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The decommissioning of the TEPCO's Fukushima Daiichi Nuclear Power Station is a
long-term project, and the training of young engineers and researchers who will be
responsible for future decommissioning is a necessary and urgent task.

Since 2016, Collaborative Laboratories for Advanced Decommissioning Science has been
continuously organizing “Conferences for R&D Initiative on Nuclear Decommissioning
Technology by the Next Generation (NDEC)” for students who are engaged in research
activities for decommissioning.

NDEC is a forum for students to present their research for the purpose of human
resource development and networking among young researchers, and to increase their
motivation for decommissioning research.

NDEC-9 was held at “Manabi-no-Mori” in Tomioka-machi, Fukushima Prefecture, from
March 21-22, 2024.

This proceeding compiles the contents of report papers in the conference.

Keywords: Decommissioning, Development of Human Resources, Fukushima Daiichi

Nuclear Power Station
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Fig.2 Change-ratio in reflection intensity
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3.1.5 Development of the electrical spray charging system for
aerosol control in Fukushima Daichi decommissioning

Dept. Nucl. Eng. Mgmt., The University of Tokyo

Nucl. Pro. Sch., The University of Tokyo
Nucl. Pro. Sch., The University of Tokyo

Dept. Nucl. Eng. Mgmt., The University of Tokyo

1. Introduction

During the 1F decommissioning, the debris should be cut into
pieces for retrieval [1]. However, radioactive submicron aerosol
particles (APs) will generate during this process, which are
difficult to be removed by traditional spray method [2]. Electro-
charging droplets is useful to improve their AP collection [3].
Thus, a series of spray-charging experiments are conducted in our
UTARTS facility. Brass ring electrodes with different diameters
are designed and studied.

2. Experimental

As shown in Fig. 1, UTARTS facility is a SS cylindrical vessel
with 3.92 m® in volume. Spray water is injected from a nozzle
(GG-30) at 2 L/min. The electrodes are brass rings with distinct
inner diameters (D, 25~200 mm). Electrode is connected to high
voltage power supply (¥, -0~-30kV) and placed near the nozzle
outlet with variable distance (Len, 20~50 mm) to charge the
droplets with induction. ZrO» APs are used. Welas3000 is used
for AP measurement. Totally, 18 experimental cases are
performed at room temperature and atmospheric pressure. Fig. 2
illustrates the effect of voltage. Increased voltage improves
removal efficiency, but benefits diminish at higher voltages due
to the enhanced droplet deposition on the electrodes, corona
discharge and space charging. Figs. 3 show the effects of charged

mist. Aerosol removal eﬂimency 1s anroved when water mist is

‘Vessel information

Geometry: cylinder
Height: 2.5m
Dismeter: 1.5m
Volume: 3.922m°

Fig.1 UTARTS facility [4]
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Fig.3 Effect of charged mist

pre-injected due to the enhanced aerosol-mist agglomeration,
which enlarged the aerosol sizes before spray activation. The
effect of the mist charging on improving the aerosol removal
efficiency is confirmed because of the enhancement of aerosol-
mist agglomeration under the help of additional Coulomb force.

3. Conclusion

To improve the AP removal efficiency in 1F decommissioning,
we developed electrodes to charge the spray droplets and mist.
Valuable understanding of the important parametric effects is
attained, which will be helpful for the safe 1F decommissioning.
References
[1] Sharma A K., et al., J. Aerosol Sci. 177 (2024) 106329.

[2] Greenfield S.M. J. Atmos. Sci. 14(2) (1957) 115-125.
[3] Sharma A K., et al., J. Aerosol Sci. 174 (2023) 106254.
[4] XuR,, etal., Nucl. Eng. Des. 419 (2024) 112960.
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3.1.7 Automatic Selection of Observation Positions for Rail-Mounted
Robots to Assist Teleoperation in Nuclear Decommissioning Scenarios

The University of Tokyo 2 TFE Zixuan LIU

The University of Tokyo e B Shinsuke NAKASHIMA
The University of Tokyo RS R Ren KOMATSU

The University of Tokyo A% fFEA Nobuto MATSUHIRA
The University of Tokyo ®E — Hajime ASAMA

The University of Tokyo 7 Qi AN

The University of Tokyo TR Atsushi YAMASHITA

1. Introduction

It is shown that constantly providing operators with elevated
views can improve teleoperation in nuclear decommission. To
manipulate equipment inside the PCV inaccessible to humans,
rail-mounted robots are being developed as one solution . In
order for operators to control their robots in an efficient fashion, it
is necessary to automatically provide views, and developments
have taken place in algorithms to achieve such an effect @. These
studies, however, focus on occlusions caused by manipulated
objects instead of the robot itself. The objective of this research is
to use rail-mounted observation robots to automatically provide a
viewpoint inside an unknown unmanned environment to observe
target objects of teleoperation. This viewpoint shall be able to

respond to the occurrence of occlusion by robot.
2. Proposed Method and Simulation

Structure from Motion (SfM) is uesd to create a mesh model
of the working environment along with viewpoint candidates
along the rail. After integrating the model of a moving robot arm
to create occlusions, rendering pipeline is used to eliminate bad
candidates by the size of the target object rendered from each
candidate viewpoint. Remaining ones are evaluated by how far
they are away from their eliminated counterparts. To test the
proposed method, footage is taken using a camera moving in a
path resembling a rail, looking down at an environment created
with various objects. Model and viewpoint coordinates are then
obtained with SfM and imported into simulation program for

rendering pipeline and viewpoint selection. Interactive interface

as shown in Fig. 1 is then used where the robot arm is controlled
by keyboard, while viewpoint selection is executed repeatedly.
Real-time change in selection result is observed where the

presented viewpoint moves to avoid occlusion by the robot arm.

Viewpoirt 161 selected

Robot moves:
Ohclusion oceurs Ocelus

Fig.1 Selection (light green) changing with robot
Acknowl edgements
Similar content is presented at the 29" Robotics Symposia on
March 6%, 2024. A part of this study is financially supported by
JAEA Nuclear Energy S&T and Human Resource Development
Project Grant Number JPJA19H19210047.
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(1] HOREIA—IVT 1 o 7 AR S B - 15590
RF—LmG/ FHRaH (584l , B33, 1~
3 SN PTRA RE Y T VEO TR
11 H 26 B (2020). https://www.meti.go.jp/earthquake/nu
clear/decommissioning/committee/osensuitaisakuteam/202
0/11/3-3-4.pdf (accessed 2023-06-30).

[2] Evans, W. D. J., White J.: Equilibrium Relationships in the
System UO»-Fe;04-O. Trans. Brit. Ceram. Soc. 63 (12),
pp-705-724 (1964).

[3] Riley B.: The UO,-Fe;O3 and PuO»-Fe;O3; System in Air.
Trans. Am. Nucl. Soc. 12, pp.543-544 (1969).

[4] Petrov, Yu. B, et al: Phase Equilibria during
Crystallization of Melts in the Uranium Oxide-Iron Oxide
System in Air. Glass. Phys. Chem. 35 (3), pp.298-307
(2009).
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3.2.3

Investigation of molten metal spreading behavior on substrate

with different surface roughness

FORR RSB TR FE R - /) [ PR
FOXR AR S TR FER I - 7] [ BRI
FORRFR P TR FE R & I Ferk

1. Introduction

The Fukushima Daiichi Nuclear Power Station (1F)
underwent a severe accident in 2011 and has been under
decommissioning. Understanding the condition of the fuel debris
and fission products within the reactors is crucial for this
decommissioning process. The spreading of the mixture of
molten core material and structure materials (often referred to as
corium) over the containment floor, is one of the processes that
largely influence the fuel debris and fission products distribution.
Although several research projects related to corium spreading
have been carried out for several decades, the corium spreading
accompanying the downward jet flow scenario which is crucial
phenomenon at 1F has not been well investigated yet. Thus, these
studies[ 1][2] focus on corium spreading following a downward
impinging jet. However, smooth-surfaced metal plates are widely
applied as substrate while the substrate in 1F is concrete which
has porous media, creating rough surface condition. The specific
impact of substrate roughness on corium behavior remains
inadequately explored. Addressing this gap, the objective of this
research is to reveal the influence of substrate roughness on the
corium spreading behavior and help to predict the corium
distribution after spreading more accurately.

2. Experiment and results

The experiment is conducted using Wood’s metal as corium
simulant, different sandpapers and concretes as substrate. The
sandpapers have different grit size range from #80 (quite rough)
to #3000 (quiet smooth). Experiment facility is shown in Fig.1.
During the experiment, corium simulant with a total mass of 200g
is heated in the vessel till 150°C then released from a Smm nozzle
onto the substrate at room temperature put on the height adjuster.
The height between the upper surface of substrate and the nozzle
is set to be 25cm. The whole process of spreading is recorded by

Vessel

]

T
i Thermocouple

Substrate

Height adjust
Temperature controller

Fig.1 Tllustration of experimental facility

Yihua XU
Ryo Yokoyama
Shunichi Suzuki

2 cameras from a side view and from top. The recorded video
undergoes image processing, from which the spreading area
evolution and other data are obtained.

Fig. 2 shows the spreading area evolution on different
sandpapers. The spreading area evolutions are similar to each
other under same experimental condition, indicating a relatively
good repeatability within + 10%. Spreading area increases
monotonically until the spreading terminates. Besides, the final
spreading area is generally smaller for the spreading on a rougher
surface. Based on the data collected, a predictive model of
spreading area considering the substrate roughness and the outlet
conditions is proposed.

3. Conclusion

To better understand the condition of fuel debris and fission
products distribution in 1F, spreading experiments of molten
metal in form of impinging jet are performed on different
substrate. The influence of substrate roughness on corium
spreading behavior is modeled, which will be helpful for the safe
1F decommissioning,

Reference

[1] Yokoyama, R., Suzuki, S., Okamoto, K., and Harada, M.,
2020, “Scale Effect of Amount of Molten Corium and
Outlet Diameters on Corium Spreading,” Progress in
Nuclear Energy, 130, p. 103535.

[2] Sahboun,N., Miwa, S., Sawa, K., Yamamoto, Y., Watanabe,
Y., and Ito, T., 2020, “A Molten Metal Jet Impingement on
a Flat Spreading Surface,” Journal of Nuclear Science and

Technology, 57(9), pp. 1111-1120.
12000 ; : ;

10000 +

2000

— #80-01

50001 — #80-02

260001
4000
— £600-02

Spreading area (mm "2

— =3000-01 | 1
— =3000-02

2000

0

0.3 1.0 1

L

20
Time ()

Fig.2 Spreading area on different sandpapers

_17_



JAEA-Review 2024-045

3.2.4 WHME=FT D) AT IVIZK S5 BI0E & 3HTLERIE A

& K5 S le]
- TR (N33
& & K5 PiEE
YA R il
VTP AT R A
(ISP =E

1. #&

fBEE R IE BN D BEEEM O L
T, BT AELEBOMEL e E3d 5, TORE, 1k
SHRE L~V TOLRIRHEREI CONBIIER X, FERY D
e NS VAYIAVR

HEHE=AT D—2TH 5 *Nb ik, B @72keV) B
Ly (703keV BLN8T1keV) Zhi Lo, ZE
[FINEAARD Mo ~ & HEZET 5, “Nb I, ZEFRINAKD *Nb
2, y) BOSRPU 72 8 & W o TR Oy 34
WZBWTAR SIS, 2 LT, YNt 203 X 1044FL
F<, BRHIRE L7272, “Nb OB EECTH D,

U RTME, AT ALFRRRORGITH Y, Wag LTz
LOEZDEEHN T AFLNEL THDH EEZ DD,
AWFIECIL, 2V B 7 U XD Nb OFEFHHZT T, T
FEFE) A LT,

EHIRE W TC, ZREHOTEDDOE=4 Y 71X
WEETH 5, “Nb OHTTIEIL, Ge -G HRHIZHZ L 5
T~ BRECHERE G 7T A~E RO (ICP-MS)
WCEDEESHIEET NG, Lo, WIhonHi 7
BTN THIELR & ORIV TH D, AFRET
I U A NE W SEEIES~OISH BT 72,

il

2. EER

Nb DV T3 7 N~DOWAE FHR T, 71 T DETHA LT,
S BFL, P o 2B D-150-120A  (RiER
150 um, MIFL12 nm, FKMHfE320 m? g!) ZEH L7,
A7 BT 67 TLHRDIREIIR AW S, WoE OBERMZ
A Uic, M, a4 iR L7- Nb &2 3ol e %
HEH, BRREIC X DWW~ DA LT, Nb 20
EISVIV Y ATy 2 Bk, X, Bk, ~ 2 R,
~ LA VB U T UERRRA IR L, YRR LT,

sy Kazuki NAGANUMA
B9 Makoto MATSUEDA
R Kayo YANAGISAWA
{1t Oikawa HIROSHI
ZE— Hashimoto ZYUNICHI
S Yoshitaka TAKAGAI

WAL, ICP-MS THIE L, W=, WG L
7o E12V U BNV D-150-60A (R 150 pm, AL 12
nm, FKEFE650m?>g!) & EP-DM-50-60A (K% 50 um,
HEFL 6nm, ZKIEFE 650m?g"!) AL, RAeoMFLoE
WNE K D FHEA~DOFEE T LT,

241 Bq @ *Nb ZEEK (IR, HFEAK, MEK) 122
XA Y LTzl e 71 7 MR Uas S8, ICy 2y
P2 IR LR STz, BN L 7RG Ge JHEARRHY
FCHEL, BIERARE LT,

Fi2. YU ATIE ICP-MS ZRAG T HE T
VAT WEREEE LT, ZOVAT LEAWT, Sek & F
BEDBREE/KIZ 50 ppb Nb & A/31 27 L, [EUGABRAAT -
77

3. iR

67 TLRDIREVIR AW E SHT-FE, Nb & Ta 2581
(WS STz, FRIRIEIZ L5 Nb OWAE DT, 1
fe7s 1-6 M, 7N 1-10M DRFZ, WaEFR) 90%LL F2&
R LT, EHIEER I, = UERIZ LY 102.1204%EH
SNz, UL, MoBE TOEHRITWTIE 2.8%LU T
THY ., WHUZWZ EDhoTe, HRIED 1M Hils
IZ31F % D-150-120A & D-150-60A 35 L TVEP-DM-50-60A
DOWFEREIL, TN 1.5mgg!, 29mgg!, 28mgg’!
Tholz, ZDTH, Nb OUERBIIRAFE KA T D
LEZBND,

WK, FHFEAK, WKTTOZ A 7 EIERIT, Fi
ZA1952%, 101.0%, 101.6% TH Y, “Nb Z3Hr~D 1
AT NVOISRRAIRE T 5 LR STz,

HEW TS AT AL DERMENGEERCIE, 1K,
HFK, HEKPTO Nb DAL 7RI, FEhn
93.6%3.5%, 96.9+24%, 105.6+04%ChH -7z, £7-. 1
DOFELORERFENL 30 3 CTh 72,

_18_



JAEA-Review 2024-045

3.25 MMTITVIMETOKEERZBME LI-MERREIZRLIBIR
-y #RERST T & B KIE 58w SRS hn ) i e ST 4R -

RORUAR TR R EE Naoki TARUMI

W RS H EE Atsushi NODA

AR T g B Isamu SATO

B NE R B— Shunichi SUZUKI

— AAKICEESEL 2 LVERThH D LaRSN, L
1. #8 LA, VAR ~—I2 L 5T A RO

TR AT O LToRE T 7 U 13y
ARV = —CLELSH, IUAE Tk - (RESh 5 2
EDMRRENTWD[, 2T, AKEORANED—
DL LTEITOND, xRE LT, KEERERA L O
ZRRE L TR 2R A EORR & O 7284
BIOBRFE &5 2 DOBLED HEHl A Sk L7z,

AR OWE T, HEORE & L TtBED /3
REEDHIENIFRETH D Z L 2GR L=, MEOBIRT
X, BEOSERMO—FECTH Y | PR AR
& LTRITIED AR ARIOEERITI A2 L, i
AEDOKFIEBEREZTHME L2 2 A, A9 5 Mo A
fRSRE DR E A L QD Z EAVRIB STz,

AT TIIT AR ~— DN E % TR L7akkt
RKOWHES 4 X Mo DRz ik =Bl L. y#RIR
HHT K D KEFARRINNIEI ORSRER T 2 5266 L 7=,

2. EBAE

FA UToRF T EmA~FAT LN S AR Y ~—NiE
THEASIND Z D, BHBEOTRE LT,
ALOsPd fililiii % AR U ~— LFER AR 2 > TRYEA
\HIN Uz, EREEIES LCid, WA S £ 7o
VI AR =R O A 05wtYelisin L= AR Y <~
—D2FEOHERAZET L, 1EHITINIIFIZINZ TWie7
TP VAR == NERIERLO T T AT T
I LiAZ, [P CHA S, 4 Ff#%. 2 BRI
ALOsPd 2 RIN L7 AR U ~— % LiAdr, 185y
PRI HEA LT,

BEEAE4D Mo ZFRET 23 & LT, BfRE4
(26 U CIRIE FCoNgvEEif LTz, BP0 LS
TG ATRE U, 1R FRBIENC CRMIE LTz, E7-.
WEANREEI A U AR U =T 05wl S E L S, 1
BRI OFRERI T T AREEEE LT,

ENENDH T AFGAIKRI L, 7 b v 7 ZAHfis &
2 B — 2T oy A PV N CRE B 3MGy O y iR
a S U7X 1), EO%K LB OKFEE YT
Vo7 L HAZa~ N7 4 —TKEBBAEL, W
FHEY 720 O34 A B L LT GH) fEmold] & W 9 FEtE
(2 0 KRR R g L=,

3. HR -BX

EER AR AT T RSN EREAIN TIE, —E D%
RN H Z EBRONIZN, ERITGBES TV AR
= TEE O MRS MA BN, DT & KV il

SN Z o TWB AT Z DN T K D RS BR D03
NV RIS DKF ORI E &1
DIROYERICUTIZBWEE & RIS D B B D,

A& A EOMREN EFREORRE L LT, D &b
FJED Mo DFRENFRETH Y . ZHUTE- CGREERHE
DRSNS FEA~IMT D 2 E MR S Tz, F7=,
ENRT & Ll LT, M D GH) fEAMEV MEZ R LTS
D, REFRARIOZLELEIUT S TA L D Pd OFH
FERRIZ & o ChlsaE 2 1 LSBT0 B L B2 Bhb,
L7=-C, A&lEE it s Ul 2B &
% Mo DERENGZNTH D EHER I NI,

FRRED . AKBEOFAEDKIEER & U THHE L7 2n
7R KSR DT P 7 DR R O 7= 7B D B
% BB T B UAR ) v —CRE(L S, [T
gk « RE 92 TIEEHED D Bt /ro D EEZD
No, ZNOHHEOISHEE LT, JRTIEETIE, &
DEAERI DA & D BLSE S A TR Y BRE
A I NI = 7B HO R S s 55
R DD, Eo, JRTFITEENTH, MERIOBLEND R,
ToRF B~ DI E SR - S & W o T im e -
SR TEEA~OIR, IR & O o T8 D
78« FHTHA~OREMBIGFTCE 5 B2 615,

Fig.1 Appearance of y+ay imadiation examination

BRRFHER 204 FE5OFESE BA27A) T
—HR—ATE=RETE

SEH

[1] &AM — etal, “UARY ~—ZIEH L7 ET 7 UEY) H L
THEOEEES) AR 14 RIS T S 4R, 2017,
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X 1 BEREB I UOFEMET MK B
TAOT A4 VTRER
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4. #E

AWFFETIX, HT OHERES TP OB & 15 L 72
TRENFEBRIZ LD | Ca-Si AAKFW O HITFE S 125BHR
DOEACZ T LTz, £ OFER, WTHOSRMICIBNT
¥ Ca-Si R DAERIC XV OB AKMENME T
L. @ NaCl EELM BT BlEIC -T2, =
B 0 FEREIZHE W TS Ca-Si R O H A
T ARBHRA RS E S AL PR T & LT
HE L. BTN S5 ArREME D R STz,

BESTER /115, 458 5] NDEC TAS4E, p.15 (2023).

PEE A0 o—EIE ISPS FHIFEE JP21H04664 DR ET
Hb, TR L THHEELERT,
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3.2.7 Basic study about dissolution Method of Simulated nuclear fuel debris
by Thermochemical Conversion for Actinide Analysis

Affiliation

Affiliation Tohoku Univ.

1. Introduction

Fuel debris generated in severe nuclear accident (especially
Fukushima Daiichi Nuclear Power Plants accident) contains
nuclear fuel and core structural materials, and/or concrete
materials. Thus, debris are difficult to dissolved into aqueous
solutions. Analyses of actinides and several kinds of nuclides are
required for planning of the effectual management of debris, and
of the adequate decommissioning!". Now we have proposed
that these substitutes are chemically converted into easily
soluble substitutes by thermochemical reactions. Alkaline fusion
method is considered to be a method that can efficiently dissolve
nuclear fuel debris containing uranium-zirconium solid
solutions. The dissolution behavior of simulated nuclear fuel
debris in nitric acid and hydrochloric acid under the alkali fusion

method was investigated in the present work.
2. Experiment method and results

2.1 Experiment method

Our used simulated nuclear fuel debris were sintered at
1700°C for 4hours with Ar - 4 % H, condition. The molar ratio
of U, Zr, Ca in simulated debris is 0.45, 0.45, 0.10.

In order to realize the pulverization of the simulated
debris pellet, the REDOX experiment of pellet was carried
out by using Electrical Furnace with O, or Ar - 4 % H»
condition.

The powder mixed with NaO» with mass ratio of 1 to
10 respectively. After heating at 650°Cfor 1 hour in the 20
ml aluminum crucible, the product were dissolved with
6mol/l nitric acid or 6mol/l hydrochloric acid. After pressure
filtration, weigh the dried filter paper to determine the quality
of the filter residue.

Nagaoka Univ. of Tech Name

Name

ZHUORAN MA
Tatsuya Suzuki

Yoshiya Homma
Kenji Konashi

Table.1 Information of simulated nuclear fuel debris

U:Zr:Ca Sintering
Oxidation Reduction

(molar ratio) Condition
1700 °C 1000°C 4hO; 800°C 4h
0.45:0.45:0.1 Ar+4%H,

2.2 Results and Discussions

The powderization of the simulated debris pellet with a
molar ratio of U, Zr, Ca, 0.45, 0.45, 0.10 was confirmed.

The solubility rates of the original sample, as well as after
oxidation and reduction in nitric acid and hydrochloric acid
respectively are 95.7%,96.0%.,95.9% and 98.5%,97.5%.,98.7%.

This work is financially supported by the Nuclear Energy
Science & Technology and Human Resource Development
Project (through concentrating wisdom) from the Japan Atomic
Energy Agency / Collaborative Laboratories for Advanced

Decommissioning Science.

Fig.1 Photos of simulated debris U:Zr:Ca=4.5:4.5:1 1700°C
(Left:before Redox Middle:after oxidation Right:after Redox)

References
[1TWashiya T., etal. Proc. 23th Inter. Conf. Nucl. Eng. p. 37
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T LBFEATV. S50 10T MREEETTo T,

2. RILBE TS v FOBRIREEDRE & Xt

21 BIREEORER

BEILEE 7 o Tl e OGEYkIc X ZEMESE
DS S 35 70 EE B G 028 AR BN E
Rl & 30 5 2 LT, BHOEEE L REXEDD D
L L2, =TI RO 8 2 GBI L Z 0%
G TR L 7o TR LT, ZAUSEIN L7=f%
HAREADRAT D 2 L CREFSREN DT 5 FThEMEA
ABHZLnmiEEZE 2 HND,

2.2 XRDOBE

AWFFECIE, BEILHEE 7 T MIELR S5 AeHHE
AT DRI OV CIRIS R OB CHIE L7-FE
AEFEEIZd1T 5 BT R BB O ks L OVGFI e (b
EHFLELZED D, —OHOBILY A7 FHRORERD
DIREHEE Y 2 7 ~OFFHFEOR\ O H, > H OB
FET IRHREOBLE SR LT3 ThH Y. Zh
HIZHOWT, HHETT L b CThi - T L BED S %
% R CE BT IEZ it LTz, BEIERSERA TR I8
i7% CAP 57— #0057 7 > b CAP 7 —4 & DLl
SIBTEAT D Z & TR, & 2 —v /T v A
DERZHHT 5,

AIE CED iR A EEF LD AP DW T
DX HGEEAT o T2, BEIEERATRIEIZIIT D CAP
F—H LR T T L N O CAP T —H & DT AT S
Z LT, BRI OV TIIBEIEEE 7 o b ToRE A~
BHEREDD LT D D3RFERR R O N EAFE 1 3Hm
L CWODIEAIDSHERS STz Z OB 72 812 L e %
Jiti, 77, b 22—~ X7 —~ o A OEIK A K[E DOE
DMEET DT R L s LEEIHRE 7 > MTdks
DR 8 ORHS AN E 2 1237 1 —~ A RO
TR L REa T 77,

3. ERLIEHR

AL DA LEBAEORR DS . BEILHEE T
NI 7 7 > MIRBUCIS U7zt sk 3k
/X7 4=~ AHEST D = MRS, e
LEDR—=RLRHREHBEDN—R L2 DB Z Tk
TEWD B BB R S 2 UCHOWT bt % 3,

b o—v N7 v L ADHE TR HEE & i
Z o MEERIHHRE B AROEBIRE ) OFYE R SHEE S
ZHUCKTT B R E R Z Kb D EE XD,

BRFHEEC A2 ) T—EHREZRETE
- SMIiRT (3 A7H) CTR—AREZHRR

S50

[1] J.Kaulard. safety and radiation protection, Advances and
Innovations in Nuclear Decommissioning Sec.2, Aachen,
Germany (2017), pp.31-33

[2] EYAT B TBEILHEE 7 Z o Mk 2 R EAE 7 &
77 I (CAP &) ol bt . HARE S 5519
AR S 2 5 P39-40

[3] TAEA, INTERNATIONAL ATOMIC ENERGY AGENCY,
Safety Reports Series No. 82 IGALL, IAEA, Vienna, Austria
(2015)
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3.3.1 #& AFBEE B Z AW IKOAEHTEFRFIC B S 2 2315

HR TRl —RUOERT 4 #iF Kohei Kikuchi
HE ) HD #hallestt B2 NITE WIS Takeshi Suzuki
E{ TN YNES HE] plER Naruki Shoji
W T¥ERFEPah—R T KE  ZZRK Hiroshige Kikura

1. #8
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DB Uil sta 5 X Uiz, e X 0 e
NN % FHA 2 2R CRRG RIS T AE L. K
NEDOIEREZNENIREE & p o7, 2 2T, Fox B4
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% N e AN HIFRE A B LT, A I,
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JEIRFR AT 5 2 &2 BT,

2. FHAIRE

AFETIT Figl DX 912, ROAST D E I LA
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FanNDIKOYF AT 0050 L, FasNDZER086
IHHERIET 5, KOA D BIToh, ZAR(E S D5
WS L 72 D7D, ZABIEHOME LKA OBHRZH
N D Z & TR LCOBMARATREL 725,

1, Stenal

Receiver

,h Signal

Ultrasonic wave Ultrasonic wave

Water level : Low Water level : High

Fig.1 Principle of water level measurement

3. HER & BUEERT

3.1 EEAE
JpEEE, 77 U AR KE AR L, HJE Smm D
T =0 ATHY) o 72, BEE TDX A& 2 Ui 150mm
TEFICAEZ O TREL, MO TDX O ENE %
IROE 0%, ARl> TDX ONZEZ KA 100% & L7z, S8R

I, IO TDX 2> B38(E LS YL A% il TDX
T LU BIREDFHAAT 7, TDX OFAEE 5
M6 40 FEE TS E, ENENDOAEITIB UK A
0%7°5 100% FE CTEL SBR HEHIET T T2,

3.2 BERRTAE
BT 2 YotfiSET V& AW AIRERIEIC X
DACHIRHT2AT > 12, ffHT = — NI, B OB AR
ANZHRNT C& % ComWAVEPZHFH L 7=, FBdkiE & [Alkk
DRFEETVEBEL, |l KJEF, Avvath A X
0.05mm 1, 7 —7 L 4%0.7 DIt CHAEIT-T=,

3.3 #ER
Fig.2 (2 25 FEIZHUT DIKNL & IKOT 0%DAE TRk LTS
L UT=1E B9 OBIR A T, 325k & Bl ORI X
BRBEIELE—HLTEY ., KD EATHIZONTHERE
EMEE L TND 2 E ARSI,

1.2
1e
3
Sogt °
€ 8
206 s
g e
04 9
&
0.2
0 ‘ ‘ . . .
0 20 40 60 80 100 120
Water level [%]
Fig.2 Experiment and Simulation Results
4. #58

BT T2 ANEHAITE AR L, F20 & SR CRE
BT T, BEREY | KA K> TR BORENRHI,
AKNZEFE L Com M TREMEA MR ST,

S5 30k
[1] Yasushi Takeda, “Ultrasonic Doppler Velocity Profiler for
Fluid Flow”, Springer Tokyo, pp.21-41, 2012.
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3.3.2 AURBIRILX—ARY FLT—2ZFRLV=
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1 . ,-%—Eﬁ 1'i ----- after ML2 transformation
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ED DTN XT A—2 F NNz D & FHRRED MR
LCLE I EEMI R S U,

ABFFETIE, 5 LU T L =) XA Z8 A LIIE
R AR — 2T NVBIREL L WO AR D 2 &
T, EEOWET—4 05 THREE D BV SRR A
HEEAFRAICT D Z LA BIEL. TOREEMGE LT,

2. ARFi%

FREDS — R IR B ZE D I A COHEEREE 2 10
FET 5, 28cm X 28cm &3l 7em D16 A2 T
FEIL, WTNDDRA > 2y B37Cs, ©°Co Dy fi
a7 AL 0~2 ERE L, £A >y = 3em BRI
HigR 2 BV SREHE L, sHRICIE A AR R
BRFHERE D BAFE LTz 7 v m it o — R PHITS
(ver.3.280) 2% FAU -, ZIUHOFRHH y BT R — A
7 MVTF—=H L BRSHT — 2 %y ML TERS
0B BT, BREARHEE DT= 8 OIS 255 L
7= (o7 at A% MLL EMRS), BREECH S RO
MIET —H I Nal iHEs (v 2 _7-U v UM MCA:
OSPREY) A L7z, IKIZ MET — 4 2T 5720,
HETF— & LHRIET—Z DA MUK ERIET S
FEEAT STz, FH - TIE v R R — AT (LT —
Z %ty MTUTHEED O - 2TV, BEEcERT 2
WET— 2 OEH%E Figl DX DI T-o72 (ML2),

3. #HER

Fig.1 Comparison of energy spectra at A4 points

HEERE A Fig2 (77, Fig2(a)2 s IEf#0y4f, Fig2(b)i
AT — 2L DREERER CH D, WET —Z BRI
IX Fig.2(c)? & 5 (ZASRIE MG SHRIRAMHEE SAL T
23, ML2 (2 X 525484, Fig 2(d) DRSS 51U LOSS 23
KB Z BT, LD X 5 IR I L b A~y
NVEBAOWRERZ %5 Z & C, JIE v TR F— A~
7 MIVT =535 OBHRAHEE DFEEE R LR STz,

(a) (b) (c) (d)

answer calculation measurement  after ML2
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|
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Fig.2 Estimation result and squared error (LOSS )

BRRFHESE 9 A78) CTR—RNEERERH

SE R

[1] Uemura and Yamaguchi: Estimation of radiation source
distribution using machine learning with y ray energy spectra,
J. Adv. Simulat. Sci. Eng. 7, 71-81(2020)

[2] T. Sato, Y. Iwamoto, S. Hashimoto, T. Ogawa, T. Furuta, S.
Abe, T. Kai, Y. Matsuya, N. Matsuda, Y. Hirata, T. Sekikawa,
L. Yao, PE. Tsai, H.N. Hunter, H. Iwase, Y. Sakaki, K.
Sugihara, N. Shigyo, L. Sihver and K. Niita, Recent
improvements of the Particle and Heavy lon Transport code
System - PHITS version 3.33, J. Nucl. Sci. Technol. 61, 127-
135 (2024)
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Fig.2 Answer and estimation results for source distribution

SE TR
[1] T. Uemura and K. Yamaguchi, J. ADV. SIMULAT. SCL. ENG.

7(1), pp71-81(2020)

[2] T. Sato et al.: Recent improvements of the Particle and Heavy
Ion Transport code System PHITS version 3.33, J. Nucl. Sci.
Technol.
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Fig.1 Overview of developed GUI
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[1]K. Shunsuke, et al ., JAEA-Review,(2020)
[2]T. Sakamoto, et al., Appl. Surf. Sci. 255, 1617-1620 (2008).
[3]T. Sakamoto, et al., Anal. Sci. 34, 1265 (201
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Fig.1 CCIL crystals obtained in the ampoule.

The 13th Advanced Lasers and Photon Sources
Conference (ALPS2024) (4 A 22 H) TR—AA
ERERTFE

SEXHR

[1] https:/fukushima.jaca.go.jp/en/pamphlet/topics/pdf/topics-f
ukushima070e.pdf.

[2] https://www.tepco.co.jp/decommission/information/commit
tee/roadmap_progress/pdf2022/d221222 08-j.pdf

[3] L. Stand et al., “Crystal growth and scintillation proper
ties of pure and Tl-doped Cs3Cuuls”, J. Phys. Chem. C, 1
26 (2022) 12882.

[4] T. Jun et al., “Lead-free highly efficient blue-emitting

Cs3Cuwols with 0D electronic structure”, Adv. Mater., 30 (2
018) 1804547.
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Table.1 3D position estimation accuracy using DNN.

Camera Actual Estimated Accuracy [cm]
position [cm] position [cm]

Known 1 (0,0,0)

Known 2 (67,0,0)

Known 3 (-46,0,-3) -

Anchor1 | (0.5,-4.9,182.0) | (-3.0,-2.5,175.0) 8.2
Anchor2 | (59.0,-5.2,191.4) | (52.0,-2.5,190.0) 7.6
Anchor3 | (101.0,-4.5,188.8) | (93.0, -2.5, 188.0) 8.3
Unknown | (123.8,11.0,-1.5) (130.0,7.0,0) 7.5
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Fig.2 3D position detection using UWB.
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[1] Takero Uemura, Katsuhiko Yamaguchi: Estimation of radiation source
distribution using machine learning with y ray energy spectra, Journal
of Advanced Simulation in Science and Engineering, 7:1 (2019), 71 81.
Tatsuhiko Sato, Yosuke lwamoto, Shintaro Hashimoto, Tatsuhiko Ogawa,
Takuya Furuta, Shin-ichiro Abe, Takeshi Kai, Pi-En Tsai, Norihiro
Matsuda, Hiroshi lwase, Nobuhiro Shigyo, Lembit Sihver, Koji Niita:
Features of Particle and Heavy lon Transport code System (PHITS)
version 3.02, Journal of Nuclear Science and Technology, 55:6 (2018),
684-690.

[2
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