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Research on Radioactive Aerosol Control and Decontamination
at Fukushima Daiichi Nuclear Power Station Decommissioning
(Contract Research)
— FY2023 Nuclear Energy Science & Technology and Human Resource Development Project —

Collaborative Laboratories for Advanced Decommissioning Science,
Fukushima Research and Engineering Institute
Japan Atomic Energy Agency
Tomioka-machi, Futaba-gun, Fukushima-ken

The University of Tokyo
(Received March 17, 2025)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2023.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2021, this report summarizes the research results of the “Research on
radioactive aerosol control and decontamination at Fukushima Daiichi Nuclear Power Station
decommissioning” conducted from FY2021 to FY2023.

The present study aims to develop a safe laser decontamination system that integrates advanced particle
detection and characterization systems with aerosol dispersion control, in collaboration with UK researchers.
For aerosol dispersion control, new containment methods ranging from simple mechanical containment
hoods to optical laser shields are jointly investigated.

The Japanese team will develop a radioactive dispersion control method based on the use of water mist
and water spray to reduce radiation risks during laser cutting and decontamination applications. Based on
data on aerosol particles provided by the UK team, the potential to enhance aerosol scrubbing efficiency will
be explored. Additionally, the effect of charge enhancement will be evaluated.

The UK team will develop laser-based aerosol containment methods and conducting experiments to
improve the condensation of aerosol particles and mist in spray scrubbing. The development of aerosol
removal technologies and strategies will be carried out through comprehensive experimental and
computational studies. Experiments will be conducted at UTARTS facility to verify simultaneous operations
such as laser decontamination, cutting, and spray operations. Aerosol measurements will also be performed
to obtain high spatial resolution data that can better validate CFD models.

In the final year, mock-up tests will be conducted to verify the system's operation and decontamination
performance at full scale, evaluating the decontamination system developed through this research.

Keywords: Decommissioning, Aerosol, Laser Cleaning, Multiphase Flow, CFD, Droplet,
Radioactive Materials, Scrubbing

This work was performed by The University of Tokyo under contract with Japan Atomic Energy Agency.

ii



JAEA-Review 2025-015

B

L PEEREE LR R c A B R ZEOMESE 1

R 30 A B R IR . 2
s AT B B 5
AR A BRI 8
AT S A B 10
AT A B 12
T B A BRI 14
R B R S 2 17

Contents

Outline of Nuclear Energy Science & Technology and Human Resource Development Project

................................................................................. 1
Accepted Proposal in FY2018. ... e 2
Accepted Proposal in FY2010 . ... . 5
Accepted Proposal in FY2020. .. ... .. e 8
Accepted Proposal in FY2021 . ... . e 10
Accepted Proposal in FY2022 . . ... 12
Accepted Proposal in FY2023 . . . . 14
Appendix Result Report ... 17

iii



This 1s a blank page.




JAEA-Review 2025-015

L S ZAEEE LR AR 2B - A et e o

SCEBR R I, TR ) (BR) BB — IR I ERT OB I EIF e OE 77 o (F
% 26 4F 6 A SCHRMER) | G2 W E 2 PR 2T DS [Hm A fE4E U7 i1 IR 2 EAf - M
BRRHEESEE) (UL, TREE) L)) 2vb b, NEIEHE T HERFEFE T 0 7T A, T8
FANEAEAIFE 7 v 75 ) RO TEEIRRSENIZE - AMBERER(L T 027 F 4] Z2HEL TV D,

FARANIE, EWNAA O & 558 U BN OJR T 1538 O I & k&2 7057 B O 7R R A |
BB By ORE A 2 . EBRILFIE S &0 TREICRA - EfE S5 2 LIk, R0
RERRIAT G 2 FEMERY - JARAOBFIECRE S NS L 72 AM B RO B2 HEdE L T 5,

—F . BARE BRI (LU, TJAEA] &9 ,) TiE, Ak 27 FIC B R E R IL R
o — (LT, TCLADS) Lo, Bl : BEFEREEERRILFEIME v 2 —) ZAfk L. [HOE R
—NT 4T A () BEE IR REMOREILESE AT PR — R~ v 7)) HEE
ExHRENR—NT 4 7 AR B HE 7 IR EFRESE (LT, MFBEF] L ),)
IR DM FER T D TV D,

F7o. K 29 4F 4 A2 CLADS O LA CTh 5 TEFEILEFFEM OEM A 5is L7z 2 & 21
F 2. A%IE CLADS % RIS, BEIF OB =— X2 B E 2 7ZEWNS O KT, HFFeiRIsE b oL
[ - BRI 72 JEBR T K M B OB A HEES 5 Z L IC L0 | BEFIFRILE O A E BfR
ZEMRHIRF SN TWD,

Z D72, ARHEHETITERL 30 45 OFHIELPGR-D & Fehi TR % SCHRAFFEA 0 & JAEA ITAT
THIET, JARA LT AT I T Lo L, BEFICET 5 PRI - AM B
R0 ZENP OGNS EE T DR EZEET 5L L L, kO T r 7T bk, OHmAHE
RN 7 7T b QiR BENRBIZE 7 v 7T I QERR T I BUBEF e 7 v 75 A
OB AN B RRABESFRITE 7 7 7 F A (BFRITTAE X 0 k) (S L7,



JAEA-Review 2025-015

2. R 30 AR BRRGRE

YK 30 AR FEERARGRBEIC OV CIILL T O L B0 TH 5,

AR - 19 iR

@ BRI 7 0 7T 11 #E GF TR 6 AR, —Axtse 5 aE)
AR IBERRIITE 7 1 7T A 6 R
[E R RIS 7 1 7T 2 AR (H3)

TR 30 4EHE HRANGRAE 5

I B e 7 1 7T L
ESERIE

PR WA FIT & B B

e SRR A SO - )R BT RN IE RINE D T2 D
> PR AT ADOBE

R AIEORE % A & LT EIR ST BEC X 2 MUt

I R
THORE -1 O i FEA L L1l LR N
T RUEREL LET VT 7 BREOW A X D NES

i) PR ] (LK
BEIE < BRI 2 B A JT Pt LK
7 L TR 0 Rl B OV T 35 73 [ R0 2 8 00 B 76 PN PN T

iPS A SHER A L2 36 1 2 HUR SR A R JE SR A8

SR DHEST. B 5 HR TR

L —F— Lo oAb & T2 AL FATE B DR

At =GN WK
A N\ F A 90 OFGESS T % . v




JAEA-Review 2025-015

S5 AR T e 7 0 7 5
[— %]
A, ek T BB
HORERRE 0 B 22 L % 351 LT M 2 A 5 . o
3 iﬁl N P~
4 MR OB #FF W i LR
P IR, |
iﬂT? VEY L ERSITT D7 VIR FEERM OB S P -
L & N R T U 2SR O ik D SR
I D ORI 12 451 7 L 55T o B A R RERLE
e S B
L—H— T K 0 AT D50k O fEHT & B2 &R e
N I . = L
o BRIl SR
BRI GE 7 0 7 5
A ek T B
DA BTN T T ) DR MR O 7 i 0 KAl .
ﬁyiE*E%aUJ:@‘*%T? U O EMFEM O 7= O e 1 T
Ju
T S A~ N LA ITEIC & B i i e o e
S DRI & 5 & R OSSR LR AR
BREEST R A M R B 1% o
IREIF T ) BRI LIRSS 1 5 O PR RIS L2 | .
I D BRZFE
FT 7 H R ORI E B L7 R S R ‘ .
I=:% o AN Py
Ay AR DB REE R FAERF
F KT % T BB~ VB O B2 ik AT U A
. L . X . BT R X —
SEREH A O B CHBLY B B RIRE TS | e
U o —OBFEBR R ez miggh




JAEA-Review 2025-015

EIBR b BT SE 7 = 7 F 2 (A 3L RAEE)

AR 4 e FRE T I 1% B

o AT L R B 12 WEVEZE T N

mﬁﬁﬁgfwﬁEW@mﬂL;5%m¢%Jx7 FRL HEA St
&I~ &k

TR O B N S1C HrME 746 HH S oD B 3 =R THHERR T




JAEA-Review 2025-015

3. ORNITHE BRRGRE
ARNTCAFEEENEIC DWW TIZILL TO LB Y TH 5,

ARESL - 19 FRE

SEIERR AR T 0 7 A T TSR 2 B, fRAFSE 5 ARE)
ARG IR T 7 1 7 T 4 FRRE

[EBE W /BRI SE T 1 7T AFRE (H¥e2 38, A 23

WFE M B L BEIRAF S 7 1 75 A 4 R

TR RIGRE R

Sl B A IS T 0 7T
[ Far7E]
[EoEEd WFFEAREH FIT IR P )

5 S B IS < T T A R B o
K5 RS R B8 RRIRERT

BERHED & DI % TTHE L T 5 SMAEBE 1R > | e
= ;;/:‘%a s
b D 1 S B T D e 1 S ARl




JAEA-Review 2025-015

D JE R EGNIREFT 7 ) A~ OBk

HRREA, WrgEf T I ks
—IRTTHT 7 A SR Y 2 W R R R P o
P BH A A e AEERE
(g - (SRS BRI < 1T & 2 I e L = T .
AR #A TEE bk
ok B BRI EE S TV T 7 k1A v - .
Hyp = =
Ay SR . B s NI
EHITABIAELT 1 0 BRI A % BT B 377 72 PP BRI
RENY RS B e Kt
HER
R . (~R2.3.31) PEEH R A
- St RN S 3 J‘ "
MECEHRRTE & A v & o R KRS 35 7 OB Kol B o
(R2.4.1~)
BRREAR TSRS 7 0 5
FRREA Wroefc s T 8 g
Multi-Physics €5 U U 7IZ L BHEE 2« 3 5H~<5 - _ -
2 AT T ) TS R DR R S Tk RIS
e HY.GE
WS 7 ) B LIS R A 2 B O 7 o B B s
7 2 PN =43 B Y O RIFSE B 5% = T
)T
TTE
TNEA BT Iy RITED ALPS REBCREEREY (~R3. 6. 30) S T o
D7 LT O B B Il & -
(R3.7.1~)
Fr) ) IS T4 b /;‘\\ - z
YRR A — K7 I ZEfrRy b7 —AIT & R S T o




JAEA-Review 2025-015

EIBR b BRI SE 7 = 7 F 2 (A 3L RIAFE)

FRRES, Wroeieg s T Fs
BB L O A AL R A T
T LA U R OYESE L 2 T RO B Veith 5% BN
DA TR R R B
TN
Tl SR AT 0D - 58892 BT T RE 72 Tt O e (~R3.3.31)
FPGA > A LD BH%E ] 1L R
(R3.4.1~)
i e 7 1 7 5 o (H BRI
A, BrEf AT F
BREFS 7 ) B Ul R 22 B oo i BEA L N WO T2 Ao
WA ERERIT L B BRI NI OIS £ - AT o T
. S BEE B EFREA R
WF%e A B R BEAFRTZE 7 1 7 5 L
FRRAL, A3 AT I K R
BROENS U B0 LI 381 2 8 PR B R 0 I I
T 8 O3 B 2 BF e A Bk " AT
(R S A > T ~T 4 v 7 AEFE L
7T MR OB & 2 A T T EE B B
=10
KE Wz
(~R2.3.31)
B - A2 - ZEMIVER OB AN L 5k P e T s
771 S O R (~R3. 6. 30) - v
BRIE I
(R3.7.1~)
WRENF 7 U 4947 0 7= 1 O AR Be S TR O B %6 K HEA b




JAEA-Review 2025-015

4. R0 2R BARGREE

TR2EEIT, 2507 07T AMIBNT, MHIERBE ORI Z RE Lz,
NEOBEITILLTO LB Th D,

NI B2 3 A 1T H~SM 245 H 14 B GREfEAL)
Sf24ES A I3 A~SM24ET7 H 15 B (EEHHH)

AR - 10 B

AR RR B BEIFAITIE 7 1 7T A 8 B (H T 2 BRE, — AL 6 BRE)
EER b BRI SE 7 1 T 25 (H2)

2 AR AR 5

AR IBENFRIITE 7 1 7T A

CE )
HREA, Wi T R
oot
WL 7 U2 BT B B OIRAE L b R (L E (~R4.7.31) I
DFIE Kb ke AT
(R4.8.1~)
FEAVERIEE A & 72 & T IEMIC L 5 RBRAERD A W - BEH
ST - BRI R OB A O B - W biks




JAEA-Review 2025-015

AR ABENFATSE 7 0 7T A

[z
A W 8
- . BT R —
WA B A OIS AT AR A A Y E e
= =y A
o - 00 B R R
Hat
oSSy B U AL B
RIS & O EBL ) ST T P Sl
AL L OB
B v NHRFNRETIC E A - AR | A A
WREHTIE D B S YoH—
BERAY 720053 D 728D D FEREBR L & B & L 7215 Y o e
PR T 2 U — L L RS il —F RART
VEIIC & B IR I LB s Y — . .
SO T + AL DA M e EERT
~A 7 aEEE LIBS 2L 57 7 VMG O6 . - o e
FE AL & R AR DR BE R~ O HER: M = TA T
B b R 75 i (F S IE R
A PR 8
SEr ik %’“‘ | L\ fEiiEn Eg:u‘ _ \
iifg%@mﬁ@%%ciaﬁﬁmaﬁﬁm I s
BAMERZAWTZRE T 7 VT 2 — @%;%%'
e gkm £l P
e




JAEA-Review 2025-015

5. 0 3 HE BPGRE

SRSEEIX, 250711 7T AIBWT, MIRREORRZIRE Lz,
NEOMEIZLITO LB TH D,

NGEWIE B 3H3 H 16 H~SFf 345 H 17 H GREfFAL)
SM3EL4HIBA~GMIETH 1B (EEWH AR B edLFmarze)
SR3ETH 12 A~5M34E8 A 18 H (EBEW AR B HEILFEIZE)

FRREEL - 12 5

WERRBEAFTI A7 12 7 T 2 8 ZRH
I D RBEFIE 7 1 5 DARAE (RJE). 2 WA (HED)

TSR PRERE 5

PR ER AL BEIF AT 7E 7 1 7T s

A, Wrge T R e

WRISAT =2 7 LA A—T v 7

BER LA 7Y v FHOR TR ENE | fim S Sl ks

SV O BRI

KRR 7 U ST O S s BT 3 < K

7Y OARKIC E DEMT T VA D= A0 | o

W L G R BB L sy | ER LB

I

VARY == LD POV RO K - AHE RO e I

LRI B B % A & AR

10D RIS A BT E B 12 2 5 /b Bl 7 Y o
YA Rop o ns

AR T HRER ) TR

T T 7 BR T OERNC L R TR | .

~ % :,E\I el /(y \‘/\ /:\\ N - A B .

%%;Mciéﬁﬁ%ﬁnf/b/xf DB SR R -

FEMFSE

TR L — = L D R U F o A KEEE S S

=4 U L S FHEOME A SRS

7107




JAEA-Review 2025-015

ARREA WFgEREE iy ]
18 I SR 10 38 BB T S s FR ke oD BB ) B A AR D BT R
NA TV REE~DOHkEE & AR 72 AL & YR IEZ BT ERE
DREEE - 227
E R B 1 7 & (A ge 6 H9E)
A4 MFgEREE i
Erkan Nejdet
& EE—HTF IR EFROEILE BT D U (~R4.1.31) P
M 7w LB R ORI B B B gE R AT
(R4.2.1~)
BREFE T VD L O DR~ = L e i
— X DTS = a B LU I AR
E R BRI 0 77 & (A @& ILERITE)
AR I IRAvE =2 Y 1]
B AT 2, 3 SHEOFHER T U AT
Heo< FP - 77 ZEEOARMeD KL & SFNTE /AR BEIE W TERS
Guikin, « 7 7 U MR o R
Sk TE VEIRERT 7 B ARAT A e
FEREARR E 1L 2 W TR BT 7 U TG SR AT B il N O o

D AL

,ll,




JAEA-Review 2025-015

6.  AA14FE BRI

TRAEET, 2507 07T AMIBNT, MHIERBEOTRIRZ RE Lz,
REOBEITILLTO LB Th D,

N BT A3 H L H~SFf4 45 A6 H FREMIV)
BMAEARTH~SMAE6 A 16 B (FEEEH A A EILFEL)

L - 8

PREEARRTUBE TSR 7 0 7 I 6 FRE

EBR W BRI e 7 0 7T A 23R (H59)

T4 PHRERE R

AR SE 7 1 T A

a4, Wittt AR
EERT LT 7 A MR & E R \ .
EEYE e s

= 5 DEIE £ Z DI R B e
3 YR T RE DR by SEETE s o -
IR L 7= i o T2 00 5 LR AR
o ALY BT v b7 B R = 5 OFESR \ o
i WO TR
S A

FHOIRTE O SR A A RN LI d | (~R5. 3. 30)
S~ o E L TS AT L BE% v BV AT
(R5. 4. 1~)

BRI F 5 AR T C LA Sy | \ .
g Ve [ 3T A2
© T REELEIZ S DB o me FEEE N7 KT
TR UWB & A TR Z M EEIZY TS PSS s
L 3D (IR - MLA S 25 OB - FA T AU R AF

712,



JAEA-Review 2025-015

EIBR b B FRTSE 7 = 7 F 2 (A 3L RIFE)

it

R WHEAREH TR P )

h={

MR 7 0 > % W T LA A T > AT A

DRI B 3= ] (L R

~Arua-F )77 al—fALETLT 7
ORI DYRHR - BB KT T R L O BR[| = FO L3RS
Bk

713,



JAEA-Review 2025-015

7. A5 AR BRI

BSRSEEX, 250717 T AIBWT, MERREOBRZRE LT,
INFEOEEIILL T EBY THD,

NG BFNS4E3 H 1 H~SFf5 44 A 14 H GREM)
SMbHE4A 12 A~SmM546 7 156 A (HEHEERHA A HILFENFSE)

FRES o
AR SE 7 0 T A T RS
EE AR 7 0 75 A 23R8 (A3%)

INHDEITONT IMBARE ORI WD FAZERITHV T, HEEFES K OH
HFA, HRILRPIRICOW T ZEROARFAZ FiM L, SRRGERRE 2 % E L7,

ZOW%, PD (TR T TLT 4L 2—) PO (I VT LET 4% —) KEROATT Y
YAy T 4 TOFREERT, RIGREEZRE LT,

F 5 AR PRI

AR R BEIR I ZE 7 1 T

i E 44 g A it I p 8
MR AR ORI 7 1 7 3 1o 7R L S
L RFADT T b A A TR Ko s K
8 ) FEEER B IS AT T2 Ho 7 ne y 0 F L n .
—va VRl Y AT OB G = RALKRE
NF AL VGG 2 v 7 ) — MEGEEOME
VIS T RS R B DM B - (L 2 2 B 5 D 1F ftjE % At BT
g
i
B 7 B> RSB RERIC IS0 72 3 3 o e
WITIFNBEET Y AT ER FLIER
B v ) — N O S LT . S
FRROULER L5y 7 bt iy e ALHEE A

714,




JAEA-Review 2025-015

R, Pl R
ER 0 7T R B B RGN . o
PR RO % R 5 IR
PCV GAHIRIRAL B M O IR EHE T D 72 6O D15 B . .

# HE e 2

YerH RO BFEDRSE fih R TR
B BRI 7 1 75 4 (R SRR

A, e R

EHH MM X BB T ) omd | .

VER e

P L LIBS |2 - 5 K RAERGES RIER

WREFT 7 U BB T Tk 2 2R A © DA Z T Yogarajah ——

TV LR A D UAAE Y = — DR b A Elakneswaran BAT

715,




JAEA-Review 2025-015

ARFAEEL, LFOMEOST 3 LN LA 5 FES ORI OWTED F L
-bDTH D,

ERR b DB FRFSE 7 = 75 2 (B 3L RIEE)
PR WFIEEH T IE R R

Erkan Nejdet
&SR IR EH OB IESEIZB T DK (~R4.1.31)
ST v U HIE K OBRGZ RS 5 bF5E =i fE—HE
(R4.2.1~)

FOAREF

WIFERCRZ Y £ & OISR S E 2 ik E L TR %,

716,



JAEA-Review 2025-015

gk

R

717,

O
Tt



This 1s a blank page.




JAEA-Review 2025-015

BN b AEE

H A7 T F T BR FE A A
S & R LTI DRI - A B R HEE 2R

BRI EIT ORI EICBIT 5
HCR = a7 U S ONBRGRIZ B A WF5T
(FHIZE2 R051050)

DES

ASF06 43 A
BN YN BN

719,



JAEA-Review 2025-015

AHEFT, FENIAFFER R IE N B ARJE T 72 BE JEREAE O

Mo & At U 7o IR TRl - A B RHEE 26 ) 12 &
HEFEEY & LT, EN RFHE AR R0 F i LT T4
R — IR 3BT O BE LB B U D = T m L
A M OBRYC B3 2 0P8 O 3 FEE~Hn b LD
WFERCRZEY £ L DIo b DT,

,20,




JAEA-Review 2025-015

Bk
I Vil
R = G 5 X PP 1-1
2. RS R 2-1
2. L AR o e, 2-1
2.2 HWFZEIEE OFFET (H A o e e 2-2
2.3 HWFFEIEEH OFE (FEEMHD . 2-3
R = X v | P 2-4
3. P L O R o 3-1
3.1 LW — LIS K AR EBGEEM o o 3-1
3. 1.1 PRI IR EBR K O [ 3 EEE~ST S L] 3-1
3.1.2 F—XFHl GHEES: : B i) [ 3 FEE~SM5FE] ... 3-25
3.2 THFMLNE Yy T v TEER (BEREL T by R) 3-28
3.2.1 T—HFHl [SFR3HFE~SFSEE] 3-28
3.2.2 Ev T v 7B [ AFE~BTRSERE] 3-29
3.3 BRI e B T T 3-35
B A BT 3-37
= 4-1

i

,21,



JAEA-Review 2025-015

HEZY A B
iR cEc
BV NERYN Bl W =i {&E—RR
R wmA B
KR LT Marco Pellegrini
H¥z BRI FH—
Bh# SEAR BB
BEMIEE Erkan Nejdet
I

AT oy 7 A R

LT

HR JEE

ENZAFIEBISEIE N ARIFF DAt 7EBa s pkRE  WHER /NVig 1%

,22,



Table 3-1
Table 3-2
Table 3-3

JAEA-Review 2025-015

x5
Parameters of laser cleaning experiments in acrylic test section..... 3-4
Experimental parameters . ... ... ...t 3-12
Conditions of simulation cases for optimization of spray system..... 3-20

i
— 23 —



Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

3-2
3-3
3-4
3-5

3-6

37

3-8

3-9

3-15
3-16
3-17
3-18
3-19
3-20

3-21
3-22
3-23
3-24

JAEA-Review 2025-015

X —Fz

1 2-1
FeEMAISERER T .. ..o 2-1
FEREARTHII .o 2-4
I1lustration of the aerosol collection mechanisms by a falling spray

Aroplet .ottt 3-1
Agglomeration method for aerosol particles using water mist.......... 3-2
Schematic of the laser cleaning on the acrylic test section.......... 3-3
Various laser—irradiated test specimens ...............ouuiuiiiininnn... 3-4

Stainless—steel (SS304) surface after laser irradiation of 10 s for laser
POWET S v v vttt e e ettt e e e e e e e e e e 3-5
Line profiles of the stainless—steel (SS304) surface after 10 s of laser
irradiation for laser powersS ..........i i 3-6
Stainless—steel (SS304) surface irradiation area after laser irradiation of
10S TOT 1aSer POWETS .« vttt ettt e e e e e e e e e e e e e 3-6
Stainless—steel (SS304) surface after laser irradiation of 30s for laser
POW TS « v vttt 3-7
Line profiles of the stainless—steel (SS304) surface after 30 s of laser
irradiation for laser POWET'S ... ...ttt e 3-7
Stainless—steel (SS304) surface irradiation area after laser irradiation of
30 s for laser POWETS ..ttt e e e 3-8
Carbon-steel (SS400) surface after laser irradiation of 10 s for laser
010 <3 o= 3-8
Line profiles of the carbon—steel (SS400) surface after 10 s of laser
irradiation for laser PoOWerS ........ii i e 3-9
Carbon-steel (SS400) surface irradiation area after laser irradiation

0f 10 s for Laser POWeTS ittt ettt 3-9

Comparison of the volume of the material (excluding the material

accumulated) removed due to laser irradiation ...................... 3-10
Comparison of the irradiation area after the laser irradiation...... 3-10
UTARTS facility with charging system ..........ccoiiiiinnnnn. 3-11
Designs of single—electrode configurations ..............ccooiiinn.. 3-12
Effects of charging configuration in charging spray ................ 3-13
Effects of electrode configuration in charging spray ............... 3-14

Schematic of the laser cleaning and aerosol scavenging on UTARTS

FaCT Lty oottt 3-15
Temporal aerosol concentration during and after the laser irradiation. 3-15
Effect of laser power on mean aerosol concentration for concrete.... 3-16
Effect of surface coating on mean aerosol concentration for concrete. 3-16
Illustration of Euler-Lagrange simulation approach for aerosol spray
scavenging adopted in this study ....... ... .. i 3-17

,24,



Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

3-25
3-26

3-27

3-28

3-29
3-30

3-31

3-32
3-33
3-34
3-35

JAEA-Review 2025-015

Effect of spray nozzle ......... i 3-18
Comparison of experimental and simulation results of total aerosol
Temoval Tate ...t e 3-20

Droplet and gas characteristics for the sprays from the virtual

NOZzZ e AA L e 3-22
Droplet and gas characteristics for the sprays from the virtual

Nozzle 4B .. e 3-23
Effect of flow rate on simulated aerosol removal rates ............. 3-24

Aerosol concentration after laser cleaning of carbon-steel (SS400)
SUT T ACE « vttt e 3-26
Aerosol concentration after 40 s laser cleaning of stainless—steel (SS400)
SUT T ACE ottt e 3-27

Aerosol concentration after 40 s laser cleaning at 1.5 kW laser power 3-28

o I Ty R OB 3-30

T T R R R 3-31

CeQp BEES L T NA~D L ——MREHRER . 3-33
\Y

,25,



ALy i
CFD
CLADS

K
T hy oA
UTARTS

PCV
HEPA

JAEA-Review 2025-015

ERE— 5

i

: Japan Atomic Energy Agency (EINZAFFZEBAZSIEAN B AR J10FFE5R FeHEAE)
: Computational Fluid Dynamics (BRI S15F)
: Collaborative Laboratories for Advanced Decommissioning Science

(BESF R B E B IL R IEE o 2 —)

CHIRE N R —NT 4 v AR
P BB R —NVT 4 T AR SR S — IR ) FEE T
s ESERFEANAOL R

RS hy 7 R

. Aerosol Removal Tests using Water Spray in the University of Tokyo

(K7 v V)V RERER %

: Primary Containment Vessel (JF{IFMNAER)
: High Efficiency Particulate Air

Vi
,26,



JAEA-Review 2025-015

HER

ARFZETIL, HEOMIZEE LW LT, =7 a Y LB A Ly 6. RIS & B e ok 7
HIE & RS AT RE 72, BRI L —V—BRYes AT AT H L EHME LTS, BAMT
. BAEVEAA )Y (CFD) T Z7E M L C. B3 U AERMRE LTEME~DO L —F—INITLIZ L D 3§
ETHHEMEZT e L EKI AN (LT, TR AR ERER,) & 2T L—2 X0 RA i1
THUAT LERRIE L, RAEICITAEZOMEREATEH LT, mEORBRMR 23 TEFER
BRAITH) 22k, MEOBEFEGIZEBWCHEARREEO® 2 EiET Y 70O L —9 —FRYe~
EORIFDHZEERME LTS,

HTAEE & CORRE S &

C AR AR SN ARG IR TR - AMERERE ()
&5 — IR /)BT OB LB SIS U D = 77 o VI K OBRGC B3 D AF5E
JAEA-Review 2022-061, DOI :10.11484/jaea-review-2022-061

SN AR SO AR LR OB - AMERESE (ZRENTE)
18 5 — IR D) SRR OBE LB (SR U 2 = 77 1 >/ LIl EL & OBRGEC B3~ D A5
JAEA-Review 2024-031, DOI :10.11484/jaea-review-2024-031

AT, A0 5 DRI OIS 2k~ 5,
(1) L—HP—INTIAZ L Dok BT
O PRI TR TR M OMEATREM (ENZRFHEANFR TR (LR, TR EW89,))
R T Y OVERERERNEE (UTARTS) (2B W CTMTH L —F—0 37 X — & &4l
L. =7 8 Y IVAER~ORE LN L7,
TR Y VO BSBHERE R RN OREERET A, mE LT 1Y Lk

AL CRERATT -T2,
© ST AEEORBFE RIS X | SRR B BE AN AT L — &
L CHBRE1T o7,

- REREE R A ILICIEED CFD =X VA WE L, BT LV OEHEME A2 MEE LT,

@ F— Xl GEESE - ENLAFFEBRIEN B ARF 1 WP e s itE (LT, TR 8%
) EBgT,))

- JEA RS THE N L TV DB R A FEIT . HEROMFIER RO 21T D & & BT,
T BT 2B S 21T o7,

(2) T—HHERONE Y 7 T v TR (FEREL kST by 22 (LR, 7 by 7 A
LMgd,))
O 7 — & i
BTy TRBICEVELNTREICOWNWT, BECELNT-MEARE 2 T, B
B DBRYLEHT ~0D 3 ] D AT REMEIC SN TS 217V, eiE S A1 E LT,

@ ®v I T v TR

By 7Ty TREBIC AT T BARRY R, R AR U, SRR A e L7z,

- BAMITEZ L7 a Y Ll o A7 & L RETF— L CTHZ Lo EE L2 v
Ev 7T v TR BREIToT,

Vil
,27,



JAEA-Review 2025-015

(3) WrgeHedE (RK)

WFEAEA O T T, SHFFEE A F 72 b NS BEF BrBE EFRIL R FE & > & — (CLADS) %5 &
EHE I LTI E 2D 2, E7o, WMEFEREE A2 HEE T 5 720 DT OoR#E L Bk
T5, £l A= M —ORER LEETEE 22 L,

LAk, 3 HAEGHED 3EH Th 25 b EEOEFHA 2% L, Frilo BIEZiEmk LT,

viii
7287



JAEA-Review 2025-015

1. XLz

WILEBNHR—NT ¢ v 7 ARKSH RS HE R3¢ Err (BLF, T1F) &889,) Tk, Fr
RN (LA, TPCV) W& ,) OEHREI D TR, BIFEESITO 0121, 1EES
L BREE DGR RV < O & 5, 1T A ERTOMEETEFH E 72 T &
ORGP BETH Y, BT 7V 2BRELZETH, RS - BiE 72 & ofif
RIZEBNT POV MO EHFR RS CIEET 5 & O INEEZR B E 2 ik 3 5 BN H D, L —H
=TT ATy B EOBEIWT T IRIE, BRI T v L O AN EOERUE & RS
TWDHA, @I CTHBREDN G e A EIEERIEICEE 2 A e 5720, REROBEFFHRIZ Z
AU D OENGNWr AT & FALAIA A T2 i 72 RIS 2 % 0 AT BN B D,

AR D JFE T FIRBIT ORI CTid, POV EEBIZH D2 —v K7 T 7280 T, HiC 2 SR O3 =
BEDOHIE L~V EN D ENRE SN TS, ZHUE, FHRRICRA LISt E» 72 7
M OZERR % > TR FFERRE EEICAVGAA TS AIREE 2 R LTV E, 20X 97k y ARy b
FEIRIE, PCV NDZ DOIFFTIZH VDT HIFEE L TV D ATREMER & 0 | BEFFESE TR O % <
DIUART @D LAREMEN DD, Z D X5 2@ #EE T COEERE - FRllcdeE+ 52 &
IO TEETH Y, L—V—FRYEEINIBIHRO R v b AR > b ZBRE L, PCV O ftE % K
WA D7l BHBRZELD U A7 2 RIBIZRT 2 2 EBHIREESN D,

ARFGETIX, FEFIEE L WO L, SRR TR R ORI o A 7 A e =7 v Y L D43k
T 2 [FIRF IS ASA A T2 R 272 L —F =R 27 LD EZ B E L T\ 5, =7 1 Y Lol
BNZOWTIE, HMZRRAE CiAD 7 — R b L —HF =2 — L RIZEL ETOH LWE T
ADIFENFECRE SN D,

HAMRNE, L— =8I & OBREEHR DO WF N TOBEHR ) 27 2RI 572012, 74—
A=A N LT —2—2T L —OIFEFI I IS < Bh BB 72 B/ W 5 1 & B % BR %S
T 5, HEM RSN T 8 VR R T — X I SNWT, U —H—I A RE T —
B —AF V=L LDZTa S VAT T T ONEEED LA REEHET 5, £/, =7 ey
NRIF- LT —H =3 A NKRFORIOS| NEBEMEE L7000 4 —F — 3 A MR- ~DERF
HOMREMERT D,

KEMZ, =7 ey O —F—fUIADELZHBLTEBY, AT L —R7 F 712801 T
7Y VR F-E I A MO A NET AT DOFEREITH, =7 1 LRER & BRI ORISR
X, BUE 7 FEER & BHRIFEIC L o TEITIN D, FEBRIT UTARTS TITbodL, L—H —BrY=C Ul
E AT U—EEORIFHEER & HEOBLE A FRRFCHE T 5, £/, CFD v Ialb—va €T
D X0 Y I MREEE FAT T D@ EM N REET — X Z ST 5720, W OhoHh Ty T
KA T 7 VERET D, BEEEAD CFD B7 /01T, DRI TLRA R RY K OB aH
EERRT D702 I L — S — BT U 4 CHER T 5,

ARFFEARE L 0 MR S D R Z LR IC R T,

(=27 U — RO RMEID L —W —FRY R IR E RO T 0y V2 A F I 7 A/~
7 VR O B

(2) b —W —BRY K OISR A3 2 S = 77 v VI O 0 R0 7 kG & 5 D BR%E

(3) FBrT — XX L THREE S L= @ 72 CFD £ 7 /L DOB%E,

@) —HEHMB Ao B ENLEEMO Ry FL—Y—RET T Y N T —A~DAT L —
KONy 4 —4&—3 A M owE A,

(5) EROFZER R A, 1IF TO L —H —FRYL FE 7 1T OIWrikRg O 3l & 3 FHIE AT 2,

1-1
- 99 —



2.

JAEA-Review 2025-015

ESC ]
2.1 R
FHEEE A Fig. 2-1 K OV [E1R] 0 FE it

#HH % Fig. 2-2 (O™,

EE FE T3 EE THA4EE M5 EE
(DL—HF—INTI= &SRk F ATl
QMM T REER R VBT (RK) BB BB RATER | LY MIBORMTRERE | LY MIB oM TREHE
Q@7 —4 i ([RF A ) HAERE RETHE BRI R StEAle: 2 50 .
(@ F—ARERVEVITYTRER
(FhyoR)
OF -5 _ BUERSRERE| BUER R AT . B BT R
OEVITYTRE TOUTVIRBHEER | EVOFTRB R
RELO AT ERLOTEE HELO| TEY
O FRME (RX) KBS A& OB HWHEEAROME | RIEFEEAKOME
M A A' A N A A' A A A A
F&ih-FHi FLoh-5H -5
< hd <

Fig.2-1

b

Il
]

Programme Gantt Chart - ‘Project OptiClean’

Year 2: Nov 22 10 Oct 23

Year 3. Nov 23 to Mar 24

Work Package Tasks Year 1: Nov 21 to Oct 22
CE I O R T R I I A R I R E R R A R
T R O I I I I I I T I I IR I A o wlolalslm
(11 Systorm baselining |
(21 M hanioat cortainment assessments
et (31 Apisous mist cortainment sssessmarts
Fassinilty and
Gptimisation of | (4) Optical containment assessments
containment strategies.
[Bristol, I6L]

[5] Combined containmant assessments

(5] Sample fabrication

[1] Design & constuction of Opticiean prototype head

WP2 implementation of
Opticlean prototype on
boti

platfarm

[4] Fleld testing of the Opticiean robolic system

WP Reports

Annual Meetings.

Quartorly Mactings [

Erp———e |

Canference: NIA Supply Chain (Cumbria, UK}

Conference: FDR (Fukushims Pref, Japsn)

Event: NNL SciTech (TBC, UK) [ [

Public and Media Engagement

Fig.2-2  Je[E/A ISt 51

2-1
-30 -




JAEA-Review 2025-015

2.2 WFETEE OFE (H AR

(1) b—PF—INTIC X Mok - REGEL  (BKR)

[BF5E H ]

I- =7 Yy VOB (KRS A) L. L—F—8IErE 2 ITBRREEIC L - Tt E b %
AU DOFEED A,

2— ORI T D7 1 Y LRI DR ERAY 2 BEvE K O 7 15 O BRJE,

3= L—W =T K0 RAET DMk D CFD fi#hT,

[ %]

1= UTARTS JEERIZHBWTILTH L —F—RERBREITV, =7 0V AREFEREITH, £ b
DT o VFHIiEE B TEXH LI, L= =T A= 5,

2- =T r Y VOBRFERE R EN O BELTET D720, HE LT v Y VR Al
AL CRERZIT .,

3— UTARTS 3EEWNICHEHEME Y T LN EHE LImay 7 ) — STV A2REL, L——
BRUY 21TV, AT L—2h R AR 5,

4- AERFE R A JEICEEFED CFD 7 V2% B L, BF VOEEN 2 BT 5,

5— JRFJIHERE TN L TV D BFEEN L2 JRIC, B ORI ORI A2 1T 5 .

2) T—HFHEOE Yy 7T v 7R B (R T by R)

[BF5E B A% ]

1- RBERORN & & blckESE2RET D,

2— HE TR SNk T IREBS L AT L DE v 7 7 v TR Z21T 9,

(73]

1- FHERECIHEM L7ZAFZERURIC OV T, BERICELNZMAEZEE X T, B ORI~
DO DO AHEVEIC SOV TR 21T 9,

2— HAMTHR LT vy LaHEIEs AT & L SEM TR LA L— —REs 2
T LEMBEDE T, 7T My 7 ABRETHRIEE Y 77 v ThaskicBn T, iz
FHid %,

(3) F— LA GEHS2E : )
AR5 H )

1- BERAE RO L & bICUERE RS T 5.

7]

- A BT E N L BRI 20T B RO T bR A B E AT, B0
BT~ 38 1 D TREPEL DU CRFAT 247 5

2-2
-31 -



JAEA-Review 2025-015

2.3 WHFEHE OFHE (FEEAD)

This research will initially examine various methods of mitigating atmospheric and
instrument contamination whilst promoting particulate coalescence to encourage
gravitational driven settling. The studies will be undertaken using the Heavy Element
Laser—cleaning Particulate Analysis (HELPA) system to determine the ablated particulate
size distribution as well as the spatial extent of the ablation plume. We will then
investigate the efficacy of three different, increasingly novel methods for material
containment and collection. These are:

- Mechanical containment and collection

- Aqueous mist containment and collection

- Optical containment and collection
Then, building upon the outcomes of the laboratory studies the prototype will be
specifically tailored to the highly complex decommissioning challenges presented by
legacy nuclear sites in both Japan (Fukushima) and UK (Sellafield; various Magnox). We
will use the knowledge we have obtained in the laboratory studies to construct a field
deployable prototype system. This will be attached to an LBR—Superdroid robotic delivery
platform to demonstrate the safe, remote operation of this novel, all optical,
decommissioning tool. We, refer to this solution as the OptiClean system.
Additionally, as we are aiming to develop a comprehensive laser—-based cleaning solution
consisting of processing and characterizations capabilities, we also aim incorporate
our existing remote Raman inspection system into the OptiClean prototype. In combination
with the HELPA LIBS system, this will allow for both pre—process material classification

(and associated task planning) with posts cleaning assessments to be conducted with a

single deployment

ARFFETIX, RRIGY: LG A BT 27200 FiEE LT, BEAICL KL =00
MR- D EWIEEZ T 5, ER L —V—27 UV —=2 7K1 08r (HELPA) > A7 A%
T, 77—y a &N OV A X5 ET 7T L—3 g v 7 —ADOZERIIRIAN Y &
AET 5, WIS, WEOE UiAD LRI DT 3 S>DE2 5 HEOFIME2HET S,

ENDIEFLTO®EY THD :
~ BRI EF UiA s & [alY
- KMEI R MZ X AE LA LAY
- JEERIE UiA® & AR

Z D%, FRETOMIEREEZIKIC, Tu M IATE2ER ) CEE (BT 70—V, &
fi~ 27 v 7 A) OWMED VT —]FF )3 EHDE R 5 IEF AR BEF ORI A D T
BNZIEES 5, EBREMZE TR IR IS U, BUGEUR rIeER 7' a F 2 A 7« AT LAHEL
T5, ZDOYAT AL, LBR-Superdroid B AR v MEW T T v N 74— LY T B, Z O
BN FHIBRIF Y — VORI BEEE AT 5, AR TE% OptiClean T AT A LIRS,
S BT, ALER & REERIAREE ) © 72 D EFEI R L — P —_X— 2 DWW YV 2 — 3 VOB % H
FBLTWDZ et BEFOERRT <~ AT A7 L% OptiClean 7’1 b ¥ A FITHAIAT Z &
HEETT 5, HELPA LIBS v A7 A LfAADOE D Z & C, 1 RO CRIALEMEIOHE (K
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Fig.3-2 Agglomeration method for aerosol particles using water mist
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Fig.3-3 Schematic of the laser cleaning on the acrylic test section
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Fig.3-4 Various laser—irradiated test specimens

ARIERCTITERBIIL —F—RTA—=FZFE L, VRN AFX vy = TV AT AEEH LT
998 mm Dz PEEERABR A ICEN L, B 25.4 mm, JEEX 5 mm D AR (BEPS1E) =2— K UVFS (Ultra
Violet Fused Silica) /Al (1050~1700 nm) K84 7 2748 L ClBR A ~DMRH 217572,
L — P —BRUGBR O R A Table 3-11Z73 T, L—¥ —E— AR IS S D LR
KEPBEFE L, KEOTZT 0V VR 03R8ET D, ZOBRORFREX, b7V 774 0%
18 L C Dekati® ELPI®+ & Welas® digital 2000 FEE 2 L - CTHIE L7,

Table 3-1 Parameters of laser cleaning experiments in acrylic test section

Parameter Value

Irradiation power 0.6 kW-1.5 kW

Irradiation time 10 s, 30 s

Irradiation area Circle (®5 mm) ; Square (10x10 mm?)

Line distance in each scan 0.5 mm

Impactor type Sintered

Test specimens Car?on—steel (SS400) 25%25%5 mm’
Stainless—steel (SS304) 25%25%5 mm’®
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Fig. 3-13 12773, 2N HDTFT 2 Mo P L ORI % Fig. 3-6, Fig. 3-9, Fig. 3-12 il v 1ERk
L7z, 612, b= —HPES BrEFRR D TR mEO 2% Fig. 3-14 XD Fig. 3-15 I
Rl ZTRHDORRNG, L= =D A& & IR R4 IR T 5 2 & 23R
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Zoom 500% Zoom 500% Zoom 500%

+V2=1.38 mm? +V;p=1.98 mm? +Vp =4.47 mm?

V2 =0.63 mm? V2 =0.48 mm? Vp=2.09 mm?

a) b) c)

Fig. 3-5 Stainless—steel (SS304) surface after laser irradiation of 10 s for laser powers

a) Pir= 0.9 kW, b) Pir= 1.2 kW, ¢) Pir= 1.5 kW
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c)
Fig.3-6 Line profiles of the stainless—steel (SS304) surface after 10 s of laser
irradiation for laser powers a) Pir= 0.9 kW, b) Pir= 1.2 kW, ¢) Pir= 1.5 kW

I + direction ; i&

a)

Fig.3-7 Stainless—steel (SS304) surface irradiation area after laser irradiation of

10 s for laser powers a) Pir= 0.9 kW, b) Pir= 1.2 kW, ¢) Pir= 1.5 kW
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Zoom 500% Zoom 500%

Vg =44.01mm3 +Vip=17.81 mm?

10 |;I_\J_L_ ]
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10,000
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Vi =35:59- ‘ V| =18.50 mm>

4 10,000

a) b) c)

Fig. 3-8 Stainless—steel (5S304) surface after laser irradiation of 30 s for laser powers

a) Pir= 0.9 kW, b) Pir= 1.2 kW, ¢) Pir= 1.5 kW

[1]1 181pm

wirg - 2]

E
~
o
<
=

c)
Fig.3-9 Line profiles of the stainless—steel (SS304) surface after 30 s of laser
irradiation for laser powers a) Pir= 0.9 kW, b) Pir= 1.2 kW, ¢) Pir= 1.5 kW
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A L=B6.55mm?2

Fig.3-10 Stainless—steel (SS304) surface irradiation area after laser irradiation of

30 s for laser powers a) Pir= 0.9 kW, b) Pir= 1.2 kW, ¢) Pir= 1.5 kW

Zoom 500% Zoom 500% Zoom 500%

+V|p =1.02 mm? +V|p =1.66 mm3 +Vr=3.27 mm?

Vg =0.32 mm? Vr=0.31 mm?

a) b) c)
Fig.3-11 Carbon-steel (SS400) surface after laser irradiation of 10 s for laser powers

a) Pir= 0.9 kW, b) Pir= 1.2 kW, ¢) Pir= 1.5 kW
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[
)
o

[1] 276um

c)
Fig.3-12 Line profiles of the carbon-steel (SS400) surface after 10 s of laser
irradiation for laser powers a) Pir= 0.9 kW, b) Pir= 1.2 kW, ¢) Pir= 1.5 kW

Fig.3-13 Carbon-steel (SS400) surface irradiation area after laser irradiation of 10 s

for laser powers a) Pir= 0.9 kW, b) Pir= 1.2 kW, ¢) Pir= 1.5 kW
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Fig.3-14 Comparison of the volume of the material (excluding the material
accumulated) removed due to laser irradiation
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Fig.3-15 Comparison of the irradiation area after the laser irradiation
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Model 1: Circle Ring

10mm

-
Cross section view: () Cross section:

Top view: ' ID Top view: | )i Top view: ID=100mm Top view:

Model 2: Semi-square Ring Model 2-Re: Reverse Model 2 Model 3: Cylinder
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Fig.3-17 Designs of single—electrode configurations

FEBRFNEE LTIE, =7 7Y LRI % UTARTS JiskiZ 2 0 MRRIEA L7ct%, R EE 2 Y —I125 8
D120, BEROENHH 70 L/ 5y O CTHIRZER % 5 DRRETEAT S, TO%, HEIE:
SAPMEAHBELTAEE L ~LIHRE L LT 15 MBREEAL, =7 1Y -3 2 Mg AR
ESHEDLD (74 R 7R ICHERTT %, RIC, KAT L—ZFERTEA L, AR O
T a Y OVRHEAIE L. BRESIFRORERIZELZ BT DL e 725, FEBREM % Table 3-2 |2
GNCAN

Table 3-2 Experimental parameters

Parameter Value

Electrode model 11 different models
Distance between nozzle outlet & electrode
10 ~ 50
(Len)  [mm]
Applied voltage (V) [kV] 0~ 30
Applied polarity Positive, negative
Spray flow rate (Q) [L/min] 1, 1.5, 2

Mist concentration 0, Low Cuist, High Cuist

Stainless—steel, Carbon-steel,

Sample material
Concrete

Coatings Oxidized layer, Ce0,, ZrO,
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Fig.3-18 Effects of charging configuration in charging spray
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Fig.3-19 Effects of electrode configuration in charging spray
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Fig.3-20 Schematic of the laser cleaning and aerosol scavenging on UTARTS facility
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Fig.3-21 Temporal aerosol concentration during and after the laser irradiation
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Fig.3-22 Effect of laser power on mean aerosol concentration for concrete
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Fig. 3-23 Effect of surface coating on mean aerosol concentration for concrete
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Fig.3-24 Illustration of Euler-Lagrange simulation approach for aerosol spray

scavenging adopted in this study
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HUNT, Table 3-3 1278 L7z Nozzle 4A (Virtual 4A) & TN4B (Virtual 4B) Z{#ifH U7 fiftris
FAIZDOWNWTIRRB, Nozzle 4A V4B 1%, EBRIZH = Nozzle 4 O (VU 7 4 AEL, AT
U—Af, WA RooAh) AT A TREL, AT L—HEEZNE 20 LTV30 m/s &L
TW5b,

Table 3-3 Conditions of simulation cases for optimization of spray system

Case No. Nozzle No. Initial droplet velocity, & [m/s] Spray flow rate, § [L/min]

11 2

12 Virtual 4A 20 3

13 4

14 2

15 Virtual 4B 30 3

16 4
3-20

,53,



JAEA-Review 2025-015

Fig. 3-27 TN Fig. 3-28 1%, F1F4 Nozzle 4A (Virtual 4A) }xXNozzle 4B (Virtual 4B)
\Z X ki & UTARTS NZ 3 5 KA OFHEZ X R LT 5, Fig. 3-27(a) - (F) X' Fig. 3-28(a) — (f)
(R EN DT OREZ i+ &L FULERD 2 7 L —IRM I 1T A0 ER L 0 b a2 &Ry
MBI, AT L —RIITIE < S L7208 DARBRNITIRN DM D D Z L3y ind, —J7. &1
BWA T L —ii i E R 2 LT, KBRS SR E DO R T v JHAEERIC
BT 22 &b, KAMHHENM B35 2 LN n5d, ZOKMETEHOM ik, FERPNBERE D
SEREDOA T L—ZHZR b NI T a Yy VA2 R SE 5 2 & T, =7 r Y LORESHE
WA LT 52 ENREIND, Fig.3-29 Tk, EBRCTHEM L Aty Iab— 3 TD/
AWML DRET B Y VREFRZLR L TWDH, 220, KVIRWAT L —aalk & & WO A
TU—HEEERT ST, =7 e Y ABREEESKIECR BT 2 EBNEEMITRE T
Do KD ) ANVEMHAT L —ATiE, =7 Y VRERITEIC, KVERAT VKL X
0 K& PRIEIEEE IS k> THIIN L, IEMEETBE & 0 R RN OBREE I & o CTEREZR S KiE I
5, £72. RL /2 XV (Nozzle 4A £721X Nozzle 4B) ZHEHATHEE., TV EWA T L —HED
FERICED, EVZLDATV—REBERESNDT2D, MOZT 1 Y LERERDER D FTHE
2%, Fig. 3-29 {2779 Nozzle 4A LM Nozzle 4BIZ X D=7 Y VRERE T 5 L i)
EVME IR HE A NS5 2L T 7 un Yy VORELZIESELDENRRSNS, Zhi,
WHHE AN G52 L TEAT LV —RHOEERMBEL 25, Z0ZEMnDH, L0 EWT
BEMEHT 27 —ABWTE, =7 1 Y VR & O BAER/UEE 072 8 O K O A 5 R 23
RSN DZ Enh, BRAENRZT o VRERICHEEE RITTZENBELLND,

3-21
- 54 -



2.54448

(a) Droplet sizes and gas velocity magnitudes
(Case 11; O=2L/min; Up=20m/s)

0.00000

(d) Droplet velocity and gas velocity magnitud
(Case 11 ; 0=2L/min; Up=20m/s)

I2.544§

2.0356
1.5267

11.0178

Gas velocity (m/s)

0.50890

0.0000

(g) Gas velocity profile
(Case 11 ; Q=2L/min; Up=20m/s)

Fig.3-27 Droplet and gas

2
203558 £
o
°
2
152669 =
S
@
E
10779 >
=}
1)
2
ososso >
.4
Q
o.00000
0.000494155
0.000397357 £
e
@
0.000300518 £
)
S
0.00020368 O
Q
<]
o
0.000106841
1.000305

Gas velocity magnitude (m/s)

Droplet velocity magnitude (m/s)

CS

characteristics for the sprays

JAEA-Review 2025-015

3035100
2.428080
1821060
1.214040
0.607020
0.000000
0.000494135
000397357
l0.000300518
0.00020368
0.000106841

DN 1.0003¢-05

3035100
g
2oz E
@
8
2
1021060 =
=
g
3
ER
=)
k=l
]
s >
2
&
o cooo00

.m 655323
15725132

11799941

7 sears0

I) 934559
o.004368

Droplet velocity magnitude(m/s)

(e) Droplet velocity and gas velocity magnitudes

(Case 12 ; O=3L/min; Up=20mv/s)

3.0351
2.4281

1.8211

'!,2“0

Gas velocity (m/s)

0.60702

10.0000

(h) Gas velocity profile

(Case 12 ; 0=3L/min; Up=20m/s)

3-22
- 55—

Gas velocity magnitude (m/s)

Droplet diameter (m)

3422361

2.737889

2053417

1368945

0.684472

Gas velocity magnitude(m/s)

0.000000

0.000494195

jo.000397357

m,

meter

l0.000300518

10.00020363

Droplet dia

0.000106841

e 1.0003e-05

(b) Droplet sizes and gas velocity magnitudes (c) Droplet sizes and gas velocity magnitudes
(Case 12; O=3L/min; Up=20m/s)

(Case 13; O=4L/min; Up=20m/s)

3422361
2737385
2053417
1.368945

0.684472

Gas velocity magnitude (m/s)

lo.000000

19666504
-

15733648
11.800792

T 1 7.867936
(f) Droplet velocity and gas velocity magnitudes
(Case 13; 0=4L/min; Un=20m/s)

Droplet velocity magnitude(m/s)

2.7378

2.0534

i.3689

Gas velocity (m/s)

0.68447

0.0000

(i) Gas velocity profile
(Case 13 ; 0=4L/min; Up=20m/s)

from the virtual Nozzle 4A

(



JAEA-Review 2025-015

4.273089

Gas velocity magnitude (m/s)

Droplet diameter (m)

3.119643 3.751621
g g
2.495714 % 3.001297 \5{ 3.418471
E :
1878 S5 22502 5 2563853
2 g
£ E
2 =
1247857 © 1500648 D 1709236
g 8
g H
w — o
0623929  (§ 0750324 3 I”-Wm
10.000000 10.000000 '0.000000
0.00049404 0.00049404 0.00049404
0.000397232 E 0.000397232 E 0.000397232
g 5
g g
000000425 £ o.000s00a2s £ 0.000300425
2 3
B 5
oovozosets & oosozossis & 0000203618
a a
0.00010681 i 0.00010681 0.00010681
i . 1.0003¢-05 1.0003¢.05 i i Bl 1.0003e-05
(a) Droplet sizes and gas velocity magnitudes (b) Droplet sizes and gas velocity magnitudes (c) Droplet sizes and gas velocity magnitudes
(Case 14; 0=2L/min; Uy=30m/s) (Case 15; O=3L/min; Up=30m/s) (Case 16; Q=4L/min; Up=30m/s)
3.119643 3.751621 4.273089
g ) e
2.495714 % 3.001297 }‘E—; R84 ‘uE—;
£ 3 =
E E] E
-4 c &
1.871786 g 2.250972 g 2.563853 E
£ £ £
= > >
1.247857 g 1.500648 E 1.709236 E
g g g
g g g
@ w 2
0.623929 8 0.750324 L1 0.854618 o
10.000000 '0.000000 10.000000

29.297833

23.438657

29.260285

-zv‘ 280950

23.425303

23.408732

17.579482
17.557179 17.569657

(d) Droplet velocity and gas velocity magnitudes (e) Droplet velocity and gas velocity magnitudes (f) Droplet velocity and gas velocity magnitudes
(Case 14 ; 0=2L/min; Up=30m/s) (Case 15 ; 0=3L/min; Up=30m/s) (Case 16; Q=4L/min; Up=30m/s)

Droplet velocity magnitude (m/s)
Droplet velocity magnitude (m/s)
Droplet velocity magnitude (m/s)

4.2731

I3.1196

2.4957 3.0013 3.4185
1.8718 :E. 2.2510 -E. 2.5639 E«
z z z
£ g £
1.2479 E |1.5006 Q 17092 E
(U] Q (&)

0.62393 0.75032 e

0.0000

0.0000 10.0000
(g) Gas velocity profile (h) Gas velocity profile (i) Gas velocity profile
(Case 14 ; O=2L/min; Up=30m/s) (Case 15 ; O=3L/min; Un=30m/s) (Case 16 ; O=4L/min; Up=30m/s)

Fig. 3-28 Droplet and gas characteristics for the sprays from the virtual Nozzle 4B

3-23
- 56 -



JAEA-Review 2025-015

]
—
S

<7

2,

£

7}
r<
“<
=
=
S 2k i
= 10 F ]
& F v :
wn L -
= - d :
o s
= i v Q '
>
2 107k - -
5} - .
= - ]
o L A O Real Nozzle 1 1
8 - O Real Nozzle 2 a
3, L Real Nozzle 3 ~
2 i Real Nozzle 4 ||
& ¢ Virtual Nozzle 4A
g P> Virtual Nozzle 4

10—4 1L Il 'l 1 I 'l Il 'l 1L I 1 1 1 l | 1 ) | 1 ) 1 |

1 2 3 4 5
Spray flow rate, O [L/min]

Fig.3-29 Effect of flow rate on simulated aerosol removal rates

3-24
- 57 -



JAEA-Review 2025-015

3.1.2 F—XEHl GEHESE - R ) [0 3 AR ~Sfn 5 AR

TP RN TE SR CTE Y ST IE Y B 2 7 U 7 7 U AL~V E ThRYET O =012t @B R
M OWAHEBANIZ AV IALTEIEYE CTHIY A MENH D . ZO7DITiE, & % 100 um 2
FE, REABMT 52 ER<HIVRLLERD S, F S CImt o7 74 83— —%—
BINSWARy MRECTHENT L2 E TRV —BEREAEVHL, @BETRIIT2ZLE TR
FiH & BRI IO SRR ORI 2R A HIE L T b, 20D ORA Bl 2 BT AR
FFE DR 21T > 72,

[5Fn 4 4 £ TOREE]

AN 3 AERE T, BT RIS C IR L QW B RN LA 2RI, B R DRFIERLR ORI &1 T 5 7,
AN 4R TIX, A 3 ISR E xR CEM LT AR R A I, B o
WA DR &2 1T > 72,

(570 5 AR RN K ORR]

JR A SRR C I L TV D AFFEE LA BT, H O ROFMA1T 5 & & blo, FE A
BT DB E 21T > 72, UTARTS IZBWCTEN L7z L —H —BEHRBR O RN S E Sk
OEFEIL, REICEEINTMEIOERBEL Y /RN LRy hole, ZOBESMET, L1—V
— s 7 0 ARICREIORBEAMREE SN TV RN 2R LT 5D, BEMIZIE, BREShE
MEIO KRB, BESNEMEORBE L RAE LT v Y LR OFRBOAFHISE LWIT T Th
Do ZOFEESIGICERSIEY T 5720, mtihr—F—2H\ic b —F—FEEiv ik L,
MEBRE 7T mE RCBEDLLIWEIN E L VRSB LTz, 72720, AENETA N ) A% v v R
T L E AW L= —REERIZIE S (10X10 m?) THDH, =7V Lod 71 o7k
Welas® Promo 3000 2MEH &, DKL —F—RF v iz 7 mE, F—x= X 3200 7
7 4rA—Z—=TCotfahic, REtOERIL, &7 A0 TL—F—EROFIEIZH
E STz,

Fig.3-30~Fig.3-32 1%, L —%—HJ) (0.6~1.5 kW), FREIHFR] (40~50 ), M (JRFEH,
AT UV AH) EEZEREIOTT v Y A X5 AR, WEHTIE, 710, & Ce0, D 2 FEFED
A—T 4 VI PEENT WD, a—T 4 I OVEEZL6.8-7.6 m Th D, L—¥F—H% L
FToHE, BTOF—ATZ T v )VRENEINYT %, Fig. 3-30(a) Ti&, SS400, 1.5 kW OGHE.
0.3 um £V KREWRFTII=7 e Y LEBEIIPe THDH, Ziut, =7 oV LEEN Velas JEE
OHPERA LIV EL ., BEZME TE NSO TH D, FEED Z LA SS400-85 £ RS T
Y (Fig.3-30(e)). FFEDY A X TIXRENBERIAL Y m< . 1.5 kWD —ATIEIEHE
M7RRE 7oy FE2RLTVWD, RIETEHELEZL I, REICI—T 7B ishTnbiz
O, L= —RU—NRINEN, L=V =T V== T LT a ) VORENT—T 4T
INTWRWnWERmELY bV ETH-T,

72, EEOHFET — MG LN TR RO 21T & & bic, ERERAICET 285 %
To70, EEF—LNEHML WD AFTT 47V —r7aV=cy FTlE, L—F—RE7Tokrx
DXBEOTD, BEW N T VAT a—F—0NEENI A NBET AT ARFTZITHBE I TWD

3-25
-~ h8 —



JAEA-Review 2025-015

DM, LY —REHICRAET D=7 v Y VR A SRR T DM & L COFHLIEDGR O
BNHELEBIT, SANEEVAT LEKZ 7 EEICROATHZ LT, VAT LD IRy
MEDOFEBENARETH D Z ENRHETH D, ZDOZEnDE, AX—RIIRY OB D FEIFHEIC
BT HIBASGIEAN B TH L Z LIERAITHD, —H T, FIFU AT a—H—2LY
HETDHIANMI, Fa—T7ZBUTL—W—~y RNHEAT LN, KF b L—HF—~y
RETOHBEHIS U CTF a— 7 RIOMBELMNIEL LD, ZOZ NG, BELLIA A, F
2 — T NEROBER & DO THIZL VL 7> T LEY, R A MBIROIESL, SANEOLOD
HEPBESND, LLRRL, BREEREEZRGET 27200 L —F—FE 7 L—r X7 0k
% (LIBS) #MEZEH AL TWDZ D, E LB EFEE EENICHRIET 27200V AT A
PRI TWD Z LlE, RV AT LAOMFERFELED D ETRMETE 5 b0 EEZX LD, L
ORI S QNS E & B ISR ORFFE 7 Vv —7 L A U EREE I AT T2 O 21T o
72

x 10
2.2 i T 15000 :
$5400;7, =50's S5400;1 =405
a2 L ir ] ir
P =0.6kW P=06kW
~ L8F P =09kW | P =09 kW
“ i o, i
£ P =12kW z P =12kW
S 16k i 1 5 i
= Py =S kw & — RN
o F = 10000 -
D L4 ]
= ]
£ 12t £
g £
R B
2 r 2
S 0sh &
= = 5000 +
2 o6k 2
:° :
-
< oalb &
0.2 F
R . . |
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 02 03 0.4 0.5 0.6 0.7 0.8 09 1
Aerosol Size, dp [om] Acrosol Size, dn [pm]
a) b)
6000 : - : - : : 4000
$8400-Zr0 1, =405 SS400-Ce0,i 1, =405
3500 - —_—r 06kW [
_s000 - _ P_-09KkW
g S 3000 F P =12kW |
& = Po=15kW
= 4000 - e ir
g g 2500 -
=) =)
e g
E 3000 - E 2000 F
g g
2 g
5 3 1500
2000
2000 7 r
2 Z
g g 1000 -
< 4
1000
500
[~ =
0 - . 0 ——— . i
0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1 02 03 0.4 0.5 0.6 0.7 0.8 0.9 1
Aerosol Size, u‘n [yam] Aerosol Size, dp [pem]
c) d)

Fig. 3-30 Aerosol concentration after laser cleaning of carbon-steel (SS400) surface (1/2)
a) Uncoated, ti;=50 s; b) Uncoated, ti;=40 s
c) Zr0, coated, t;=40 s; d) Ce0; coated, t;;=40 s
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Fig. 3-31 Aerosol concentration after 40 s laser cleaning of stainless—steel (SS304)
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3.3 H[EMIMFIT R S B
Research Activities

Development of Mist Generation and Capture System

Continuing from a previous fiscal year s activities, a high-efficiency 400 W mist
generator system was further engineered to optimize the laser cleaning process. Various
mist generation techniques, including ultrasonic transducers, were evaluated. The
selected system was identified as the most effective in producing a dense mist suitable
for cleaning applications. This dense mist significantly enhances the interaction
between the laser and contaminants, thereby improving the cleaning performance. To
ensure a cleaner working environment, a mist capture system was further optimized from
previous vear' s design to extract mist from the atmosphere. This system utilizes
centrifugal forces alongside bubble filtration to effectively capture the generated mist,

thereby minimizing potential hazards and enhancing overall safety.

In this fiscal year, with the cooperation of the University of Tokyo’ s research team,
the laser header section design was further improved by adopting CFD analysis to optimize
the mist injection and suction pipeline, and utilizing 3D printer to manufacture a laser
header satisfying the design criteria determined from the CFD analysis. The original
circular header design proposed in previous year was modified to rectangular shape to
(1) conduct efficient line laser scanning, and (2) improve mist injection and collection
within the header section. The outer edge of the header is equipped with a rubber
material to completely seal the gap in between laser header and irradiated surface. This
treatment will ensure that aerosols generated under laser irradiation will interact with

the mist and none of the particulates will escape to the atmosphere.

A comprehensive study on robotic scan methodologies, encompassing both raster and
Lissajous patterns, was carried out. These methodologies were integrated into a KUKA
LBR iiwa 14 utilizing ROS 2 and Moveit 2, enabling the robot to adeptly scan surfaces
during the cleaning process. The implementation of these advanced scanning techniques
ensures a more efficient and thorough cleaning by minimizing redundant scanning
operations. Optimizing the scanning process in this manner significantly enhances the

overall cleaning efficiency and effectiveness

In order to optimize the laser header design coupled with an aerosol collection system
using water mist, CFD analysis was carried out to assess the fluid flow distribution
within the chamber. STAR-CCM+ was utilized to conduct the calculation. Polyhedral and
prism layer meshes with 0.1 mm cell size was utilized to create the calculation domain.
The velocity field results showed that flow tends to be centralized within the chamber,
and potential generation of negative pressure zone near the corner section became concern.
In order to resolve the issue, the header design was further modified by adopting curved

edge. This modification was applied and manufactured using a 3D printer.
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From the additional CFD analysis, significant improvement on velocity field within the
header chamber was confirmed due to the modification, and it was selected as the final
design for the mockup experiment in ATOX. A mounting rig for the KUKA system was
completed in this fiscal year, inspired by observations from the Kashiwa facility, to
prepare for the mockup experiment. This rig is suspended from a crane and lowered into
the Reactor Pressure Vessel (RPV) mockup in October 2023. A custom laser cleaning head
and various characterization tools will be attached to the KUKA system’s toolhead. To
ensure stability, pneumatic suction cups will secure the rig to the side of the RPV.
The design of this rig leverages the craning systems commonly found in nuclear sites,

enabling the effective deployment of the OptiClean solution.

During the mockup experiment in October 2023, the team from Bristol assembled above
mentioned system in ATOX facility, located in Kashiwa, Japan. The low—power pulsed laser
at the end of a robotic arm was assembled, and a supporting frame that can be craned
into the damaged reactors from above was installed at ATOX facility. Industrial suction
cups secure the frame to the reactor surface, stabilizing the robotic arm in a fixed
position. This setup enables the laser to clean complex surfaces efficiently without
harming the underlying steel structure, thereby minimizing waste. ATOX provided a full-
scale mock-up of the Fukushima reactor, allowing the team to test the robotic system
and experiment with different parameters in a controlled environment. To prevent
contamination of the surrounding atmosphere, an ultrasonic device was used to create a
water mist, which was directed past the laser beam to mix with the displaced particles

These particles were then extracted to a separate containment vessel. The University of
Tokyo team focused on fluid dynamic modeling to optimize the mist generation system and
its flow path around the laser beam. The mockup experiment facilitated a successful
demonstration of the robotic arm’s capability to clean rusty surfaces without damaging
the underlying steel. It also showcased the robot’s ability to securely attach to the

smooth walls of the reactor chamber.
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