 3,914,170 O T /L% UV CEH i
WrFiED—>Th D HHUIRFEIEITIE (Pseudo Transient Options) 12X W EHHE ZIT 7=, £

L\ZHRAT r — A &R T,
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#1 fEfrr—2 (EHWFHHE : RNG k-e)

r—2Z | FEE (kW) DHX1  (kg/s) DHX2  (kgls)
ST 7Y I H U WA Fr it i M LR | WAL &
Case-1 500/ — 0.1135X4 0.4539 0.1135X4 0.4539
Case-2 500/150 0.1494 X4 0.5975 0.2269X4 0.9077
Case-3 500/150 0.1494 X4 0.5975 0.2269X4 0.9077
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(iii) Case-3

X2 JEAE X 3 - W - EI5A0

2 IZIFWNF b U o AREOFREFE R A7, 60,000 [teration 2% CEFIRENE LN D,
SIIWFNOIEE « J5IE - [EN D AiEZNTIVURLTWD, T 7 UEORERIZL D LT, T
LT A BmEIT 5 Case 2 & Case-3 TIE BT L AE2mAIT 5 Case-1l LV bl LM
WA ONDEMPRENTND,

(3) HRUARNMZER, TURRR, WXFH):
mL

4) SEDOFEBFE:
Rk 29 AR IXE T VOBEMEMGR E L CERHEZFM Lz, SRIIZOMEEZMIEMAFE L
TIEEFHAE GREHR) 2FEETL2TETHD,
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510 LALWEEFE-HRRAFEEZ2—
Monju Project Management and Engineering Center

5101 SEFOHAHARFRED-ODEHB I2L—3Y

Simulations of the In-service Inspection of FBR Components using Methods
based on Eddy Currents

Mihalache Ovidiu
eI 7 —7

(1) MABEM:

The simulations aim to validate multi-frequency algorithms based on eddy currents (ECT)
using multi-coil ECT for FBR SG tubes in the presence or absence of sodium located on outer
tube surface. In 2017 were conducted validations of multi-frequency algorithms with
experimental data for multi-coil ECT using either only measurements or even mixed data

(measurements and 3D FEM simulations) in the multi-frequency algorithm.

2) FMARE-ER:

Three dimensional finite element (3D FEM) simulations were conducted for in-service
inspection (ISI) of steam generator (SG) tubes of FBR with sodium filling or not artificial
defects located on outside surface of tubes. The simulation model take into account the full
3D complex geometry of helical ferromagnetic SG tubes in FBR with a complete 3D model of
the tube support plate (SP), connected to the tube by steel rings.

In multi-frequency algorithm, the eddy currents at various frequencies are combined in
order to suppress or minimize the combined signal from sodium and SP and to enhance the
defect signal. The parameters of the algorithms change for each set of frequencies. Therefore
3D FEM simulations are used to identify, specifically for each algorithm, the optimum values
of parameters that enhance the signal to noise ratio (S/N) of defect detection in the
assumption that (OD) outside tube defects (located near tube SP) are filled with sodium in
any unknown percentage (from 0% to 100%). The effect of window size band in the WMF
(window multi-frequency) was studied using 3D simulations and then compared with data
from measurements (Fig. 1) to validate 3D simulations at one frequency and also the
optimum window band for multi-frequency ECT for higher S/N ratio as shown in Fig. 2, 3.

While the application of multi-frequency ECT algorithm using multi-coils using only 3D
FEM simulations was shown in 2016, in 2017 the focus was to validate the multi-frequency

ECT algorithms with experimental measurements.
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multi-coil ECT

Consection
|

» ~ ¢ il o

3D FEM simulations b)

Fig.1 a) View of SG tubes and support plate; b) Comparison of 3D FEM simulations with
measurements of ECT signal from SG tube support for a 10-channel multi-coils

sensors in the RFEC system.
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Fig.2 a) WMF using 3D FEM simulations of ECT signals; b) The effect of window band size

on defect signal.
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Fig.3 a) Influence of window band in dynamic WMF algorithm using measurements with a
low-pass filter using 2-frequencies; b) Peak of S/N using 2-frequencies in dynamic
WMF for measurements of partial OD30%tw near tube SP.

While in experimental measurements in a mock-up the ECT signal from SG tubes both
signals from defects near tube SP or SP free of defects are known (and can be combined in
the WMF algorithm), in the actual inspection of SG tubes of FBR only one measurement is
available: the ECT data from coils scanning the SG tube. Therefore, it is not possible to know
if the data is either a signal from a SP with sodium residue or a SP with a defect filled with

sodium (in an unknown percentage) and located near SP. Therefore the focus was to show
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that is feasible to use the multi-frequency algorithm with mixed data: the computed SP
signal using 3D FEM simulations (used as a reference signal of SP without any defect) and
experimental measurements (without knowing if there is a defect hidden under tube SP).
Figure 4 presents the validation of the WMF using the above approach, before SG tubes were
soaked in sodium, and it shows that SP signal is removed while signal from a partial OD
near SP is enhanced with higher S/N ratio. The same results is shown also Fig. 5 for SG
tubes with both partial OD and groove OD near tube SP after the tubes were soaked and
drained of sodium, confirming the feasibility of WMF algorithms using mixed 3D FEM

simulation-measurements data.

Fig.4 Validation of WMF using mixed FEM simulations-measurements to suppress SP
(before sodium adherence): a) tube SP; b) partial 0D30%tw near SP

" 1)

Fig.5 Validation of WMF using mixed FEM simulations-measurements to suppress SP and

sodium signal (after sodium drain): a) groove OD20%tw near SP; b) partial OD30%tw

near SP

@) FRVAMER, TURARR. WXE):

1) O. Mihalache, T. Yamaguchi, T. Shirahama, M. Ueda, “Window Multi-Frequency ECT
for Multi-coils in a RFEC System for FBR SG Tubes”, International Journal of Applied
Electromagnetics and Mechanics, vol. Pre-press, No. Pre-press, pp.1-8, 2018.

2) T. Yamaguchi, O. Mihalache , M. Ueda, “Progress in Developments of an EMAT based on
a Halbach Magnet System for FBR Vessel”, International Journal of Applied
Electromagnetics and Mechanics, vol. Pre-press, No. Pre-press, pp.1-9, 2018.

(4) SEROMATFE:

In the next year, numerical simulations will focus on two directions: 1st) feasibility of
in-service inspection (ISI) using transient eddy currents for steam generator tubes covered
by thick sodium layers at high temperature; 2nd) Testing the development of a new
simulation code for electromagnetic acoustic sensor including coupling of eddy currents and

ultrasonic waves for ISI of thick plates of reactor vessels.
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Ab Initio Metadynamics Calculations of Polyalcohol Dehydration Reactions
in Hot Water
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Computational Studies for Quantum Nuclear Effects in Functional Materials
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Simulation for Radioactive Nuclide Transport Inside the Harbor in Fukushima
Daiichi Nuclear Power Station
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First-principles Calculations of Interaction between Dislocation and Solute

Atoms
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1) S. Yamashita, T. Ina, Y. Idomura, H. Yoshida, “A numerical simulation method for
molten material behavior in nuclear reactors”, Nuclear Engineering and Design.,
vol.322, pp.301-312 (2017).
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thermal-hydraulic CFD code”, Lecture Notes in Computer Science, vol.10776, pp.257-273
(2018).
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“Application of a communication-avoiding generalized minimal residual method to a
gyrokinetic five dimensional Eulerian code on many core platforms”, 8th Workshop on
Latest Advances in Scalable Algorithms for Large-Scale Systems (ScalA@SC17, Denver,
USA, Nov.12-17, 2017).
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4) Y. Idomura, “Status of fusion sub-project under Post-K project”, 3rd US-Japan Joint
Institute for Fusion Theory Workshop on Innovations and co-designs of fusion
simulations towards extreme scale computing (Kashiwa, Japan, Aug.7-8, 2017).

5) Y. Idomura, “Computational challenges towards strong scaling gyrokinetic Eulerian
codes at Exa-scale”, The Platform for Advanced Scientific Computing Conference
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5.12.12 In-Situ PBVR Z &AL =R AT A (T el fRIE A EED RS

Development of Visualization Function for Fluid Analysis using In-Situ PBVR
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1) T. Kawamura, T. Noda, Y. Idomura, “Performance Evaluation of Runtime Data
Exploration Framework based on In-Situ Particle Based Volume Rendering”, Journal of
Supercomputing Frontiers and Innovations, vol 4, No. 3, pp. 43-54, 2017.
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2) T. Kawamura, T. Noda, Y. Idomura, “Cross-platform In-Situ Visualization System for
Runtime Data Exploration based on PBVR”, Workshop of In Situ Visualization
(WOIV17) held on ISC17, Frankfurt, Germany, 22 June, 2017.
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51213 #EFRILYTUEICE DCERMRRBTY I 7 DRF

Development of Turbulent Wind Simulation using Lattice Boltzmann Method
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1) N. Onodera and Y. Idomura, “Acceleration of Plume Dispersion Simulation using Locally
Mesh-Refined Lattice Boltzmann Method” , Proc. ICONE 26, UK, (2018).
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