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(Received September 4, 2019)

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 FY2018, 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 FY2018,

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

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

Numerical Analysis, Annual Report
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o THEERBANES M L,
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A ISV Y7 Rk Rk 30 4E | IEHMASTHEE | ANSYS 7Y A E R F— e 4
Wtk 10 A 30 A 104 &%= | (SpaceClaim =—R) F2H
5 ISV V7 k SRk 30 4F THHRASFEA | ANSYS Workbench Mechanical e o4
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5. KRB EM AT LFIRICELIARAR

51 REMRLVI—
Nuclear Safety Research Center

5.1.1  Turbulent Flame Closure EF JLZ B =K BB M RIGHED CFD 247

CFD Analysis of Hydrogen Flame Propagation with Turbulent Flame Closure
Model
AR FE
BRIy emse s n—=7
(1) FABERM:

BEE R NREINCB T DRFERURE, €T 7 7 27 v MREOKF LK R ~DB O
N—JEEE>TND, KFEVZAZKRDOS R DEEITIE, KFEOFRAE - BIT - BRBEDSK T 1
T ADEMRR TFHNLERRR CTHD, FOTF VAT - BIRAEN - 6T T 5% 30
(247 9 Y —/ & LT Computational Fluid Dynamics (CFD) 2 #iff & T\ 5, ZEWFIED 55
B CTHWHILD CFD Tit, RANS 7 /L & flilig (b SN2 RBEE 7 /L (UG O h R % il (k)
EHWD Z RV, TiRA KK O CFD F£Tlix. Turbulent Flame Closure (TFC) €7 /L
PITHEEH SN TS, TRC BT VITRRAT AT O, BEEAT AT 1 &7 5 USHEF TR A AV C
KRERBLL, Ok a2 & THRELMIEET 5, Ll flilgic L €& T
WEREETHY BT NVOEEADRD HILTND, AL TITAR & ZRIRBEE LT T /L DEND K
RIGREIZ G2 DB A iA LT,

(2) FIANE-BR:

ENACCEF2 EBi%, BRI M+~ vV —2 (ETSON) ® MITHYGENE 71 =
7 FO—BRTEM SN KBBRR Fv—2 T A N Th D, SLACHIHIKEREN, FIRAK
FREONHEIZH 2 D852 FHT 57200, CFD 22— ROMREFHMliZ HE LT\ 5, Kbk
EE IS S 7.65m, N 23cm O MEIREASRA T, KFELEIOTIRAT A ZEH AL, EED
T CHEKSE D, KRFBREIT 13% %2 H 2, MENICH 2 DAL 72 BREEMIC L0 BT %
AL, kEKEMESES, X112 ENACCEF2 OFHERZ R,

Y

A 7.65m

\

0.23m TP oo oo L S L S S S . S S S S S S S S S I/, P

Obstacles

1 ENACCEF2 iH 4%
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RIEBROfENT 2 B L LT OpenFOAM®% FiV /- 22— REIR 21T - 72, ELIEET /I TFE%E
k-e 7 VEEM LTz, TFC 7 /L CTld, EITIREOEE SRR L P U 2 72O @ iR EEH L &
ELIABEL LF%‘?‘%):E‘T/VK%M‘Ek‘é‘%)O JEFRRIBERE & L C, Verhelst&Sierens D=, ELIE
PREEHRE L L C Glilder OXNE B L CEHE 1T 72,

2 ICHHRETH O NI KRETREKRERFEOK T 277, O ROSEITEER, @) SLikEE =
FNX =R L TN D, KROImMAEEYICEIFE LR Z to & L, 0.001 7 Z & ORfH R
ZRL TS,

KRDBEEDIZBIZET D & BINET 5, BREEIC L DRERIC X » TE U S E B EED AT D
ELURER) AR U, 98 L2 SLIR SR FOSHE Z M S D, ZORIRARTT 477 41—
RNy 7 NV—T R END LT, KRIMEREL TV D,

i) b
(ii) k

(b) 10 001

1) b
(ii) k
(c) t5+0. 002

om

d) 1,+0.003

a::»Ii i
1t

)b
(i) &

@b
(i) &

@b
(ii) &

() £,+0.005

i) b
(ii) &

2 FOSHEATIZE & ELIRIES) = 1 /L % — O W]

Q) BRURMER, TLRARR, ®XF):

1) JEAKFES. Trianti Nuri, SAREE, ZIUEZ, Julfs, “PAEEEEET L2 iz kFEK
RIEED CFD A", AR5 2019 FFREOFES . KT, 2019.

2) K. Motegi, N. Trianti, T. Matsumoto, T. Sugiyama, Y. Maruyama, “CFD Analysis of
Hydrogen Flame Acceleration with Burning Velocity Models”, NURETH-18, Portland,
2019.

4) SEOFATFE:

LRSI TP L2 S th Tl AR LR TFIEEZ VT, EBRO BV PRI FTRE TH
52 Enbinol, —HTHMAHDITHEL TWD Z L ZRE LIZET A TiE, KRIEHICE
T 2HIHERE ik —aLtER) Z# ELHBTE 208N Th 5, S%ITPUHMED EWEHE =
— FORFEZBfEL T, BBz Uit RAME CRIEORMEEEZIT 9,
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51.2 CIGMA ZERNTONEAEEFIZETHEEF NERICET SBIERNT

Numerical Simulation of a Buoyant Heated Air Jet in Large Containment
Vessel CIGMA with Outer Surface Cooling

Ari Hamdani
BOK N 2B N—T
(1) MAB®:

Gas density stratification build-up and its propagation/erosion, which is regarded as a
benchmark of hydrogen behavior in a severe accident, were experimentally and numerically
studied by using buoyant jet in the containment vessel. The experimental investigation was
performed in the large containment vessel called CIGMA (Containment InteGral effects
Measurement Apparatus), and the numerical analysis was performed using the data of those
experiments. Numerical analysis was carried out in order to know the detailed effects of
external cooling on the fluid flow and thermal characteristics in the test vessel. The
numerical simulation was performed using Computational Fluid Dynamics (CFD) code
OpenFOAM. The numerical simulation was performed with non-uniform fixed wall

temperature and various air jet inlet temperatures.

(2) FIANE-ER:

I.  Experimental Facility and Procedure

The CIGMA containment vessel is a cylindrical vessel with the inner diameter is 2.5 m,
and the total height is 11 m. The inner diameter of the vertical injection nozzle is 83.1 mm
(d), and its length is approximately 20d. External cooling in the CIGMA vessel consists of the
upper pool, upper jacket, and lower jacket. The test vessel of the CIGMA facility was
preheated by injection of heater air before cooling the vessel by water. After the preheating of
the test vessel was completed, heated air with a mass flow rate of 50 g/s was injected into the
vessel. The pressure inside the test vessel was maintained to be 101 kPa absolute by venting

of the injected air at the bottom of the vessel (sump outlet).

II. Numerical Simulation

The present simulation was carried out using the open source code OpenFOAM in order to
investigate the thermal mixing and stratification processes inside the vessel. An unsteady
Reynolds Averaged Navier Stokes (U-RANS) approach and buoyantPimpleFoam solver were
chosen to simulate the buoyant heated jet. A standard k-¢ turbulence model was used. Figure
1 shows the numerical model and its mesh. The fluid domain was discretized by structured

hexahedral mesh. Table 1 shows a summary of boundary and initial conditions.
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(a) 3D model domain (b) Detailed grid (c) Cross cut of the mesh
Figure 1 Model Geometry and Mesh Grid on Nozzle Exit

Table 1 Boundary and Initial Conditions

Boundary Parameter Run ID
JT-AJ-10 (Case 1) JT-AJ-12 (Case 2)
Inlet Temperature (°C) 143 335
Velocity (m/s) 10.82 15.75
Pressure (Pa) Zero gradient Zero gradient
Outlet Temperature (°C) Zero gradient Zero gradient
Velocity (m/s) Outflow Outflow
Pressure (Pa) Static pressure = 0 Static pressure =0
Wall Temperature (°C) Fixed Fixed
Velocity (m/s) No-slip No-slip
Pressure (Pa) Zero gradient Zero gradient
Initial Temperature (°C) 32 52
condition Velocity (m/s) 0 0
Pressure (Pa) 101650 101700

Figure 2 represents a cross-section temperature contour of experimental and numerical
simulation. From Fig. 2, we can see that thermal stratification is observed. The comparison
between experimental (left side) and numerical (right side) for the average temperature
contour was made at t = 100 s. Qualitatively agreement has been shown for case 1 and case
2. The discrepancy of temperature at the elevation below 3 m is mainly due to the initial
temperature condition for CFD at t = 0 s was uniform. However, it is observed from the
experimental data that the temperature was initially stratified at t = 0 s. The stratification
was developed because the containment vessel was preheated before cooling the vessel by

water att =0 s.
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Figure 2 Cross-section temperature contour comparison of experiment vs simulation at
t =100 s, (a) case 1, (b) case 2.
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Figure 3 Comparison of radial jet profiles at 1.9 m downstream nozzle exit,
(a) normalized vertical velocity, (b) normalized r.m.s vertical velocity

The dimensionless radial profile of the mean vertical velocity is compared with well known
experimental data reported in the literature, as shown in Fig. 3 (a). Figure 3 (b) shows the
dimensionless radial profiles of the rms of the vertical velocity components for case 1 and 2.
It can be seen that CFD predictions for both case 1 and case 2 are reasonably well with

self-preservation.

Q) BRUYRMER, TURRR. WXH):

1) Ari Hamdani, et al., “CFD Analysis of the CIGMA Experiments on the Heated Jet
Injection into Containment Vessel with External Surface Cooling”, 18th International
Topical Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-18), Portland,
Oregon, USA, August 18-23, 2019.

2) Ari Hamdani, et al., “Numerical Simulation of a Buoyant Heated Air Jet in Large
Containment Vessel CIGMA with Outer Surface Cooling”, AESJ Fall Meeting, Toyama,
Japan, September 11-13, 2019.

(4) SBROFIATFE:

Further investigation on the thermal mixing and stratification would be done with
high-temperature steam jet injection. Therefore, the steam jet condensation model on CFD
method should be developed and validated with experiments result.
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513 AEERMBREREE CIGMA NEEMORFNRINGI Xt 558

Influence on Flow Field by Obstacles in the Large Containment Vessel
Facility CIGMA

B

e RF
BOK e rn—=7r
(1) FIAB®:

JRFIERETIZ BT 7 7 27 o MREZ BT D M sr N UK ) 25 8) O 3FAlh T+ 15 O m s LA
WCET MR ED TN D, TO—EE LT, RMNAGRFEREE CIGMA 2 8UEL | A
ANIC I T D KFE R L ORKEREENCE B LIZERZ1T-> T\ D, FEREWTL T,
AR 715 (Computational Fluid Dynamics : CFD) % W7 fi##T FiEO &Sk & 306 L T
Wb,

RS IR IR EREBE AT OB TH L7120, TOF TIEZRITHI R EN 34
U5, £ MEmNEGREIZEN 42 ®FE IS 5 T, CFD i f iy —n ki
Do Flo. BBINEEO XD 72 KIFERR TO CFD TSI KB DRI O R E N L ETH

RAGHAROFIHNMETH 5,

(2) FIARNE-BR:

CIMGA %@ LB 2.5m, &S 11lm OF4N B 72 5 RKEEREE CTh 5, CIGMA R
PHTIRIREFHAH O BE X 36 K OH AREFHUTA O T A Y70 o FRENREB SN TS,
NWHOERGEX, 7Y o EEIIES 4mm, &S 50mm O&FEHR (LT 177 v ko3i—))

DAEBNICEESNTND, 7Ty MA—[I84HN 10 EFTOm SALEIC, Azl 2
X9 uuﬁéﬂfwé AW TIXIZ DT T v hAN—DNFERNIRINC 5 2 2 B EZ R T 57
. CFD T & A fifkr &2 £l L7-, CFD fi##riciz+—~7> Y —2® CFD =— F OpenFOAM®%
M,

KN TIET T v b —DHBa B L, BVEXOY 7Y TEREIIBE Lo T, S
e LOSMER AN K 2 B RS DT 21T o 7223, 2 2 Tl RSO B Of R & R~ T,
FRAT RS ZE KGR & L, |IRRKQEZER I 7.65m/s TZERZME L St 5, BarEEiBiIC 1
R LT, K1 MMRNT O L7277 v bAN—B X OWER 2 a3 27200 7 AL oK T
HD, BRIIELSRT RO 7 Z)uhs BRI TEHT 5,

T ICB W TELRET /L& LT SST k-omega 75 /AWM Lz, HTICHAWEZA v 20X
OpenFOAMP(Z 4 S TV % SnappyHexMesh (2 X W ERR L7z, 77 v h3—DE X% 4mm
T, BawEAIT L CHEFITHW O, NORIEIZLY 7Ty MDA v a2 figbL
oo Vv MI AN E EEA~EHT 5720, J AVHO LY ESIcH D 7T v hAN—D %
B L. TSNV D A v V2 Bz R LT, SO Ay 2 20813 50mm, 7 7 v bS—ifE T
X 2.3mm TH 5,

B 2 IZMER A 22 & 1000 BUIC BT D B&GNIRIR 2R T, 77 v bAA—Z 2 b DoAY
IZBWWT, MEEE S FICREINTEY, RAETRTHSICHEE T 5, L, ZAun b
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Sh SE B EICHEAERSERNL, 77 v b=z R0 | ARTEMICE R LTS,
MORESMTNEEEL AL 2o TEBY . 7T v =D 5 RE R BTG
BE SN2 olz, FEANIIR S 22008, SME AN K % BRSO SMF T HIZITREOFHR TH

277,

AWFZEIE. R ZE BRI T L0 ZFE LT TR 30 4RI 1 I Miak S5 B Skt R
FERREE (BAKFOETT 7Ty MR GEGTEIRE) $E) O —fE LTHEM LT,
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(4) SEROFMAPE:
BTN — T TP O LV EIZE T 5 720 [ A 2R N EVK ) 282 B9 5 158
EIT-oTW5D, A% bkt CIGMA ZHW/-BURBhFHHIZEER & L b2, CFD a—FiZ&
D RBUE 22 BURENRRENT ORI 2 ATV BN A S EVK 3Rl TR O MR (L 2 D TV <
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514  IPRESCACFD RUFI—fiE#T
IPRESCA CFD Benchmark Analysis

R R
BOK I emtge 7 n—=7

(1) FABM:

BRI DIFFER >~ T — 27 Th H NUGENIA Ok A CTHENi 41TV 5 IPRESCA FHEji%,
— A= LFEWELEHNE LTV ET T2 T MO T — VAT T TR D EE T
Bz N ChDH, 20TVl hTEES T DEMETA ST (CFD) RvF~— 7 fifi#r
ZH L, REEENE (Volume of Fluid (VOF) %) % H W= KYaEf#NT 217 - 7=, VOF 1%,
T HEPREOMRBICERET 570, IEFICEZ OB TE2LEE L, REROHE L5, 20
7o, KIABOEFEE T % ICE X 5| H L7z,

(2) FIARE-BR:

FEFTIRR 2 X 11287, RFRA R IT, RIE 20°CI2 81T 5 0.02X0.02X0.08 m3 D7k (% E 1000
kg/m2, EhfiMEAR%EL 1.004e-6 m2/s, F£H IS 0.07 N/m) T/ SNk Z x5 e L, KD
MIEA YU 7 4 A0 B2 (B 1.2 kg/m3, #RMEAREL 1.5612e-5 m%s) OH—XidZ{EAT S
BT 295, AU 7 0 AOELIL0.004 m, ZEXOEAFEEIL0.2 m/s THY, EHIJIE
JEZ 9.81m/s2 & L7z, JERERIL, M 1LITRT EHI2, BAEAY 70 ZA0HL, KEHM%E x
i, ShE Ay, EWTE 2@l L7z, CFD =— RiX OpenFOAM®Z A L, VLN
I3 VOF &, B4 203 E B2 74 (Courant 2% 0.5) . #LIET /L2 EHES. A3
B % 566 L Tho T2,

IPRESCA X>F~—27|2i% 6 NS L 7z, SIERICB W THWZHETELROHE
22— RPN FRANCEE M L2 D 2 B, lRER & U ORSN - KIaBEREEN 2 % 1
(R, RJOBEDUEIE 13, EROFEAETRE S AV 7 0 A0 BEEL T 5 B ORI AR O
teoREh, EAREREIIERSLMETH D70, BERLR ST PSRRI CKIE T 5, AT T
X, BERRF IR EARE T 1.8e-7 m3 Tho7, HEFERND, SIERBORM T, KBk
JEICRERIELDENRAOLND, M2 IZERIFTMOFHRA KR (EK[OEEER) 52 R~T,
B I EFTHIZONAA REFEAD L, & & 0.02-0.07 m 20T 0.2 &705, BINIEER
OFERMZ, E X 0.02-0.07m TORA KX 0.1-0.3 DFNT/EH L TR Y | JFF JIHEHE O 5
IXEND DOV fERE R LT, £, EMEMIZIE S OFEEN 0.04 m F TIHH1/IHEIC
RHITWEHRLND, B 3 IZARMHTORA K3 0.5 Sl /240 21T, KISEANERZOKIEH
Wi, BB ISEWIIR (7 A7 R 1.37, PEHRTaARTE 1.77e-Tm3) THL DI L, =id
NDERTHICONTRERBEAKE D (7T A7 b 1.581.85, ¥ K d K
1.73e-7-1.75e-7 m3), [HHE L7225 bR AMRIC EFT 5, KNS EH LI-KiB0%MERIE R
TAEITH Te-3 m, i EFHE I 0.25 m/s TH V. KD 258 2 04 L 7= S5 7ar5E 2
DFEBRER & RAFIC—F LTz, X412/ AV Tt 2=0.03 m, 0.07 m (23T 2 KFT7mDRA
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R RO O el R 2R3, - I ORIRIT, 2= 0.07 m OF N7 T 7O 1THF 0
[ZhE<L G2 ZfRE, OB THZO L) 2MEmAR b, T, ERICX DU
DEALRLKILEB DL 26D EEZ BN D,

[1] Dehbi, A., Summary of Benchmark for CFD of globule hydrodynamics, 3td meeting of
the IPRESCA project, Frankfurt/Main, Germany, 27-28 June 2019.

[2] Clift, R., et al., Bubbles, Drops, and Particles, Academic Press, 1978, p.172.

|,f TR
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0 om| | 8
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[, \ [ | 0.02m ‘
X ZEEA X

®1 ZIMEBOREFIE, GE =2 — N R ORIaBEBE

ZIEERE (=) Fik AEa—F STaBEBEE [Hel
JAEA (BA) SiBgE (VOF) OpenFOAM 14.3
J (AAR) REiBgE (VOF) STAR-CCM+ 19
Gl (F1) ik ET v ANSYS CFX NA
G2 (F1) RiBE (VOF) OpenFOAM 17.4
C (hE) SimiepnE (VOF) ANSYS Fluent 10
S (AA &) | FEBHE (VOF+Level Set) | ANSYS Fluent 13.7
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() BRYRMNER, TURARR. WXH):

1) Y. Okagaki, Y. Sibamoto, CFD benchmark calculation in JAEA, 3rd meeting of the
IPRESCA project, Frankfurt/Main, Germany, 27-28 June 2019.

(4) SROFATFE:

SRlE. TS R OBGET RO BRSO CFD N> F~— 77 fijfhr GEMIIRE) 2175 FPET
5,
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515 MZEHE=RITIZH TSt L E 5T

Topographical Effects in Radiological Aerial Measurement

XY

il HE
iR e 2B SAf e 7 v —
(1) FIAB®:

Wz E =2 ) L ZITAANNY a3 77 =T S IV BURINE > 27 2% FIV Tl o2
AR BRSO R O MR LA R A R CHET 2 FIETH L, Mt =%1Y 7 TiL,
HFNDLHANY 2 FZ—NOBIHRRRE S AT 22T 1 BB TRHESND T <oz x
NX—=ZRT MV ERHR L, Ny 7 750 FUBSE 2T 2%, FHCREZ#E 1m (2361) % 22
FIRR LRI LT 5, FHECED B 22 R SRR B R O BRI I A& S & 2 e U CRENT DM T oL
TWb, LinL, HRDOELDOZ & LA
S THED, AAENICEY Biiee =y FBR e
UL S RATO BRI O BB R T E [ L] | |
eV, £ T, FEHE LIPS
W~ 7 T 7 AT 52 I8
T, HIBOREE 2 7HEiT 5,

(2) FRARE-BR:

fa s — 7 7138w 6 80km ENT
AEZ IRl R AR EL (M 1), Zhbo
ISR xS E 300m TO A >~
7T w7 A& U, BN R OB & E
7 (DEM) b6 =fRY I~y T a2
R L, & = AEERR S LT, Rk o —
R PHITS # HH\\CT7 7 v 7 ADFFEE{T-
Too AR HIED 7 Z > 7 21Tk 5 FEHE
DT T v ADkERNCIHtZIT > 72, €
DFER, 77 v 7 A3/ 0.54, Fx K 5.43
R0 HIBICE > TRRD ZENDo T
(X2),

Efficiency

(3) E‘Z%UZI‘(%‘E%s jl/z%is Eﬁf{%) : 05 07 09 11 13 15 1.7 19 21 23 25
7L Flux ratio

X2 7T w7 ALOEESSR
4) SEDOFATFTE:

At b R R A LT x2Sk L CRBROFI A 2 %0 L, P EEMES S
FEzZRETLTETH .
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Nuclear Emergency Assistance and Training Center

521  EZRYUTRAMIMAE LI A IR EZIEIC &SRR EHRE =B E B~
DEEHT

Effect of Artificial Radionuclide Deposited on Monitoring Post on Measured
Value of Ambient Dose Rate

R KFn
R SE 7 e — 7
(1) FIAB®:
Jﬁ%ﬁﬁﬁi’“ OHIEIZITE=F Y 7 AHRA M (BLF, MP) B&EBINTEY, ZEHHER
Bt L TV D, R DERICIT, 2ZHBERITS U ARA~OB#ERE Z Fhi+ 5 2 & NE
HHENTEY, EIZ MP OHRIEEIC XL @#IJLJ?@“%.S Lo, Mg o K S avie N DO A
25 MP O BARKIEIZATE LG, 2R ERNEMEICEL 52 2 /iR H 5,
ZIKBV‘D W) 72 PG HTE I D 72 00 MP I N LGRS L2 H a2V Th, 1B
Fﬁf?iﬁ@&fﬂﬁ%;@ﬁé&é ENAMTH D, AFZETIE, MP R OVED O HFI, TE L
t}\IJfﬁzﬁﬂﬁ*@ DB D20, BT a4 9 PHITS =2— R&FHF L
7o T TIEL ﬁﬂfﬁ & 72 %08 100m B O IR AR 2 HE L. MP © Nal(TD# R T2 AT
Doy ERAS L, ZORHEISROBEER CH D Nal(TDFES IXERN 2 4 > F Tl +
%@ﬁﬁg%wé;ikg@txb)~%ﬁﬁﬁéﬁgﬁ&of(K#Titz%v—ﬁlml
FREOREZET), 207D, REGHEEORANLERAR TH ST,

(2) FIARE-BR:

1 RO 2 [ZFHHEERZ 7T, PHITS =2— REHWWT, P4 100m OKF/efiZz o diiIz
MP % EdfE 9 5 @R & ER LT, AIED MP X, BREHYA 7V TR0 OEET L& L
7o M K& O MP BAR R 2 R GE & L, 137Cs, 134Cs KON 18] 2 22 —kRIC 0 S
Tre BT AT #;75 5 Nal(TD#E S fEI T vy BO TR F—T7 T v 7 Z¢p;(E) l/cm2/decay]
RS L. RN X D BRI E D [Gy/s] 2 (DU L v kb=,

D; = So; f d(E)A(E) dE (1)

Z 2T, ST E RS lcm2], o)l IAEFRIO HIFE Y 72V OB RE[Ba/em?], A(E)IZE #4555 (Gy cm?]
R4, WIZ, 3R TIZOWTLEMMERD[Gy/sl & /& Labt, ZZRIFRED(Gy/sl =157,

D = ZDi (2)

,28,



JAEA-Review 2019-017

Bk, BRUITR T ZEMBER LR 2 ER L, ZMHERAEM DN T MP R ko 22 [ &
NGO HHIGERDT,
Dp

R =
Dr + Dg

3)

T Z T, Dplx MP AR 2k 0 22 R &R [Gy/s]. Dg 1313 if F >k 0 22 R =R [Gy/s] &2 £ 7,

JEF1HHIZ L MP & IR IS TR PERERE A L Cos b ORRm R & 22 M &3 LR &
DR ZERD D LK 3ITRTHRER L eoTo, 7212 L, oy OWIME I B S — R /) 38 E i by
DIEL L., BRIRGBIC > TR S B2, ZOMEND . JJFIEED S ORGERRIC K S
T MP BARH RO 2RI ERITHEE 2R DON 0.44 OFIGZ HDDH Z LRI T,

-

Nal(TI) 42 88

50m

Il Soil

Concrete
R Plastic
1 m B Iron
M1 FHRAEROREKEG
Concrete
[ o T T Alr
I I Iron
] ) z ) 50 - % )- Plastic
200 L J
- INal(TI)#5 & ]
100 L a Di=g==!
—_— 0 - -
E 1 2
2
x 0 2
-100 =50 ) -
_200 L 1 5 & - 1 5 & » 1

320 340 360 380 400 420 440
z [em]

2 MP &R O NI E

_29_



JAEA-Review 2019-017

0.5 0.5
[0oon] @ @ @ (0] @ (0] @ @ @ (0] D
0.4 0.4
0.3 0.3
%= 0.2 S 0.2
0.1 0.1
0 0
0 5 10 15 20 25 30 O 1 2 3 4 5 6
el H il A

3 ZEMIMRERLILR & RIE I [ O BIfR

Q) FHRURMER, TLRARR, ®XF):

1) H. Hiraoka, T. Hokama, M. Munakata, “Influence of artificial radionuclide deposited on
a monitoring post on measured value of ambient dose rate”, Proc. ICONE27,
ICONE27-2303, 2019.

(4) %&(D*IJFH%E-
3DIAY | ZERIMRERILRIT 0.44 L 725 LorE iz, Lov L, EEORIEMIC X 2 2=MikE
FEiE, MP E ORI Ui N THE P ESE ORI L 5T 0.44 & @/J\éw LD Z
EW Mo TND, LTzh o T, AEERD 72 Z2fIfR SR T AR el TlidZe < @RKEHE S 4
TbDThbHEFRDH, 5%IE. MP ELOBEYSCHIEELET ) 7 L, K0 FEREISEND
KR EFIH L CEMABRZMBERLOR A BIET, 207, 4% b RAGHRHIC X 5 30
IHETHY, FIFEZREITLTETH D,

_30_



JAEA-Review 2019-017

53 J-PARCt 43—
J-PARC Center
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Evaluation of Nuclide Production Cross Section for Accelerator-driven
Nuclear Transmutation System
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Lattice Dynamics Investigation Via Inelastic x-ray Spectroscopy and
Density-functional Theory
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Simulations for a New Active Neutron Method using a Continuous Neutron
Source
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Simulation Study on Design of Nondestructive Measurement System using
Fast Neutron Direct Interrogation Method and on its Application to Nuclear
Materials in Fuel Debris
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Study of Shield for Neutron Detector for Neutron Resonance Transmission
Analysis
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:lux % 'J>‘ =5 BRHSERE
1 - 3R AT iE O -
) - o SO EL‘ |l -
W& E2RT, VAT AT T e J—— PEFREE

T FMEFAATE . BRI DA
RENTWS, DT HPEf38 4% 1%
10 us O, 14 MeV HEF 22707 (4n) [ZHHT 5, WM ICH s 2, ST S 7z 14 MeV
FE A O —EBIFBOEM I AR U, /M 2T A% O T IE O 7= 1 L2 Rm R L% —

(BXEHt eVLT) TS L, HEOHPEFRITE 2@ 0 MIEREHC AN S, ke
FORT 2 Z &< BB A Y HRIT 7o 1T, ®%BtD ) A= La@inth, MiEs T2
HbiLd, ZOFHIANT MAns | BEHOBEOREREDERREEMD ZENTE D,

VAT AFEES 1Tm X IE bm X E & 5m O RICRE SIS FETH D, DT HbEI8EE )
DT S 7e 14MeV HVEF TR O 270 597, APFHORESC K, IR ETHLRIGT 5, D
R, REOFHEFON PR OTICRAT L Z N THSND, 29 Lo 0 v
~NREOE FHEE &R0 . BMENEAYET L BTN D, £ 2T, DT hEFR4AH
T 14MeV FMEF 254 S 2tz RO T THMEFROH v RN D X 5 R 2 #n
BT LO0ONERI, e, LR TR, FPEFICER LICHROAZ T, M 21T 14MeV H14E
FEFH L%, VAT L2 G 0HMBEAEROFETRE (>0.3eV) OFRFME(LZ TR R %
Y. P A RS LZEZNS 10us O (K 2(a) 12, RO R THYET-2HINT 28723
bbb, £O%, FEHBEDIZ O T, BHEERENOFHETFAEHZ T <ERTF LD (X
2(0)-(d))

1 NSRRI ST S A T A ORI
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MR THE O LERH D, AIFFRTIE, EREL LTRY = F L o0maBEx T\ 5, K31
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3 NIV FLUDELZEMISETZL ED 0.3 eV LI ED T M IREDRFRHIZL

Q) BRUYRMESR, TURRR, WXH):
L

(4) SEOMATFE:

ERRICHET 23BN LT e — 2 2 L, P TR TR O D3I A2 FL
ZYIalb—ay (PHITS) IZXVEHT S, £RICLD ., MEGROEROZ 2 6F, Bk
MORELIIR, 2 A =2 DIBROME R EETED T AT LRKROR#ELAZED T, v A
T LOMREEE S HICH ESED,
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544 HUTEEILRTZYTZEDOLE 21—

Reviews of Buildup Factors for Gamma-rays
xm B
PR NE o — NGRS L — 7
(1) FMAEM:

—MAEENEN B AR A P B L I CkE S ik MG SRt = — FL e 2 — U —
XTI N—71 (AT, TWG] &WH,) Tk, fGERIRIT R OZ DD Vb2 5HHE
a— RO R - BRBICET 272010, 26DV Ea—%FiiL T\ 5,

AW TIE, H o ~BEN KT v 74%% Buildup Factor (LLF, [BF] &9 ,) DL E=—
FEMT DD, B - EA A VG o — R PHITS [1]1 (GEf#C1X, PHITS ICHAAE L
72 EGS5 [2]. AR, TEGS(PHITS)] L\ 5,) ZMHWT, FEREE ST 50 vtz
Il — a2 {To7,

(2) FIRRE-HER:
BF &3, #E» O S, BE L B HESE - #ELT D & 72 il £ TENEY S
RDI] o~ BEORENKRT T DHEMRE G o~ OMEBOLTHY | KATERIND,

2

BU%x)zf R(E) I(x,E) dE | R(Ey) 1(x, Ey)
0

ZIT Ey IZA OB =R X— x 1TBIEND OEEE. B(Ey, x) 1 BF. R(E) 1Z:Rk®
LW RITT DISEREL I, E) TR VF—E OH U ~HROBKTH D,

Z D, BF Z AW miREEIL, 2L 7 R OFAM (R R 2 2 L 7% ORI
S < W BEERRE TR R OFE) | kb\f’f’ﬁ&fﬁﬁﬁiﬁ?&’f‘é@ N %/Tﬁ/meiﬁ‘ﬁj‘—
R & W7 a2 i AN R L2 4 BIZBW TH AR STV D

BF@VEJ—TM\_hif@BFHn@@%&@BF@%%&ﬁé%%%ﬁ%?%i?y
DM AEE L DD LEEHIT, BT hLaEiEa— Rick s BF OFEFIEIC W CERL L.
YA Wi g7 A 7 7 U OEWH BF OFtREERICE 2 22285 PHA& L7 [38],

T IEEGEL (Coherent scattering) % %8 L7- & & @ BF % EGS(PHITS) Cit# L7z, BF @
AHEMRRZK 1R T, FEMEELOBEIT T, EGS(PHITS) Tk, ZOBY 47+
2 VBT 7 4V FTHZ /o TWDH, FEIERGELIE, ﬁﬂ%®l$w#—ﬁ%bEf\ﬁﬁﬁ
FEIXRTS HN RN IR D720, ZNEEBB LT L EOET v ROBEIZITDT N REL L,
B 270, L LRns, 3R a— F BT ME2E @6ELD) X b S LTI b b 7ed,
BF OEFRM 0 IZIEMEN o~ OMELZ M T 55 U — 2% ET D &, BFAEMEDE [4] & D
TRERERZELD Z N0 o7z, BF EEOHE L —HIE57-0121E, BF OXOERD
X, pREAFTRILX— E) LRILZRXALX—DOH <RI L DMELE T OIMNERND D,
ZOHEMEIL, Y —ICBWVW TR VX —f%E E, EICHEETAZ & THLNS,
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1 #o BF (CrikfE [4]1& EGS(PHITS) A FV =GR #ESL)

T ANRERHRE a— RTBF 23 ET2BIC K AW D FHEER (GRS TR A S
OHLICERE ST HEROAR, BF FEOFHHEKSR [4) oW Tb b ba—%2FE Lz, —i%
Hy72 RI HBRIE & ERTADOBIMRIZX 2b) (WD TH DA, BF OFHEZTHE121F, K20 12
AR (BERRSEAR OBERLAR & —ERZ2PATHIR TRERL S NS %R) VWb,

FATHRIR

2 BF OFEIZHWIKR

2a). bEWc) OFEERZE M- BF OFEREA4X 31077,

ZOMMNG, K 2a) OFEERREHWERERBRIL, BFEE GRROER) & —HLRR
BH 2D ENbnG, X2 b) OFEEKRE W BF OFFEMERIT, SRR D IR O 5
FCOHBEZEMSEL 2 LI2ED, K2 o) OREERREHOWFEZERIGE S 2 E8bh
% (B12Db) OEBIENS OHEED o em), FHRARIZE D BF OFEWE, ASHRED S O,
Tihbb, MEAOEWCED LD EHETE D,

FREORE R A2 G T EGS(PHITS) Z v 7= BF O EFERICE SN T, BFO L E 2 —%Efi L
72o WG OIEENTEMi L7 BF O L B = —%, WG OiF#EHEE [Blick &bz,
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[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 K. Niita, "Features of Particle and
Heavy Ion Transport code System (PHITS) version 3.02," J. Nucl. Sci. Technol. 55,
pp.684-690 (2018).

[2] H. Hirayama, Y. Namito, Alex F. Bielajew, Scott J. Wilderman and Walter R. Nelson,
"The EGS5 code system," SLAC-R-730 and KEK Report 2005-8 (2005).

[3] PRk 29 4EJE ST 2 — FL E2a—U—% 0 7 7 —7 [REIREE, —RMHEA
AT 12 B L2, 93p. (2018).

[4] —RMEEN BARFF %S vy BEL T~ 74%5:2013, AESJ-SC-A005. 360p. (2013),
ISBN: 978-4-89047-371-1.

Q) HRYRMER, TLRARR., BXHF):

1) PRk 29 R S ERPEN T 2 — RL B a—TU—% 0 7 7L —7 EEEEE, —RMEEA
A AT )72 R L4 pp.20-50 (2018).
http://www.aesj.or.jp/~rst/H29_WG_report.pdf

4) SEROFATFE:

FUT AN RERRE T — NI X DWEEBREOFE (BF OftE L2 &Te,) 1213, KRAGHHEE
CE DX EPVHATHY, SBRBFMETEL TN D,
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545 LZEEZEET /L GEARN-FDM [2&5IAV K 129 LB ARILE I IaL—3
> DR YR
Validation of Global Atmospheric Dispersion Simulation of lodine-129 by
Chemical Transport Model GEARN-FDM

FAfG 15
RETENRENFIE 7 NV — T

(1) FMAEM:

BRSO R 2 )T G & LT (B R OB PR AL B A 3% S0 S 7 0 S 12 F Sk 3 5 U BE D B 2T
2B T, KA~ &N DO BRI R 5 BRI CEETH 5, FRIC KK T O RsHE
3RS AR, AT ARE, RTHEE LCHEEL TR Y Mo U PERERE & il U C M
2k CH D, LLRNRL, RRPOBSNES U ROBRBIR 2 BRI+ Cldza < bt =
U & DO RKZIERHIFNT X T D AHEEENRENZ LR L 7o > T D,

KWFFE T N—7TlL, RAFORGEa O R oBEBEELZ BNE LT, 9 UK 129 2454 L
A EEE T L GEARN-FDM OBIR 2D C & 7=, KET/MIRKT O 3 7 FEIFER I BT
D REME, KEKILE . RE—RIS, HEFPRGR, T AFBISOFERRZ B8 L7428k 3 kot D
KREJEHET V& LTERFFENTND, & ZAT, RETNVORBEIHIREOHEMKEZ AW T
i FEBR A Fha Uiz & 2 A B AN A BUEANIEL 7oo D7 )L 3 X ARG R G %
I HZ NP LI, 2T, VAT LHEREE Y —DWHI10b &, BIRET L ThoT
GEARN-FDM #35{k LR+ Uit ICEX 2R+ 5 2 & T ATT A ZHNEZY I 2 L—
voa OB FEREM A ER LT-, AR TlE. GEARN-FDM 0% 7 /UHGEED BSOSOV TR
%,

(2) FFANE-BR:

Ky alb—a 3R Edg e Lz, v 2 b—3 3 CHIIE 2007 205 2009 40 3
fERE L. 2007 4E & 2008 a2 AT v FHIM. 2009 FA TR S Lz, a2 b—
va VEMRRCEBI A 3 UK 129 1R D T AR LRI FREO RRIREZ2EKT 0 Ba/m3 & L.,
FER O S O BIRER Y — AR OT T —27 (L), B 74— R @), ~v7 (%) off
IR LB RS 2> D D N B TIR Y — A & B E LT,

B 1 &2 1Tk kOa —m R ICBIT Sk a v 129 REO KK Z /R~ JEKIZBIT
LREART I TFE 129 EIT, I —r v NICBIT DK E U3 129 R & HE U TR 1~2 HHfK
WZ EBRBEEMEN SO TND, RET A THEINALKE NI —a v RO KF I U HE
129 R IIBEAEF R OBIE 2 BAFICHBL L, S 51T, 93— v 3O&BLllH S L :%Héﬁé
AKHra w3 129 REOHIBGEIZ DWW T Y, RET/VITHESIRERZ52, K 3 ICHKIZEK
LRiFHRED 2 U # 129 @jtxuffﬂoar”aﬁ%@umt;&%va“ AARENIZI T 58 Wu%ﬁ%a
U F# 129 O KKHFREIIFAFTmRA, EFRM/NOFHEH N R O5ND, RET LV THAEINZAL
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3 HAIZHT DRFRED I UK 129 RETIREDRSRIIO R, #AEITH HIE,

Q) HRUVRMER, TLRARR, wXF):

1) M. Kadowaki, H. Terada, T. Suzuki, “Numerical analysis of seasonal change of
1odine-129 deposition in Japan using a global atmospheric iodine transport model”, 2018
joint 14th Quadrennial iCACGP Symposium and 15th IGAC Science Conference, 2018.

4) SEROFIATE:

T AFABE THLY ] 5 ALFESUS O A VEL L, KRR OIS 3 7R85 K 0 FE B e
HraEETETHD, £/, 1960 FRNLBEE TCOMM AR E Lica v H 129 BigOHH]
Valb—ya RO R E LIS RO MO REEY R 2 L — g
VEFEMT DTS FOHERERA LEL T ENTHRINS, AR LT IEED
ICE X kU D% DT 2 T E L T\ D,

_47_



JAEA-Review 2019-017

546 RBAESSFERSIEET LERWREFHESRREDO XKL EERT

Detailed Simulations of Plume Dispersion around Nuclear Facilities using a
Local-scale High-resolution Atmospheric Dispersion Model

il Rk, NEFSE EE
BREEENREIZE 7 L — T
(1) MABR:

KK DEE 2 EAEANZ T DBE, EIC KGEET AR BERENFET AR ENHN LN D,
KETT VL, B km~% 10km OFFFEIE T T 10km~%% 1000km DRI A 77—/ DGR
WETUTLHOICLHNGND, L LR L, M ICHERL U 72— %A R O CF FAS
TFHA AOREIZ LY | il 2 O ARG TE oo, BRI S L5 IRk
DI|NELIRO RN TE 2V, —F, FHREEIENFET VT, BROIREA 77— /L OKGR D
HHITHE LSOO, Hom BREOE MR CEIEA 7 — L OBIR L FHEMICHIT 5 Z &
NTE D,

ZO7), WEEH L, HFEFEIRBROHFIIE N2 Large-Eddy Simulation (LES) &I
5 ELEE T VI EE S < RPTICE 0 fE e K KPR #E 7 /L (LOcal-scale High-resolution
atmospheric DIspersion Model using LES : LOHDIM-LES) DB %17-> T\ 5, ZDET )V
TlE, BEMR OBLE R RATRHIEER 2 UG T 5 Z LIk v | K - B X O
B TN TEW) - BB A GRICRBLIT 2 Z LR TH 0 | Mg 31T 2 R
AT TE 5, £D7H, THE TOMGEL, WEZEZEERWEM AT —/LEno
7o BRER 2R FHPHIZ N T RFFIAYIZZ L Lo WV —E KR &M T TORKILHZ BLY > 72 N A
TREBR 2 R RATAT > CTE 72, L LW S R i I3 m T OB ER 2 A9 DT ICc i L,
ZOJEDITHARBECHEN TND Z ERZ N2 EWITIN 2 BAFESCHIE OB A ZE T 5 2
EHMETH D,

Z 2T, AWIETIZICE X & HWT, N A AR fa s 7~ O i S 4 2 B s 2k 52
(. B km W5 DJRFTIER A 77—V O MR SR 2 EBU A g Lo s o RRER XA S X = b
— g CORBRGHR ATV, PRSI TR RN R FIEOMN A BN E T2,

(2) FIARE-BR:

2017 FEB M OREEREIC TRBE Sz o — R R OBERGEMEE - BIAEE - PR
E DO RFTIE A & — L 0 HF R L 2 RS RIS AR T X 2 EE s 7 v (DEM: Digital
Elevation Model) - #fEZ €7 /L (DSM: Digital Surface Model) 7—# % H\\ T, K&UELITE
FOWEILBORF R EZ1T o7,

FHEfEIK T 5km X 5km X 1km & L, DEM - DSM 7 —# % T 3km P45 DK Bk AL
PR O M F AR L A T8 U7, BERAS I, KA AN 5m, $AEL S ANZIE 2.5m-20m D
RERMRE LTS, FREOMITIIBAREA R L, UGS - SEEEEEL AW E LT
HzTn%, &Y - Mo RIS DIALEEZ W TEI L T\ 5, TORIIZIE, FOBhE

_48_



JAEA-Review 2019-017

2SR CRARMICADOENZ/E D HT 72D/ S WEEH LR S, KEELFREEZED HL
7oo B L—H I A13mE & 150m OHFRES X 0 AL 8T 1 RFREEGEAYIZ U S 72, ARNEE
BREHHE L LTV AT, [RBERIEIFBWIEED 7o SLIRBE AR E, S A XA R 2 JE s L
T 1T 3607 Wratll v TRIES S DRARSM & Lz, FHERMIE 1.5 B & L, & 30 43
I E LKA EY T o027 v A E Lz, 3B A A L 2T v T
0.05 & L7,

M 1 CBRREEESS 2R, BEREN O Sz b L—T A1, TIRIZHE D DI LA
AP > T E | 1L.5km FBREHENT- & ZAIZH DBIARBEOFTIZEM L, B iAF TR
FRMD,

K1 FL—¥H2AOBRMIEES (EA S EHRIC LA IEHE THL720D,
FEEROIEYIR I R~ H D TIEARYY,)

ZO XD %E km WIJF O JRPTIRA 7 — /L O M d IR A & S fRRe EH LA 11T & 0 R
il LU CREIE O KBS G G S R 2 L — 3 a U 51T - o FElEE N A3 D T
BT AT CTHEMERE N E VR D, AT IS L Y | B A 7 — s B80 Cat) -
BIA - I HE 2 X3 U CHURMAZAE IS K D15 Yl 2 FEAIICAT © 2 E S ATRE & 72 0 | i1k
AR JEER OB L 2D OBRICE TS5 2 LN TE D,

Q) HRUYRMER, TLRARR. RXHE):

1) H. Nakayama and T. Takemi, “Large-eddy simulation studies for predicting plume
concentrations around nuclear facilities using an overlapping technique”, Int. J.
Environment and Pollution, Vol. 64, Nos. 1/3 (2018).

(4) SEOMATFE:
BRTCEE ORI EIL, KRV I 2 b —Y a VETARLKGEN e LiIc kv o =558 T
—Z OFEMANNC L D BFRERMN T TORBIERAHGERGIE S I 2 L —a Y 2FATL,
T2 Y T RAPTHRONENT — 2 & HBHGEEZ1T O TETH D,
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547 IRKBIRMREMNGRGIS CORBRIREICSZAS2E

Influence of Eye Shape on Tissue Absorbed Dose in Standard Radiation
Fields

LT S5
HHREE B AT 2E 7 0 —
(1) MABH:
ANDIRERIZITZHRER D DI 0o bT, 2
AWE COMRKRICKH T DMEF R I 2L —T 3
VI IRIEETOWE CEER 72— D DET L KERAE

B S AT X o, % =G AT, JoHa) i

B A7 HAICE XAFMHELT, €7 vmfk
BHRIAEE B = — F PHITS (2 Lk v | IRERD K =
SROBTE B EF TG 2 DB N1 5, 2
DOFFHTTIL IR LT R E S OB D]
REZRBUERERE T /L (X 1) % ICRP Publication
110 OIEHER 7 BV AR T 7 b ZOFATRICHL
DIA TR R B AERRL LW < DO EARAY 72 B 5
SMETEE Y S 2 L—3 3 U ARITO AR IRR
FEADIRERDIEIREAL DB A R 5, 1 fEpTBAEURERE T L

SRR

(2) FIARNE-BER:

AAFFETIX, BUEIRERET L D/RT A —Z 208 U, 5 FfH (FEUE, KA, /R SEfRA,
BRI ofkEHE L, BAOZ XX —DET (0.5~8MeV ® 16 41), X7 (0.01
~10 MeV @ 13 ;5) KOHMEFT (105~100 MeV @ 20 &) % 7 FEOKME&M (R —1% 07 -
AP, A1) : RLAT, & 5—ai% : PA, [0lfiz : ROT, £ 45 &, T 45 RO L 45 ) THKIE
WOIRERE T VARG Uiz, IRERNORERN MM & U ORI, BRI, B, St s 8E
L. BHRR o 2 IR E O RHRZEN 10%LL FIZR b X oic, BT, K TROHMETO%5
ARE 145 % 3X 107, 3 X 108 {E & T 108 EIZ5%E L 7=,

B 2 1I2f5 B AR EMERO— Bl & LT, 5 FEDIREKET MK 2 AP B S T OIRERN
AR OKERIR, AR, MR, AR ORI EZ =T (B X2k e K2h, Fik
T2 ), B E —RIRE LG MR OTR SALE S RIR B OFCEIR 1 L 720 155,
FRFTIZ R D | BSTHROD = 20 L3 —HE N A 5 WIURR B OBV IT R & < | AIRERINAET T ICArE 5
DA% OKEIR, BERIK) SRBITITALET DAl (B, FLARRE) o Zoicnshs 2 &b
Dofo, IRERORKE SRR OZEAITKET 2 WIR EOZEIL, FRPEO T\ WE 7R 055,
IRERD A, R OR SME ST D720, BEFICHER ST, ZHUTK L, R
HFPE R CIEE AR AR T, BHAIC =RV F =2 555720, IREROKE IXLRICL D
BN NSWZ ERbho T,
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Q) BRUARMER, TLRHER, wXF):

1) & HEskE, D. El Basha, S.S.R. Iyer. C. M. Correa Alfonso. W. E. Bolch, “HREFEAfIZ
WD A X8 L OIIROZE TS ATRE 2 EEIRERE 7 VORISR, A AR /1774 2019 4
FEOES KF, 2019.

2) T. Furuta, D. El Basha, S. S. R. Iyer, C. M. Correa Alfonso, W. E. Bolch, “Development of
a scalable and deformable stylized eye model and its application to the standard
radiation exposure geometries”, ICDA-3, Lisbon, 2019.

3) T. Furuta, D. El Basha, S. S. R. Iyer, C. M. Correa Alfonso, W. E. Bolch, “Dosimetric
dependence of ocular structures on eye size and shape for external radiation fields of
electrons, photons, and neutrons”, J Radiol Prot., Vol.39, No.3, pp.825-837, 2019.

(4) SEOFMATFE:

AT AUZEDT 7 m —F 2 IRERPHLRIC AR B 2 S P S8 2 U RIRIR ORBUTE A L, IR
YA AR DEND G- 2 5 B HOWTIIT T 2, ZHIZ KD | BEHERZRIRERZA8E L7z
BUR DIGHEETEIAME 2 5 Y A Z 12OV T L TV &E 720, IRERO B FHMREE I H 1T D& 4k
JERSFHRT DB KGR OMHBBAL 2070, 5B ARV AT LZRM LT, 51&#H
EIEEITO TN FETH D,
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548 EFRFERARETINEFESERFR-RFREEICETENAAERIIa
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Application of Quantum Molecular Dynamics Model for Simulation of Pion
Production from Nucleus-nucleus Collision
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Evaluation of Dose-conversion Coefficients for External Exposure to
Radionuclides Distributed in Environments
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Development of Analysis Function in PHITS
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7o ARBHFE T B L7= PHITS 23 /)7 % DCHAIN-SP O A ) 7 7 A V& G rirte iz b DL —F
v EBAET D,

(2) FARNE-ER:

ek D[T-DCHAIN]Z U —I%, #5E L7=K L HE S ICBIT ERTEOMEE L OEE O FEH
AT 5, —FH. xyz A v akOrz Avia ’i’ﬁ)ﬂﬁ‘é LE XMRETHEMITIZEDOE
Wic b s ng, 207D, BUROHARZ#EH L7256 13 E « OB OO T R L OGS

DOIERZEH T D120, 77 ANVBEBERIZRDIBNNSH D,

22T, [TDCHAIN]# V=i Txyz A vy afizidrz A vy a2 BELEEAIE. ~7 U
TIUVEBLOE~T VT VO HE, iHils. W AEEENO DT =22 ML, v T
xyz A v afB L, FEETOFRMETR, KE, £~7 V7R E?Sbéﬁﬁﬁ@T_ﬁﬁi’i’:ﬂ
HT2DEIICHBR LTz, 7=, DCHAIN-SP O A7 7 A )Vt rirh )b —F AT, AR D1
BBt AIATEREE 2 T T2 ISR Lo, 2L W, DCHAIN-SP O AT) 7 7 A VISERIC72 5 Z &
Z A CE T,

o Rz, [T-DCHAIN]# U —i X OV DCHAIN-SP (2817272737 A — X “mtscore”’ &
BINL7Z, 22T, “mtscore” D72y 0 D & X1E, fEkEm Y 2 To~7 VU 7 /) DCHAIN-SP 12
THEE I, “mtscore” DIEAS 1 L/U:O)ia/\ I XTIV TNESERELTEO~T Y T ILDH
73 DCHAIN-SP TEE b, Tz CBIZE, ERE a7 ) — M EEREBICE VLT,
ay 7 Y — M OFHESTEET T%?EEHj Lnf%ﬁ“é LxEAREE LT,

R L7oBRe DS & LT, 130 10em DS RD a7 U — MZ 100MeV O B — L%
E—AER 0.1pA T 10 B H Lz & X O iEoRME{ %3 H L=, PHITS ©
[T-DCHAIN] % U —Tli%, 27 U— ik E 12OV E Lz reg A v a BB LU, &
S5m (z fil) (2B LTl lem TA v a2 RXE)- 7 xyz A v ¥ =2 A 2 544 DCHAIN-SP
DA T 7 ANVEAER LTz, %7 74 V& FWT DCHAIN-SP OFHRZITV, Wit HERE RSN A
BT HZ AR L, BF LR O 42 MGl L7z, X 1IC PHITS CREONEET7 7 v
JABIOFHAT7 T v 7 AOZERH, X 2 12 DCHAIN-SP TH LN -AESICBT 575E

_62_



JAEA-Review 2019-017

BRI ZA LA T E T, 100MeV O+ D a7V — FHIZE T DD 4.3cm T,
ZAUTH Y T 2R S AR CIEFFE AN SR 3 5 Z b o T,

P bo X5z, PHITS (2L W FEMAREDZER 7 0 7 7 A VORFENAREE 72D L & BT,
DCHAIN AJ)7 7 A NVOVERRIZE T A RE & AR L STz, £ D78, DR ERHMEE S0 147 72
EOFHEIRFHREDFHEICH T D PHITS OFIAILRAHIFE SN D,

y [cm]
- £
Flux [1/cm*/source]

0 2 4 6 8 10 0 2 4 6 8 10
z [cm) z [cm]

X1 a7 V= OB rBLORMHT7 T v 7 ADZEM 4
(y il - EFHm, z il @S J5m)

1011

<E—LfEiEE | — total

107 N

0 10 20 '3‘0 46 56 60
B5%I [min]
K2 =7 U— MOFKERIITBIT2FHEREEE DR 2L

() HBRURNEE, TUAREK. WmXE):
2L

4) SROFAFE:

A1% % PHITS O DCHAIN-SP O R 2D 5 FiE Th 5, PHITS O—#i72 % U —TIi,
Xyz A7 VT Ay va (xyz) OFPEMREE xy, yz, 2x D _IRILAN T —27 TFAX—Ta v k
THITTHHREN D> TWbD, L L., ko DCHAIN-SP (Z13%F OERED M > > TR,
% Z C.DCHAIN-SP IZBWCHERMELY “Rh 77— T AL —T vy hCHATELH LI
DCHAIN-SP # % B 7 %,
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5413 HF—[REFEICELSD SARD Cs REZEEFTBE VSV HELEYOTE

Evaluation on Cs Adsorption Behavior during SA and Uranium Phosphate
Compounds using First Principles Calculations

AR sk
PERE = AL AT B 56 7 L — 7
(1) FIAB®:

BUE, WEEH IR EN (IF) (BT 2887 7 VY LIS 72 B D A0 K R
YETT 7T (SA) OFBAICKT HRLDT D, B SA ROy EA Y (FP) @
Jic - AT B ORI FIE DR LN ED LN TWD, Z DD IFNEREEICH D7 L (Cs)
X3 v ERD%ED FP OILFEEZFE LT FP O(LFZEE &M 2 LERH L, FP OFTH,
FHNCH7 0 ORI « BEUR L 720 2% Cs OEEM ~OILFWAEZRBOMIAITEE CTH 5,
L L7em B 1F FBURHT 5 & B8 HE SN D IRESCRIHRSE TO Cs DL FR AT 5 F5
R Cs PHEEMITALFEWAE LI IR OHER 1Z+53 Tid v, £ 2T, Cs LR AEZEE D 2
= RALEFIAL ., EAUTEDS ZFERIRIUSEES D Cs OZEBZ T WU T 2 0ENH D, Cs
IIHEEM DR E T Si & Cs-Si-0 RMEEMETERH L TRAET D Z L AlE SN TWD, £z, 1#
WM ~D Cs DALFRAEEBRDBED L TEBY | Cs-Si-Fe-O ZLEMDIFENRIE I TN D,
IS DIEAWITITTE 2 OB B 0 % 2 FiE N B2 B 720 AL AE 7 1 ZTB W TR T
LN LWMEEMERET 2 Z LITEETH D,

F 7 S PEBEEEY) O JLBRAL Y (AR B BN B IE IS 38 1T 2 BEZEW O MR G B R B B R B D —
BRE LT, HBRLS SN2 7 ACEMORIBITRB O KO T D, ZDis), H
RISy ENT=T T ALEHOFTHEREE R T T I O ERBREECA L A B = X b ek
EAOLNCTHZENEETHDH, T T, U T IR OREMERE TIRIEOFHE 21T 5 &
ERH D,

AIETIX, BB E A AT, FRREIZKIT 5 Cs DILFIER Cs Rris & s etk
HEOFEMOFARICAE A Th L X #OE 6 (HAXPES) Ot FIEAHET 5, 20
HAXPES THEOLILLFIR, S HIT, X HRINEHIRESE (XAFS) S THOND RIS,
AIRIBEOZEMHICET R, KO, T~ o iEHEOEROMN A bl S o582 Of
T+ 2 2 & T Cs WA 2 HEET 5, /0. U7 VR ORENELCE TIRIEDO M %
7272, ERPTH D NEADOHEERFTT 2 L L biT, VT HERBIEY OREESSETIR
He & o — IR B EH R TR 9~ 5.

AT T D IR R T H - FEHEO T e —FTh o2 b, WL Cs D)
FTREIE ORGSR B ISk U CIRRRBRA e FIE CHMAR AR A5 5 Z L3 TE 5, T ORI 7227
Frickiox ., Cs OWEZRBO IR L /2% Cs DL FEIERC Cs AFTEE & # AR O 214l 23 Al 6
7%, ZOFHEIZHESE, Cs DZEEZET /L L T Cs DLt - BATHEE O T FiE O & it
HHZET, BT 7V IRY ED 1F OFEIERTEIC L TR AR T 2 2 L3 mae & 72
%D, Fio. NEAOHEERE LY 7 BRI O 2 E 0B IR AR O BN & FERR BRI T 15 TRE
g 22 &2k, ARBRESCAERA =R L - BEMOTHIORBELEELT 2N TE D,
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(2) FIRRE-#ER:

ODFT #EIC X 5 Cs (L&D HAXPES 22 MUV FIEOHESE
1F OFEWF IRV TIL, e BRI - FEYR & 72 5 Cs OIFNICIS T 5045 & MR ORI 23 &
EHCThbd, £ T, @ik THENEEM SLFPRICE AT TRAET D Cs{LFWABIZRIZHER L.,
DX EMRIAT D7D OMEEITH->TEY ., Cs ALFEWHFIZL Y AR LT Cs (LEMDOIEIRE
HAXPES T XV FEli L TV 5,
HAXPES A7 MG OMBYLFAIRIEIZRET 22 OFERBEEN D20, ZOfE
WM FEOREITEETH L0, FRME =R/ X —fHIR CH 5B RKE NV Cs 5p IS T 5
AT MViE, A CHUEFEERIZ XY Cs bpre & Cs bpse DERTITAHY T 5 B —27 D—H
NER->TEY, BN TH 5, £ 2T, DFT #H5H %A/ HAXPES 227 kL OfEHT
FIEDOZSD, 20 Cs bp DY TS 2 ODER ST — 7 0BT D AFZ— L E2HEE LT,
DFT 352 L% HAXPES A7 MVOfEFTIL, KHuERS OREREE (DOS) 121 41k
WEfEEZR A2 LIk o THEICART ML ERD, 2NHEZERIZCLZ VLN AT |
NEWTHZ LIk VIT), DFT #HREICEVROT-ACVHEMAERARS 255D A7
ML, HERE SR & [FRRICE— 27 OZBERBIN A0S, HEE— 7 IS T 50 O F G 27 C =
RNTED . ZOFEE TIIWE L FIREDMIT N A AIRE ThH D, £ T, ENENDORICERK T
HE—71E, AV UHUEHAERZBEETEIE L7 Cs 5p s (B — 27 3438 L 722 WS SRS
bID) DERNLF—Z L7 FSELLOODOBELFE L TEAGOELZ LIZLVREND &
REL., ZNTNDOMGDOE XN —DT 7 MEE /N _FEICLY A U HEME/ER %
BELIEHERERIC T4 v T 4 v 7T EICKOVRET DA —LEEBR LT, RAF— L%
AT, REMZ Cs bFRELLEMTH D
CsFeSi04® HAXPES | iE i B DT 217 - 7=, .
7235, DFT #8213 WIEN2k =2 — K& FIV e, r
1 ICARAF—LEHNTEKRDZ CsSiFeOs
DA F 1> HAXPES A2 b L Z | E G F &
el LR, BHREICE D RD AT i,
Cs 5p D E—7 L HIR=RALF—{H]D 6.5eV f
WONSVE =7 TREN D HMHEE S DT \
Bl B A BTG - &b AR F— pa Nl
AL CsSiFeOs B— 7 ORI T & % 6 14 12 10 8 6 4
ZBN5, Thbh, AAX—AT Cs bpie & Binding energy (eV)
Cs bpse Oy # Bt L CRMlids Z L2k v
{EFARAE DFEM R MEHT DS T RE & T2 o T,

CSS‘iFeO4

Intensity (arb. units)

X 1 CsFeSiOs Offi7E k> HAXPES
AT MV ORERER L FHEER

QOANFBIRIRD 7 T BRBRAL & W) DR SR

NIRERZIZ Y 7 A IIRN S SAFEL TR Y EERU T i E LT, BALHF TIIBEIK Y
7o (CREY) 55, IERRALHF TIINBA (—REW) E0nH 5, BIRY 7 o a%00 7
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FAL G O BN BT 2 5 OB 2 BRI T — 2 (BREESS) 13Tl BIET
LIS SN TV D, ZRDO T T VERL A OERZEENT, HERW Y STy T ik
LB O EMBATHEICET 5720 NEASHIK Y 7 U ADERA I = X AOfITEE T
b, ZOAN=ALORPAO—ERE LT, NEASHEIKY 7 o 1 OREEDOFEE1T 5 ZIE
PERE OB —Bef & LT, FEmEE O 52> TRWATBA OREIE & /Gt LT,

BEIR D 7 2 ORI DWW TS S s ST b, —JF, ABEAIIE T ERSHE S
NTWAHD, fEdEEOFEIZH 0 Cldien, £ 2T, AEA O mMEEOKT 2 DFT #HH
IZE 0 757, FHE = — RiE, VASP =— R& o, AEA OREEDFEMIZE 6 Tlheunzo,
Mga(S04)3(OH)2- H20 Z# I LT, AJEA DML TH 5 UCa(POs)2-2H20 & 725 L 9512, #IH
HiEDET N E LT UsCaz(PO4s4H:0 THE

PRSI B B T TR L C ARG % 520 L7, R1 NPHOR@ET
NERIZ OV TEERE & AEF I LD 3 HEEES A
B2 R 1Ot RFERITE a 0.622 nm 0.678 nm
10 %fEEDETH D | BSFEIL 2 NIREDETH b 1.347 nm 1.21 nm
olc, —J7 BERORSE S FIZE T ST LT c 0.583 nm 0.638nm
HEMSRIE SRR TH o 7o, BEWRAE & FHER R a 82° 90°
T D & P EBITORORERENDH - B 93° 90°
Ted. WEOET/NS < HALEK T ORI Y 87° 90°
U:2Caz(PO4)4-4H20 THD EEZHILD, RFE 0.512 nm3 0.523 nm3

(3) MBYANMEBEE. TLAHEE. RXE):
B i

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, 127,
pp.169-177 (2019).

FRTR

9) GRS, FESIEE, . AT B REHFE () AT T R 0
PEREAE, FAJEF 154 2018 KOS, Il 2018,

4) SEOFIAPE:
SA BT 5 Cs WMEFKEBOMEAO—E & LT, fiix @ Cs-Si-O ZbEW & Cs-Si-Fe-O %1k
B EOEREY)E O HAXPES ORIERSFIZx U CHEEE L7 k235 & & bia, fi#T
FHEEZURT D, £7o. U T VERICEYM DR EEDOFAR O 726 HEE AR 722 NA ORI % fif
45, 6T, A LTEEICESE Y 7 VbW OREME L B HIRBOM T 2 ED 5,
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5414 BKIFBEEEHTTOD Cs ETVU T EE

Cs Modelling Behavior under LWR Severe Accident
Miradji Faoulat
PEREm EEAL BT PR € 7 L — 7
(1) MABRM:

This research project is related to the decommissioning work of Fukushima Daiichi
Nuclear Power Station (1F) and the occurrence of light water reactors (LWR) severe accident
(SA). Fundamental research of the fission product (FP) release / transport behavior under
LWR SA conditions to elucidate the chemical behavior of FP can be conducted by specifying
the chemical form of FP such as cesium (Cs) and iodine (I) in the furnace environment.
Among FP, it is important to elucidate the chemisorption behavior of Cs into reactor coolant
system (RCS) and primary containment vessel (PCV) regions, which could be subject to Cs
chemisorption processes due to Cs mid-term irradiation onto these structural materials.
Regarding the computational part, we combine computational chemistry and material
science (crystallography) to evaluate fundamental properties of substances in the context of
an LWR SA. From the electronic structures, using Density functional theory (DFT), several
physicochemical properties of the system could be derived. This provides valuable
information on a material's chemical makeup, polymorphic form, defects or disorder. It also
sheds light on how solids perform under environmental changes such as temperature,
pressure, and stress conditions for evaluation of Cs mechanisms under LWR SA.

The objective of my research is to determine chemical and physical properties of Cs
substances, including thermodynamic and kinetic parameters. The outcome of my research

focused on the improvement of Cs chemical modelling under conditions relevant to LWR SA.

(2) FIANE-FBR:

DFT can usually provide accurate answers for large systems such as clusters and solids.
For atoms and molecules, the results from DFT often rival those from ab-initio quantum
chemistry, partly because larger basis sets can be used. Coupled-Cluster Singles-and-Doubles
(CCSD) methodology is the most accurate, widely applicable approach for the correlation
problem in molecules. DFT and CCSD methodologies allowed to bring relevant results in the

studies described hereafter, using among other the VASP and Gaussian codes.

(1) Thermodynamic Properties and kinetic parameters of Ruthenium in LWR SA conditions

The review of thermodynamic data of ruthenium (Ru) oxides reveals large uncertainties in
some of the standard enthalpies of formation, motivating the use of high-level relativistic
correlated quantum chemical methods to reduce the level of discrepancies. The reaction
energies leading to the formation of Ru oxides RuO, RuO;, RuOsj;, and RuO, have been

calculated for a series of reactions. The most suitable method for Ru compounds is the use of
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TPSSh-5%HF for geometry optimization, followed by CCSD for the calculation of the total
electronic energies. This methodology yields very accurate standard enthalpies of formations
of all species, which are either in excellent agreement with the most reliable experimental
data or provide an improved estimate for the others. The developed methodology was used to
reduce the discrepancies of Ru oxyhydroxides thermodynamic data and predict the new ones.
The highly accurate ab initio thermodynamic data of the Ru-O and Ru-O-H systems were
used as input data of thermodynamic equilibrium calculations to derive the speciation of
gaseous Ru species in the temperature, pressure and concentration conditions of LWR SA.
Reaction mechanisms of Ru species with potential air radiolysis products from SA conditions
(nitrous and nitrogen oxides) were then derived to explain Ru transport mechanisms in SA

like conditions.

(2) Evaluation of fundamental properties of Cs silicates by first principles calculations

Theoretical calculations were conducted in order to provide the unknown thermochemical
properties of Cs-Si-Fe-O systems for the establishment of Cs chemisorption model based on
the mass transfer theory using VASP code. This method was applied to obtain the geometric,
electronic and energetic properties of target species. Phonon calculations in the harmonic
approximation were performed to derive the thermodynamic data. The computational
methodology was validated by calculating the thermal properties of Csy;Si4,O9 revealing a
good agreement with the literature data as shown in figure 1.

To compute the fundamental data of CsFeSiO,, several configurations were investigated
with only one available in the literature. These calculations allowed to predict the
polymorphous behavior of our substances, not known by literature, confirmed in our last
experimental measurements. Indeed, as one could see in figure 2, CsFeSiO4 was derived
within two crystal structures by the DFT calculations. The last experimental measurements
obtained in 2019 showed two curves, following each one of the DFT derived crystal

structures. These calculations predict and elucidate accurately our target properties.
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— 4 Cpexp 201711213
€250 < =120 [oporren
g Ui X —— Cv DFT PG,
5200- _____ e 5 1004
---- =
A S, 80
G 150 ‘,.;‘:. >
° g S 60
3100t — DFT P-3cl 2
a R L 40
§ 50t );5" DFT P-3ml ] Y =-3.07668+0.83783 X-0.00125 X'
', ...... Exp. ke 20+
! r - - - 0' ¥ T T T T T T T
%" 50 100 150 200 250 300 T A P T

Temperature (K) Temperature [K]

Figure 1 Heat Capacity of Cs2Si4O9 substance
obtained by DFT calculations compared
with experimental PPMS measurements.

Figure 2 Heat Capacity of CsFeSiO4 substances
obtained by DFT calculations compared
with experimental PPMS measurements.
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() BRURNER, TLARE. HXH):
[Peer review journals]

1) F. Miradji, C. Suzuki, E. Suzuki, S. Nishioka, K. Nakajima, M. Osaka, M. Barrachin,
T.M.D Do, K. Murakami, M. Suzuki, "Modelling of cesium chemisorption under nuclear
power plant severe accident conditions", The 9th European Review Meeting on Severe
Accident Research (ERMSAR) 2019 Congress, Prague 18-20 March 2019.

2) F. Miradji, C. Suzuki, K. Nakajima, M. Osaka, "Cesium chemisorbed species onto
stainless steel surfaces: an atomistic scale study", J. Phys. Chem. Solids, 2020.
(Submitted) doi:10.1016/j.jpcs.2019.109168.

[Oral communications]

3) F Miradji, C. Suzuki, E. Suzuki, S. Nishioka, K. Nakajima, M. Osaka, M. Barrachin,
T.M.D Do, K. Murakami, M. Suzuki, " Modelling of cesium chemisorption under nuclear
power plant severe accident conditions", The 9tt European Review Meeting on Severe
Accident Research (ERMSAR) 2019 Congress, Prague — Czech Republic 18-20 March
2019.

4) F. Miradji, E. Suzuki, S. Nishioka, C. Suzuki, K. Nakajima, M. Osaka, T.M.D Do, Yuji
Ohishi, Hiroaki Muta "Comparative study of Cs silicates properties between DFT
calculation and experimental data", Atomic Energy Society of Japan 2018 Fall Meeting,
Sep. 2018, Okayama — Japan.

5) F Miradji, C. Suzuki, K. Nakajima, M. Osaka, "Structural and thermal properties of
Cs-Fe-Si-O systems under LWR severe accident by DFT calculations", High Temperature
Material Chemistry (HTMC- XVII), Jul. 2018, Ekaterinburg — Russia.

6) F Miradji, C. Suzuki, K. Nakajima, M. Osaka, "Quantum modelling of Cs substances in
the case of LWR severe accident", Atomic Energy Society of Japan (AESJ) 2018 Annual
Meeting, Mar. 2018, Osaka — Japan.

[Poster]
7) F Miradji, C. Suzuki, K. Nakajima, M. Osaka, “Quantum modelling of Cs substances in

the case of LWR severe accident”, Collaborative Laboratories for Advanced
Decommissioning Science (CLADS) Fall Meeting, Feb. 2018, Tomioka — Japan.

(4) SROMATE:
7L
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5.4.15 FRERBZEETMZ B MELBHERBITFEDEE

Development of Multiphase Simulation Method for Thermal-hydraulics
Behavior in a Reactor

K, EWOEZ, gk BT
BB E AN B % 7 v — T

(1) FABEH:

JRFIF N OBRENZE BN ERERRF O FI 2 S T R EDOFAF OIS0 D 5
e REMEHEICEE TH D, SARRRMTH LT, BIRBIZEE ORHE 25 A 1256, W
SINOBAEIFNT OB MEE L S D, WAESRGHREOM EE2E 2 7254, CFD ([2H5<
BBV B ORAM AN K 6O B 528, FRITRFIFN TR DAk~ Z2IBMRAEENITS LTI, Th
Z LRSI T & 2 AL STV, £ 2 TABE T, BN L 9 e R
AT LT, CFD ICH&S < IRFRRZEEMT THEZ BT Z L 2 AL T2,

(2) FIARE-ER:

5X 5 FRFREHE G IR K O i 2 77 L— M3 2 “HATL S BT 2 5506 L 72, FHRIC
X, EEY AT A LA HNE LA —TF AT LV EZE AL ACESD 22— R&HEH L, 5
RAEMEL UTHEEIRBHES R T L D 2R, B LV AT LA KETRASETZ, ZOBR, 2R
AREZ LS ED T LI XY BEHEREHE S RICR T 2 “HiZEE 0@V 2 Blgg LT, 22K
PMENG A, BRSO ART LA KB TEOMREHMES NI~ T L TV 223, 22X 234
IF DIZPENTEKR BB L, B S A 70— FEBIZIR W TERDE & TO DR 2R S 41,
THUFER TR ONHG L EMAIC B LT, £, EXMEICH T D TH~DO%E T4 5KD
BIIEEANCERAE R LR RD —B Lo, Ik BEES RO B2 A 7 L— M2k
D AR EE 2 EVERICHBARE TH D T L E R LT,

B

L_";l-

() BRYRMZER, TLURER. BXE):
1) T. Nagatake et.al., Study of CCFL Two-Phase Flow at Upper Tie Plate of Fuel Bundle to

Evaluate Spray Cooling Capability in Spent Fuel Pool, ICAPP2018, Charlotte, USA,
2018, pp.414-420, USB.

(4) SEROFATFE:
SEOEREEEZ, 23— FORREZEHELD THHRT 2 TFETH D,
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54.16 HBEHERAOBERERERFEZEILD-HD ZHBREEAENT
Numerical Simulation for Establishment of Evaluation Method of Critical Heat
Flux Based on Mechanism

NEF R ER OB, SR &IT
BuRE B 7 — 7
(1) FMAEM:

BVTRENARB R 70— 7 Tk, BOKIF R MO LR X ORERREF O R TE O Rl b 2 5
EC, BEFHME EOFRE E SN TE MBI 2BREBATH S [TRABGEAR ] 12OV T,
KGR 72 PRI FIE OB AT 2P 92 232 h B 7=, ARFZETIE, BEDRM]., B0 72 31 )
Lo T RIS U CL RS AR R R 2 R T TV D R oTREM AR 2 R TR o HI
FAAT Z & T, WERIFZEL 1T R D T L — 7 20— AR T, ZTO0IiE, FRIEHEFE
DR & 7o S BBNEICFES < B AT = — K TPFIT OFE « R AE1T5 L & bil,
TPFIT % v 7z “ABURARAT 2 920 LU, BRAABR S I FE IS T 72 BRI S LB TH 2

ARBFZEIC L0 | KRR 22 BRI BN R T I ORENL AN AT HE & 72U, BKIF OREHE A K %
XL &7 DB EE TR DR G L B RFHEIC BT 2 KB v 7 7 v 7RBICED B A O
K& K FET 25130, HFHEEOBREFRICBIT 2REESHR T DY OBFEI I D 5
THZETHZENTEDELDITRY, BITIC X2 EEE R L E2lA A RE L 72D Z L IR S
. BB OBERITRE WV,

t=2.0ms t=3.5ms

(2) FFARE-BR:

<TPFIT % F\ 7= 50z B it >

WAL 30 EFEDOHFEL LT, ERTEEB X
OFHAIT 2 Z & A3 R #E 22 O 70 KA 28 B 12 D
W, TPFIT & W EE B 21T > 72, FRA
BRI, KA FICAFET DIRIEOEFIZ XL D
MEEIC L > CTRAETDEVIHBDH Y, HHD
FHFEIC L > TEOWREE RIED 2T T
WBHEHERINTE T, 2O HHO—DIZ, XJd
PR IC KA O MU AFET DRI G IRTE N
WCIVIAEND L VWS ETANRDH D, LHLAR
MDD, KIARLREAET 5 & S ITHRIEAEY A
FNdEVH are T MIEBRMICGEH SN T\ AFETIEHEE I 2L —va %
HWTZ OREEVEIZ DWW TRET 21T o 7o, BN CliE, X 1 IRT L 5 IS LI b2 5
BEP, RHAOEEITFY 7 4 AL ORKOREH LT L7, To/ 5 A —% L LT,
JEH, AV 7 4 AR, RERREH UEEZRAL, JEESAEKRE H UEE L, Kok
EEERDZERDD 5T, K 217 T L 9T 4 >DOXIANES L= ZICKIADNEIC TR
DERVIAENTND Z EBbhole, £lo, KRR B ERBIZIE S EWRVAEN D

K 1 AV 74 ANLDRGKREH LD

SIADHES
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BIRFFEPEAD LV ZE K3 TR LAY 7 4 AMEEERREL 0D T E TRV IAE
NOBIKETENEA D L) BT VOMA &2 EPERIC B LT,

1

08 |
06 |
04 F

(I TS T P S S
0 0.5 1 1.5 2.5 3

Liquid volume inside vapor mass [mm?]

9 Tﬁ N Hﬂ_};_ Iz 77<< /ﬂ D Ij‘] *B Distance between orifices [mm]
(ZHUD 7R S D HRIR B 3 WRIKEGAZF L AV 7 ¢ A[REREE

<TPFIT % AV 7= 4 X4 3 RIVERKT >

T X DRREG R OHEIC LI L 72 5 E A 155 72012, TPFIT % v 7= FEHHHY
DN ROV 2 TR T 5, TR IHEIC & 5 mERBR L — 7 ICRE STV D 4X4 N b
RBRIRZ IR R E T 5, 4X4 3 FARBISEIZIE, VA YA v a2 BRI 1T bh,
EURORA RRZFHT 2 2 LN TE 5,

AL TIE, AX—=H 7V o RNREUA YAy a2t PnEE L ThH85F7E TOD 450mm
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() MRVANZER, TUAREK. WXF):

[EFR IR T DR (BHiA)

1) A. Ono, T. Suzuki, H. Yoshida, Numerical study on effect of pressure on behavior of
bubble coalescence by using CMFD simulation, Proceedings of 26th International
Conference on Nuclear Engineering (ICONE-26) (2018).

2) A. Ono, T. Suzuki, H. Yoshida, Numerical study on effect of nucleation site density on
behavior of bubble coalescence by using CMFD simulation code TPFIT, Proceedings of
12th International Topical Meeting on Nuclear Reactor Thermal-Hydraulics, Operation
and Safety (NUTHOS-12) (2018).

AR X OO ETER (A HiE)

3) /NERRET-. HHEZ, SARETT. REM T ARVEARENT = — N TPFIT 2 AW 5Jaoz#is LW
AR B 2 BEE AR ZE(DIE D D2, A AR 111542 2018 2R OES | W, 2018.
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4) INERET. BRETT. EHEEZ. TPFIT IZ X 5 4 X 4 BEREMES RN “ BT, B A
R 11%4 2018 FERDES . WH, 2018.

5) A. Ono, S. Yamashita, T. Suzuki, H. Yoshida, Numerical simulation of two-phase flow in
4 X 4 gimulated fuel bundle, International Conference on Nuclear Engineering
(ICONE27), 2019.

4) SEOFMATFE:
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5417 BREWHFHEESHOTREFHEFEZORREICETIHE

Development of Numerical Simulation Method of Aerosol Particles Behavior

R AR, EHHOEZ. SR BT, WA EA
BORENV AT 7 v — 7
(1) FIAB®:

BREFT 7 A U L ——S2 L 0 SR TUIHIT 254 2RO 03 %84T 2
ETRIESNTEHY, ALIAOEHENLETH D, AT, BEIF LR THAET 2 U R
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WMABEROBEIL 5 m/s TH D, RFOEEIZIT CsLRi-DEE %2 A7z, RifdlL, 0.1 um,
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() HRYRAMZER, TLURARR., WXF):
PRI DimcsE R (ERLA)

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

2) H. Yoshida, S. Uesawa, H. Naoki, M. Naoya, Y. Ose, “Development of Numerical
Simulation Method For Small Particles Behavior in Two-phase Flow by Combining
Interface and Lagrangian Particle Tracking Methods”, Proceedings of the 11th
Korea-Japan Symposium on Nuclear Thermal Hydraulics and Safety (NTHAS11),
N11P0064, 2018.
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L BARF %4 2018 4EFk D K%, [, 2018.
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4. B233. 2018

6) _FEE—RR. R OERE. BRESE, FHEZ. [RIERETCTOZT v VR HREZEE) O Al AR
{LEHAL, 25 23 [FIEh ) « =RV XF =8y R Y T AF#EER U, B234, 2018.

(4) SEOFATFE:
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5418 BERRVEERICSTHFLAEEERRDERTMATFEORSRE

Development of Numerical Simulation Method for Thermal Fluid Flow
Phenomena on Severe Accident Condition in Reactor Pressure Vessel
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FnSCimsCEE. Vol.17, pp.99-105, (2018).

2) S. Yamashita and H. Yoshida, “Development of numerical simulation method to evaluate

molten material behaviors in nuclear reactors: Estimation of fuel debris distribution in
the pedestal”, Proc. ICONE-26, (2018).

3) S. Yamashita and H. Yoshida, “Development of Numerical Simulation Method to
Evaluate Molten Material Behaviors in Nuclear Reactors”, Proc. NUTHOS-12, (2018).

4) P. Chai, S. Yamashita, Y. Nagae and M. Kurata, “Validation and verification for the
melting and eutectic models in jupiter code”, Proc. ERMSA2019, (2019).

5) S. Uesawa, S. Yamashita, M. Shibata and H. Yoshida, “Free convective heat transfer
experiment to validate air-cooling performance analysis of fuel debris” , Proc. NTHAS11,
(2018).
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5.4.19 ADS REtD 1= DFMETRENERT

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

System
W . N s, ki R, ETR R
B ENANBASE 7 v — 7
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Q) HRVAMER, TURARER., WIXE):
A el i

1) S. Yamashita, T.Sugawara, H. Yoshida, “Development of numerical simulation method
to evaluate detailed thermal-hydraulics around beam window in ADS”, Proc. ICONE-27,
ICONEZ27-1972, 2019.
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Development of Multiphase Flow Analysis Method Based on Interface
Tracking Method
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(a) Case2 (b) Case3
3 Bl OB (BB AIEAR A, T KRR )

() HRURMZER, TLRAKR. BXE):

AT

1) FHHEZ, Current Status of Application of CFD Simulation for Improving Light Water
Reactor Safety in JAEA (NTHAS11 Keynote Lecture).

2) EHHEZ, TREEGHEIC L 2 RUE L IEDNE S o 72t o il B AR 7 7058 B s iAE
B B 2.

ISR KON O BT

3) EHHZFZ., AFHM=. 8ARETT, @B FRRE, WK —AVHICETTHHIET = v b
DAZAZEB)(B)FERFRNTIZ 35T D Befili g o OVZE IR e D288 A AR 71772 2018 -FK D
Kz, Fil, 2018.

4) T. Suzuki, H. Yoshida. Y. Abe, “Development of Numerical Simulation for Jet Breakup
Behavior in Complicated Structure of BWR Lower Plenum (9) Evaluation of Effects of
Fluids Properties on Jet Shape and Diameter of Fragments” ICONE-26), 2018.

5) T Suzuki. H. Yoshida. F. Kimura. Y. Abe, “Numerical Simulation of Liquid Jet Behavior
in Shallow Pool by Interface Tracking Method” ICONE-27), 2019.

(4) SEOMATFE:
TR ET, REEHNAIC IS < TARTURENT FIEBRFE D72 | k& 72501 T O iRt & KA Rk
ETHEE L T& e, ARIE FEMRBROEEE BIy & LI REBURART O R0, K —2K5%R D
A AL O R T O 23T T 2720, REGIEKZFINT 2 T7ETH S,

,84,



JAEA-Review 2019-017

5421 RISy aBRITxT S JUPITER O At EF M &ERE M
A Numerical Study of Applicability and Problems of JUPITER for a Splash
Phenomenon
HHOEZ, T E R B
BB AN 7 v — 7
(1) MAB®:

B i S 258 2 5 i AR O FEM 72 22 B O Z AL Ry T A EMIfEAT = — B JUPITER %24 MR
AEZ . RIEFEM S TORWE BRI A~OWARDOERICI DA T T v a8l Xk 57, Ly
EBN R A LD BIR A x5 & UCEM Lz, AR T, BXIEE KT K O T I T8 -
T - B A G DD Z LT WMLWEBIEZ(bLE D AT T v v a BIRICHHT 5 ik
BREOMMAMEZRTTT 5, DI, T RICE VBN 3R EREEHET L LT, A
7T v a BRI T D WERNY e A 1 = X AOHES, JUPITER O Z i35,

(2) FIARNE-BR:

ATl RN KOG EIZEB N T, ER) B 57 Deposition (. IRIEH 234
L72\Y) ., Crown Splash only, Crown Splash & Collapse Splash @ 3 DDA DFE 21T - 7=,
R VISR ZRT, 22T F&MIE. EZBRTROTMEEAL Y, 3 2ORMEEAENICA
% 1722 Weber %%: We. Ohnesorge %:0h, h*%K®, ZHIZHE L RD X HITRE LT,

® 1 BT A

r—24 Deposition Crown only Crown & Collapse
BRI K K K
fRATIREFH] [s] 0.015 0.015 0.015
fiF A ek [mm ] 15x15%7.5 15x15%5.0 15%15%5.0
B S (ST J Ay TRE J Ay ThE J VA TR
BERERME (2 D) it i it H Uit i
Ay vaf 600x600x300 600x600%200 600x600%200
A ¥ = lig [pm] 25 25 25
R 5 R [mm ] 2.5 2.5 2.5
MR X [mm] 0.6 0.45 0.45
R EES [mm] 2.6 1.5 1.5
i )0 [m/s] 1.79 3.8 4.4
h* 0.23 0.3 0.3
We 146 300 400
Oh 0.00217 0.00272 0.00272
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112 “Deposition” DEESENTFE R 277, X1 L0, %%, Crown AR, E L. A
BEL T BREHRTHI LN TE,

1 Deposition D FfFEHT#E H

212 “Crown only” D¥fEMATFER 2T, X2 L0 | BEfENTIZH VTS, Crown Splash
DIREZEERTHZENTET, UL, EBRTIIA LN -T2 Crown DBEIZIUAZE S Bigk
NHERONTZ, i, A v =28 Crown OBEEIZXI L TR TRWE=HTEEEZ BN,

2 Crown only D fFATHE R

312 “Crown & Collapse” DEEMHTHRER 277, X138 LV, Collapse Splash OF4E & fife
BT HZENTET, LL, Collapse Splash DFEADER T IXER 1TV LELR D, U,
2 TH R 5N Crown DBEEIZANZENTCLEIBRICL LD EEZLND,

3 Crown & Collapse DfEMTHEH

BNG = DFFITHER NG EERTHE SN HE - HIREERR 2 ARHE TE 5 2 & 2 HEE
THLELEBIT, TSR TRRENRH LN E o T,
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® iR DE

HAED LM TIE, Crown Splash @ X 9 72 FEF I/ NS WK 2 T LT D 72D A v ¥ = il
KTHVENDD, T T, BITEEEZRD 5720, FBRO XD RABHE FOERZTIERL,
— PRI E 52 TWD, LA L, ZOBRKREE LR 41273 T K 51— 2N IR 1 225
HENCERLTLE Y, —RIEHICEENEZ - TLEYI L, We b OhDMENELLTLE D
7o O FER & DR IR A T E 7R,

4 —RIEIHOLETE
® Crown BEDIT
NI QN 51279 X 912 Crown OEEIZANENT LE-TWND, ZOHBIIE
BTIIAON2WEHRTHS, ZOBRIE, Collapse Splash ODFAEDEETITEWEAEALTND
EEZBN5, Lo T, Collapse Splash # & HICHE B < FELT 5 72 DI21X 2 OBLR ORI
VEAFRTHDLEZEZDBND,

5 Crown BED T

Q) HRYRMESR, TLRARR. RXHE):

1) JAERE, IWTFE, KISEHE, A2, T -« REEZEER SO FZBRBIER & BdE., i,
HARRT /154 2019 KO KRE, HIL, 2019.

(4) SEROFATFE:
SRITTRL 30 AREERNH U 72 R A AR 5 72 60T B SV AR AT AT ONTRAT S O AR
At R A FEMT D, £72. Crown DEEZA U D 5UT DWW T FAMGE DB AT 572012
W72 2 KIABLEAT 2 FEhi T 2 M EN D D T=0, 5lEfiE ICEX 2R+ %,
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5422 AZLLEREHEO-OOEF-BEFIal—ay

Atomic and Electronic Modeling for Alloying and Defect Textures

e B B BT
MR B 2 9E 7 — 7

(1) FMAEM:

BRS (JREE) SN (GEME) - BEEICXET 2450 5 S (M) 13 RHC B W Tl b BE R
HWETH D, 1T TOMEFCIMEE &IEME - BIEIL N L— RA 7 ORRIZH Y L LV, %
ENVREOBSRE M IS BN B T 2B 2E & L T OB R ERALNTE 1, 1
WEREFOBRER FICix, K& <T TINTIC X 2 DFSIE & AD &4 bic X 28 B3 A <
ITONTEEN, TNENLTO LS RFENM LT 5D, DERRERIZ L > TEBO JIFIE
BITERHAICE DN D — 7 MBI O XA BIRNCE LT D42 2B CRIZE T 2 2 &1L
Th b, DG L > THREEMEE IERBRICEHE T 2 53T L A LM BTV Nz,
RRINZREZ TS 2 HiEBRRO 5T D,

Z 2T, AR TIZENENOFR AR L R D RIBEENICEBRT5L L blZ, A—/"—ar
— 2 &G L, (DOMBEICE LT, KIS %2 BT T 272D O RBIBR 7 Iab—ra v
FELRRET 2, ZHICED, ZhE THEx OREEDFHED L EFE > TR I 2
L—ya vk, OB E ORI RG 3EE U7 @ R FEh ~ ST 5 2 L3 H
REIZZ2 Y . REEOMELO I FISE OBR A IS ERT 5 2 L N AMREIC /e 5, £z, IDE K
REICFE D < B — BRI DML O I F R A 5 3 5 L AT 2 2 L A B & L THF%E
7D, 2LV, ZThE TREMIZTON CE =G48R LT, FHHEBSZZFIH L2
BEHIICERFT I IRE L 72 0 (EIRDOR SN = HAENICB W TR TR ICHE L 2V TR L D6
G OERIZKESERT 20 TH D,

(2) FARE-ER:
D) KHMBR A 2 = L—3 3 2 XD RIGEE O

HHIEIE TR E LTV LB TR, IR ETOMBIN AT L A8 & BHE7R R 2
DIDEZERNTT 5 Z L IIREETH 508 BBEE XM 2L X —DRT vy e DTy A
DEFEIC L DEINA~DRBELFERE W L TG Z21T> T D, £z, EBRE OILFTA e
JB D IIA B ZEE DATICE T LT,

(D) B4R L DER~OEEOIFRBRITHE

@O INEHEREEEh > A7 A (ADS) #FETIX, BMOEME L TEZX LN TS TI1 54 (Fe-Cr
H4) ORI ToO He Mfifb 2By 2 x4 & LT, 7 BCC-Fe O HIZIIT 5 He Mfaftod Hefi
AR ZAT o 72, i Fe 281 A<110> AR & LT 21~99 & TORIAERE 2 1Rk L 22 E M
ZEH L. He OIRHTY A SO 2 ED TWD, 72720, BMOZEML LT TI1 23 S 7
WEDHERLH Y | M ORE OIS 572 DBUIROBFEEN A 2 R LoD, i
HLHLVEND D,
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@ Mg ThE, RIS LB 72 15

k@%m@ﬁﬁﬂE%ﬂﬂﬁi 8577 5 0 mruccw

THIERbIoTHY . RED :E%Em' |.LJ_L]|I, | 50 e

Bl 26T 84 =z 00w Egsl” Ca Al Ti Y Mn Ni Zn Ag
Lo BAPTL

DEINORMEZRD TND EE

255, —OX S RRECk L FRIZE S R EEOMEE KT D EBOIEE

THEE a2 AR L LI RIR 0.10

=

RIE OB TS, AR £ |[702a% BT
7 i ) . ° 3 gogll®0lat% | ME-Ag- - - 3 - - s 20 1';”+7”
2T, BMICEHER O R e 1 | W”f |
\J 006 - - - - - e ol . S
MHG D THELTMT o8 500 ‘ Lo .
= : = Mg-Mf :
HAERET D L & biT, FEBRIC Ko 0.04] - -~ - - - - domnne-
_ 14 1 g-La ! 1
L7 2 TR A ORI §W}”Wﬁ¢ ,,,,,, F gl 1 L
HEEL T, B4 0RO HE~ DI i . BNRFTE M- H fMg | '

P ED &S 7 AT = X LT + Ha - 05 ! 15
B} HEIC & BisIE
BICHFHT et lic, 22 . S 3
o B R L O3 B2 FHRIC K DR L EROFINIC S & DBk
72 B 722D, FEBRTHIEE S Dk & 70 U O SRS & IV CESREDIC I L 72,
ZOFEFR, M 1I1ZRT 9512, Li, Ca, Sn, Pb MEADEEZRL, HIZ@ET 50ETH
L2 ENRTHENT, TNHUNOTLHRIZIEDEE R L, FRT Zr 1TEHUCL < T2 8N
SRV LD D, BREOFEMARMNT NG, 2O XD 2R EIE Mg © p BT L A8 HE
dEFOMAICELSTAELDLZ &2 AN L, IIIB < IVB EuRE S ERSt 2 m -3 2520
%%ﬁ?‘é ZEEWOMNT LT, X2 5D FEBRAE R L EHRICII BAFRARBE S R S A, BRI
Ko TTFHINT Zr DEFEIZHIMEZ R ESEL 2 E0NMR SN, ZRNETO/MRRELEED
HCHEARFIC K o TMEE, M, WA EEEHE S 25 2 L3 ATaRIC e o T,

() BRYRMER, TURHER., WXF):
Fefamm X (&Rt ) (HkG 8 #)

1)

2)

3)

4)

T. Tsuru and T. Suzudo, “First-principles calculations of interaction between solutes and
dislocation in tungsten”, Nucl. Mater. Ener., 16, pp.221-225 (2018).

T. Tsuru, M. Yamaguchi, K. Ebihara, M. Itakura, Y. Shiihara, K. Matsuda, H. Toda,
“First-principles study of hydrogen segregation at the MgZn? precipitate in Al-Mg-Zn
alloys”, Comput. Mater. Sci., Vol.148, pp.301-306 (2018).

T. Tsuru, H. Somekawa and D. C. Chrzan, “Interfacial segregation and fracture in
Mg-based binary alloys: Experimental and first-principles perspective”’, Acta Mater.,
Vol.151, pp.78-86 (2018).

T. Suzudo, T. Tsuru and A. Hasegawa, “First-principles study of solvent-solute mixed
dumbbells in bodycentered-cubic tungsten crystals”, J. Nucl. Mater., Vol.505, pp.15-21
(2018).
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5) M. Yamaguchi, K. Ebihara, M. Itakura, T. Tsuru, K. Matsuda, T. Toda, “First-principles
calculation of multiple hydrogen segregation along aluminum grain boundaries”,
Comput. Mater. Sci., Vol.156, pp.368-375 (2019).

6) A. Bendo, K. Matsuda, S. Lee, K. Nishimura, H. Toda, K. Shimizu, T. Tsuru, M.
Yamaguchi, “Microstructure evolution in a hydrogen charged and aged Al-Zn-Mg alloy”,
Materialia, Vol.3, pp.50-56 (2018).

7) A. Bendo, K. Matsuda, S. Lee, (T. Tsuru, 7th), et al., “Atomic scale HAADF-STEM study
of g0 and gl phases in peak-aged Al-Zn—-Mg alloys”, J. Mater. Sci., Vol.53, No.6,
pp.4598-4611 (2018).

8) S, IWAIER, AT JEAK AT LA SR BRI Ve B
FoVE, AREERMC. fth, KFESEHIEIC L D27 VI =0 LG50 )RR, 8k &8,

Vol.105, No.2, pp.118-131 (2019).
T LA (B 3) IZBILT0)
9 WE~ITIXVTLEEGM T 2 b—a O, BRI B, 20184E5 A 9 H.
10) B4aFM PLEFHE CTRE T BHROMRIITHIR, EXETH. 201845 H 14 H.
B - farrakE (5 14F)

11) T. Tsuru, “Effect of solutes on dislocation core structure and motion”, 7th ESISM
International Workshop, Jan. 7-9, 2019, Kyoto, Japan. (Invited)

12) T. Tsuru, T. Suzudo, M. Itakura, et al., “DFT-based predictions of the effect of solutes on
dislocation motion in bce and hcp alloys”, International Symposium on Atomistic
Processes of Crystal Plasticity, Oct. 25-27, 2018, Tokyo, Japan.(Invited).

13) T. Tsuru, T. Suzudo, M. Wakeda,et al., “First-principles study on effect of Re, Os and 5d
solutes on dislocation motion in W alloys”, The 10th Korea-Japan Berkeley Symposium,
Jun. 20-22, 2018, Pohang, Korea (Invited).

14) T. Tsuru, T. Suzudo, et al. , “Effect of transmutation products on materials properties in
tungsten alloys”, The 11th International Workshop on Materials Behavior at the Micro-
and Nano- Scale, Jun. 8-10, 2018, Xi’an, China (Invited).

15) HBEEEL, M, TN FMAE DR 3 R 0 fitk & B4 cR ORI 28], &B%S
2019 “FFEH (55 164 [0]) FEE KRS, 2019 4 3 H 20-22 A, HIUEMRKFER TS v
PN (AR .

EE - ENaE (41F)

16) T. Tsuru, M. Itakura, M. Yamaguch, T. Suzudo, M. Wakeda, S. Ogata, D. C. Chrzan,
“Effect of solutes on dislocation motion in dilute hcp and bee alloys”, The 9th
international conference on Multiscale Materials Modeling, Oct. 25-Nov. 2, 2018, Osaka,

Japan. i 3 {F.

(4) SEROFAFE:
BaaHIBET 2078 L LT, = b Y 7 ALk & BeIik OE FIRIBIC D S IR0 153 3
SNHERNZCFRICHRRT 5, 72, ADS #f7EL LT, 7 =71 MlZ SR L LIzl itk
oW THE Z1ED 5,
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5.4.23 —REHEIZKDIEFIAMBEADKERE - BABBOHE

Hydrogen Absorption and Penetration Mechanism into Nuclear Material
using First Principle Calculation

Tt E R
B BRI BR %S 27—
(1) FIAB®:

BRI X DB IR T TR DRERNEZ 72 5 72D BIR D A T = X 1 % Pl Ui 9 7t
JSEFTO ZENEETHD, TNET, SEIERERMITICL VER A D =X LOMACHE &
THIFIEDOBHIEN 2 SN TE TV D, FRHTITFEOFERIEZROMERER LIC XY F 2 27— 0iig:
MATREL 72 V) | ERBRDEMEA T = X LOBFRPFRE L 72> TE e, L LED L D Zemtkne
REBIEE AW LTHROND T —XIIRENTH Y | BRIABOREN /23T XA —4 T
&> 2 KV 4 JB O BN & BRI A5 2 2 LIXFERICHE L < | JEE A I = X A D BRRIC
IR A — NV OFHEAR T FERLERR R TH D, K7 —~TlL, BEZRISO—DTHD
L BFHARFEDCFERSITHE B L, KEWAEIC L D EEEMEAL & RBEIICET 57200
BRARICET 2 L2 AN ET 5,

(2 FIANE-HR:
BRHICAKRERWAE - RA LT EXOREE

WAE(COREERIT D10, FFEHE 3 | o 8 8 g | LT
V7 F% =7 [Quantum ESPRESSO] % Ji g . R
WCREENAI E1T - 72, FHCRERAA  § 00 -
FOBA (REKET) PREBLELCR L oo 0
i#ﬁ%&%ﬁﬁ#ék@\Mﬁﬁ@Mk% %am It
Tolze ZHETOMNT T, KFERHEIZ . .
$QEM@@ﬁ;OwT%ﬁﬁﬁ’k@ ® o 02 o4 06 08 1
@b\iﬁ%ﬂiﬁ%))okk&b\ % H i % 1502 B 22 T
(110) (ZBRE L 83X 3, 5Layer 45 Jii-f7°5 72 S -
BEEA T T RACH LT R E RN % 1T - g 18 e
fo MATOREE, R LIORT L5 Iclos® £ AN IR
B ~DARFTF ORIV TIE, WaEE L . o o
SOV £ CIETERD LHAH D, 2 i s .
NUBRITBLAMET Lz, Lo L2 R T
TR RTOIBVERETHY | EBRHETRDL A ()

NOBIAKTORK & 1XE 250, Bk
A FtRE U 7 R 38 I - W A5 I iﬂ‘@k?ﬁ%ﬁ K1 AKFEOREWARL EMENOBR
F-OWEIZ DN T AR 10%FEE S
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BEOEMEFAR N, £o, K2 1T XD ITAER 30% 25 &L KRN T R/ F—
WIS E L 720 | KorF L LTS 2 2 & 3000 o 7o, AIRHT CTE b VT2 BAAR T ORI
BRINE T O AVDME & HR D & HERMEDS K Z WS | AT IZ R B D 72 FEF T & 2R i bl
ZREL TR EEL R DBNAREDICHD ZENTFTRIND Z LD, KEITIZ L > THD
NICEMETOMIZZYTH D EEZ DD, AUTERRRIT, JFF I - 27 LEHER S
v H—ORIGHERE ICE X 2 T,

%3 #vsTotal Ead, Incremental Ead

\ 0 1.5
1 [} g 8
L]

!""'\

\ O
J a;{@ ) 1 1 05
o ° o o I:;) o &
® P L 05
0000 )
o o o o 5 @ Total Ead . 15

@ Incremental Ead 5

©O 0 0 O © e .25
O O 0 O . 02 04 06 08 g

B ()

-1

Total Ead (eV)
[ 1]
Incremental Ead (eV/atom)

2 IKFEWAER L HT-ELE OB

() BRYRAMER, TURARR. WXHE):

1) T. Igarashi, A. Komatsu, M. Yamaguchi, K. Ebihara and F. Ueno, “Computational
Analysis on Relation between Iron Surface Condition and Surface Potential Change”,
19th Asian Pacific Corrosion Control Conference, Nov. 2018, Thailand ([E<i - #E5EIZ
BEHHD) .

2) HHREEE. ROIVE, BB, “CR~0OKBZBZBEEHEEICET A HER T e —F7,
HASM S M EI~DBBFEKERA] RS AU T A HARBIHSE 177
[EIEZEHE NS, AL, 2019.

(4) SEOFIAFE:

2018 FJEIfF= R 2 b LT, 2019 IR ERAETE (BEI T4 ) O & KFEFHiR
EDBERICHONWT O 2D D, RIFZET —~ IZKIEE TR 2 KB BBRBRTHDH Z L
BB — G R FIEEA R L ROFEIC L 2 HEDREZ R LT L & OKFFRS
LT OW TR 2 32 5, AFHRICOWTIE, 2018 FERBRIC KA R Z AN TITH T
ETHD,

_92_



JAEA-Review 2019-017

5.5 EimEREAE 72—
Advanced Science Research Center

55.1 {EXRTTHREBEROEERESSUVBES 1 FIIVADHR

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

Keg 5LB, A& &HHI & B
A — TRV X W BRI gE 7 L —
(1) FABEM:

ARFFRIE, AR TCIRFBIR OREMEICEI T2 N 7 22T, AR ERE T, JE A &
DOFEWTHY « LA FIRFZEIC S BARAVICEL D fBA, A E 3 BEH-T- D kk & 7ot O R SIS A B & 2>
IZTHZEEHME LT D, ZHERAEVEOMBA T = X L EfRENTZ LT, m0
BB IR O FBL, BBRER~ /LT 7 = oA v 7 MELOB%E, @R A U ROAR - il
B, L—Y—NHREIZ L D E T WIEOBE I, B L Z A T OUERL 7 DN T D B SR s
. HTHERE - 8RR - SOVEMBIBARICER D MANRG LN D LIS,

IR STERFBE SR Tl TRV E TR D X OO VPR 72 & OB 7o Tk 2 Hfiicw ¢ &
P BEATIEC L DO RNER R TR L LA EA SN TWD, A5 CiE 4 5175
FEIRABZE 31k « B EATHIM 0 IABFEEI T, IRVR IR AH B SR D FL R BB = 1 L — bk IR AE
Jihie 227 b R X OEROFE B R B, B ﬁ&%ﬁﬁ%ﬁi%ﬁ%#éﬁfﬁﬁﬁi
ETH D, B 7 BB & & B AT RE A BRI 2 RIS D T O OFERT A A ¥ — 4 %
RESL « B LT, J-PARC 72 & TOFEBRIIZE & O A2 0 ) I HEET 5,

(2) FARE-ER:

(@ 77 A b L— FREMEHHICBN T, AT (A F~T 4 v 7)), T, A5
T —HEOEMRRENFETT 5 Z EBBERIICR I N, HEH SN TS, & 2 TORRREIR
kL 2 BT 5 72Dl BRI A~ FL (TARZAE AHB) & Utk 2 ~2 kv (TR
AV UHABE) ARk 29 R FE CTRRHT LT E 7, SRR 80 R IT KV RO ST A IR T,

2 -ﬁ‘H

i
k vl ,
) 05 1
qt’n ql/=n

qt‘r!

K1 77 Ak L— MBSO )\ A 227 kL (a) J1/d2=—3, h=0.188 [\ }E+Fd],
(b) J1/J2=—3, h=0.186 [J\&1#H], (c) J1/J2=—2, h=0.665 [PUAE1fH]
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JBA-FhEE A ~=27 h L OSEAE U FERE) Offtro— R &
i U TS EICET L2, /B Tl Ik o
T ONERFX v v 7 LR 5 (K 1a),b) DI
®FLC, PUAR7AH T R VX — I ZHY T 5 =R L¥
—Xyr v TNELD (X 1), HEMEHR T A—HF «
GHKAFME D R 2T, B fRRE AR D T2 D DR E W
A X TOfFAT 2 fikioe L CTEITH TH 5.

(a) m=0.5 (saturation)

time

b) AL R=T 4 v ZIRED ALY AGE « BYREO A T
= XLERBEOICHRZ DT Ta—F L LT, 7 V5D
WROERES A F I 7 R &Mt Ui, OB, BEATH#:
D IAZFE T VD B BRSO &) R TRk
MG DN FHE SN TR EERENEG LRV, FH
BERAGMZEHCTEA LI RLT, bond i
X 2 1%, BEZlY e CAER LIz~ 7 RO RS &
EBIBHELTWSERFERL TN D, v 7/ URHEHRD
(RIBHEE T, PURRFhEE A2 7 ML DA BRIR Tk E BB
HWETHZ LN, MBI TIE, ¥y v L AE—
ROEIRTZ v T v MEEZKB LT, ~ 7/ U RITR

time

B2 77AkL— MREEMESHT
D~ T ) R EE D RFfH]
FERE. MHhIIALE, MEwhiS
WP, m (3L, Ji/de=—1

EREE 2R THIINCEIC S Y2 (M 2) 23, R 2 -
INEL AR BICANT, ¥y v T L AE— FIFFROBAM s
EWAEZEAET 27 AFEERE TR FEIHS 25 (K20), ) —e—07
Eh, B/ AEER—EOB LT 2 e r O et T 8
RHLE, Shud, w7 VRRat—Ly 2 RoTE  Sheivestboes it iagd
B LCAE AR - BYREICHET 5 2 & RrBT 5, e -,

= Y

() AU R=T 4 v ZIREETOD A B U ARE DL %
HONCT D7Dl A AREEDOE v BN S Th
DHAE Y RV—FTEHADIRE « B EAAE 2 BUER T~
7o Gax2), M3lornd Lo, BGEEEMNT5&, A
Y RA—FTEAF-HEMLTCE—2 24 Uik
HZ L, ZOE— 7 HEITRFICRECHEICHNDLG Z E 2 AN L, Z ORI TOR D FEVIL,
HXFEECAE X7 1 v ZIRENHBT HRRBE L L THETE AL R~T 4 v 74k
RTIEREND T ) VRN A VEEICEST 52 LA RB LTV,

X3 77 AbkL— hEgfEMEE D
AE Y R)V—FTEHH Ds O
Wes h RAEE, T IXRE,
Ji/de=—1

(@) FHlET A RWE KeCusOB0)s ICRESND, AV« 7T A X R EFHIHILIEIC
L VS LIEWEOKIEM IR Z A LN 5720, EiR L B LRNTIE 21T o7z, T DR
R ZOXIBMET, PR INMCRESN R FHAERF~OISANEfSND, (77
ARG BL) NIVT U AREEREI L TWD Z L fEND b, SHIZ, ZORRFEPIZETHR L
T7R—=FEPRTH LT, KV AHEOEVSRT, 7 7 A XA LT AREBEHERTE 5
Z e RN L NI L, TOIRRICE Y @F I n b TR 5 0T REE AR
BAETRIATLHZENTE DL IIRY FTMOBHELDOREEZBE AL Z LICLY | #ilzia
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A DSEAREZ AT Z LN TE D, LT REEORBIERC 0B B HEAZ E-
52 EE, FRETEF~OISHAREENE T2 T, AV UREESCERE R 7o U Ok
FEPEIC DB LW H e E 525 E I CTE 5, 2O X ) Al 2 E T 570, BIE, T
e &R LT, KeCusO(S0w)s LA DMVEIRZRIZE Y #lA TV 5,

() HRUYRMER, TLRARR. RXHE):
A

1) H. Onishi, "Magnetic excitations and transport properties in frustrated ferromagnetic
chain", J. Magn. Magn. Mater. 479, pp.88-90 (2019).

2) T. Tohyama, M. Mori, and S. Sota, "Dynamical density matrix renormalization group
study of spin and charge excitations in the four-leg t-t'-J ladder", Phys. Rev. B 97,
pp.235137_1 - 235137_7 (2018).

3) T. Sugimoto, M. Mori, T. Tohyama, and S. Maekawa, "Magnetic phase diagram of
frustrated spin ladder", Phys. Rev. B 97, pp.144424_1 - 144424_10 (2018).

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

5) M. Mori, "Thermal Hall effect by phonons in a rare-earth garnet and a spin liquid
system", New excitations in Spintronics 2019, Connemara, Ireland, 2019.

6) H. Onishi, "Magnon-pair excitation and transport in spin nematics", New excitations in
Spintronics 2019, Connemara, Ireland, 2019.

7)  H. Onishi, "Magnetic excitations of spin nematic state in frustrated quantum spin
system", Universal Physics in Many-Body Quantum Systems, Tokai, Japan, 2018.

8) M. Mori, "Phonon Hall effect by extended cluster multipoles", Universal Physics in
Many-Body Quantum Systems, Tokai, Japan, 2018.

9) M. Mori, "Temperature dependence of spin stiffness in ferri-magnet", Joint European
Magnetic Symposia, Mainz, Germany, 2018.

10) H. Onishi, "Magnetic excitations and transport properties in frustrated ferromagnetic
chain", Joint European Magnetic Symposia, Mainz, Germany, 2018.

(4) SROFIATFE:

7 F A R L— RGPS ORGSR & EEAFPEICRE L CL iR 7R EmIR D A6 £ TE D
7 AFER 7 EE A BIE L CL )R 227 MV SRR A F X 7 ZADZHEI T 2D 5
Lrbic, AR TR 0 ABBEEE ALy M VEEICIERT % 720 ORI 2170,
AR TO A E ARG L BVREE A MRTT 5, £7o, EAMRICH T 2 MmO 5B
R DR R & L THN 2 WIERE T 2T 21T 5 TETH D,
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56 WYERZFEMELLZ—
Materials Sciences Research Center

56.1 BEMERIZHEITAHMEMEIEETEIaL—arTnd 35 A

Simulation Program for Microscopic Magnetization Processes in Magnetic
Materials
BEH Otsk
2 H M EMEE s v —7
(1) FIAB®:

WEMERIZ B 1T DRI LR 2 D T & 1T MRS FEIEEA L L TR TE 5 L) 3
MR LU ANZ — VB E WO BLEN DA SN TE T, v I ab—va VE vk
WFFEIL, WEBOREXHEE 2 2~ Z LISk LTRSSV,

2T R b AR T A UER O MAEEILD AT A B UL SRR S
TUET=0 T Y RRERAWEY R 2 b—Y 3 VA RRBHEA/ER TH 5 RKKY FALE
R FAAER 2B Y AN TITH 72D 7 a 7T AEER LTz, RKKY fHAEEMAT RIS
BWTIE, EBMEERRTICLD 7 X AHRRICONTHRFRDL I ENTED LWV FHEN H
Do ZDT T T LaHNT, X ANZ — AT DR T IER MBI T & bR A
DA T-REDF BT 8% 2 IRTE K 3 IRTERIZDOWTHR TN D, £z, MK AATIZHONTE
AR 72 EH TN D,

(2) FIARNE-BER:

NA BTk T 5T v Ay =10
o R EBEMICHELS T a 7T N El
kT2 T, KOVRERVAT LDV I 2 b—
A UNATRRIZ IR o T2 D T, IR ATV I A 7R
EDORNRa T HNIRBER AN T AT DN TR T
W5, REFEAER, BB EAER, MR
M, SNBSS, BEREOMEIZE - T, hARRrY
HAENR 1 OAFAIF L, KAFAIA v W1 ATVIAL ATV IA S h

M REEUHAED, 2R3 DAL HEESH RETANE 2 DAERE, A%
BB, ZOM, AFAIAY 2 oMb AF WRAXRTFEELH, BAREE
WAV TRRARLIAY 2 oMb BRA BT ORALD RS DIRE R

FNIFUFREGBND, K112 RUEERIZETDH, AFNLIFy KRAFLIA L,
NARBRIHNVE 2 DAL UMEE, AXVIF U TEFTEZ RS, NI B OB
DOEERT, ZNODAE U MEEDOE FTOBLOME 2R LT-OMR, M 2 ThHD, AIFH 1
& RO E T M OBALDO RS DIEE R L AR TORENT AN OBLOME %2R L T 5,
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(@) SRS TR @)

(c) (@

X2 EERENS, @AFLIAr, OAFLIF, FERENS, © FAReY 2 o
A g, (DA AT, BIER 1 EFREET, mE S ROBALO R Y DO % 3
L. & CTORENL, @HANTHOBALDORE Z2F£ L TW5,

(3) HBYRN L, TUARKR. HXE):

1) FREDESE, TR EAER 2 & T 2 IRoTIERMEME IR O FEERIRAE I1) . B AMF4A2 2018 45K
FERE.

2)  RREYEH., DG EER 2 & 2 IRTIRIEMERICEBIT D4 72 bR o ¥ b V& B ol
LNTIV) . H AWML E 74 BIERKE.

3) T. Yokota, “Numerical Investigation of Magnetic Bubble Types in a Two-Dimensional
Ferromagnetic System with Dipole-Dipole Interactions”, Journal of the Physical Society
of Japan, Vol.88, pp.084702_1 - 084702_6, 2019.

4) SEOFIAFE:
R RALIRR Z T RAB IO DNA B RV TR S o X =1 73 v R
AWTEMEMICELS 2 2 b—y 3 Tk, RRKKY #HAEAZT 257 0% A5k, KHME
TER72 EICT v LR A& E0E . 3 RILHKR CTIGRHRRERINZ < 00 | £o, ZHOFFEH
WREEL 2D, THOOFFEITR LT, KGR 27 AOF M 2kt L TV E 72U,
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57 IIRERMREtEVS—
Waste Management and Decommissioning Technology
Development Center

571  JMTR QB EEIC {5 it REHHOHE DRIL

Verifying Accuracy of Neutron Flux Evaluation on JMTR Decommissioning
Plan
HF JER
JFE L it Y ==

(1) FIABM:

JMTR OPFEIEHEE I T, R TIF N ORRR - W& A3 il b S v 7= B 6iG Y % G4 5
B, FIFNSAO TR A Z A O NCT 2 0ERH S, 2k T, JMTR O#EHE, &
PR (93%) 6. T (45%) . IKEERE (20%) CIEXRIKEILS -, 2O, K IREE
OBRELCHMEF IR A I U, K & 7220 7o @A OB 2 DGRl 2 2 & & Lz,

BE I HEE I 3G YR DGR O P TR b 2 7Y 7 LA O RS AR R T 5 T
ETHDHN, SENTRHE L2 F R ZY TH D Z L 2R T D728, BB X v 7' sy
LTWe 7 ZE =2 10 Pk ROl EE 2 ERE S Uzt EE 7 L &Rt R o b
Ba21To 72, FHETFROFMIZIL, £ 7 /e a— K MCNP zHu-,

B, R H 7o Tk, S v 7'V 2 UM (KR T DodHEAE R OMHERER
DI KR HER] 2 3 5 7= O RBUGHRMIC X DR ETH - 72,

(2) FIANE-HBR:

JMTR (2317 2 S v 72 o R OFHIREE L, SRR (IMeV<E) (2B
T 10%, B 73 (E <0.683eV) IZBWTIEEM 30%TH DV, AL, X 11K
e I S R AT R GE IS LB A B LRI W B 3T L (BLF TBEIEEHEET L) &
W9 L) OFMET R ER 2127 JMTR 2 163 A 7 VOFHHEET VO PHETHR E Z il LT,
s G & LIC AT FLIZAR Y U O ARGHASER D 1-11, 1-12, 7V =7 ARAHATER O 1-13,
I-14, I-15 & L7z, 7pd6. %163 %A 7 )L OMEF ¥ 7 (R E-8) (T L TWie>
by 2E =4 O MCNP S &2 k7 sEH & 7 b= 2 28 =2 QRPN & L kT wEFil &
bl (C/E) L7=fbR. @it aud 1.02, 2R 73T 1.20 Th otz 3l L3R = —
RD/R—= 2 220 T, 3 163 YA 7 L1Z MCNP4B, BEIEHHEFHE T T /11X MCNP5 Th
Do

# 1 KO 3 IZHBRNFLICH T 2 mE TP RO R, & 2 KO 4 128 RBEFLICRT
LB PR O R R 2 TN EIUR T BILRSEF R T VISR 2 PR L 8 163 1 U
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IV D HPEF- SR O REAR G R A Ll U 72t 2R BE IR BRI R 7 /1236 1T 2 it s s M & 7
STz, THUT, BEILEEFHRE T B W TR A EEM F O RE B OHEE /N & 72 B 72
WE DT, HEFERAE LS RD KO BIZEIR L2 & BTy 7L FEEZZE L 20
HEETLELTVDIERRREZZ BN,

ZOZ LD, AROBHFRFHMITEED 7 LT AT = F ORJME L ORBEREKTH D
D, BEIRFEFEE T VIRV TR L 72 e IO e R O HEE IR T & | E2 il
M S TWD Z &g nroT,

1) N. Takemoto, T. Imaizumi, N. Kimura and K. Tsuchiya, “Survey on effect of crystal
texture of beryllium on total cross-section to improve neutronic evaluation in JMTR”,

International Conference on the Physics of Reactors; The Role of Reactor Physics toward
a Sustainable Future (PHYSOR 2014), Kyoto, Japan, 2014, 11p., CD-ROM.

(3) RBUARMERE. TLARK. HXE):
2L

(4) SEROFAFE:

e R HEE I RIS a3 215 YA IS B W T IR AR SE X0 o VA D L e
ZHEL, FEEREOHKEA T2 2 & TRHMEEEZ EIT5 2L TELTWD, £, FLrb
BEAL 723 DR IZ DV T, AEE OERIRAZE AR T 5 2 L1222 ORI AL L 325 2 & h
b, KEGIROIEHP AR Th D, 5k e bol&REFAEZ TEL TWD,

#1 AR T 2EEBET R (1IMeV<E) O i R

R WEETFL | BRI E RS L 163 %A 7 VEHEET L .

(/m2/s) (/m2/s)
NY Y7 I-11 4,98x1017 4.36x1017 1.14
S EHAS R I-12 1.12x1017 9.89%1016 1.13
I-13 3.95x1016 3.51x1016 1.12

TII=T A . . .
-14 1.86x101 1.54x10! 1.21

G AfE

I-15 8.70x1015 7.03x1015 1.24

# 2 BWRIFLIZE T BT (E <0.683eV) O Lt

B METFL | RIEEEHEET L #5163 %A 7 LEHEET L .
(/m2/s) (/m2/s)

SV RIEN I-11 4.20%x1018 2.92x1018 1.44
S ARG I-12 2.68x1018 1.96x1018 1.37
I-13 8.77x1017 5.49x1017 1.60

TN =T A
i I-14 4.63x1017 2.69x1017 1.72

ISR A
I-15 2.34x1017 1.43x1017 1.64
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58 ®BRARFHAEMAFELL2—
HTGR Research and Development Center

58.1 ERARFZEFALE O"Tc BLEIBET 5 FimiREt

Feasibility Study of ®®™Tc Production at the High-temperature Gas-cooled

Reactor
Hai Quan Ho. &% %
HTTR ik
(1) MABW:

The high temperature engineering test reactor (HTTR) has been constructed to establish
and upgrade the basic technologies for the HTGRs. Many irradiation regions are also
reserved in the HTTR to be served as a potential tool for an irradiation test reactor in order
to promote innovative basic researches such as materials, fusion reactor technology, and
radiation chemistry and so on. In this study, a new method of 99mTc production from the
natural MoOs target was proposed at the HTTR via the (n,y) reaction. This method is
expected to provide a large-scale and stable supply of 992Tc which are the important factors

for future use of the 99mT¢ in Japan.

2) FIARE-HR:
(2.1) Design concept of 99mTc facility at the HTTR

At the operation mode of 30-MW:, power, the inlet and outlet temperatures of the HTTR
are 395°C and 850°C, respectively. Therefore, the temperature at the irradiation region
varies from around 450°C to 750°C. The high temperature at the irradiation hole makes the
HTTR attractive for directly and continuously separating the 9mTc from (n,y)?°Mo using the
sublimation method.

The conceptual design of 99mTe¢ production facility is shown in Fig. 1. A closed system
containing MoOs powder is inserted in the irradiation hole of the HTTR. During irradiation,
the 99mTce will be formed in a compound of technetium oxide. The helium carrier gas is
introduced into the closed system and passes through the MoOs target. The sublimation
method is based on a lower boiling point of TcO2 than that of MoOs. The sublimated TcOz is
swept out of the reactor to the condenser chamber through the connection pipes. The
temperature of condenser chamber is cooled to decrease step-wise from 400 to 320°C, a
temperature range at which the condense performance of Tc is the best. After that, the 99mTc

is eluted by a saline solution to make the final 99mTc solution for medical uses.
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Fig. 1. Design concept of 9mTe facility at the HTTR

It can be seen that with the high temperature at irradiation area of the HTTR, the TcO2
can be separated directly inside the reactor. In the conventional sublimation method, the
irradiated target has to be moved from the irradiation area to external electric heating for a
further extraction process. After that, the target is recovered and sent back to the irradiation
area for the next cycle. It requires a more complicated facility not only for handling the

target but also for radiation protection.

(2.2) Calculation method and results

The reactor core and irradiation facility were modeled using a Monte-Carlo MVP code.
Neutronic calculation was performed with a JENDL4.0 nuclear data library to estimate the
capture reaction rate of 98Mo. Then, the reaction rate of 98Mo was used to calculate the
production of 99Mo and 99mTe,

In the first step, the position of irradiation MoOs target was optimized to obtain as high
activity of 99mTc as possible. As a result, the 4th block is the optimal position of MoOs target
where the final 9°mTc production could be maximized. Next, the procedure to separate the
99mTe from irradiated MoOs target was also optimized. With 1kg of MoOs target, the HTTR
could produce 6.8x108MBg/year, about two times larger than 3.0x103MBq of total 99mTc
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demand in Japan in 2017.

In conclusions, this study proposed a design concept of 9mTe production facility at the
HTTR to meet the domestic demand. The foremost advantage of this concept is that 99mTc is
produced and separated continuously. It makes the design of post-processing facility and the
other handing procedures become simpler. A drawback of this concept is the relatively short
time required for the delivery of 99mTc elution from the reactor to the hospital, however, this

problem can be overcome with the rapid transportation system in Japan.

() BRVARMER, TLRARK., #XH):

1) Hai Quan Ho, H. Ishida, S. Hamamoto, T. Ishii, N. Fujimoto, N. Takaki, E. Ishitsuka,
“Feasibility study of 99mTc production at HT'TR using sublimation method”, AESJ 2019
Annual Meeting, March 20-22, 2019, Mito (Japan).

2) Hai Quan Ho, H. Ishida, S. Hamamoto, T. Ishii, N. Fujimoto, N. Takaki, E. Ishitsuka.
“Conceptual design of direct 9mTc production facility at the high temperature
engineering test reactor”, Nuclear Engineering and Design, Vol.352, 110174 (2019).

4) SEROFAFE:
In future, an additional reserve shutdown system for the HTTR will be considered. The
criticality calculation using MCNP6 code will be carried out to estimate the amount of
neutron absorber, which 1s needed to shut down the HTTR in BDBA.
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582 EIRAARWFA 3 RTEFEBITI—FDERSR

Development of Three-dimensional Reactor-kinetics Code for HTGRs

ks HE
BRI 7 v — 7
(1) FMAEM:

% 4 R J) > A7 L (GenerationlV) OO —>Th 28EIKFEHELZ BRI E L7o#
i AJF (VHTR) OWFEBHZEICE T 5720, REETITEIET AF M 3 IRouE R MR = —
ROBARELT 9, R HITHIERBER L COZRUVIRRE T, P LA~SEN RIS N5,
BRLOMHAMREI A U256 O DEVRHE 2 5 9 5 725, STAR-CCM+®  (JLFH ZA (A4 fif
By 7 8) # HWTHER SNV ITE T VORBES 2TV L, ZNERIET 572D OW R 21T
9. F7=. STAR-CCM+® L DfifhT =1 — K L OFEA bR D,

(2) FIARS-FBER:
1. HTTR DM ~TEET — & 2>5 STAR-CCM+2D T4 A R Y > /S—Y 2B
STAR-CCM+®® 3D-CAD €7 7 —##fex 5 = & T, HTTR OFEfl7e~HET — 2 b K
BHE 1 KOITEF L E2ERTE (K1),

X1 WA (U T L) s 2 B LImAES (U D L) E

—~— ~—

3 BRI AV — 7 4 BNRHEEIR
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WAEM (U T2 BEERAEETS S (M2). BMX U7 (M3) Lk (94)
DA—YHRHTERTE B, HEAR Y — 7 I & PR O BB A S .

WL, WRRMEE 81 K 7213 33 AR STNEME 1 IK, E7203, R TARIEA RS (RPY) ZELR
GelE & LTz, SRR ORM RN £ 7 L A ERT B TE Th .

2. 1 ROBREHERE Y OIREELE L OEER OFiLIC k- 5 28 % 51

STAR-CCM+®D/N— = > 12.04.011 ZfEH L, 8 WA THEMT L7z, HTTR OFEMM7/2~HET
— 20D, BREHE 1 ROMITET VEER L%, Ay v aZfEl L (K5), TOE., HH
Mo(~U o) ik (K6), BenA U —7ak (7)., e (K 8) Aokt LT, il
Ay 2B LT, FD%, 4 ODEY — ZAOREME TN 21T 5720 ZDOFER. R
BHETE © OIREZbI JOWMEM OFIUCK T 2 8 2 iR C X 7z, B, A% imCE~KR T
Lo, “EBERRA BT D7Dl b ARG EICHEITER A BE T E R0,

5 fENTREIAERA v 2K 6 WHM (~U UL BEA Y =X

7 HENARV =TI A v 2K 8 BRBMEIKA v 2K

3. STAR-COM+® & AT = — K2 A L, 2— FRITHT—# #0 0 RV TX 5 HiE 2R
STAR-CCM+® L D ft = — R&2FEE L, 2— R Tl7T —Z O B0 B3 A[aE7R 2 & 23b
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Motz, BARAIZIE, STAR-CCM+®DEif s I = L —3 3  (co-simulation) #EE (=2— KiZ
Yo THEARRE, RA[fend ) ZFIH. F7-1% Java ® Runtime 7 7 AP exec X Y v R%&HF
M35,

51 1) STAR-CCM+®D#K T I = L—3 3 > (co-simulation) H&HE
T ORI SLHEDORMLED T, 77 A N_N— A TIHERZH AT D ERKA 7
U7 N EERT 5,

J715 2) Java @ Runtime 7 7 A D exec A Vv REF|IH, Java FEITHIZHES 2~ REFELT
STAR-CCM+®TH AT v 73
(1) VA= EF/ T 7 AT T AR—
(2) exec AV v RTHH=a— NFE(T/7 7 A L=/ AR — |
(3) STAR-CCM+® X EMHFE A > HR— h
4) EHO~ED

(3) RBUARM RS, TLRARR. HXE):
2L

4) SEROFATE:

EEE I RENEORAE%, BARENITIT LY R F RS 27 (HTGR) OEA
DLEEVECEEDNEEZ > TRV EiRS A F A 3 RTEhEERT 2 — RO R II5 & &b 5
WEER & B, RYEETH OV AL, FEREEIR A A F 02 &R L ORI T1E 0 & AL
[N LT, B 4 VR )1 AT A (GenerationlV) DOERHO—>Th 58I KEDFE
AL L7Z@BEiESY 25 (VHTR) OBFZERFRICIEN T& 5,
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59 BEFYAMIILHERFELF—
Fast Reactor Cycle System Research and Development Center

59.1 ERFAXEESRNTINVL-KRICEZBERZTI—FOSEL

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

P IRSE, W S, BVR
VAT DRI S N~

(1) FMAEM:

F RV T A (Na) GEHEHRFORSEAS (SG) [CBWTHREVEBEICHHEANET D &, &
JEDKIIAFEZ D Na HA~IEH L, Na & KO3RS (Na—/KE) & FE 5 @i - @il - 4
BEY =y BRSNS (M 1), ZORIEY =y BT DIEE ICEHRT 5 &, EBED
HEE (V2 A7 =) LEIB LIS MK T 25 2 U, BEMREVE RS ZIRIN7eiHE (I
B8) ICEDAREMEDNA L D, SG ORRFH R ORI T, BEAVERBEHEORET 5 a6tk
RIS 5 Z L RNETH D, R TIE, BEVERHERFF S 2 5L 2 B RR e e #ik (v
AT L) R, EFERBRA BT 5 2 L2 REIRENLE LTV,

RFAM > A7 L ORERRESE & LT, Na— KR K OVERETEZ Aoy 2 A0 & x5 &35 2Rt
fiftt = — R SERAPHIM OB 2 HE D T 5, 1k AR = — R CIEiidEss 72 Tz as,
1REVE DIFIET DM R ISR U Rt 2 1) -3 5 72 0 JEME &R+ R AR TIE O i %2
INFETHEDTE, Tk 30 FEIX, L0 FEIEWERECTOFREETHE (ZEH) MidxE
MEME L, F—Fy MEBVEDNEEUFET 2R TOMMNT &2 EICFEM LT,
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WRE REE | mEETICES OO

W8 (BRI TFv) EHRSRIRDRE

1 RISV = v b, BEEEORE, KOBRERE
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(2) FIARNE-EE:

AFEHT 21— FOFHREATIE (LEM) 2HEET 2720, EERMEO T, BEEROFET DR
TR Na HokZRSGER 2 1845t L 72 3R 2 5 BRI MG+ 20 L 72 3 ROk TS
R 2 S LT, X2 (TR R AT AR R OMIATT A & = 2R, kB CIE, FfAAESRNIC,
PR T 2 BE S A7z 43 AOBEERERRE SN T Y . B&ICITHRIC Na SRS
TWD, it FEIZH DARBVE O T RIZHIT ST BBRRHRIL L 0 | & EORIFIK R 5~
9%, HF, AT CIEEHRBAE 0.1~0.2 RRE TREANLZENA L, FHESREFL
T Z AL TV, AR 30 FEEITE DJRRFEH D=, A LAT v BEEREED
O B A v 2 IR, ISR A O RS 2 8 U788 — A DT 2 F2hE L T,
ZORER, A v 2 TR B OIERE AR 458 OFHRAABL OGN ZECHF ST 5 2 L 2H L)
& LTz, 31T, FHRZEME., KRKE MG D 1.0 B £ TOMITRE R A2 7RT, EH L7k
AREUIFARNZ EA L AERROSIC &0 SRS TER ST D, ZOmiREkid, K/ X
VE BRSO AAMER L THREL T, ZIUTRBRASER L RAFIC—HL TS,

PpK 30 AL S BT, REFEAMMHINT FIEDO—>TH % LEAP-II = — FOEfHIZET
% 78| Ak M SERAPHIM = — RNIZ K % EHEAR TOPRRIMENT 2 320 L 7=, 5 AT F
IEIL, BERSRRAUMIATRE R A2 SO LT RG22 2 P OB T VEE TR S . R COFRMER 4 %f
RICEHTr — A O Ffi e L T2 D ThH S,

Q) BRURMER, TURAER. WXH):

1) A. Uchibori, H. Yanagisawa, T. Takata and H. Ohshima, “Development of Numerical
Analysis Method for Tube Failure Propagation under Sodium-water Reaction Accident”,
NTHAS11, 2018.

2) J.Li, S. Jang, A. Yamaguchi, A. Uchibori, T. Takata and H. Ohshima, “The Development
of Particle Methods for Simulating Sodium-Water Chemical Reaction”, NTHAS11, 2018.

3) A. Uchibori, H. Yanagisawa, T. Takata, J. Li and S. Jang, “Advancement of Numerical
Analysis Method for Tube Failure Propagation”, ATH 2018, 2018.

4) A. Uchibori, H. Yanagisawa, T. Takata, A. Kurihara, H. Hamada and H. Ohshima,
“Improvement of Steam Generator Tube Failure Propagation Analysis Code LEAP for
Evaluation of Overheating Rupture”, Journal of Nuclear Science and Technology, Vol.56,
No.2, pp.201-209, 2019.

5) A. Uchibori, A. Watanabe, T. Takata and H. Ohshima, “Development of Unstructured
Mesh-based Numerical Method for Sodium-water Reaction Phenomenon”, Nuclear
Technology, Vol. 205, No.1-2, pp.119-127, 2019.

6) A. Uchibori, H. Yanagisawa, T. Takata, J. Li and S. Jang, “Advancement of Elemental
Analysis Model in LEAP-III Code for Tube Failure Propagation under Sodium-water
Reaction Accident”, ICONE-27, Tsukuba, May 19-24, 2019.

7) A. Uchibori, A. Watanabe and T. Takata, “Application of Unstructured Mesh-based
Sodium-water Reaction Analysis Code SERAPHIM”, NURETH-18, Portland, August
18-23, 2019.
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4) SEOFIAFE:
Ltk HMEER T SERAPHIM = — R X 0 | IRE, JECREVFELE S50 R 5 1%
CTOfENT A I L, U VEMEREROILR A M S5 & LT 5, F£7-, LEAP-III =— KO
FETNEEICET D OO b ERT 5 FETH D,

K (EPRO
| EKALYKES
A8 L mEH)

> Naifi A
BAOE

[cl
1000

400

05s 1.0s 0.1s 05s 10s
RARE SHRE

4 3 AT R
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59.2  SPIRAL O—FIZ&AHERERH T RE MM E S ARHABRMBN

Analysis of Large-scale Fuel Assembly Experiment under Low Flow Rate
Condition by SPIRAL Code

HOREAS. oMt AlZZ. MR IEBE, EE RS
7T NV AT LENTEAE v — T
+ VAT LRERFEE X — B AT AEHE
(1) FIAB®:

TRV T AR EIEEE OZEMEEIEO TR E LT, ARIEER AT LA DA EER O BR L0
REEN TS, HAEERRFHIA Dl i &2 KIFIZAR T U, MRS OENRREL 8D 2
ED D REHES RN ORENG I ERIERR L IR E SRR D, 7. BRAMERIFOIFLER T,
JAD R TR DT IIRE DA S LT 5 & & BT, BREHE A RN O /K T 1 oA & A4
Do TDT, BB S % & TR & SR O REHE SR DO BR B 2 K5 & <Rl 92 2
EWEE LD, AR TR, BREHESKRBGREI AT = — R LCHEZED TV D
SPIRAL == — FZ HWT, 7~ U U AmENEHE OBRBHE SRR RIZI T 2 HARIEERF S & T
O TR DORERR, & OBUREN RN & i3 2 b D Th D, £z, REWAEHTIZ T T MPI
WHHE ST 5 SPIRAL =2 — RO F 72 5 @ bic DWW TR 21T 5,

Rk 30 1L, SPIRAL = — Rk m FE¥E2EKET 5 & &b, (AEDFT R v
AHEEA SRR (ASTRID) (2£R2 B HF5EH I D—8 & LA CEA B AT L7z MK &S
TETIZB T 5 ZEBIBUREHES (KT N U w7 2388 (GRI1 #BR) | oRBRT —& 2\, HARYE
RIS S (IRIEESME) COBBHMEGIRERZ~D SPIRAL 22— ROZYMELHERTHZ L%
HrgL L7=,

(2) FIARE-BR:

7a 75 sl - WHNEAESE & LT, SPIRAL = — FiZxt L ClFbahaR, EiT7rERE, F17
B M A T U BEICOWTHERERA & F20 L 7=, 256~8192 15D 5 — % (2%} 5 Intel SDE
FATIC L HPERERIERE R (32 1) 13, SPIRAL = — RO BAFARIEFULIRA R L TW5, Fi-,
a A 54 g, MPLi#E. OpenMP 2 L v RifFilfk, v v =ty b3 ZERET
B REEHE(EFELEA LHEREGEIC OV TR ZITV., SR it & RS E L 72 HIH
HxE O,

Fio, KREBRET & LT, MU U A E{ERNRAE & LR &S T OBRBHES AR CTH 5
GR91 Bk ({A[E. Super Phenix JFRERER) O BRI 2 %0 L7z, X 1T E27~T,
FRHT G20, BREHE A IREEIS KO OAMU DA > 2 —F » S—58I (EAIRBOF B U o LfE
REHELTZNAT =27 AW . BREHE BT ISR LT, BREERAOE TELIRILL
TUIAYE Yy F 115 BXOHIHTH D, AOWm (X1 O T HOERMH, Wil Fns k)
TORIVEMERE & Wi PRI EIZ S < b 2 VX80T 1,110 THh Y | IR EEM CoRBR %
*5 & LTz, SPIRAL TOMEMT T L 72fifdT €7 /L O BRBEITH) 2,700 TEFETH Y | 2,048
CPUIC LB WHIFEZFIA L T ZA LAT v 7 1058 T 280 £ & TOUEE 7 b 2 Fhis L 7=,
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A REFUCIE TR o Wi & o M CEMISE RS 20 U 72 il oA & . i s i i
EOMTERMBER G ZEM LI Einfiz EnE b 2 Tnb, BESER T Non-Slip % 7%
L7z ECIK Re BGOSR Z MR L7-BERA%k 2w L=, 72, ELIRET L &L LT, RO fE -l
TOBERB L2 BAFIC L T & %5 Hybrid B k-e/ke-eo 7 /L 280 L 7=,

¥ 2 12 SPIRAL (Z & V) 15 5 4072 5B BT O AW RN 38 1) 2 Wil & IR EE D 43T & v,
EERERER & LT, REIE SE DN TE T A Y A= L BAET DERFE (AT —L TR
—/mRAT7a—) OFBZL ST, i - WEOSMITIENHRE 2D, £lo, BEEFPOFHE
(ZALE T D IEFEERE E > O JE TIX, JRETAOICIREE EF &V, FsICB U<, 5B Lot
T BFNOEBIZL - T v/ BT L 0 bEASET OB EIGHE & 72 5RO
Too ANAT =27 AWK T, BB L FRICHEAMTRAREZ 0 & LTWb b, AR
FFAE LR, Fo, REICBE LT, BB CHRI SR & T © P 3l S AU IRE & ik L7
FER, EAMRTHEEM BRI AT=170.3 °C (2% L C, IREFHAILL 75 50 710%28 §T=5 °C
(TIAT=0.03)LIN DR, #9 90% 723 §T=8 °C (STIAT=0.05) AN DIREEZ A L TERY | fi#
TR OMR 2 BAFICHBL L T s s, BLEIZE - T, SPIRAL = — ROKif &5
TETICH T HE G IEGRE RN~ FAPE 2 fEfR L7z,

# 1 SPIRAL =1— RFEITHEREDHIE S R

278 | REBREI [FULAIE | HATHEE |27 B0 0 |aTh 0| W |37 eR 0

(B) % |(GFLOPS)| %fritie | #fTm% | ATV & [HAAT) &
(GFLOPS) % (GB) (GB)
256 |4821.243| 100.00 137.48 0.54 1.34 285.78 1.12
512 |2074.273| 116.22 325.49 0.64 1.59 299.26 0.58
1024 | 976.489 123.43 702.33 0.69 1.71 324.98 0.32
2048 | 472.534 127.54 1467.07 0.72 1.79 315.71 0.15
4096 | 218.719 137.77 3291.55 0.80 2.01 461.68 0.11
8192 | 135.122 111.50 5640.03 0.69 1.72 640.97 0.08

VAV:= Vi Y ik =SSy Vi
IR

(a) MEHTIAFR b) ErETFL () AEWimESE ST (—Lh)
RN TSR
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ERE T AIE W =W/ Wmean
MEIM HEERREE -

T *=(T—TmeanV/AT
B H L2 GIE - Winean
WHR SEENRE © Tmean
WHWF ) EFIREE - AT

0.0 -0.2

(a) $ATELIT Ao (b) MHIEE AR
2 fEpTREA GEEL BRI

() BRYRMER, TURARER. WXH):

1) N. Kikuchi, Y. Imai, R. Yoshikawa, M. Tanaka, “Validation of Subchannel Analysis Code
to Thermal-hydraulic Design of Fuel Assembly with Inner Duct Structure of an
Advanced Sodium-cooled Fast Reactor”, Proc. ICONE27, 2019. (Presentation Only) .

4) SEOFAFE:

A% b KIUGHRERE 2 #kwi LTI M L, SPIRAL = — FIZ X VR ESM TICBIT 2NEZ 7 b
%4175 FAIDUS BUREHEA RN OBGREEOFEMZH LN L TV FETH D, £,
Tl e DREHE S RRBRIC K 2 2 Y MERERRIRIT 2 D D & & b ic, FERGTHE~Dm A & LT, ik
IRIEER ST TIC I 1T D SRS BB HE & (RN D BT B AR I A 5 0D KBS REAT 2 F2hi3 2 T
Th b,
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593 EHFIRILF—FELTAHILOI—F MVP EZFERLIZFRDLSEZERF MOX
PARHE D O IS 353 7 R AT

Calculation of Reaction Rate of Sodium-cooled Fast Reactor MOX Fuel Core
using the Continuous-energy Monte Carlo Code MVP

BH Fh, MKE R BER ®
R LR AT R 27 L —

(1) FMAEM:

AN O T SOS SRR I AN 22 DEE T H 0 | REHME ARSI 2 5 2 &I K v &k
%< OREMTON TN D, — 5 TREHES RO LESe FEICiE, 57D LIRS m D 3 i &
W o T AR A O i E T IR TR 2 B9 5 72 OISR B IR O HPE T L o ~ WK E S 1
TW5, PREMTFIECTITEMR R E BEICEEET 5 Z LIER#ETH Y | PHET Lo~ k%
B U 72 e SN2 T O T OSSR I DD R CHER EICRER D 2 &
MUY,

ABFIETIE, T Lo ~WEF RS O R PET-ROSEOFHRREE M Ea BAIC, FHERERH 2 22
THNEMERIIR RIS T2 2 LN TE =R —E T v aitEa— R Th
% MVP 22— K& W CRHE 2356 L7,

(2) FIARE-EE:
REHE SR THICER T BTV D HPES L o ~WMAZ BRICHEE L AR 25 L. MVP =
— RZEA L TP Lo ~WEREZZE L2 O A O EFRAGE L, M1 ITeHg e L
IRBHESIRX & MVP =2 — R TOMBHNT AR DO —Flamd, O TR oo hte Rz o
PEFROSREFRE L TERMEE L, MANRS —ET 252 &2l L,

Q) MRVAMER, TURRR. RWXF):
Atk mXERELZB L TINLOMREBRERFE L T FETH S,

(4) SEROFMAPE:
Atk RUSHRSAMOFHEZ ki L TWL FETH S,
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510 HEHREMRMARLELI—
Tsuruga Comprehensive Research and Development Center

510.1 EERFOHAHARDRED-ODEHSEIaL—ay

Simulations of the In-service Inspection of FBR Components using Methods
based on Eddy Currents
Mihalache Ovidiu
T b U U LA 7 — T
(1) FABM:
The simulations aim to validate new multi-frequency eddy currents algorithms coupled
with multi-coil ECT sensors to be used in the in-service inspection of steam generator tubes

of FBR when sodium adheres to the external surface of tubes after draining of sodium.

(2) FIARE-HER:

Before the in-service inspection (ISI) of steam generator (SG) tubes for FBR using eddy
currents (ECT), hot sodium (above 200 degrees) located on the external tube surface is
drained. After sodium draining and cooling to room temperature, layers of sodium still
adheres to the SG tube surface, as indicated previously by experimental measurements. In
the past it was shown in simple geometries that numerical 2D/3D FEM simulations based on
electromagnetic codes developed in our laboratory agreed well with measurements, but
based only on the prior knowledge of the sodium layer condition/thickness observed during
tests. In more complex 3D geometries, shown in Fig 1, multiple SG tubes are supported by
large support plates (SP) and require large scale 3D FEM simulations to simulate the ISI

signal from ECT sensors as they scan from inside of SG tubes the tube external surface.

Full
circumferential
0D 20%

Partial
O 30%

Large SP with

3 5G tubes

(Na tank
experiment)

b)

Fig.1 a) Large SP with SG tubes; b) FEM mesh around complex SG tubes structure near
tube support plate inspected by ¢) multi-coil ECT probes

1 a)
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SP left SP-connection plafe

SP right Multi-frequency algorithm

SG tube ﬂ T Ring
E 2 - - S =S (iitw)+a -R(@)-S, i+ w),
E L[ Wadw ] AT g = ' ' . )5, .
f 15 —— ' T N, =N,(i.i+w)+a -R(p)-N,(i,i+w),
g : A : S, ()= Max(S,/N,) when a=1/10..10,
Q Ou_*_ ; o moA 150 : 200 : 250 300 Q?ZO..ZIZ, izl’n_w

Distance [mm]

Fig.2 Windows multi-frequency (WMF) schematics and algorithm to suppress SP and
sodium signal

Based on the 3D-RFECT electromagnetic code developed in our laboratory and validated
through measurements with SG tubes covered by sodium, design of multi-coil ECT sensors
(Fig.1c) are possible in which SG tube external surface can be mapped for defects.

Using ICE-X supercomputer and large scale parallel simulations (based on both MPI and
OpenMP) with up to 5184 CPU cores the ECT signal at various frequencies of interest can be
computed and optimized for multi-coil ECT sensors. In the simulation of the ISI using ECT,
the multi-coil ECT sensors move inside and along SG tube. At each position of the sensor a
simulation a FEM solution is obtained that is used to integrate the electromagnetic field
around ECT detection sensors. Therefore for a 300mm scan length around tube, 600 FEM
simulations of 0.5mm sensor movement step are required to simulate ISI signal.
Multi-frequency algorithms that combine the ECT signal are validated through combination
of signals at two frequencies in order to maximize the signal to noise (S/N) ratio of defect
detection (see Fig. 2). Because, in real conditions, after sodium draining it cannot be known
the sodium layer accumulation thickness around the SG and SP structure, 3D FEM
simulations are used to compute both SP and sodium signal and validate multi-frequency

algorithms for worst case scenario.

"

Fig.3 Windows multi-frequency ECT algorithm applied to experimental measurements to
enhance detection of outer SG tube defects (groove OD20%tw): a) before sodium
adhering to SP and SG tubes b) after sodium adhering to SP and SG tubes and
draining of sodium

- 116 -



JAEA-Review 2019-017

The window multi-frequency (WMF) ECT algorithms suppress efficiently both SP and
sodium signal and maximize the defect S/N ratio, defect located on the external SG tube
surface. Using the 3D FEM simulation solution at each step, further optimized ECT probes
coupled with specific multi-frequency algorithms can be therefore validated in specific
conditions of FBR SG tubes.

Fig. 3a) and Fig. 3b) shows the application of the (WMF) windows multi-frequency ECT
algorithm to experimental measurement data from a multi-coil ECT system in two
conditions; a) before SG tubes were soaked in sodium and b) after SG tubes were soaked in
sodium and then the external area of SG tubes was drained of sodium. The WMF algorithm
can therefore be optimized and validated through 3D FEM simulations, but only in the
assumption that accurate predictions of ISI signal is computed in intricate 3D geometries

requiring therefore large scale simulations for accurate results.

(3) HRVAMESR, TURAER. RWXH):

1) Ovidiu 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. 59, No. 3, pp.1161-1168 (2019).

2) T. Yamaguchi, Ovidiu 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. 59, No. 3, pp. 1469-1477, 2019.

(4) SEROFATFE:

While until now ISI of SG tubes of FBR was conducted only after sodium drain was
drained from external SG tube surface, the next ISI technology will be required also to focus
on the no sodium drain condition (when sodium is not drained from the external surface of
SG tubes). Therefore, further 2D/3D FEM simulations will be also focus on advanced
numerical electromagnetic simulations of new methods/sensors for ISI of FBR SG tubes
without sodium drain and validations of method feasibility using large scale FEM

simulations for accurate ECT sensor design/optimizations.
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511  KPE%EHER
Reactor Systems Design Department

5111 ZBEVYAYIIIZKIBERAEEIRAFOREARIERE

Reduction of Environmental Burden for a Commercial-scale HTGR by
Multi-recycling

YA N
i ARG — T
(1) MABM:

BEIED A H T D BRBEAMIKIBIIR T /1B L > CHERMETH D, —FH T, xERIE
2L, HEATEREOHEM, BEFMOEIM bR SN D 7o, BIEEA BRI E LEBL L TV
ST EMEREERD, @il X OINESEENE AL A7 5 (ADS) ICXkb~AFT—=T 7 F )
AR (MA) EHOMENEALTHY . 2O BEITBENAFTEORM TH D, ZOfREIL. BE
WD BIVENE 2T X TERNICER D AATEREOWIIL BE L LTERSND, BEFE 11
FEEATFEH LI, AR REOR L-VVEEMICET2REELZ AL LT, HE SRk
NhbD, ZOREX, (22 A M (Public Acceptance : PA) EEI L XN 5N, EEOLEE
P LEEEEDY NN EOREFRN OV EGNH D, -, FEEVOBTENEEENR KR 7
UL % E TOWIM %2 300 £ICHMT 5 Z LA EEE L Shu, ERT D 0IiE, BEREH A 2
NERO TRU O v A% 0.1%LL FICT 20ERH YD . Z OFEMTIIF T O LISMIH & - SR
Iz X 336 4E3 %, OECD/NEA O & « ADS O U —F v 7 7))L —7"Tld, #KIFRE
EHE LS B A 7T XD MA B FEhE LA, SERRED a2 hAEINd 5 Ll &
TW5D,

ZIVET, @R AFE T, B, P Y OB A BUYTERAIFE L - 3Ic S
Wtk b, BEOBERAN Z O T b ARG L, TR E T ERE L CE T, ZLT, £
TV FICBNTIE, 05 &EFFarn—ob LTIEL, @i - ADS & HEEIC MA
Tz BT RETHDH EB 2, RitEthoT-,

Z 2T, AWFETIZ, MA ZHUZ XD BREARKRZT O SR AFoRE 2 B E + 2,

(2) FARNE-FER:

AHFFETIX, BRBERHT = — K ORIGEN O 7 oA 7' F U VR QA DR (06 B 20 i GBI
VT I ECHS < BT o — K MVP 25 L7z, MVP OFFEAMIIRE < 205
BUTHEE LAY, KB ICE X OFERENIC LV BN AREL o o7, S 6T, WD HEA
RS ORI (X - Pz B DIREREN AL L 22 508, B CAD ¥ 7 &2 L, 3fl7e
TTVEBFEICKRBE TE 5 ANSYS =— R L0 FEifi Lk sl 2S I fg & 72 > 72, ANSYS
a— RIZICEX IZHEASNTEY, KEHEKL—F—IFAETH D,

AT I PE F =il A4 & U CERE T 72 GTHTR300 % %5 & 95, affl 72 BREERR Ak 23 &4
WTHY ., FDHIZ, MVP 2— R4V ORIGEN 4 75V 2Bk L7, %< Dd. B
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Q) HRVAMESR, TUARER. RwXH):

1) Y. Fukaya, M. Goto, H. Ohashi, “Uranium-based TRU multi-recycling with thermal
neutron HTGR to reduce environmental burden and threat of nuclear proliferation”,
J. Nucl. Sci. Technol., Vol.55, No.11, pp.1275-1290 (2018).

(4) SEDOFEFE:
B AFOEN 2 ARENRETT D720, VA 7 NVHERDT — 2 _X—2{bE2 TELTW5D,
LHt% b, KAGHER ICE X OFHEENCH/GT 5,
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512 RFERELR#HIRE2—
Collaborative Laboratories
for Advanced Decommissioning Science

5121 wBEERFHED-OOL—F—FBETIVBEMIIaL—aV@imFEDEH
(1)

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

W gl SR sOR, FORM FR. LT EL Aok e ok Rl EiE e
1 B AT BN B S 7 — T

+1 BBV BA S 7 — 7

+2 VAT DEEREE  F — R AT NEHE

* R MEANRL 2R KB T IER

(1) FMAEM:

FOENR—NT 4 v 7 ARASHAE 55— R TS EIT O L2 CTHE I BEIF O i x, ER
DEALDEVFREIZ e > TV D, ZOBEFIEE TR, mfESEOHBICI Y | ATV TEE
24T O OREEERTZ, vy FEOEREEES LA DE TP LER IR TH D,
— W —FAT T, VBRI, RETIN LR, R EMEICENL TV D Z b, BEFEEICB W
THIEFREES LA DE LY — LD —o L LTHIR/R SN TW5, BEEOFTET 5 B E
WKREMFEE L #—TliEk, B GE =2 —27 V7 « =2 V—HASH LIRSt A X /w0 b
DIFFIET, L—PF =L U —F—T = v NOBFMOBRBRETED L, FREED K OUREFT
7V S OB LIZA B ekt 84 % F i e L CHI 0 Bto TR 2 BREHM (L—%—13>
D RERI) OB AT T\ 5, AT, 20 L —F =300 BREDOE SR ZFHET 5 720 D
MPEEZBERETHLOTHY, L—V =100 FREMN TEEEREE O - E BERHMEZ EH L, L —
P—1I 2V BREFRMFORHELIZET 2 HDTH D,

(2) FIRAE-FHR:

— R L= —IN L ClE, bR LD MR AR S £ DR & 97 A DS
WZEVBRET D08, L—F—1ZOVBREMLTIX, ERHEZKOEHICEVEREL, BEINT 572
D, =P =T KD KDEFELCEDUERMFEDBR 2B &N T DT FIEOR N HE L
Do % T, BEFREERE LICHARD —E DR & THAET 5 RITH LTl &k OB ORI 2170,
L — P —RENZ K 28 LT OB M OEEIRR O 217 - 72,
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Rk 29 FREEEM L7z [ L—3—13-2 0 BREM LA OBLGHE O 72 0 Ot FIE OB (1)
KON T L= =132V FREM LA OBIGHEIR O 72 O DN FIEDOBTE (2) ] 128 W T, BERSEMH
RMNENE DR EEZ T L7z 2 &S | AT CIE, Fric iR Rim 2 i 2 KR, WEM O
FAZEAL., 8 IRTTHESE DT IZ MAF T 8B A 58l L 72, &7 /L OAERKIZIE, ANSYS DesignModeler

(FERI1ERR, METE) & ANSYS Meshing (A v = Apk) #@H Lz, ¥ 1125408 &AM o
ZALBIG & U CTREN BB OIS (77— 8big) ZFHn, FRET 257200 3ot
BTV A K 2 1ITINENT X 2 B OERELS: 2 58l - B3 27200 2 RTET AR Z R
T, BEfE, HEE, SAEOBMIL, EAERM, K, ZRONT A—Z B LT,
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FEFE LT, MRATREINIC &5 D 2 R O RFERI G 1L, IR SI2KFE L CRE a3 2 &R
R T& 7=,
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TRREB) O 2 WOTfTRE R 2 X 4 RO 512737, M4 ITREE S 1.6 mm OFETH Y |
B4 5 [FHEAHIE S A% 5.7 mm D8 Th 5, AKIITEARZEE OMEHT & R 717> - TR B A1
2T T 1 m/s OFEEETINENE 2RIV TV D, AT ClL, b —V— D&% B I EHEE
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(3) BRBURFCER, TLRAHR, HiXEHE):
2L

(4) SROMATE:

Al EEOIZOVEREMT &l - ET 21T 9 7201, KEGHEK S A7 A& FIH LTk
TEDPEANLE TR E & B L T= 555 OWhlE M OVER O fflT 2 I3 5,
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5122 HwBEERFHED-OOL—Y—FBETIVBEMIIaL—aVEmFEDEH
%#(2)

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

Sem AR, UHE i EHEE BRI L AR R SOk @R Sl fgt
E AT EAT B3 7 N —

+1 BARENEAN B3 7 v — 7

+2 VAT LEHREREE U X — RV AT LR

* R BRI RS KPR LA R

(1) MAB®:

BB AR =T 4 7 ARASHR B — R )BT O %22 TR IR BER O FE M, [FH R
DELOEVEREIZ R > TWD, ZOFIFIEETIE, mMEFOIMIZED | ADESNTEE
21T O ONNEEZRT=0, m Ry FFEOEREBREES S MG DR AL ER TR TH D, v
— VP —HAT. HE R, RATINLME, ERREBELECENTH D Z 6 BIFEERICE Y
THiEMREREES L AR DE LY —LO—2 L LTHIF S TWD, HEH OB T DB E B
ERIfFE L # —Clik, BN GE =2—27 V7 « = VKRS R OMASHEA X )~k
DILFFFET, L—P—L U —F =V =y NOBKFIORBEIED) L, FREEY M OB
7V EORH LICE RN 725t G 2 i H B L CHI Y Bto TR 2 BREEA (L—HF—13>
D BREFAN) OBREEITS TV D, KX, 2O L—F—32 0 BREOHGEZ T 5 720 Ofif
WFEERFET2HDOTHY . L—F —T0 0 BREMLIEFERR O} E BRI Z EHR L, L—
Y=LV RESFMOEFELICET 25D TH D,

(2) FIARE-HER:

R L —F— T Cix, L—V—MREHC L0 G IR S, = OWREY & 7 A Ot
ICEVBRET LN, L=V =I5V BRENLTTIE, B E KOERICEVEBREL, BT 57
D, L—H—IZ KD KOEFRCWIEDOERMEDB G % I 6T DT FIEORE N EE L 72
%, £ T, EAEBER RIZIRAR A —E DR S THET 2 R1T%F L Tl & QR O FRHT 2170
L — P — R X D EEA T O &K NERBLG Ot 21T > 72,

2018 4FFERTHNCFEM Lz MEEEFHED DO L —Y —FIAT 7V IE@My 2 2 —va v
FRNT FIEORTE (1)) 128\ T, MIRERE &2 Tt 2 K, WEROFZE(., 3 IRoTHE% 03 F
B RIETRBATM L7 2 &b RMHTCIE, EBEOIED Y BREM L & g - it a7 95 72
DI KD FEANL[ESOHE 2 255 L 7355 O WIS K QWSRO T 2 %0 L 7=, 7 /L OFERKIC
IZ. ANSYS DesignModeler (FEIR{ERL MEIE) & ANSYS Meshing (A > = 4Rk &AL
7o B 1SS M ONERVE 7 AR 2 77, SAE S IRFER O 28 LB G & U CTEEE B O ki EL
LR ONIENT X % EAE ORISR 2 5l - MR 2720 0E TV Th 5, [EFE, H, KO
X, TRENEH, K, ZBRONRT A—Z &M LTz,
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FEREMICADE T ALK AR S ARNE T 2 &2 E LT 217> 72,
PEERIC OV TIE, HHEBIAERZRICEI L T LE o722, MIEEZMn< R L, DR
K OFHA 2 F2hi U 7=, BIMER R IRIIR R TE Rd o720, HHOBLZFRBICHE 5 & LTHEA
WHEHEZ IR > TWD AR B 2 b, WRIEBZICOW TR, M 2 ITH S OREREZ R,
J R B KM A F T T K UL R R & 3R L — W — OBV 3 < AR 03 e
AT E T2, INBGEII KD EZE L7 BRI L TLEW, BRI OREMBL L) R T
oty TNETOMITICE Y. 2 AN EOKOEHNEF L, ZFE LI-FRNER T
TV END WRBGIZOWTHEROBG LRI 5 &L L CHHREPMEMIC > T D
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(@) BRRYRMFER, TLARER. BXF):
L

(4) SROMATE:

ZORREZ T T ABITKEGIER AR L CH AT v 7 TOEEZ B 50\ Lot 4
Fhiti L, mASHIC KR E DL - AT 2T D L D189 D,
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5123 BKREEVEODKSZEEEHI—FOBHRE

Development of Drying Simulation Code for Waste Storage

FH O OBE
TR H A Rl 7 L —
(1) FIAB®:

BKBEEED OB BT, BSRICER T 55BN 2, KODIRIZ X D KBFRAESK 4
MEBIOBRE LB E X TR ERGOREMFMAEE CH L, WEE LT HREFOFKT
X, FHCLONTB W TR TFRH O 72 DIZHEKRBEA S I, 2SR TFNOMAEIK EIRE L
THEHRETG YK & U TR FIFNIC KR EICHEE LT\ D, Z O & & ATTEYHEE K &2 Bl %
72, HEAKFPOBKFEIR CH LB U L EEAFT A b CTRERET DIEGKLIE Y 2T L&
A S, YRR GETDN TR Y EHEADOE T DRERE (NEICEA 7 A F & FH)
X, FRMICODTE > THA FPNICRE SN DEHETH 5, WEBRERFICEE T 5KICEEND
WKy O, B, MERZOERREIIHEELRANER THDLM., 5 OREIXENK
DEIZE S TET D720, KOEBFBZHET L 2 — OB EZED T D,

AHFFE I, FAEEEVE O REMT K 2R 100 B /K D ZEFESORARBET 7 D O PREVEIZ X 2l
Fk oy DEHEEOME L, KOEBFEENC L KN BEZET /UL L, BICbh 288N O
HERRREO THEFEZEST 52 LD, REGHEMIC X 2 XB\BRMEARRR EB 2 T,

(2) FIANE-HER:

Ty MR A & LK R E R O E A R T, R S v U AR, BRI
BRI 2K THEG L7212, JEMEZERIC L D K L TRE STV 5 28, B ool i
DR S . R, FRICIEEERIC K AVERRE LT %, ANSYS/FLUENT % /=& HIRAET O
BT 20 L CE BN Tl & 7 A DB X > TS M A ERIC R b Z &, £
BT D AWEES A R U7 NERINEGRER &0 L CIKERIC B D50y & & de H K S a5
EEHULAT IR B 3 5 AIREME SRR STV D, Fio, BENTER LK, KBk E -
Ny MNENLIRET 50, AMEEmS TR LA T4 MREFBNZEIRT S EAbND, Th
SOFELOTHENZAIT T, RKa— KT, AEaFki @R 0Ky OES HFERIT &L > —H %5
A UL IERRIEME O R & WBEET) & E/KEFIE OBIfR % Leverett BIs CHPE T 2 FIETHZE L 7=,

R U 72 NERINBAGRIER O 1% & A L7 T Bl A FR A 3 2. I 1 ICTE T VO E 2777,
FENTET WL 2 TR Ch 5, B4 T4 M FE LZARAES (BRK 1.6m3) OEEHICH
S 10cm OFEAKEEZRIT, B4 74 MAREBEINTZEOFTLENCH S e —% (B K 50W)
THWNEZ BT 5, B4 T4 M EEZEmI3sNS 5 0 B[ THHER ST\ 5, FHE T,
WIEDL AT A FENDKSSARTONT, FKE 2 e s L, o L4 72 & /K Eafn
JE (BKRE) TIRE LR & Uiz, X2 ICRBRBIGEDND 44 H 1% ORZENOE KEIFIE
IR, KARKIREOAREFREIRIC I T 280 a3 R LIcERE ™1, HMORENGIE, B—
ZIMBUZ K> T, FEPDEOREN EF L, s, i T B omEn e & & Hic, K
B T T 15 TG IS K DK 5 b & O LB W KR i 8 v, FEBREE R A REER L Tu
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Do ETo, K2 D 44 ABEOFGHNOKIRR, BLOKGBBET DM HWEITIER (T
WS, HEER LT D A~ B L 7oK 328 L TR IS Ko T RA L, AEREEH, 6 L ORI 18
KO O EERZERNC CTHEME L C, AAnBER 2R > T R L72 K Dol Lo P EBIic B @4 518
BRIRISTERL S AV TV D AR ERR T & 72,
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Q) BRVAMER, TLARR., @XH):

1) FEBCE. (WEDh., HEE KRR, BRI D Koy 7838 B IRANT 2 — RBRZS IS 1A ) 72 BG4
HAM ST a7 7 L2 A 2018, 2018 45 10 A 20 A, = IL.

(4) SBROFATE:

Pk 30 FEEDMFIEIC T, U A ¥ — MEREOIE(R S T RIEHRIC X 2 RENC D 2t HERE
DIEFEEK D Z ENTE o, A&, &2 T ZRAEEE N TIRGE R 22 FE B AR O RLAE 55 O P i
W7 id U T2 B 225U & D KT RE BB RE ~ DR B A RFES D720, 22— RO 3 IRtk & @kl
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512.4 JUPITER O—F DA ERBEBTET ILIC I 5F BIERELAFT
Validation and Verification for the Melting and Eutectic Models in JUPITER

Code
FxA TUT74
RN BH S 7 — 7
(1) FIAB®:

The framework of JUPITER code has been well developed by Susumu Yamashita.
However, it was considered that the Validation and Verification for each physical models are
necessary as a preliminary work before the practical application. In last fiscal year, the
reliability of the phase change, solute diffusion and radiation models were validated by
comparing with the analytical or experimental results. Along with the validation work, light
modification for the source code was conducted to improve adaptability and accuracy of the

models.

(2) MIANAE-HER:

P. Hofmann’s experiment was simulated to validate the eutectic reaction model. As it
shown in Figure 1-left, a short cylindrical rod of stainless steel was pressed into a Zircaloy
capsule and closed gas-tight by a conical Zry plug. The annealing tests were conducted in a
tube furnace with flowing argon gas. The specimens were heated up to about 900°C and then
placed into the pre-heated furnace which had the desired annealing temperature. The
specimens were kept in the furnace for a certain duration time before take it out. The
duration time depends on the annealing temperature and the thickness of the pre-oxide
layer. The geometry set up in the simulation is shown in Figure 1-right. The scale of the
geometry kept consistent with the experiment. An isothermal condition was set for the whole
calculation domain. All the boundary condition was set to be insulation. In other word,
energy equation is not solved in this simulation. As it shown in Figure 2, generally speaking,

good agreement could be observed for the range from 1000°C-1200°C.

‘I,/f conical plug of Zircaloy
I!IF’/ rod of stainless steel /—\
: i

Stainlesssteel rod

Zircaloy - & crucible

Zircaloy-4

Figure 1 Left: Experimental components of a compatibility specimen before being loaded;

Right: geometry setup in the simulation.
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1000°C 1150°C 1200°C
15min 5min 2min

1491955 Reaction zone
(AISI 316}

Reaction zone £ Reaction zone

A

Reaction zone

Reaction zone Reaction zone

Figure 2 Comparison of the reaction zone thickness in Zry-4

In addition, radiation heat transfer model was also validated by a series of simulations.
Figure 3 shows the calculation of the radiation heat loss of single rod in a vacuum
environment. Reasonable results and good agreement with the analytical results could be
obtained from the comparison in Figure 3-right. Moreover, the radiation heat transfers
between bundles also been calculated and compared with the view factor method (Figure 4).
Good agreement suggests the good reliability of JUPTER code on simulating the radiation

heat transfer process.
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1500 |-
[ 1000.0 |
—_— 1400 -

1200

Temperature (K)
)
=4
T

16732 1100 |-
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[ 1000 [

— 14000 200 -
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[ 10000
873.1
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— 12000
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873.1
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Figure 3 Left: The temperature decrease along the elapsed time;

Right: Comparison between the analytical solution and the results predicted by JUPITER
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Figure 4 Simulation results for the bundle case by JUPITER code.

() BRRVARFER, TLRARK., #XF):

1) P. Chai, et al., “Validation and Verification for the Melting and Eutectic Models in
JUPITER code”, Europe Review Meeting on Severe Accident Research (ERMSAR 2019),
Prague, Czech republic, March 18-20, 2019. (JUPITER =t — K OIARE BT £ T L
V292D 2 Y PERRGERRAT) .

2) P. Chai, et al., “Advanced Multi-Scale Modeling and Experimental Tests on Fuel
Degradation in Severe Accident Conditions (2): (No.3) Validation and Verification for the
multi-physics models in JUPITER code”, Atomic Energy Society of Japan 2019 annual
meeting, Ibaraki, Japan, March 20-22, 2019.

4) SROFAFE:

In the next fiscal year, we are planning to continue the validation and verification work for
the physical models of JUPITER code, which include the Zry oxidation model, et al. Besides,
a series of integrated severe accident simulant experiment would be simulated to evaluating
the reliability of JUPITER code on analyzing the reality conditions.

Additionally, I would start the numerical analysis for BWR lower head by STAR-CCM+®

software using ICE X. It was a part of job of decommissioning project on evaluating the

progression during Fukushima accident.
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513 BALE-BtEFr )T HEEL2—
Integrated Support Center for Nuclear Nonproliferation and
Nuclear Security

5131 EREHUTEII AT LOERAMIES

Practical Development for a Delayed Gamma-ray Spectrometry System

Rossi Fabiana. Douglas Chase Rodriguez, #4 18K
Al R HEEE =

(1) FMAEM:
The SGI ICE X cluster is used mainly for multiple evaluations using MCNP6 simulations
to design a moderator for a practical delayed gamma-ray non-destructive assay system for

safeguards verification in actual reprocessing facility.

(2) FIANE-BR:

To ensure that nuclear material (NM) is not diverted, IAEA verifies state declarations of
NM through independent verification measurements. When applicable, nondestructive
assay (NDA) is used for efficient safeguards verification. In reprocessing facilities, for low
radioactivity (LR) NM, such as Pu-nitrate, passive NDA methods are well established for
quantitative verification. However, for high radioactivity (HR) NM, like spent fuel solution,
no NDA technique for isotopic composition verification has been established yet. Due to the
presence of fission products (FP) and minor actinides (MA) in HRNM, the passive NDA
techniques for LRNM cannot be applied to these materials. Current verification is done with
the use of a combination of hybrid K-edge / X-ray fluorescence densitometry (HKED), to
determine the masses of U and Pu elements and isotope dilution mass spectrometry (IDMS)
for isotopic compositions of them. However, IDMS is a destructive analysis (DA) technique
requiring several days for the sample preparation. JAEA is now developing new NDA
techniques to address the HRNM verification. One of them is the delayed gamma-ray
spectroscopy (DGS) that can be able to determine the fissile nuclides (U-235, Pu-239 and
Pu-241) composition ratios in HRNM. JAEA is collaborating with the FEuropean
Commission’s Joint Research Centre [1] for development studies on DGS and other neutron
activation NDA techniques.

DGS focuses on the measurement of high energy gamma rays (above 3 MeV) emitted by

decaying of short-lived FPs (SLFP) generated with induced fissions of fissile isotopes of NM
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by irradiation of external neutrons. Because the HRNM have very high intensities of low
energy gamma-rays (as background) caused by the decay of the long-lived FPs, that
overwhelms the detector and masks the gamma signature from the fissile nuclides, we need
to suppress the high gamma-ray background by using filters. With the analysis of the
spectra in high energy (3 MeV or more) range, it is possible to correlate the measured
gamma-ray peaks from the SLFPs with the amount of fissionable nuclides present in the
HRNM sample. Each fissile nuclide produces FPs with a unique fission yield (FY)
distribution, that changes with the fissile nuclide atomic number and mass as well as the
energy of irradiation neutron through the fission cross-section (see Figure 1). To enhance the
fission rate in the sample and enhance the signature coming from the fissile nuclides of
interest, external neutrons from a neutron source need to be thermalized with some
moderator. At the same time, thinking of practical use in current reprocessing facilities, the
neutron source should also be compact. Among several neutron sources, neutron generators
(NG) and radioactive sources are suitable in term of compactness. However all of them emit

neutrons with high energy and need a moderator system.

10°F
10°F=
1 e NCEURURDI: SRR O B B B L | | e R ., o SRR
5 = e
> =
. PP ST A VR S (Y 0 O 1 (|0 OO || | S /S N
L e S S 11 11| 1 1
10-6 i ORI SNS S R——— A 1 B | ] || G| SN N RS— -
| osamev|. . PURMCOAN L
o[ |— 500 keV
-IO —_—14MEV I l [ I I .........
-6 =4 ) 0 2 4 6 8
Iogm E (eV)

Figure 1 Fission cross-sections of U-235, U-238, Pu-239 and Pu-241 as from
the ENDF/B-VII.1 database [2].

The SGI ICE X is used in particular to perform MCNP6 simulations to design (optimize)

the moderator for a deuterium-deuterium NG within a 1 m3 space (compatible with the
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current verification system (HKED) in analytical laboratories of reprocessing plants).
MCNP6 is used to evaluate the optimum combination of moderator in term of high thermal

flux in the sample, moderator efficiency (thermal-to-fast ratio) and size (Figure 2).

Figure 2 3D representation of a moderator system for a NG. Inner and outer

material is HDPE, while the central part is graphite.

Q) MEIYRMER, TLRARR. WXE):

1) F. Rossi, D. C. Rodriguez, T. Takahashi, M. Seya M. Koizumi, “Delayed Gamma-Ray
Spectroscopy for Nuclear Material Analysis (2): Design of a Practical System with DD
Neutron Generator”, Proceeding of the 60t INMM Annual Meeting, 2019.

2) F. Rossi, D. C. Rodriguez, T. Takahashi, M. Seya M. Koizumi, “Delayed Gamma-ray
Spectroscopy (2): Design Study of Moderator for a Practical System”, Proceeding of the
39th INMM Japan Chapter Annual Meeting, 2018.

3) F. Rossi, “Measurement of DG spectrum with PUNITA & Design Study of Moderator for
DGS-NDA”, Oral presentation, Workshop on Technological Development for Nuclear
Non-proliferation and Security, JAEA, Tokai-mura (Japan), 12-15 Mar, 2018.

4) SEOFIAFE:
In the future the SGI ICE X DGS will be still used to perform Monte Carlo simulations to

finalize the practical system.
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514 YRTLEEMZEEVS—
Center for Computational Science & e-Systems

5141 HRIUBITBEOLFEHEIIaL—3aY

Molecular Dynamics Simulation of Grain Boundary Phosphorus Segregation

Process
W
U a2 b— g IR E
(1) FMAB/:
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L2 b— 3 O, CRREL TOREM LR ICE SR T OB E 2Bl T 5720, HRE
W AT v 7 TOFENRLETHH 2 En, REGHE#ZFIH Lz,

(2) FIARB-HER:
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Computational Studies for Quantum Nuclear Effects in Functional Materials
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Atomic Simulations of Physical Properties for Nuclear Fuel
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Numerical Simulation of Radioactive Materials in the Environment

WS HEEZ. PR R, BTH B2
VR 2 b— g B E
(1) FMAEM:

20114F 3 H 11 AIZH & 7o BT A VR ISER 3 2 BN A — T 1 v 7 AR S
AR — T IR EITRHIC K> T, KEOKFHEMENEREHR ISR Sz, ZOH T, K
e U 2N BV Flo, BEICE L TERENICEEL L, BERBICEES Z L0
HMHNTND, FROBHIFIELZ B E L TTOIL TV D EUFIC X 2 KFFEERG T, BAHioRR
FETIZAENTHD Z ENREINTEY . BRENTONTZZ < Ol CREEEE R EER ST
Do LU, BRICE DBRETBII KR I2/2 5 & PRI, Z OO 7= O T HbE %
R ORRE N R E ML 7o o TS, £z, Ak, HIRIZIEE Lot v 2%
G TEIINASICL D  REFEBITL TV E PRI BRMEE T A OREEIHEDO R
THEH, SBROREZBETH D, IO OMEIZONWT, BIFRE O TR L, fadi7e
I & N ERRFERR L ZOMEN RO LN TWDE, 29 LEEROT, A7 LiHHEE
oA — U ab—va UEINBIRE T, ERROMASEREIISZ DL, BRYEIC L 0 RBA
THREORETLEN DT ABEEC IS U ' v v 40 HERBRBE R CoOEY
ZEEOHFITH Y FA TV D,

EHEE > T A, BREHR TIEA A0 & LTRA W, BT ESMICRE LT\ D 2 & AV
HIVTWDN, T OWAEE L OGN MBRE T E 72D > T, KBTI, £ OFERE
R O ERER S | ST > v A SR ES O BAER 2 HfR T 57290120, R L~ULDE
TUITRUETHD B L, B FHEREZ AR LM ORRICET Lz, TOB, 55
MDA, ERRBBEOMROTIZDIZT TR FERICE > TEEARFHIMLICR D2 b D LEE
Z. REGHEMAZFHA L, TX5RY O/GE (B & L CRHEOBUBURF A T~ 2 EOMGE) %
1T9Z2 8T, LVMENRMAEZELZ L E LT,

ZOX I RTGEOT, WL 30 EEEIX, BEMEE L T AR ET D ETHENTVWENRZE
DWW AERRIED RGN 5 T 72 o TOZRWEULZERERS T8 OWEKREIZ DWW T, ZIVETO
VIialb—ya UMD REE LD, WAEBGOR Nt x50 2 L 2B E Lz,

AW LV | ZAVE CHEERIIIIE TITMRIADEE L 2o 728 T RIS BT DR A 7 —b
DT LAREREOREEZALNCT L2 ENTE D, TOME, LIEEMO L ORIz ED
EITHE LTV DRI LN/ 57280, BRETEOBEEIFICOWT, B FIEERKY
Ao Z EERRIC AR D | HIRBAROMERICH G CE D EMfF SN D, o, WAEIEHEREORE
HEASEA &N 72 5 Z LI R | F R RTIEE R O A AL o S 2 31T D BR YL bR 2 T DO RIRE D%
B ~OBEBPA I TE 5, o, MitIMIC L 28T AREBRICHT LV I 2 b—Y
3 VOO TOMERIRIIIE L I D72 BHFHRBLE O b AMRMR L2 & E2 BN
Do

- 148 -



JAEA-Review 2019-017

(2) FIARE-HBR:

R 80 AEEEIL, TN E TIT o CTE M EHM OB E Y A MBI AHFEREEZ T £ &0,
K I RROWAEZFE A I SN L RETINBRCRIIRE OEED U 2 7 FHlIZ DV TH L
L72[1,2,A], X LIS FRE YA S ORI 2R3, 2D OWREF A MOk 25 D
BONTRAERELZELOTLOER LITRT, K100, FONToT v VHK I O R
EDORKTH D ZENbND, £io, WAEBREONEFI G, R > =y — KfiL/E
Ml — EoN7emy VEVWIEFICEL T LABRBITL TN ZENTREND, ZILE TOER
FERMNS, BT MIEEICITEMICEE SN D L PRI TEY . 2 OWFEHE S IT E R R
AT A EICRBIL TS EE A D, £, 2O EnG, BRICEES BT A
T A A UAWE TR 2 LI LW, B2y ARBED 72D, BERREIC L o TR T8k
MBREWET L EBRETHDL T ENRBIND, S 62, JEBEICHEE S EE T
L3 18TCs+—18TBaz & fsf =2 Z LI X 0 RS RS AR O B P EAS B AL ks L8R 0~ D B
YT ARBEET D RN S D Z L AR L, 2, BHIRE OB, BT ARk
ICZEIZRAE L TVD KHICRA THHRBICER T 2 BEO FTREMEEZ BET 2L ERH D Z &
R LTV D,

KAF
IV LAFY
HLIMERED

TREED
BEETIL
()
—

ﬁdntlwvﬂw
BEETIL

Iyo~D
LEETIL

KA L =B~
LEETIV

X1 ¥EHYoOEENEYA N EFDORF AT —LET IV

K1 WAEIA b EWAE TR — DR
BBREZBNTE Y T DPCEDEE Z 57 Z 5700 NIRF S IR T 5,

LA EER | U | AMUZBE | Eonfmy U
R +0.5 2 4 27
[kJ/mol] 7

- 149 -



JAEA-Review 2019-017

() BRVAFER. TLRARK. #wXH):
(R = 7]

1) M. Okumura, S. Kerisit, I.C. Bourg, L.N. Lammers, T. Ikeda, M. Sassi, K. Rosso and M.
Machida, “Progress in understanding microscopic mechanisms of cesium adsorption to
clay minerals after the Fukushima Dai-ichi nuclear power plant accident”, Journal of
Environmental Radioactivity, Vol.189, pp.135-145 (2018).

2) WHEZ., BAHE, PrEs, (LoER, R 7e~<27 8 Lb-ULHBGOR - _—A T3
alb—var~iHEBYE~FE 20 FHHRT DY Ialb—ra OBk ERT N
B COMNZEER |, AARFA 152567 A, Vol.60, No.9, pp.552-556 (2018).

[ 2 %83]

3) LRI TOFRE T G E T ANERE L OBGRERA KL BRONEERTO
X Mg ooy Y] LIRS T HEETH D 2 & 2 HERSA CTILGE—, 2018 4 7 H 13
H.

(4) SEROFAFE:

IHNETIC, MO T DREY A b T LT T UL L TR HE 21TV, 260
FERAAMAGDOED T LIC X > TS EIEY O RIROWAE LB OB, S%IE. K0 KH
R ET NVEFHAAGER VI 2 L— 3 U RIETH HHTE 5 T8 1252 B LR R
BIROVI 2 b—va VETD, WETA NEOBITSEL SO R ERIcB T2y T A
DIRDLDEENEZALNNI LT FETH D,

- 150 -



JAEA-Review 2019-017

5147 ARFAFIHREICESERKPHET ILI— LB K R IEHEHE D fZEA

The Elucidation of Reaction Mechanism of Suger Alcohol Dehydration in Hot
Pressurized Water with Metadynamics Calculations
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Simulation for Radioactive Nuclides Transport Inside Harbor of Fukushima
Daiichi Nuclear Power Station
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Maintenance of Linear Equation Solvers for Publishing as Subroutine Library
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First-principles Study of the Degradation of Nuclear Materials
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Development of Massively Parallel Simulation Technology for Extreme Scale
CFD Simulations
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2018.
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Visualization of Hierarchical Data with In-Situ Visualization System using
Particle Data
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Development of Real-time Wind Simulation based on Lattice Boltzmann

Method
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107 1 ® with CRMT : wind speed=5.0(m/s) @ CFL=0.25
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