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Research on Radioactive Aerosol Control and Decontamination
at Fukushima Daiichi Nuclear Power Station Decommissioning
(Contract Research)
— FY2022 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 May 13, 2024)

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 FY2022.

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 in FY2022.

The present study aims to develop a safe laser decontamination system that can control aerosol diffusion
during laser decontamination while simultaneously allowing advanced particle measurement and evaluation,
in cooperation with a research group in the United Kingdom.

On the Japanese side, the University of Tokyo will utilize its test equipment to establish an aerosol diffusion
suppression technique using water mist and droplets, and to evaluate the flow field during decontamination
using CFD analysis to develop a decontamination system that can effectively control aerosol diffusion.

Specifically, by applying technology related to the interaction between aerosol and water interface, we will
conduct laser irradiation tests on simulated radioactive materials, measure aerosol particles from 10 nm to 10
um using high-precision detectors, control particle dispersion through electrochemical treatment of water
mist and spray droplets and improve the accuracy of CFD simulations for dispersion control based on the
obtained data.

The final outcome will be a demonstration test through a mock-up experiment utilizing research results
from Japan and the U.K. at a simulated well test site. The results obtained are expected to be useful for laser
decontamination planning of high-dose areas at decommissioning sites in both countries.

Keywords: Fukushima Decommissioning, Laser Cleaning, Droplet, Aerosol, CFD

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



JAEA-Review 2024-031

B
1. HHEREE LT ORVEEIN - AMBRHEESEEOBE .. 1
2. BR300 AR BN 2
3. AT BRI R 5
A, AR AR BRI . 8
. A AR B R A . 10
6. AR A AR BRI . 12
B R R T 15
Contents

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

................................................................................. 1
2. Accepted Proposal in FY2018 . ... . e 2
3. Accepted Proposal in FY2010 . . . . .. e 5
4. Accepted Proposal in FY2020. ... ... . 8
5. Accepted Proposal in FY2021 . ... . .. 10
6. Accepted Proposal in FY2022 . . ... . e 12
Appendix Result Report ... 15

iii



This 1s a blank page.




JAEA-Review 2024-031

L Sz il E U2 DR« A A e 32 O

SCERRY AR i, THORE ) (BR) W@ 55— R 1 R EFT O BE LB S ZEB R Ok~ 7 > (F
% 26 4F 6 A SGHRMEE) | LB E 2, PR 2T RN D T3 2 F54E U7 Ji 1 Rl - AHF
BRAMEERSE ) (BLF, TREE] b)) &b BiF, s LR 7 e 77 &), TH
SFIECIFE 7 0 7 2 JOY TBEILFSEMIE - AMERERILT m 77 A 2H45EL TV 5D,

FARMNTIE, BN O T 2 558 L ENOJFT 1538 O I de & T8k & 72508 O 5 LR % |
BRI By DBEZ B 2 . [ERRIEEMITE S 30 CTREICHE - S5 2 LIk, BHr o
REFRDNZE T 2 Fetlny - FARAOBFIE R N U7 AMBE RO B Z HEHE L T\ D,

—J7. AR IAFFEBAsEEAE (LT, TJAEA] &5 ) Tk, Pk 27 4RI BEAR RS S FAF 2T
& — (LUF, TCLADS) &5, B BESFBREEEFRILEM e o 7 —) 2Rk L. [HROEI R
=T 4T A (R BEE R AIREHOREILEES T 2B e — R~ v 7)) Sk
2. HBNHR—NT 4 v 7 ARKSAHAE B — 17 5 EATHER (IR, T1F BEF) & 5,)
(AR DA ZERRTE A D TN D,

F7o. AL 29 F 4 HIZ CLADS O L Th 2 [EBRILFEMFER OEM AR L7 2 & 28
F 2. AL CLADS ZHEIC, BEF OB = — X & & 2 IZENI O KF:, IFeisBE% & o Ik
()« SARH 7R A FERBR R K M B RO BRR A HEET 2 Z LI kv | BEF IR O A Hie 3
ZEBHRER TN D,

D7z, REIE TR 30 4 OFBIBIRGREE ) & Eh F R 2 SCHRF 4 225 JAEA ITBAT
THI LT, JABRA & T HT 7 L o#ERZL L, BEIFICET 2 h RN ZRAFIERRR - AMERK
% L0 RERIDN OGRS ER T 2 HH 2 LT 22L& L, RO T R 7T Lak . Om g
WRARFE 7 0 7 F b Qi EfRIIBEIR I IE 7 v 777 L QE B /I BENFIFSE 7 v 7T A
OWFFE M B RILBESFARGE 7 1 7 F & (B RIoTHEE K 0 Bk) (SR L 7o,



JAEA-Review 2024-031

2. AR 30 EE BRINGRE

SRR 30 AFERARGREICOWTIZL T O LB Th 5,

SRR 193 E

@ R A TG 7w 7T A 11 ERE A FOH9E 6 AR, — st 5 AE)
AR BEIF AT I 7 1 7T s 6 P
[EIBR i I PUBE R SE 7 1 T A 2 AR (H SR AFSE)

PRk 30 AEEE BRGRE —

@ IR A TG 7 0 7T I
(A F0t5e]

RS WHoeRA T %R

B KPR - )R E AT ENIE HRINE D 72D D
YHEr Ry hEHAWEE~Y YT 4 v I = = SIS R ITEKRS
o PR Y AT AOBE3E

HR IR OBAEZ B & U IR BEC K 2

L {55 Sk
oK - O 5 A Wt TR
FRVERFEE LET AT 7 EEOWAIC L BN

] P Wi R
W < DRI (R 3T -
VT O R M J OV T3 7 R A < AT o B 3 KF {hiE PN o
iPS L F KA |7 351 B TR (7R 528K
T P PRI am o FOR T A
ERI R D HfENT
L —JEE {  Ab E TN T R AT AR E DI L -

T HOR K

A k' F T A 90 OFGESHT T BE %




JAEA-Review 2024-031

S I R 7 T
[ i)
A, W T
SRR 0 12 A % B ) U 7= 0 FE 5 72 o o R
54 R RS B Ao B % I 2 LRRE
BN 7 e T ‘
§§T7)E&Dmb%ﬁ%6 T 5 TR FEER D B K
LR A R 7 ) BT O RE | #E e R
AT DO BB 351 7 S A4 T8 o A (R ARRELE
e 2 B PR SR
LTS 0 AT B T O R | o
FE IO B% E) F R
BRI 7 2 /5 A
A, MR LS T
PN Lk o BRBLSS 1) 7y = .
;;2%5%%*477 U DOZEMFEMD 7= DR e B .
WA PRI L BB | o
BABE O WHEALI S 2 75 B e ) T AT 1 aB E AR
PRERE T U B UREIC S B B R e | o
Ti%f@ﬁﬁ%\% "TJ7K {k ﬁ/‘?\k%
FAT o H A ORI A H IS LT B o .
A PR " R BB B PEIPN
F ) BT B~ B O BE T Y AT S Kz
ST OBA TIRT B BRIRR T | L —
7Yt A — ORI PR s SRR ek




JAEA-Review 2024-031

[EBR W DB RFZE 7 1 7 F 2 (B JE3L [FAFSE)

A CET P i
WO PERORL T- 00 SEREVIMERRBC £ 2 BEI{E3E U 2 2 . "
e T HEA PN
BRI O 5L 7R SiC i 7 SO % S PPN




JAEA-Review 2024-031

3. ORICHE BRIRGEE

BRI ERIGREICOW T T LB Th 5,

PREEEL - 19 FRVE
el AR N)H5E 7 e 77 I
AR R BEIF AT IE 7 1 7T s
[El B DRSS 7 1 7T A
WHEAM BB T v 75 b 4 38

4 P

TERE (TR 2 BRE,

4 B (R ZEIERENTTE 2 BRE,

SRR PARERE

e AR A e 7 0 77 A

H & L [RIAF5E 2

—fBFIE 5 FRE)

i)

EERIT

R4 W R FE BT JE i S
7T VSR LRI S T — T — A A REEHIE o O,
KT BT e I SRR
FIERBEN D DEIFZA[RE & T2 LB E n R v e S e

~ - A i R B EH A O L




JAEA-Review 2024-031

T AR 7 RS 0 7T
[—fixArst]
AR, e T R g
—RTENT 7 A ASHIRE W e  T R TR R . .
e ] I = HERE
{ER B - (AR R BRI < 12 2 R BI R L % N ”
LU Ak A $hA IEAK Sl K
B — ok - BRI IE S TV 7 7 ki 4 . N
HLl = =
VT =LY LIS T AR B AR
EHIIABIREIC L 0 HORRFE D A & BT T 5 T BT R
72 A R DA FF5E BE FE At
MR A=
. . (~R2.3.31) PEFEHARR A
n - ;"7 ) S N 2RT=] =X /% N -
MR 2 A v o RSB RG FEF DBR%E Kl B BFET
(R2.4.1~)
ALRERR BRI E T 1 7 5 I
AR, Ze T e s
Multi-Physics €7 U U I K H4E 8 23 B~ " e
XY AT ) VRS T DR SEe TR
BREF T VB LIRS SREIO T Sl | _ifi%
Bl 22 AV 7= 43 31 7 1 O RFSE BR %6 N -
T e TS T—
T
TREA T Iy 7 AT KD ALPS JLEGRBEFEY) (~R3. 6. 30) S T o
% 1 EULEAT DI BIR Bz - -
(R3.7.1~)
JRER A — 8= KT U Sin Ry b T —AIC e et
EBIE SRR 7 Y A~ B Wi A RS




JAEA-Review 2024-031

[EBR DB BIZE 7 1 7T 2 (B B3R [FRFSE)

R4 W74 AT e B
EWREINES L O A 4 RS A G T AT
VT V) RIS DEESR & RE 2 IR I PR Y D2 Rk 5% b K
TR 72 E AL
Flif] K2
T SR 00 H TR L2 RIS P RE 2R TSR FPGA — (~R3.3.31)
NG b = ] L1
(R3.4.1~)
E RS g ZE 7 1 75 A (A BILRFSE)
R4 g EE AT i
WREFS 7 U B U R 22 SR o @ EAL AN HUR TR
A ERERIC X DR FIFNMIRDIE & - I ~ »
_ 7 E7I2l7 = u_néll::
B9 % SR @Ik R Rz
WF2E N B LB FIFZE 7 1 75 A
AR e 4 FIT Jee 1 B
BREFT 7 U B Y H LERIC BT DR IEIR D 7= R oo
b DEIFHATIC BT B BFgE AB B R § AT
BN A v T r~T 4 v 7 AB@MAE LT
F 7V MRHIBRFIEORE L 24 7 v TRAME mE B & B K
%
KE B=
(~R2.3.31)
TR < A2 - AEEOTE OB AR L D REHT I HWR T3
7 U LA O iR B (~R3. 6. 30) K
B Wiz
(R3.7.1~)
PREFT U S5 D 7 8D O IR B4 BT T o BR % K HEIT sk R




JAEA-Review 2024-031

4. 02 BARGRE

BR2EET, 2507 7T LIBWT, WFEREOEIR 2 E LT,
ANEOWIIILU T O ERBY TH 5.

NG BT 2H3 A 1T H~ST245 H 14 B GREMERT)
SF2HES A I3 H~Af2a7 A 15 B (EHEERHHE)

RS 10 BRE

AR R BEIFATIE 7 1 7T s 8RR (5 FWTFE 2 e, kWSt 6 ARiE)
[E B BRI SE 7 1 7T A 2 B (R ZELRENIE)

INHDO|MEIZONT, IMTHEBRED DR INDEEZBERITBW T, EWHEEL O HER
&, HREFFEICOW I EROGRFE L Fhi L, SRIUEMRE L EE LT,

ZDH,PD (Ful T LT 4 LI H—) PO (TalTLETT7 4% —) D TOHFHERT, #
PGREZRE LT,

T2 AR PHRERE

AR BEIF AT IE 7 1 7T s

[H FAf5E]
R4 WFERFEE BEY:
H SHE
BREFT 7 VS BT D EEORERL L RES(LEIN (~R4.7.31) S o
Dt SHER SN T
(R4.8.1~)
fEEMERELY 7O THMAEMIC L 2HEHBRATERED WA £ WE - $Ek
AW - EERAG T RIRE I R O o BR %S s 1




JAEA-Review 2024-031

AR BEIF AT T2 7 1 7T s

[ ]
W, Wil | FmeE
. \ iR TR L —
UERE R 88 20 B RO L o A 7 A A A Y E L R S
= oH 7 e
FPE TR 2 0D B T SRR I
ek
0By BT UAY LRI B Heh
RERRAEIS R OEE - 7 ATAEAE | R B FlL
F L O R
B v XSRS 0k - RO | H A
HEOHTE O BI% i T H—
AFB ALY D - b O TR % 1 L T 15 Vg . L
o 7 U — FE SRR L o i B A —¥ RERSE
VBT L AT A E S L E a2 ) — RS N -
W AR - IR M 5z It R
~A 7 aiEEE LIBS \2X 257 7 UMEGHIO 5 ; - o e
FE (L & A (R 00 ECpE R HL~ 0 B L = TATH
I BRI 7 1 75 A (R SRR
W, Wik | RS
2 Yivanly IO) \’<: fﬂiﬁn E#“n\ B .
iﬁ;g;@m% BRI kD RBEE | s
1 )M TR 7 U 3 T L) 5 Lo P
o gk Al LR
e




JAEA-Review 2024-031

5. N3 AR PRIGHE

BM3FEEIL, 2507 0T T ATBWT, HIFEREORIRZRE LT,
NEOMEIILLTO LB TH D,

INGEHAR B33 H 16 H~SM 345 H 17 B (FREMHI)
BSM3EA4A I3 A~SMIETAH 1 B (HEH AR A EELETE)
SM3ETHI2 A~SM34ES A 18 A (EBEWHHE A @EILFEIZE)

SRR 1238

AR BEIR AT IE 7 1 77T s 8 PR
[E R BRI SE 7 1 T A 2Rk (B39, 23V (HER)

INHD|MRIZONWT, AEBARE D DR SN2 FEEZESITB VT, EMHEALOH
B, B - QBRI OWTE EROARIHEAE 2 F5i L. B 2 2=E L
7=,

FOH%.PD (FulILhF 4L 8—)P0 (Tl I Lut7 4%—) SHFELRATTY
VAT 4 TORBEERT, BIGREZIE LT,

T3 AR PR R

up

=i

AR BEIF T IE T 0 T L

AR, e T K
WRISET =4 ) v 7 LA A —2 0 7%

B LA 7Y v FHOR TR Eer | | sk ks
Sl O BT

WL 7)) T D Sy BTG A B < T
U DERIC £ 2 EHT 7Y R A T = X 5 O

LR R RORIEC L 577 U g — | ER EIEN
F == ZADEEA

Eiggigiggifﬁ;éyimﬂ?fum R TRk
7T T RETORMCETE BT EED | e .

LD & AL

,10,



JAEA-Review 2024-031

Al

A MR R AT JE & B
] %iﬂ Z 1(7“/\ AN 3 7 I 3 B \
@f+wéiéﬁﬁ%§uf/b/xT D BR%E B A .
WH5E
RN L —F =0 K5 B Y F U LKk E = I PN
4 v 7 FROMR IR BRI
A8 I I~ 70 2 B T i ER ke oD R [ E AR OO T L o
A7V v REAE~OHKEE & & BRRY 70 L5 E & O H IR Z -
B . e NS RF:
ﬁ * ﬁinq:ﬁﬁj

FEIRS i B F I 7 1 7 F & (H I RIAFSE)
A MR R 7T JE s B
Erkan
e - Nejdet
fE S — R 13 BT O BE IS E S 3T D B U e
=7 R ORI B B g S et AT
(R4.2.1~)
PREFF 7 U B D L7 DRt~ = e L— e D
B DF T 3 B LU R AU
EIRE W D BEFIZE 7 0 777 & (H #&3L[RNFSE)

A MR RS it e A 8
tE B — AR 2, 3 SR O FERER T Y AT P
S FP - 77 VU ZFEO RN SR & PTGk /R BEIE %M
B F 7Y PR O fR ’
FEREAI B & W T BREET 77 U BRI £k o W T2

R

,11,




JAEA-Review 2024-031

6. 04 FE BRINGRE

BRAFEET, 2507077 KIBWT, WFEREOEIRZE LT,
OB TO LB Th b,

INGEHAR c A4S H L H~Sf445 H 6 B (GREMEHRI)
STAHFE AR THE~SMA%6 A 16 B (FEEEHHE B EILFEE)

PR - 8
AR TUBEIP TS 7 0 7T 4 6 R
EER G ARBEF A 7 0 7T 0 2508 (H3)

IHHDREIZOWNWT, IMNBHBE D DK SN HFEEZESICIBW T, a0
P, AEERMIEIC O W I ZEM OGRS 2 Efi L, SRRBERRE L E=E L,

ZDH%, PD (Tl I LT 4L H—) PO (IRl TLET 4% —) KBKOATT Y
YAy T 4 TOFBRERT, RIGRBEEZIE LT,

A SRR

AR BEIF AT I 7 1 7T s

PR WA FIT I A

FEHT LT 7 XA MR MEMEE L SR ERT = ‘ “
EHym g 2o

2 DEME & Z DIGH EENE I ] HAERF
N —/yg “/E\“ N /(y~ ‘ﬂj?g: B \
3R ILAREIEHC T HNEORESL &y KRR 22 % F P P

M U7zt R N AR A O B %

a BYT AL AN R 7 v b7 a AT =X OEHE

— Rl ke bt E K

e TSR OO ARG BE P B "t 2 A L 7 Tt

LBy = B A
W~ v © L S BIEY AT A% e e PN

FEEVSEICL DHBERE T CHBETRRR/ Ny & \ - R [E N7
7 e AE 5 oD BR A R

,12,



JAEA-Review 2024-031

FRE A e ERE AT I 1% BE
HERR UWB & 0 A T WG AL G 72 Y 7 v 2 A SN s
2 3D SEEINE « FHIA S AT L OBA%E - 314 BT A

ER i R ZE 7 1 7 F o (A I FEAFSE)

FRRE A MR ERE T JE 1% B
iR 7 1 o T ABA TR S AT I : :
MR 7 1 &2 T IOA IR S 2T LD " 1L
RS
~Arna-F )77 ao—%FfH LT LT 7 R T
WobL 1 DVEME - BRI I T KRB0 BRIz %i

/SN

,13,




JAEA-Review 2024-031

AR EEIX, LT OMEOST 4 FFE 5 OMIEREICHOWTIRD LD HDTH D,

EIBE b VBRI GE 7 7 7T 2 (H 3L RIBFSE)

RS WFIEAEH TP B

Erkan Nejdet
B R F IR EFTOREILIEEIZB T 5 (~R4.1.31)
FHE= T v U R OBRYRZ B3 2 5t i fE—RR
(R4. 2. 1~)

FRRF

WHERCR 2 Y & & DI RIE E 2 ML L TR 2,

,14,




JAEA-Review 2024-031

gk

R

,15,

O
T



This 1s a blank page.




JAEA-Review 2024-031

SN 4 E

H A - T 0iF FE B FE AR
S & R AR U T2 IR ORI - A B RHEE 2R

EEFE IR IIREBITOREIEEBEIZBIT S
Het = 7 v VI R RS BT A AFAE
(FHIES R041034)

RS &

S5 43 H
ES VA NE ST Nl N

,17,



JAEA-Review 2024-031

AT, ENIATZER JE AN B ARE - S 0F 5 B JE A A

[z At U7 R D RMEBAN - A B RS2 ) (2 &
HEFEEB & LT, ESLRFEANFRRENFEN LIz T
B%—RF /1R BT OB ILEIZ S T D BT v v
HE N BRI B9~ D 98] DN 4 4R DOAFFERCR 2 B
DELOEZHLDTT,

,18,




H &

B vi
) = 5 1 PP 1
5 = 4
P N /= T 4
2.2 HFZRIEH OZFE (AL 5
2.3 WFZETEE OFFE (EEND) o 6
P e = v~ | 7
3. A AR D IR R O, et 8
3.1 L—W—INITIZ L ABR BRI R RT) 8
311 B AR IR L O R AT o o 8
3.1.2 F—FEE GEEESE © JABA) 32
3.2 FT—AFHIIKOEy 77 v FRER (&GRS  (BR) T hy 2 X)) o 36
3. 2.1 T A 36

3. 2. 2 T T T R 37
3.3 B EMIF I B R T 42
3. A B . 47
= 49
B R o 50

i

JAEA-Review 2024-031

,19,



JAEA-Review 2024-031

BHEZY R B

FENREE

[ENZRFE N RR T HEHIZ s —AR
FrT#o% AR —
FATHEHSR Marco Pellegrini
Hfz EBINF—
BhZ SEAREE
HEWIER Erkan Nejdet

Rt

AT vy 7 X [Z S5

LG
FENZAFFERSEIE N A AR 00T 725 78 B A

i
_20_

HIRA R

I

ol

IV

S

=

Vs



7 3.
7 3.
7 3.
7 3.
7 3.
7 3.
#* 3.

1-1
1-2
1-3
1-4
1-5
1-6
2-1

JAEA-Review 2024-031

xR
T Y LR A T B L o 12
UTARTS JRRIZRRIE FTREZR / R T 13
77V VERBREE AW L — R EBRCTORREM . . 16
UTARTS ik lZ81 D L — =M RO EM ... et 19
UTARTS SEBBRICIIT D B NT A —H e 22
BB S o = a U 27
TV E T OFBEER LB O T . 36

iii
7217



X

WL L w00 L W W W W

W W w W w

w

W W W W W wWw w w wwbhh N N

b—A»—A»—A»—Ab—A»—A»—ltHb—AH%HH
© 00 3 O Ol v W DN —= DN —

|
—
o

.2-5

JAEA-Review 2024-031

X —

B I I . . 4
BEEMI R TR I . . . o 4
BRI . . 7
L RO UTARTS 2 . e 9
UTARTS T I . oo e e e e 10
T Y U B I . 11
UTARTS FiaR I ZGRTE ATHEZR / AL 13 e e 13
77 VNS E COL— P —BRYEFERE . . 14
L— R O i — 2. 15
L— P — MBI EBR OB TNE . . . 16
U —HRBFICBIT D=7 I VZEE 17
(a) RFHE (b)) AT VRHNCB T =T a0y VREOkE . ............. 18
Kma—7 4 o7&l (a) RFEHE (b)) AT VAT D
Y U B D R . 18
L —BRE ORI D= T o VSR ) 20
(a) RFEHME (b) a7V —MRICBITD L —0 —RERE R KT

S T 0 R AN D 20
(a) RFEH (b) AT LVRH () =227 U —MFIZHITHERA

O—TF 4 U AT a VB REDBES 21
R T . 21
AT L —HEBICL DT UBREREORGE. ... 23
Euler-Lagrange ¥EIC X D BRI 15 . oo 24
FRAT A 2 I 25
A L — B A R . 26
Lagrange 2 K 29 & Eulerian IC K DEFATAT oo 27
ATV —MERBRICBIT AT o Y JVZEE 28
BUBIEATE T IV DRREE . o o e e e 29

B 7o VR FRICBITAFERES I 21— g9 (Case 1) O#Z ... 30
BhhzTra ) VR FRICBITAFERE I 2L — 92 (Case 11) Dk .. 31

AT L —MEEH R & BRYDRORfR (a) 1058 (b) 40507 . ... ... 32
IR MNEFRICLDBRPEIROEE (a) AT LVAM (b) a7 U—F..... 33
AT —EICL DT Y VREORIEESE . .. 34
ATV —EBICL 5T a VR EMNEEORKGE (a) CS—Ce0, 2—F 47

(b) SS—Ce0y @ —F 4 > (c) Concrete—Cels T —T 4 27 ... 34
BT L DB 38
BR) 7 R 7 AR B R L 39
(BR) 7 b w7 2B R e 39
L R D o N T 7 40
7Ty B OB . 41

iv

,22,



JAEA
CFD
CLADS

B K
L EE A
UTARTS

PCV
HEPA

JAEA-Review 2024-031

: Japan Atomic Energy Agency (ENZHFZEEARIEN H KRR FIAF5EEH FA4HE)
: Computational Fluid Dynamics (BEFRAS15)

: Collaborative Laboratories for Advanced Decommissioning Science

(BENFBRBEE R ILRIbFTEE o 7 —)

OB R —NT o o 7 AR S

P RN R =T 4 o T AR SRR S R T ST
BN S YN TNEE

RSt R L 22 ST

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

(HERKFZT 1 VEREFR B

: Primary Containment Vessel (JHFIF MRS
: High Efficiency Particulate Air

,23,



JAEA-Review 2024-031

RS

AWFFETIE, REOMZEE L H LT, =7 o VLB E L s, RIS @ E ok
P &GS ATREZR, B L —F BRI AT 2R T2 HME LTS, BAMT
I%. CFD AT ATEH L C, B U AENRE LIEWE~O L —F— T & 0 %A 2t
2NV EIRI AR ERAT L2 X RANCHIET 5> AT LT L, &ERITIZA RO
R ETEA LT, WEORBIRICBO CEERBRZITY 2 &2k b, 4%, WEOREFHLIC
BWCHEAENOH 5EBET Y 70O L — —RYEHE 4 Fi L T\ 5,

AT, A4 FEDORR OB 2k~ 5,

(1) L—HF—INTIAC L 2 Bk - kAT

OB FRIBEER e ORI (ENSZRFHEAFOIRY: (LR, T E0vw),)
WAk T7T oY LREREB (Aerosol Removal Tests using Water Spray in the
University of Tokyo : AR, TUTARTS| &9 .) MisRICBWTHTH L —Y —RHHER
ATV, =7 a Y NREFEREToT, TAOLRZT a Y LEHiiEE SEHE) TE 5 XD
W2, b= RT A —H PR LT,
TR VOB R A OB ERET SO, HE LT B Y VR
ZER L CRBREZIT - 72,
- UTARTS ZE@EWNIZIERMEE v D AR B LT a7 ) — MY L Z2g@ L, L —
P—BRYEITV, AT L — AR LT,
C I BT, JRFIFERMAER (LT, TPCV] & D,) OBEICHERE U 7o RER £ 7213
bR LT R T b B ATENRERE 2 L C LRl 217572,
- R R 2 SISO CFD £ 7 V2B L, 7 VOEEEEZREE LT,

@7 — # Pl GG [ESIAFZER I IE N B AR IR FE B R pRE (LU, TJTAEAL &9 )
« JAEA THJii L TW D85 L2 KT, B RO OFHE 21T > 7=,

Q) T—HFMENE Y 7T v TR (Bt XS HT7 by s 2 (IR, TR 7 by
] EWD,))
O7 — & i
- BB OER O BEPIRIL O R 21T > 72,
CBECER SN L= —BRYE0m A GRE, RIER) 2P,
« BEABLG A~ OB & B~ XAk, MR LT,
- BRERTTIHRE L7 YEAE R OMFZERLRIC OV T, BEICEONT-MAZEE 2 T, B
B DO RGN ~Dw H O FTREYEIZ DWW TR 21T - 72,
QF v 7T v TR
Ty 7Ty TREBROREREE A YEiE LT,
R R EFRE, AR L, R OFHEI R R ST,

(3) WHIEHEEE (RR)
WHFERFE O T THMFEHE H 72 5 NSRS SR BEE R L RN 5E & > # — (CLADS) % & @
HHEEEIC L TR 2D 7o, £, WIEEMEEZHEE T 57200 H & HE P2
ZRAME Lo, Fio— b —OEEM EEET bR 2R L,

LIk, 3 HEERIED 2 H TH O M4 FREOEGHA 23 L, Frillo BAE 2= LT,

Vi
_24_



JAEA-Review 2024-031

1. XLC®IZ

WORLENR—NT 4 v 7 AR SHEEH R )3 EF (LR, T1IF] £v9,) TIX POV @
TEFHRES O TE < . BEIFEEZITOR DI, 1FEE L REDORERE VMRS < O
BRHD, 1FEAETRTOEETE TN E IR OB R WA LETH Y . REFT
TV ERELEZ T, RFBED-OME - Bl 72 EOMIRIZI T PCV NO & SRR AR
TE¥T D L W) NEERREEZ R T 20BN H D, L—P =TT A~vh v X —7p & OGN
TR 7 0 VO ERPE VBRI & A ST a2, S CTHEBRERE W R L
B BT EICIS B 3 & D 72D RO BENFFHENZ Z 3L & O BAGIMr T 2 AL A4 A 72 Fici 72
RS 2B 0 AL E R B D,

WO JE A JRGT OFHETIX, PCV EFICH D v — IV KT T ZIZBWTHRIZ 2 BN O 3 &
BEDOFERBL NV RNENZ EDRME SN TS, Tk, FERFICRAE LB E R 7 Z 7
MDA 8-> CRTFRRE EICIVAATE A EZ R L TnD, ZOXH572Fy hAKRY b
FEIIE, PCV NODZ DDOIFATIZIB W THIFEL TW D ATREMENR & 0 | BESFTESE T O i <
DIVAT @D LAREMER D D, Z D X5 2@ iR T COEXRRE~ FallcdaE 52 &
IO TEETH Y | L—F—BREEANI, BERBHROR Yy ARy S ZERE L, POV OIS # &L
KT 270 8, BERRIZ LD U A7 &2 RIEIZERIT 2 2 L8 if s N5,

1960 412 T.H. Maiman 23/L E— L —H—% W\ THID T L—F =Rk L TLk, IR
RBURTEIT Tl EERLE, EFLII UKk oL TS, Fio, L—F—%H
WM HANE, £/ 2O DIZE o TR TERLRWENTH 5, AWML —F =TT
— P =AM EEREICBE % 2 & TR L TH B O TR 21T 5, MEHEZT15 - Hl% 7
CITRESN DU T BHA £ 2 A TR L CHEAT 5 L— —Im 2 E0 IV S
NTWD, I, I/ ST — DR b — — 2 p R 2 w2 PR LA BRI OBV 2 3 %
X o mFEEEE AN, FEHAESILE UL A L —Y—ZBENC & > TH RPN ET R 2 584 - 5
P SN LA L B IS 2 M 535 L —Y— == J e CORMBE IR H 5.

—FHT, L= =2 HOTREIAE LB R ET 5L —VF—2 U —=2 7 it 1970
FRDDIBEIN TS, L=V —F AW RKim 7 U —= 7 HifIE, FEEfl TR E e <.,
TRBEEMDOILEER DIV WIS D, L—Y—7 U —= T HANIL, IF TOFIC K
D U E O BRERIG YR, IR OBEIRALE I 9 155 ST BURTEBESEM O BRI & LT
WIS ARE T D, W) e kA W TRYEZIT, RETREBIMFEEY O BEZH O T2 LI
FOREIRNERBIZTT2Z N TED[1], —OICHWLRTWSERYSELE LT, 1k
FERYL, WEWERYL, EMMERRYL. 7T A RRERENRH D | BRISERY ORI LY 2
BENSITHNTND, TRHOBREFIEICIIZ OREDRH D, FRZ, BRYEEEIC X D1EERT
SOIVRIBBHDL, Flo, AFERBHMCTFER S &, RIRE DT 72 “IRBEFEW R EITH
ATDHENOMELHDH[2,3], TNOHORYFIEE LT, U—F—HEilFEHEH Lk ik
X, EHBEENFRETHY , FEBEOHWILS ZWOT N TE D, £, ZOBRYEFIEITIHEE
fBRYE T o D720, HUNPEBETEY & U CRIIFRE DS & 72 D ZIRBEFEW) D3/ % K2 HIT8
THZENTED, 2FV, L—HF =2V —=U OB TH D, “Feffit, ERERIETHET,
TRBEED DIERDNDIN L0 FII L — P RIE TR S DI D e BT E e o T D,

WA, IF Tl WK Z TR T D720 D7 5 0P 7 AT 5 72012 b — W — Y i 3
RIS TWD (2], M RIS LB G Y orp O BIZ@ o BB LT D
Bh. IO ERETHICE, L= —2BE LEROELEY 2 HNERD ., 1382 2580k
ETHL9L—HF—2 V) —= THIFOIEETHATh b, ZO L) REETCIHEH oL —

,25,



JAEA-Review 2024-031

P—ZHNDON R TH D, —F, JRFFOREIEEEIC LY IBEWE (—REEAMREE .
JR AP BRBELE) D 72 B I R N K BICRAET D, 2O OB YRIE. B EmTS
FTRBMOIENERFNARSCILBIINHE CRALBRERZELL LTS, Zhb ZFRY
TOHEAIITEBRM ZHI 0 BD X 9 RBREN ML D, D), B0 L —F—Z
THRYEZITO LEBREICENET LREVDERM L T LE S 72, BERMERAMR TR ST
MEHZIRIEZE L TLE D [4,5,6], TORER. WRMENIZE > T2 BURYE RN AR TR I3 — 2@ B A
WIZHA LT LEW, ZORBSHEB Y 20 < 2 L DREEZ 2 0 @OBRESIERG LR,

B, REOBODIRZ M T D720F 7 SV A b —F—% O T-BRYEOFERE R Z2 ) < D
MWD TN—TRNHELTWND[T,8,9,10,11], LMALAENRG, 2L AL—HF—F, f = v /L3R
FROAVTF AR INREL, HEOEKPEHETHL ZENEH LOREER>TND, £
ZC. LDD Bk &4ED E. J. Minehara (X, L —H—bE—LAE, =X %R, HOLErt, &
TN MEE 2 H > TV DR 7 7 A N— L —F =2/ NSNARy MERTH L TH
NRU—BEEREB L, ARy b TR ) A% v FCTEEICRFIT D L —F —RIRETEL R
ZLTWB[12], L=V —DERARy MEE/NESLTHZ L TRFTMICIRELZ EIF5 2 &R T
&, BRBM ARSI 2 ENAREE D, LLERL, L—F—DEHRAKR Y K
DEhR AR, RIXVEDEFR L, @BERENSEMLTLE S, I T, IR XX v T %
AWTHEBETL—F—DENAR Y M &imo| LEBRYEEIT 5 2 & TR M OV Z i 2 TR
RBRYL AT O Z N TE D, ilt, L— VP —FRFOGRBERTO AT —F— a VHEGEZHRE L,
RS CIRFRRBAE TN L —P—L L HICBEI L TV A, EliFs TiidiEEms 5 =
ERLICREDPHBET 272 ME SN TEY ., SHICZOFEZHWT IF OFERIZHE LK
S EICER S B MO L —F —BREICH B L TV 5 [13, 14, 15],

OO L—H—FRYEHEINEZ WD Z & T, mF IR EFTOR I OBEILHEIZ X > THAET
AE LIV IR L ASAVEFIZ I VT T ALV E T EE FF5 2 212k, e
PRI OITRR 2 A N & KIEICHIT 5 Z LIS b,

L—P— I e OV — — R YREIL, 1~100 nm ORI 72 EKT 2 [7], 2D L) 7R/ E
72 A XD KGRI 71X, MOBELS ETRAFMETHY , BFEDOT =2 AT AT T 4V —
Wb xons Z <, Milazid-> Tl EIciRET 5, FEFITWAMENE <. HEPA 7 o
B T2 EDORERD FIETITHIENHE L WKL+ Th Y . KO CUiADIEREN LB/ PCV TO
HEPA 7 4 W Z —TIEW < D OBHIC K D | 43 IS8R RAIHERE L 722V el RetE Dy & %, F 72, HEPA
T ANV TR T DERNH Y R IROE LV S EINT S, & 512, HEPA 7
A NH—F I LT EEWREI T, 7 4 AV F—NOETRRIZE D . WBI 3, T 1T E &
T THINEDEIMET T DTN & 5, BRI ZER[OTEIICTE, KI X FH DI
PN TIE e, L LAIEBIZ L > THEERT 5728, @ DO AT L —=CHEPA 7 ¢ V& — TIddil
FLIZ W,

ATl EEEE & WL, mERRL R R ORI S A7 A & =7 v Y L D553
HIAE 2 RIREI LA A T2 272 L— W — R AT AOBFEZ BIE L CTWD, =7 v Y Ll
PN OWTIE, BRI E CIAD 7 — R b FEL—HF =2 — L NIZEL ETOH LWE T
IADIFENFECHAE IS,

AAMNE, b——UI & OBREREO DTN TORGFHRRY 27 KT 572012, 74—
=3 AN g—2—2F L—DHFEFI IS < BhRA 722 B PRy SO A 5 1 & Bl 2 B
T 5, EEM SRS N T e Y VR TR T — 2 IS T, U — X —I A NE T 4 —
B —AT VL=l LHZT 0 VAT T T OMFEEED LA REEHET S, Fe=Tr YL

,26,



JAEA-Review 2024-031

BT &0 — 2 — I A MLTOROB AERIMEE B0 T +— 4 — I A ML T-~OBHT -
DR % RGBT D,

FEMIZ= T r Y VO L —F—LADELZHE LB, AT L—R7 7 72BN Tx
TaY AR IR SO WET DI OEREITS, =T v OVERER & RS OBRRIL,
TG 72 FEBR & BHRAFIEIC K o THEITS LD, EBRIL UTARTS TiTboir, L— W —FRYCI & 2
T —HEDORIBEEAR Y BB S 2 RRICHERT 5, EBUERIEF (CFD) ¥ 21—
T a rET IO XD EURREEE FAT T E DR EMOMEET — X Z BT 72N oD
TV UTHRA Y vTCETa Y AV ENET D, BRAEFEAD CFD 7 Wid, R TL 7RG K
PEIF R 2 /BT D72 DIT, a2 L — —#{EL T U 4 CHERT 5,

AHFFEFRE L 0 WIFF SN B R % LA RIS R T,

(1) 227 U — R ROERMEIO L —Y —RY K OCYIFHRIEh O =T a ) V&2 A F 3 7 AR

7 1 Y VRO BRR,

(2) L—T—FRY S QG REIZ 38R 3 2 = 7 v Y VI O Zh L 2 B & 7 1R D B,

(3) FEBrT — X%t L CTHGE S L7z @ 72 CFD &7 /L DB,

(4) ZHEEBoRTHB I EEMOrR Y =P —RET Ty F T F—b~DAT

— KO —F—I A N OmEA,
(5) EROHFZERR A IF TO L——FRY F 72 (T UIMHRRE O FHl & 3 HCE A 5,

_27_



2. XX
2.1 ARG

JAEA-Review 2024-031

AHEERHE A 2. 1-1 L 2. 1-2 [T T,

- K SRIEE ShAEE SHSEE
(MML—Y—MTIck5MEFRUNE
ORETRURBRCRHTFE(HX) PUSE-RY-RESE| LS INORNTRERYE | L—Y-NINORRTRARG
@7 —SEE(JAFA) PEEREE | MLH . HBRREE .
(2) T-ARBRUEVITVTRE
(H7222)
W_aw- i R RLIE PR SR ‘ HUHRREE i
@Evs7IIRE o7 IRMERR e zars.. SR
REEDITSEbY BEEOfsa bt REEDITS &bt
B)AREE (HX) HEFEZA20M HNFEZAR0MA ) BIFERARORE
TR R A T AT A X [A Al la
Fen-HE| 088 FEeH-BE
- - -
X 2.1-1 FHEEMHE
Programme Gantt Chart - 'Project Opticlean'
| Work Package Tarsks Year 1: Nov 21 10 Oct 22 Yoar 2: Nov 22 10 Oct 23 Year 3: Nov 23 1o Mar 24
i T R e T e D
[1] Sywiem basslinng
(3] Mechanacad conte sment stsesaments
s [F] Aquess mas commnment asesaments. I
[mriatal, iCL) ]
[$] Comirms tontamaed s sebsmarts ‘
18] Sampi fabeication ‘
I .
=
1

[Exset. WML BoTech [TBE, UK}

_28_




JAEA-Review 2024-031

2.2 WFFEEEE OFFE (HAR)

(1) =P =N X DHokiFAREGEHE  GROR)

[F5E F A%
I- =7y o@is (R2EfHsAh) & b—F—UIlr £ 72 3BRERIEIC L > Tt Eh o ¢
o DFFEDFA,

2- BRI 7T DT v Y VKL DRI T et Sl ORI 7 i D BRI,

8- L—HP—IT LV RAT LMk CFD 74T,

[J7i]

1= REER, BEREOL—F =2 Lo THIHEN 2 BUKME £ 7 I3BUKIER E O 7 v Lk
Yzt 5, (EE)

2= UTORMFHE~ORELZRALNCT 5720, L= =R T X —=Z 26T 5.

3= HE1DAN=ALZEASNWT 2T B Y IVDRY T 7 KOEEEZREZ R ESE 57201,
AT LR OUK I A OBKYLFEN, Kl OCRFHEEZLET 5, OLKR)

4= UTARTS MEsxBliE s A7 LOEE LBF#IZ LY | CFD BEED 728 O ihE CRfg L O 7 —
ZIERDT=DIT, AT V—IERICEEOY > T Y L TRA 2 MBI 2T T Y VR
B7E 2 KT %

b= HBIVEY > T DT & ORI LA 2 B2 Lo RIS L — BRI EAT O L IFIRFIC,
KIARNERT V=MV AT L2BEL T, WM Y TZ A LT v )V or il &
9. L—=¥—WENL, 27— bRGRMER & Offx 2 REITH L TIT 9,

6- L—HP— X AEEBEYEFDOTF i T a Y AR EER RO -0 CFD Y — )L % B
THEL LIS, ERERZFERALT, =70y VET Y VI ORGEEIT.

@) FT—HFHME Ty 7T v TR () 7 F v R)

(WF5E H A

1- REFE RO & & I ER LIRS T D,

2- AR TR SNT-BWR A REBBI LS AT LDE Y 77 v TR EBREIT D,

[J71%]

1- AHBECHME L 72 R DWW T iR RICE D m A2 E 2 T, BUE O BRYET~0
W O FREMEIC OV TR 21T 9,

2= HAMTEY L7 v ViR AT & & EEM TS LA L —F —BRje s =
T hEMAGDET, BK) 7 by 7 ABRRAETDIRERE Y 77 v THERICE W T, ERE
R A FE T 5,

(3) T —XZFHii (JAEA)

(W22 H ]

- ABEROEE & bickERZRE T D,

(7]

1- FHEEACHEME LA I DWW T, JARA O TE LN RARE 2 T, BB DORKRY
Betti~o 5 O ATREMEIC DWW CRHMBZ 1T 9

_29_



JAEA-Review 2024-031

2.3 WIZETEE Ot (FEER)

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.

ARFZETIE, KRRIGY: G A BT 27200 Tk e LT, BEAIC L DWEEET -0
b - DA IR Z ETT 5, BEonHR L — Y —Woki 41 (HELPA) A7 L% HWT, 77 L—
a  ENTERIA DY A AR ET T L— a v T — A DZEFBIIRIEN Y ZRREET S, RIC,
W OE UiAD EEINDTZ80 3 SOR D FiEOAIMEZRET 5, TNHIZLLTO®@Y Th 5 -

— HERRAOE UiAW &R

- KMEI R MZELDE LA LAY

— SEEEE TIA® &AL

D%, ERETOEEREEZIIC, 70 b A THAAR (BE) LEE (BT7 7 40— B, %
fi~ 7/ v 7 A) OWMED VT =T FJFEEF DR 5 IHEHNAEHER BN ORREIZ S D TR
MNZIEET 5, FEREMRE CHIAMRA IO L, BT 7 1 N2 A 7« AT NE S
T 5, ZDOY AT AL, LBR-Superdroid B AR v NME#T T v N7 4 —AZHY I 5, 2O
7R BN FHIBENF Y — NV ORRIEREIE L FZRET 5, RIERF1E%L OPTICLEAN ¥ 27 A &S,

I BT, AR & R R RE D & 72 D EFEN e L — =R — 2D Y U 2 — 3 VORKE
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BOBRBEFRICHRAET 2 Z EBRAEL 7o TV D, £, HEOFELE T T vy L 28 % J)
FEL, CFD ¥ 2L —3a VETILORBIRCHANWDE TETH D, AFFRICLVEREIND CFD £
TE, BEx 7 L —Y—EES T U A TREES 1L, ZRE T2 RY: & BEF AT E Ol &2 Bk
TEHLD LN D,

AR TIE, V4 —F—IARNERATU—HIFFITMA, L—V —BRYeEif 2 872 (s A bt
% Z LT, BEIFRF OB TR A B SRR ORGEE BEE S LTW5, Z OIS S i
(X, 1IF COmRBOFEIFIEE~OERPIMFSIND, £, ZOFET, oKy NAKR Y b
DRECHLHETHLEEZBND, FHZ, ¥ —/L N7 T 70 POV BE, HEEMITATE LTS ia s
MW@:Twaﬁ%%wa BRIz kW BrEL, AT L—Ur—HF—I X N EOMEEA

IR D RBED SHHERDBIFFSND, TDOLDIT, REMIIVEZERTOBRYSCVEZE F ORI 1R E
BHIEICIEHTE B2, Fﬁi?FTT®W¥E®£Q%%% %%“@%%ﬁﬁkﬁﬂﬂ
2%, Flm. KEWIZEERFEDERLT AN MR & OB B ENT-EYe. sy
DFEVE . RIAEE~DOBEAIC L IR TH L EEZBND,

(1) BB B

L PR E T L — P U —= VI BRI L — P — = A B L ORI B 5
MBS = —7 1 2 7 RET B IR T 5, £ OB, IR & U BT 0V L
AR LRI & R T TR b 5. AR TIE, =7 1Y VRERREAT 5 70
\=. UTARTS fiik % iV 7=, UTARTS Miifkid, L—4—2 U —=1 7 & ZAan >R R0 T 5 7=
DO L, 820 I X MRE, A7 V—iKERE, AT L= AT AKX oz Tr YL
REPERE DT & THE & T 5 RBEE TH S,
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Mist

Water pump generator

Sampling line

| HnH

ELPI®  Welas®

Observation
windows

Cover

Laser & Galvano
scanning system

X 3. 1-1 L —HW—FRYATAR D UTARTS 2 (&

[X] 3. 1-1 1%, UTARTS fg DR A 25, 5HIES ., BhEMER O L A4 7 7 FE2 R LT D Th 5,
AFEIIHFE AL, B2V T VAT ATHERENTEY ., LLFICZOFEMAZ AT 5,

O MEREE

=7 u Y VOMEERIZ, X312 @R TEHIC, mE2.5m N L5 m, BIAFR 3. 92 m®
D AT L ARUEINEZRN TITh D, FEHED~y NiX, KEOEREIEI DN 2:1 (27425
IrlcEEtan T (7], EBrty b7 v X, IBEONRFEEREL . REGNH~DT 7 &
A~ UAR—N 1 DOEFEENTWD, FRIL, ERBLG OB, RREES & liE A X
HEPET D1 OONFHEIHEHT L ZENABETH Y, KEHF MUK LT 66° DR TRE
INTWns (K3.1-2 (b)), ZOAEIL, EEER KN LIz —F kel —¥—)k
NRICHEHRE L2, BRENTZ TV DR — o N TR 2 2 FiEE2FIH L=
Interferometric Laser Imaging for Droplet Sizing (ILIDS) 2 X A&V A XBIE DA
EHELEZLOTHD[12-15],
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(b) RIEBLEN IV 2 65
3.1-2 UTARTS #{&[X]
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@ I A bR

SAMEAEICIT, BEEI X MEREZHERT S, ZOEENLY T ITnrF—F—0DK
A NEREIE, BN ~DOIANOGEEIT), =7 Y VAR A ME, BHasWIZoik
ST, BN TIEH L, BWVIZHEZE, T3 528 T, RERKF27 TAZ —~LEET D,
A MNEEOERFMICBIT D=7 0 VIVBREMREEZRE L VXY T 5 2 LT #BEL
TCREIEOMRRERGET 2 L L bIC, IANMRERZT R Y LAY L —OMIERICE 2 5 w5
WCOWTHBMRIET D Z EBA[REE 72 D,

@ =7 v VRS E

B S
darase e e Ao

°
>
3
?

2
L
s 8
Ll
3
>
&
»
»

~welas— digital 2000

(b) Welas® digital 2000
3.1-3 =7 v VLR BEGHAIEE

AREBRICHNL =T oY ILEENES AT LELT, BTV T Fa—"TF, b—F—F 97
Fa—7, BRAUEEA %7 % — (Dekati® ELPIe+) ., JeHELA T b A —H — (Welas®
digital 2000) Z#AEHLETHEHL WS (14 3.1-3), Dekati® ELPIe+iFhif% 0. 006~10 um,
Welas® digital 2000 [ZHiF% 0. 2~10 um ORIFHIEIER IND, =27 a7 77

11
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72—, 2 SOFHLE L VKRS T ERAETHY, VTN T e —xZ 0%, RRAERTOT
7 a Y VR FIREE & YA XA EET D T2 O OREEEN~IRAT 5,

7R NTF T AP —Welase digital 2000 (%, JERLELDYEFHT AT AT, <1 P/em® 25 106
P/cm® ORLFPREE & 0.2~10 pm OFIFHOR, %, MEXHAERZES 0.01 pm, FHXFRZES 9O
JETEMAFRETH D [7], Welase digital 2000 O LFICITY N e —& —25E L7WE|F
2T RHERBEBINTEY, =70y AT F T4 P —NOMBAXF =y & & HI2 150 ClThmE
S, =7 a Y VR FRERIERFO I A MMEBROEE ZH > T b,

Z UK L, Dekatie ELPIe+|X, U 7 /L% A A TR ZHET D7D DORESARIEL TH D,
Dekati® ELPI®+/E, 0.006~10 pm DJRVVRIFRRHIPHIZIBW T, 10 Hz O 7Y 7 L— Th.
FEAAR L PRE 2 ET D Z LN ARETH D, Dekati® ELPIe+D &% E TliX, 180 CH= 7 1Y/
NWEEHEY T TTHIELARETH D, o, K IEH A — KA 27 Z—TH A Xy
HINDTeD, VT NE A LPERICE L T EHER O T &2 "leE L LT 5, & 512, Dekatie
ELPTe+iX, 7EROEERA X7 X —IZ X HHE & FFRIC, R OEmH A X oAmHEIC b H
TAHIENTED, AERICHWTZLL EOR 7T & E OFERIC DWW T, £ 3. 1-1 IR T,

#3.1-1 =7 oV VR E

Aerosol Analyzer Dekati® ELPI®+ Welas® digital 2000
Working principle | Electrical low-pressure Light-scattering

impactor spectrometer
Particle type Solid, liquid Solid, liquid
Measurement range | 0.006 ~ 10 um 0.2 ~ 10 um
(size)

Measurement range | Stage 14: 0.1-1.7x10* P/cm® | 1-10° P/cm?

(Cn) Stage 1: 240-7.9x10 P/cm®

Withstand up to 180 °C up to 250 °C for
temperature aerosol sensor
Sampling flow rate | 10L/min S5L/min

@D AL — AT A

UTARTS HBICBITHA T L — AT AL, KZ 7 KA, Full Cone A7 L— ) X)L,
TR, JENRF TR STV D, LA FOERTIX, 7 DRI E 04 & B oM ZEiki &2 Ak © &
% 32D Full Cone A7 L — ) ANEMFEHTH, K3 1-41%, / ANV I~3DFETHD, b
TN THNHE AT L= AT LENBBEALZLOTHY . FOMAUTZNEH 1/8 G6-SS3004,
TG3.5, T62 TH D, £7=. 32D/ ANVDOA ) 7 0 22%, ThF1.2mm, 1.7mm, 1.2 mm T
b5, UTOERIZEITS 350 AVOMESFREIL, 24, 2 L/min, 3 L/min, 2 L/min T
HbH, 3OO0 XL, WL 2 AVHADNS 300 mm FICERE SN TWS, SFlA2# 3. 1212
RY,

12
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8

Nozzle 1 Nozzle 2 Nozzle 3

3. 1-4 UTARTS g% |Za% & AJREZR / AL 1~3

% 3.1-2 UTARTS fiig% (23X B RIREZR / A v~Fik

Nozzle 1 Nozzle 2 Nozzle 3
Model 1/8GG-SS3004 TG3.5 TG2
Orifice diameter 1.2 mm 1.7 mm 1.2 mm
Injection flow rate 2 L/min 3 L/min 2 L/min
Distance from the top of the 300 mm 300 mm 300 mm
vessel
13
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® 77V L EEER AL E

; HEPA

lmn
em@ welas®

Aerosols
Samp!mg n

600 mm

450 mm

e [

Laser & Galvano glass
scannng system Target

* 150 mm ~*
[ 3.1-5 727 U VREEREEE To L — Y —FRYL IR

SR AFEEITB VT, b —BRERINAL 72 & DN BRYSES O ZEMBLI 21T 5 723D UTARTS fitigk
Sz, X 3151t RO T 7 U Ao/ —Y—F ) —= /7ﬁ%ﬂ%%%wtoﬁﬁ
BRALE L, ERPOR AT m Y VOREIZER =T v VERE~OFEH S B E LT
Lo HETHEAINTWDT 7 ULEEL, KB HERE (PIV) <° Shadowgraph 1£DOHIE Thi
KIBOGEN ZHERTE DL D, EME THRFMCENRT 7 VL TELGR TV D, ﬁé@ﬂ&é
YTV T T A i, ELPI® L Welas®@DT /A ARSI N TWD, =7 v Y LHIEICE, bk
WOV TV T4y (L= —=X%—=4 v k)5 300 mm k) ZEH L7,

©® HNNR) AX Y= T AT N

PLEDO~®IZ/R L7z UTARTS ZEEC= 7 1 V' LEHii R 23 L — Y —BRGCEH T&E 5 & 5 #iRk
EATo Tz, BRI, =7 a VL eHii#EE E#EHE T 5 L5 L—Y— T A —FEFHE LT,
AV —Y =021, 0% E 1080 nm, R AKH T 1.5 kW OHEFRE (CW) 77 A /3—1L—
W— (LA A A%E, RFL-C1500) M L7z, 7Y%/ ar ha—7—|ZiENCL-151 (=3 T4k
) AL, &RKHAE 1.5 kW TH D,

L—F =~y RIZIZHINVNN ) Ay =T /XTA#H&DHT%%L??@D L—H—L R
) A—=H— LUAMBIRER I, TN ) A= =I5 — X — B I, SE» OB
EICEMET D, X7 —OfLEIFay be—F—THIfIZh, E—F—IZE5x2%->TI 7 —IFH
IO FB~ENEENT S, AN Z2AF ¥ F DL RE, L—F—IC L AL B/ NRICIZ AT
B, —RICEESCY 7 7 A TEOME TR SN TV D

14
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(2) BV 7

U— WU OEBRICHER L7272 MBHE, Bix RIRFEM, A7 L AER= 7 J—Fh
KA THRLINTEY , ZALIFEEMNBTEHEHINATWDL Z ENnDR—2EE LT
BR U7z, ARBFZETIEL PCV OBEIZHERE U 7o B2 0 AR F 713 o BRI A BLfiE L 72 ) i1 2 1
5720, a—F 47kl E LT Zr0,, Ce0y KON CsI Z#E L, BADZRELa—T 4 7\
KT DAL AFEICEHMET 2 Z L 2B E Lz, X 3.1-6 (2, L—V—WEHZOERIEA A
—VERT,

X 3.1-6 L —%—MtkoRER T —X

15
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(3) 77 VU VRBREEE & s L— W — BR A FEER

Laser power ‘
adjustment

¥

Laser beam injection

¥

Evaporation

.

Aerosol generation

4

Aerosol ‘

measurement

X 3.1-7 L —— PG 528k 0 e TIE

U= EROFIEEZ X 3. 1-7T 1T d, L=V —MNEREL, I AXy=2 T
AT L& FAVT 998 mm D T ORBRAICESEZ S, BEA25.4 mm, X5 mm D AR (KBS
1E) =— k UVFS (SRAMEMRRERS Y A1) JRHER (1050~1700 nm) KB AT A 4 > Koz L TR
BT ICHNT 5, L= —bE— AR ICN ESND &, MERENERL, 2EOZT 1Y
NWRL-INEAET D, RITIREIZY 7Y 7T 4 %@ L ChHIR L7z Dekati® ELPIe+l Welas®
digital 2000 CHIE SN D, L—HP—HFFEBRDO/ T A —HF, £3.1-3IZ-THY ThHD,

#%3.1-3 77 U LRERIEEZ AW L — Y — RS EBR TOHRTEM

Parameter Value

Irradiation power 0.9 kW-1.5 kW

Irradiation time 10s

Irradiation area 5 mm (Circle)

Line distance in each scan 0.5 mm

Impactor type Sintered

Test specimens Carbon-Steel (CS) 25x25%5 mm?;
Stainless-Steel (SS) 25%25x5 mm?

16
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(4) v—HF—HHIc kAT a VDR

4 3. 1-8 1E, KFMPNAT U AFRTA~DO L —F —BREHZ L 55 AE=7 v v Lok 2L
ZRLTWD, b—H—MERE X 10 B, b—F—H771320.9~1.5 kW OfFHA AL ¥, &
NN ) AFX Y= T LD ARy IO 0.5 mm TH D, Vo7V 7T A TBEH I E
25 300 mm EEIZH Y ELPT ICEEET 5 £ CTORBIEH NS, =7 v Yy uidi 2 BEN THi
Shiz, 1w o7 ay ik, b—3 —mRE IR O S S, EARREICLY
R & & BICIRENSHIEK T 2Bmch 5, £/, L—F—H) EFICEN, =7 ey Vg
EY RHT D2 8ma MR I,

3. 1-9 b, L—W—H OB IREME R CTL Y BFICENAEMICH D Z LB D,
RFEM & AT U AL FERAR N B2 D 2 LD, LR O =T 1 LR A K E AR
B EBEZOND, REME L —F—THE LGS, REGHENZWVD, AT L AHX
DHEL DT a Y VEARTLEANRH S, £z, REMIREOEGHENHLEAIZ 20D,
b LT W Elonax, REPSH ZAUERIRIEL 220 | BRENFENIEE S D ATeetEn R
ENb, ZOZENL, REMIBTHL—Y =2V —=2 T OBITT 1 VLB &I
BETDHZENEZEZOND, —H., ATV RHIZZ v 252 L Gl BRSBILIZHT S
MRS D Z LTz, A7 VASIOREIT, —ENICRFHORT LY bIELNTEH—TH
o TDH, L=V =2V —=2 T O, RCL—F—HIThiu, REFEMELE LT 1
VIUMBEELICS W EREZOND,

C o pr———— 10

e
CS; P, =1.2kW

‘ —d, = 0.0255um

! —-c.i'P = 0.0409m
.—-J’ = 0.0697 um)
lif = 10,1284 im|
= 0.2314pm
= 0.4315um

n
n

[
»
P
-J’ = 0.7338pum
¢ -, - 1.2186pm|
y —d = 2,0065um|

\ 4
| dﬂ = 3.0067um
10° | o _d“--l_-ll.‘};im
i d_=7.2876pm|

|| |-:I i L

il

1 1 1 1 1 1 1 o A
20 40 60 80 100 120 0 20 40 60 80 100 120 100" 30 40 60 80 100 120

Time, £ [s] Time, 1 [s] Time, ¢ [s)

)] ®) ©

(s

I

A = 3
Acrosol concentration, C_[P/lem™]

]
—

. . 3

Acrosol concentration, C_[Plem”]
. A |

Aerosol concentration, C_[Plem”)

‘ 1

?
) el e B i

2
I

8 %
10 [Ty 10 v 1
55 P' =0.9W 3

-—-d" = 0,0255um
_d'n = 00409 )|
= 0.0697um
_d‘. = 0,1284pm
il = 0.2314pm

P
|—d = 0.4315um

d': = 0.7338pum)
dn = 1.2186pm
_.‘1.'" = 20065 pm
d = 3.0067um
— 44333um
d". = 7.2876pm

SS: P, ~1LSkW

n
E—-\
]
3
e
n“’““ |
c}

Acrosol concentration,

i iz ca
Acrosol concentration, € [Pem”)

. . 3
Acrosol concentration, C [Plem”]

Iﬂo ) 1 1 1 1 10° W L 1 LA I 0 ! |
0 20 40 60 S0 100 120 ] 20 40 60 R0 100 120 0 20 40 60 80 100 120
Time, 1 [s] Time, 1 s] Time, ¢ [s]

@ © ®

X 3.1-8 L—H —WREIFICHIT AT o v L)
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10 T T T T T T i 10* T T T T T T e
i ! - k
3 : 3 ]
£ 1 &£ 1
c.F ] e E 3
) &)
& 1 £ !
2 - L E ]
E E 10t
g | I 1
= a (7 ]
= 2
g ! g | !
-] i - NS L =10s 1
2 k4 2
Z 1 10— 1
; ] 5 H— 1, ~0.9kW 3
< < e P, = 1.2KW|
! e 1
E P, =1.5kW E
10° PR BPUPPPY | Aiaiis 10 Loa sl [P
0,02 0,04 01 02 04 1 2 10 002 004 01 02 04 1 2 10
Acrosol size, dp [p2m] Acrosol size, nI’F [pm]
@ (b)

¥ 3.1-9 (a) KFEHE (b) AT VAT DT v YV LRED

(5) K aT—T 4TI XD

PCV DBEIZHERE L 7oA E T L o bl 2B Lo 2R b & AT NEEREE LT,
710y, CeOq, CsI @ 3 FEFAZIEE L, BBREICEA L-, REMIIEKOKDITHND & BE1b
Mt zaRZ L, FEiZs RER) DIERESND, $SEOBRMEEICKBRLE —gkcho, =0
AERUTIRE G M &K E BB DOIFEIRATT D, SIXBROARmTHRAEL, THEAEREIZSL Lt
T THRAICEBEHLELZETHaLN, kI kvREND,

4Fe(s) + 302(g)+ 2xH20 — 4Fe203.xH20(s) (1)

RFEGNC CsT a—F 4 > 7 % fi L=, B2 R0 U CREmAEL LIRS CEREIT - 72,
ZOSMAlDORRLIEIX, EAM LD BEL, 55, ZHETHLATRERH Y . ZORER, L—HF—
IV == I THRE LT, 2T e VORARLEL 25, TO0H, K3 1-10 1TRT L9
12, IRBE, AT ULV AFIOWTNOZMIZBWNTH, Bk L7 CsI o2—7 4 7 OFRMEIL, il
Da—7 4 AT T v Y VRENEINT 2 I H D Z & oTl,

10" =7 T ——rrrr 10%

n
n

. . P !
Acrosol concentration, C_[P/em”)
S

. - 3
Aegrosol concentration, C_[Pfem”)
=

E 3 .
4 1
CS: P, =1.5kW; 1 =105 !
o w
~H =Uncoated 3 "
10" ! = Oxidized Csl ‘! 10°
H —0Csl 3
—Ce0,
! e !
 —2z0, E
10° T—rTTTIIT . 1 4 sl 14 3 s aaus 10° P T | MR
0.02 0.04 01 02 04 I 2 10 0.02 0,04 0l 02 04 | 2 10
Acrosol size, rfp [p2m] Aecrosol size, dp [pam]
(@) (b)

X 3. 1-10 #Ha—7 4 7 &hE LT
(a) RFEHE (b) AT LV AICBIT AT 1V VIO R
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(6) UTARTS JigkliZ 1) 5 L —H —Fa 5 5Bk

IHMWSH;’(®%%% IBEWTIE, BDR L7 REME 27 0 L AN Z . FERG M > 7 3
RBiELIzay 7 ) — MUY T L aRE L, BRD2REZLEWNDT T A4 757 A4 3—L—HF—
ERE L7, L= —BRE%OE 2 Bt L, BELLEZT oY LEATL—LI A FTH
HL£L, AT VLV—HlEOHRERGET 5, L—V—BEICIVRE LT a0V Lok HREIX

REETAEIE N5 500 mm b, A7 L— 2 X)L 1,000 mm FOY 7V 75 4 %8 L T Dekati®
ELPIe+HIZ LW liE SN D, L—H—MRFERO T A—F %K 3. 1-4 |[T77,

#3.1-4  UTARTS fiisxZ351F 5 L — W — R FZBR DO RBENA
Parameter Value
Irradiation power 09-15kW
Irradiation time 30s
Irradiation area 5 mm (Circle)
Line distance in each scan 0.1 mm (Carbon-Steel; Stainless-Steel)

0.5 mm (Concrete)

Test specimens Carbon-steel (CS) 50x50x5 mm?
Stainless-steel (SS) 50x50x5 mm?
Concrete 150x150%30 mm?

Spray flow rate 2 - 4 liters/min
Mist size range 0.4-0.9 pm
Mist peak concentration ~19000 P/cm? (at Dist = 0.675 pm)

X 3. 1-11 1%, [RFEHMG N7 ) — FERHERIA~D L —F —RREHIZ ;é%$i7mfw@ﬁ%%m

ZRLTWD, L—H—REIE X 30 BT, UTARTS XN Cld=7 v L& ¥— a9 57=
WIZ 80 L/ Dt TIRAEZEXRERZIAA TS, =7 1Y uiE, %/7j/774/#%%u
B2 500 mm FHFICHY ., Y T T A o &Eo> CELPLI OA X Z—T L— MNIH|ET

5&?@%%%@%&5&@\%no@®ﬁﬁ%%owa1f@ménko::T@\ﬁwﬂ/
AXy =V T VAT AT ié?%/ﬂ4§4/@v PF—BREHZ LV | B#D 40 Bic=T7 =
JREDOR X EEN Ao, FHLEL—F—EeR ch o, L —F—27 ) —=
/7@@%%5Kéokﬁ%ﬁi7u/w®%fi HAOUREIZ L FEE ofRE & & Iz
AUz, X030 1-12 1%, (a) mFEMFHEE (b) =227 U — FREOEATT vV LREIZT
B L—H— mﬁmﬂﬂ%rbfmé L—HF—HH% 0.9 kW26 1.5 kWi EiF 5 &, REH L
a7 Y — hREOZT 1Y VREDOHEMNPHER I,
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002 004 01 02 04 1 2 IC 002 004 01 02 04 1 2 I
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(1) RE=a2—7T 1> T DO%hE

IRFEH, AT VA, a7 U — NEMOFEE =T a Y VREICHT AREA—T 4 T D
WA 3. 1-13 (T, 77 UV VRBRAEE &[RRI, RFEHRE CIIMO a—T7 ¢ 71T~
WAt Csl a—TFT 4 7 ORE T T B Y IOVREENENLE, 27— MNETEH, =72V L10
FAERPHERPNZE N END, FAXF Y OTA VHREESBEO 0.1 mm 22627 Y — K
DO0.5mm PR LTz, TOREER, L—P =3 VX —FEIT 1/5 FI2 D Lin, =7y g
FE X4 B ZR I & RIER OB M 23R Sz,
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E o g 10'F
=] = E
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— 10, —(idied Csl F=—Uncouted =0, T B Uncomed —C00;
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2 o0 il 02 o4 | 2 1c 0,02 004 ol 02 04 1 2 It 002 004 01 02 04 1 ) 1€
Aerosol size, r?’l‘ |gem] Acrosol size, d_[pm] Acrosol size. .'fl_];rm|

(a) (b) ()

X 3.1-13
(a) RF (b) AT LVAM () 227V — MBI RE2—T 4 > 71T L%
PRI T 1 VR DR

(8) UTARTS figk T A7 L — P £k

ZRBRICB T =7 0 Y MVHEERFIEAZX 3. 1-14 1R T, =7 1V LK THIICRE
SHBICI A MEREFHIEZBB LT, =7 0 Y VORAIE. BasNOBEMN 2 afE72R Y &
ODHT-O, IHEHREREZERZ 80 L/min OV & CERMRIEIIZESH Lz, ZOZEKIEANIL, B2
EEN2 ko, =7y Lo A SV T ZBNWTREE T Tz, UTARTS gk TD I A K &
7L —FEBROMEIIFE 3. 1-5 1" TIEY Th D,

n | ] n | ]
1 1 I 1
1 1 I 1
1 1 I 1
1 1 ) I ) 1 )
Laser : Aerosol : Mist : [dling : Spray and
irradiation ] mixing }injection | H Measurements
1 1 I 1
1 1 I 1
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30 s I o [ I ) 1 i .
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7% 3.1-5 UTARTS EBRICBIT A TFE T A —X

Parameter Value

Test specimens Carbon-Steel (SS400); Stainless-
Steel (SS304); Concrete

Mist size range 0.4-0.9 um

Mist peak concentration ~19000 P/cm? (at Dist = 0.675 pum)

Spray nozzle model 1/8GG-SS3004

Spray nozzle orifice diameter 1.2 mm

Spray flow rate 2 - 4 liters/min

Nozzle distance from the top 300 mm

(9) =7 a YV VRERICKIET AT L —HE DR

7Y LD RS R B BMOEELREET 5720, #E L7 v Y LV ki1-12 & 5 R
ZATo7z, R (8) TlE, A7 L —llkd=7 vy VRENREZN LGS HEE LT, A
BHRSCARA T L — i E O MED FiEE I Uiz, ZHUx, BREDEEZEDLHT e FEE L
T, AT VL= A M HESELHENMREIN TS, =7 1YL S RO 5 % #E S
HZ L THHENMLETATREMEITIH AN, =7 e AV EPAFFITEICEETAVLERNL LD,
TN T DR RITEBRORM LY bEm L R D RN H D, BRI S S B
DENMEFTHDT, LAV —[RRTREND LI, RITRKEWER, 2IRB/BWNTTTH
%o 10 mm OHIE & EAE 100 mm OFFEHREZHEH L, / AV Ol IiER 5/ 20 mm EITAE
THLIIC LT, REROBELIIEE L =R L —F—THIEL, V=R —F—FT 22—/
Ko TTIRFIFI~A T ADBLEEREIEDLZLENTE D, ARIOFEBRTIZ, V=Rl —#
—DEFEA-15 KV ITHRE LT,

L—W—WS LT REW, AT VA, CeOy a—F (L Lizar 7 ) —hEmT, A7
—HEONRAPFT D102 3 DOEREE Lz, A7 L —HEOMEINRZ M 5720,
SANMNEREATZIZLTEEE, AT V—EHOR%EZ 2 L/min OFE CHEM L7, MRIF, HES
HRWRU AT A= gL, K3.1-15 TR LTz,
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= mE =4 —d = 0.1988pm
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G % 5 ] Conerete - CeO,: P, =1.5kW: |3 dl - 00276,
2 LPM-Charged:;No mist 2 LPM-Charged:No mist ot Claretilormat. 1| %02 pm
— - 3 ] —s."n-D.EHQ'?;mI
T L E — q | ——d = 0.1003pm
= = b i) 3 d
= S 1 § 1| =, = v198m
= & E = 1| —a, = 0a0s2m
e {_;: ] ) E d = 072160
o I © = 1.2302m
=1 = 10 g o, = 2.0606.m
el E g s."p 31098 0m
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§ 2 10 3
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= 2 = ) i =
Z z 10° " i 2
2 " 1 5 m g
¥ < y
Nlmk 10' g M[ 3
IUO |53 - 088 Lo . H]U __._
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Time, ¢ [min] Time, + [min] Time, 7 [min]

(d) (e) ()
3.1-15 A7 L—HHIC L 57 1 Y LR EEREORFE

(10) PRI F-RECDBYH > I =2 L— 3 &~

UTARTS T FEER#AE R AT, BEfFD CFD BF V2B L, ki FREERSRICBIT 5T /L O
A EM LT, KEBEREICLAZT a2 VREOREY I 2 b— 3 0%, K3 1-16 I2RT &
912, Euler-Lagrange {E%& H\WNCTIT o 7=, HikH i -2 & ATZSUIR) OFElicidA A1 7 —ik%,
YO (MEFFR) OFLRICIET 77 vV aiEE ATV, #ERIE, BRE NS TR Y
Na=w 2k (7r0,) R THR SN TS, BEROEZRD 7r0, Kif-1%, B Tl 5 K
LRI, PEBE RIS Ko Tt S D, R IEHaic/h &< (REFFETIE 0.2~1 pm) | A
=27 2% (St) B 1T ThDH, FERFIXKMHOMIVUZIERE L, S &R UdE 2R
HoOLRGE LTz, HEiAE & ORERIL, SOk TEWCTEHT 5, b OMEERE,
BT TEF ML > T &N, =7 ey LokET, BEEERNICB T Y —R v
JIEE L TEEIND,
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Euler-Lagrange
Particle-laden Gas Spray Droplets
Air ZrO, 1 ZrO, m Parcel 1 . Parcel m
(dp, 1) (dp,m) (dD,l ) (dD ,m)

3.1-16 Euler-Lagrange JEIZ L 2 flifigtr &

T VR FIE, B 7RI K VR RmICHE S D, ARBFE TR, AKEEERR IS
k7Y VoiitE v a b —a T B0, AT EME (IBMA o Rr v a
Ao B =T ary, 7T 2FE LT oY VREETT VAR L, B DM
OFE G R L | R D HEBEOMENRLHAET LD ORI L FIIRT, B, A7
L—i&i R S AT RERORE T E BICRIRTH LD, TR X —RERITEE L T
AR

B A2 B ATEENEE VS 2 L— M DO DA T T — ik
EHHAHDFERIITA A T —IEP AV b, b2 & A RKMHOREERE T RAL, ’RATES
N2,

P) .
§?+V%pU¢)=ps (2)

ZIT, ol FRMEE, IFRFR, Ul IREEE, o JFAT V=R L DT v Y v DEREE
EFETIMET DV EHTH D, KT OTNTOMIIZEN R AT T —lgik TR TH» N, =
T\ Y VR DI AT L= K DI Lo THHE S LD, KUAHT O % DL - FR I x5
LHEESGEAT, kATRESND,

apY. »
L=V (PU) =V (1t VE) = P, (3)
po=2 P, (4)
24

_48_



JAEA-Review 2024-031

T VT iEZHOT AR 1 =1, 2, 3, =) OELL,1iDO=Ta)VOEENR, 3 H
BRGEE T, FEURAREE & ELIRREEE OFN, 372D prorr = pl + pT & L TERSND, Y —AH|TT
T VLRI L CORIEE R TH D, EB) R R

apa%+V-(pUGUG) =—Vp+V-(u,VU,)+V -[dev(ts,,(VU,)" )]+ pg+F, (5)

ELTEIN, p ITES, ¢ ITEIMEE, F 1IEFRHICL > Tl & - SN2 ESEJFIEAT
»Hb, dev it dev (A) =A-2/31tr (A) & LCEZRINDIENFRT o VY IVORERIT KT,

A CFD fi#4T 1% UTARTS Ras 2B L7 3 ook (B& 2.5 m, B 1.5 m, FMH 3.92 m’)
ZRAWTEMLZ (X3.1-17), A7 L— 7 AR Ffi S 30 mm FICHRE L, Ay ad
ARz, 7V XAV A Y —, IAT U INY =T 2R Ay y— KRUNFIILAvT ¥
—, HEIERRBEOSET VEMGH L, &Elbz2iTo7-, =7 v Y v OfmsTiEH o FZ gk
MWEELRDLHTD, BREIROPREOA v 2 ZEL0.75 m I Lic, =7 vy Lhif-& X7
U —iEEOMAAERICESRZY T, RaNEMTOSERE% 2 JE:amL, 47T 167,844 D&
NWEAER LT, Y ab—yar LEWERRIL, 27 L—E#E 0 1,200 B TH 5,

Refined mesh area

L,

Surface Mesh Inner Mesh

X 3. 1-17 it A v v =X

TR — A DGR, 2 FEO 7V a L A L— ) AVEER LZERy — 222 L7 (¥
3.1-18), / ANADLEN SN AEFEREO L I = L—3 3 2%, STAR-COM+ D [ AN i 4 15
EF LA L, W/ AVDF) 7 0 Z%01F1.2m & L, A7 L —HEEEHS I 21—
g —2A¢H 2 L/min & L, YIa2b—ya A —A 1T TR/ ANV, Yab—r3g 7
— A 11 TiX/ A2 O A AoH EEEAEZENENVE L bOEFBH Lz, A7 1 —
TR IR A NEEICE 2T 5 VBT 2720 Ba N7 LT A TORAT L — KOERITEG L=,
RERI A7 > 713, K7 —F & MEE R T 2728 0. 001 B2 & L7z,
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A 200 —SPray droplet size distribution of nozzle 1 B 120 spray droplet size distribution of nozzie 2
o Nozzle 1 MNozzle 2
160 i =
3 I 5 %
120
§ :
g 2
2 gof @
é g 40
8 o
40}
0 0
0 250 500 750 1] 250 500 750
Droplet diameter (um) Droplet diameter (um)
spray droplet streamiines of nozzle 1 . spray droplet streamlines of nozzie 2 .
100 -] g
l £ /// / I/ M \\\* \\\ £
20 \\ 20
£ w| 'SE Eo /f ' - \ \ 'SE
> 10 > ?f / 10
.5 // \a&\’ﬁ
9tlau o 0 3 LLAMILVE P $
X I"‘ﬂl
E droplet velocity magnitude at 250 mm F droplet velocity magnitude at 250 mm
below the outlet of nozzle 1 below the cutlet of nozzle 2. e
- - % g r — ~ - » 7
— Nozzle 1 E | —— Nozzie 2 E
" 5
15
“ :
s E g
0 - s - + Sl 0
180 [] ] 180 > -180 -90 0 90 180 >
X [mm) X [mm]

Spray characterization

¥ 3.1-18 AF L —H Oz T ik 11]

F£3.1-61R-T X, B0 2~1 um D Zr0, =7 11 Y VR DINEH R 9 DDA X7 )L —
Tk M?ﬂmok%H7t9o®ﬁx@kbfﬁotoit BERORZ LM =T vy VEE
(= NE%%K%%T~&@E%%@%LKO/\JV—VH/%#ﬁ X, =7 a L ki
RPN —IZ ST D EIGE LT,
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#3.1-6 BEY I = L—3 3 VNS

Case 1 Case 11
4 [un] Initial 4 [un] Initial
mass [mg] mass [mg]
AP2 0. 198 0.42 AP2 0. 198 0. 65
AP3 0. 305 2.24 AP3 0. 305 3.20
AP4 0. 407 7. 32 AP4 0. 407 9. 38
AP5 0. 505 18.94 AP5 0. 505 20. 43
AP6 0. 583 31.07 AP6 0. 583 27. 66
AP7 0.724 38. 14 AP7 0.724 24. 31
AP8 0.778 38. 66 AP8 0.778 22.43
AP9 0. 899 35. 50 AP9 0.899 17. 82
AP10 1.038 33.12 AP10 1.038 15. 52

X 3.1-19 12, ¥ =2lb—rarr—RIBTHEBEREETMOEED T I 2 L— 3 U
Rarmd, IPOKRBIZA T L —EHzE L, WFIGEIEIAT L —@EOBERTHD, A7 L—IK
TIIAGNEE~DME L & & HITHIRT D, AT L—HAEN 2T (Case 1) OHFH, A7 L —ikiH
XA w DEERER ICITRNE L2V, —F, BEMED 66° (Case 11) TIX, HHFIRHIIFRORE
BEEEZEET D, Va2l —rarTIINFTROREEEZEB LD, [AHOEEIIA T L —HE
WA THOEIE L Y b RE <o TnD, ZHTERHE & B OPUICER LT 5,
Flo, S AV R DY A OB ERINTND Z &b, RFENEHEY A X o4mo v
Ralb—va rEAEUICERTETWD Z D005,

Velocity: Magnitude (m/fs)
2.8332 Particle

I2 e

Particle Diameter {um)
530.23

Velocity: Mognitude (m/s)
1.5002

II -

0.90012

(a) Case I ' (b) Case II

3.1-19 Lagrange ¥£|Z & %% & Eulerian | X 2 %0570
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X 3.1-20 1%, =7 a Y LVkif-ox T oY VERESROEMEZR L TW\W5, Liang et al.
(2020) [T1DY X =2 b—ra v LR EEIEMELTIC, BRI A & 5 A T2 KUK O PR ER
MHEE N BN TR IS N D, T OMEEIX, B2 5 ATEKE %2 R R OWEFEFEE A~ &5 < BRE)
e LTORERHfFEND,

(b) Case 11

X 3.1-20 A7 L—MEHEEICRBIT 5 =7 v VL 2EHE)

CFD Z W=7 v Y VBREET AOMGEEL, K 3. 121 TR X911, =7 1Y /VEEOREH

BlbaFEHRLE I a2 —va b THETDHZ ETITo7z, K3.1-21 (a) (X Case I, [X3.1-21
(b) I Case Il THD, Case I TIE, ¥ I 2l —a UERLERT—F LOMICEN—&N
R ENDM, Case 1T TiE, =7 1 Y L OBREZREZE/ N L TV 5,
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(a) Case I
500 L] I lllll I lllll I L} LIS VNN NN NEEE NN NN N NN NN S
L ZrOZ; Nozzle 2; 2 LPM|
= Exp
= Sim
"en
E
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s L
% X
g i
T% 50 -
=) L
8
<
10 L I L L L L L I L L L L L I L L L L L I L L L L L I L
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Time, 7 [s]
(b) Case II

3. 1-21 FEMFEHTE T /L DFRGE

IHIZ, RIRORE DT ay VEEORKMEIZOWTEIEET VOKRIEEIT> 72, X 3. 1-
22 IR TL9DIT, Case T TlE, Y alb—ra VERIIERT—HELBEL —& L7, —H.
3.1-23 {Z/”7 Case II TIiE, 0.3~0.5 pum QR VA XTBN TV = b— 3 URERITTERE
HLBEO—FZ R LN, R 0.6~1 um ORI TIHBREEMOEm N R 5Nz, ZORED
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AT, KFDOA =278 (St) BHERT D LMD, MRITB > TEBIMAREIND 2D &
FEAbND,

10

il 1 2

Zr0_: Nozzle 1; 2 LPM

4

n Exp:a i 0.2pm

S

TTTTTT]
>
>

1 3 aaasl

e Exp: dp =03um
A Exp;d e 0.4pm
v Exp; (fp =0.5um
—_—Sim; a‘p =(.2um
—Sim; a‘p =0.3um

|

Ao auasl

S

Aerosol mass, m, [mg]

—Sim; dp =0.4um

—Sim; a‘p =0.5um

|

IO.I O T ST T S WO T S N [ WO S T WO S N A T T S Y

0 300 600 900 1200
Time, 1 [s]

(a) AP2 — AP5

1{13:.......,...........,.......:
B 1|Zr0,: Nozzle 1; 2 LPM
B ¢ Exp: dp=0,6;:m
&5 < Expid =0.7um
E 0'F ; | N A
xS . ] Exp; a e 0.8pm
= L - Exp:d =09um
o L - P
7} I I Exp: a’p= 1.0pm
= . 4| —Sim:d_=0.6pm
=) p
8 —Sim; dp=(],'?;:m
= 0
2 10°F - im:d =
< ] : Sim; dp 0.8pm
B . Sim; a’p =0.9um
i 1 Sim; dp= 1.0pm
l0.|.l.....l.....l.....l.....l.

0 300 600 900 1200
Time,  [s]

(b) AP6 — AP10

3.1-22 B p 7 u VR RICBITAERE I 2L —1 3 (Case 1) DLLig
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10

ZrOZ; Nozzle 2; 2 LPM

s Exp; dp =0.2um

<

o Exp; dp =03pum
A Exp; dp =0.4um

v Exp; dp =0.5um

—Sim; dp =0.2pum
—Sim; dp =0.3um

—_—
<
(=1

Aerosol mass, mp [mg]

—_—Sim; dp =0.4pm

—Sim; dp =0.5um
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Time, 7 [s]

(a) AP2 — APS

10

ZrOz; Nozzle 2; 2 LPM

¢+ Exp; a’p =0.6pum
4 Exp; dp =0.7pum

o—.

Exp; dp =0.8um

Exp; dp =0.9um

Exp; dp =1.0um

—Sim; dp =0.6pm
—Sim; dp =0.7um

—_—
<
<

Aerosol mass, mp [mg]

Sim; dp =0.8um
Sim; dp =0.9um

Sim; dp =1.0um
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Time, ¢ [s]

(b) AP6 — AP10

3.1-23 s 7 vV VR RICBITAFEBRE I 2L — 3 (Case 11) DL
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3.1.2 F—XFHl GEEESE : JAEA)

RHE T, V~+f~ﬁl’é%¢£5ﬁz:otDﬁ%mﬁ—m_ou\f R —JAEA & OHHFEIZ L VAT -
TR ROV TN D, =7 v Y VEREZNR £, MERTORE ST 2MERT%OTT 1
Y VRIFIREESE ¢, (BT : P/en’) DHEBRTERSNS,

_ (Cnjoj=Cnye))
E= Cnlo| (6)

(1) =7 ABREDRIIKIET AT L —IEFE DR

TT R NVRENRICKIET AT V—EFEOREL LT, MEREIIA T V—IRE O, Hok:
b, HEEDEILDINT A=K BE 52D ERBE26N5, K 3.1-24 1%, x%y
VASHORMEIZHR LT, 2~4 L/min ORZQRDFETAT L —E2MEH L, (a) 10 535 & (b) 40 4
BT Y IVERESR (F) OEERL TS, BREDER () X, FiF£0.04 m=d=1 um
OxZT vy VR TlE, =7 a Y VR RPKRE S RDHIZONTEREDEDP IR A 1TE < 72 DM
DROLND, ZHX, =7 vy ki1 & 27 L —KE OB OEMEERIC L D b D L RB I D D35,
HARR 2205 A 1 = XA U OB OFE S FO, MEEH Th 5,

11

40

0.8
0.6

0.4

Removal Efficiency at 10min, £
Removal Efficiency at 40min, F

58; P, = 1.5kW L S8 P, = L5kW
0.2 ~@=2 LPM:High C 02+ -2 L PM High € . H
=0-3 LPMiligh € =@~ 3 LPM;High (
~@-4 LPM:High C__ =@=4 LPM:High C, I
0 L PR S S S | 1 e 0 n | I | | 1 I
0.02 0.04 0.1 0.2 0.4 | p.} .02 0.04 0.1 0.2 0.4 I z
Acrosol size, u‘n [pem] Acrosol size, :?'p [pem]

(@) (b)
4 3. 1-24 A7 L —MEE R & BREDROBR (a) 1053%  (b) 40 53

(2) =7V VREDRICKIET IR FOE

SAMNEFIC I DT Y NVORENREBGET D700 ER A EE L7z, X 3.1-25 12, (a)
A7 VAR, (b) 27 U —NEIZOWT, EHFNZI A MBHIEA ERVBAEOZT )
IR DFRENFREZE L TV D, AT U VAR E T, KI A ML =7 vy VR -0k
FRERM ELTWDZ ERHERTES, ZiuUIktL, 227 U — hMEREO L—F —¥EEHTHEAE

FTLxT Y LTIE, S A MIEDHRIIMENTH L Z LRI, 27U —F

KEDOTT 1Y /IR L’C IA I\@ﬁﬁ%:F”ﬂi’)ﬂ‘l:[:ixlﬁﬁmWﬁ%%xﬂ@ﬂﬁ?’éwéi’L’CD\ %o Z

=27 — P Tib mb‘n‘ﬂﬁkf&)é%ﬁKﬁ Si0y (60 %LA L) ICXDHELEZZDND,
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e
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— T T
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L

Removal Efficiency at 40min, E,
Removal Efficiency at 40min, E,

(=]
[
(=]
[
1

88; P, = 1.5kW
=8=2 .PM;No mist
-@-2 LPM:High C .

Conerete; P, = 1.5kW

=8=2 LPM:No mis! :
-@-2 LPM:High C .

T

{]- R I IR | 1 {]-_e.l il 1

0.02 004 0.1 0.2 0.4 I 2 0.02  0.04 0.1 0.2 0.4 I 2
Aerosol size, :fp [pm] Aerosol size. :fp [pm]
(a) (b)

4 3.1-25 I X MEFICLDRRIROZE (a) AT LA (b) 227 )—FfF

(3) =7 u Y VBRERIIKIET AT L —HEDORE

WE LT e Y VR KD ERERICONWT, =7 0 Y VOB RFEREmER DL
BEEL7-, L—W—WE L REBH, A7 LA, Ce0y a—F 4 v V5L ) — &
OV T NZBNT, AT L—EBONREREET 2720 O FEREITo T2, A7 L—HEOH
BN R 2T 2720, AT L —MEHOZ%E 2 L/nin D& CTEM L7z, HEIERWEE 0K
TIRE L Ol A, ¥ 3.1-26 L[X] 3.1-27 1277, X 3.1-26 1, CeO, ZEKE2—T 4 7 LTz
BRa 7o o T THEM LTZ@E A7 L —& (a—c), HEIE (de) KMk ITAZTrY L
REZRT, =7 Y VREL, FE ISl LS Rcisun i, HIBRAA &[RRI
SURICHA U, X 3. 12T IR T K D IZEWBRENEN G B iz, K12, 2 um L EORI FRRIZEB W
T TR 72 REDR DR Sz (X 3.1-27 (a, b)), HEODFIT R R R MR
SNDMEMIZH VD . REBRIZBWTITESH L 10 0% S, @mOBREDIRBZMRTH I LN TE
77 T2, 87 V=MD HEPOENS RO, 27 ) — FOGAITRIREZ DT
PEBSR) R W BR BB HEFF SN A A R oz (K 3.1-27¢c), ZDZ b, A L —FEOMHE
X, SAFEATVL—DOREDREZESLICAESELZ ENRBEND & & HIT, BRjexg L
IRDFEMICHIRIFT D2 EEMR LTz, S5 FEEICBOL UL, #EA T L—RIZ OV THEA
HIRFEZEAT D TETH D,

(4) B 5D O T

AEZNENONFRTFT — LIS THRBE SN I A MA#E L. =7 o VL EIUERE ISV T o
A2 AT o7z, 1 U O, HIWE L HICHROBE N7 v AT a—H—%2Hn = I A FAE
VAT LAEEALTEY ., AREINDEI A MOA—F —LHHRE L AT N TX 5,
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3. 3 BE[EMIRFFE R R

Progress Report on the OptiClean Project: April 2022 to March 2023
David Megson Smith
School of Physics,
University of Bristol
April 27,2023

Introduction (1% U #1Z)

The OptiClean Project aims to develop next-generation laser cleaning technologies with real-time
integrated efficacy monitoring. This report presents the progress made in the project from April 2022 to
March 2023, covering advancements in mist generation, mist capture, LIBS capability, robotic integration,
robotic scan methodologies, international collaboration, and custom cleaning head development.

FTT 4 V=2 e Tavey ME U TNAEA LTHRE SNTAIMWEE =4 U o TRERE 2 2 7= ki
R—P—27 V—=U THAROBRZ B E L5, AEEIL, 2022 4 AND 2023 423 AETO
Tavel NOEWRNABENTHHOT, I A M, I A M, LIBSHEGEE, mAhy Mia, ahy
MRy UL EHER ), WAZ LT U —= Ty RERR EOESEZ R P05,

Research Activities (W45 H))
Mist Generation and capture System Development (X A h¥A4 - HliE o~ X 7 ABR%E)

A 400W mist generator system was developed to assist the laser cleaning process. Various mist
generation systems were investigated, including ultrasonic transducers. The final system was chosen for
its effectiveness in creating a dense mist for cleaning applications. This dense mist allows for improved
cleaning performance by enhancing the interaction between the laser and contaminants. The mist capture
system was designed to remove mist from the atmosphere, ensuring a cleaner working environment. The
system employs centrifugal forces and bubble filtration to efficiently capture the mist generated during
cleaning, thus reducing potential hazards and improving the overall safety of the process. A schematic of
this system can see in Figure 1.

L—H =7 22 BT 5720, 400 W S A MREV AT AR L, BEKR NS
VAT a—H—EETEA R I A MREV AT ANHE SN, BRI, 2V —= 7 Hk
W L@ BED I A N RESEDLDIZIRR AT LAEZRE LT, ZOEBEI AN
K0, L—W—LiERyE E OMABERNBRIEEI, 7V —= 7RO BN AREE 72 D,
A MHER Y AT LT, RENSHIAMEREL, K07V — 0 BB HEART 572012
RSNz, TOVAT AL, BmOERIEEEERAL, 7V = I HRCEAETHIA b
BRI T 5 2 & T, BEMNREREAZ KL, 7o 22 kot zm Esw 5,
K AT AOBEREX Z X 12T,

MIST LASER CLEANING MIST RELIQUIFIER
GENERATION

uuuuuu

Figure 1: The mist generation and capture system utilizing centrifugal forces
and bubble filtration.
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LIBS Capability Expansion (LIBS f& /1 DJLIE)

The Heavy Element Laser Particulate Analysis (HELPA) system’s LIBS capability was expanded to
cover a wavelength range of 200nm to 900nm. This broader range allows for the detection of a greater
variety of elements and their associated spectral lines, thus improving the analytical capabilities of the
HELPA system. The sensitivity to remnant CeO; after various cleaning passes was demonstrated. The
resulting spectra show the wealth of information obtained, which provides valuable insights into the
cleaning process and can help optimize laser parameters for better cleaning performance.

FrHE L — ki 8T (HELPA) 27 A LIBS BE /1. 200 nm 75 900 nm O E4i
PHZ B S—F D X IiE SNz, ZORWEFAIZE Y, K020k & 2T 5 X
R MO FIREIZ 72 W | HELPA & 27 A OSHTRe I B LT, fixr s ) —=2 7
XA DFEAT CeO IZX T DRENKIES T, O NTZ AR MVTEFERERZRL, 7V
—=r 7 7avRCETIEERFNEEARMET I EbIC, 7V —= v R R ST ST
WIZL—P =T XA —F it T2 DICENDEEZLND,

ARART
FHAH

(E+6

Relative Peak Height
=

2 § 3 4 5
LIBS Measurement

Figure 2: (a) LIBS spectra acquired (intensity vs. wavelength), showing the difference between uncoated
samples and various cleaning runs. (b) A narrow region of the spectrum, demonstrating the transition
from a CeO; spectrum to a clean stainless-steel spectrum by the reduction of the peak height at 327nm.
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Robotic Integration (2R A T 7L —3 g V)

The KUKA IIWA system was integrated onto a Superdroid HD2 with a fiber-coupled ROS system. The
Raman used an 830nm laser (Process Instruments) with a Headwall spectrometer and Andor IDus 420
camera. The integration of the KUKA ITWA system with the Superdroid HD2 allows for more versatile
and precise laser cleaning operations, ultimately leading to improved performance and efficiency (Figure
3). Moreover, the fiber-coupled Raman system enables real-time monitoring of the cleaning process,

providing valuable feedback for optimizing cleaning parameters and ensuring the desired level of
cleanliness is achieved.

KUKA TIWA 3 A5 LA Tld., 7 7 A N—FEE ROS o AT L Z#5# L 7= Superdroid HD2 IZHi & &
Ni-., 7<= T, 830nm L—H¥ — (Process Instruments) &~ R+ —/ L4533, Andor
IDus 420 7 A I & TV 5, KUKA IIWA 3 A5 A& Superdroid HD2 Of&IZ. L0 &%
B CIEME/R L ——2 V) —= U JIEEEFREIC L, HRAEBITIERE & R o m L #IFE S b
(K3), BT, Z7ANRNFERT VU VAT HE, 7)== 770k A0 ) TIVHE A LT
=XV TEARRICZL, 7V == I RT A==t U, T OB E 2 eI T
LI DOEFERT 4 — KNy 7 835,

Figure 3: KUKA IIWA system integrated onto a Superdroid HD?2 with a fiber-coupled Raman system.

Robotic Scan Methodologies (2 AR~ b A% ¥ L Fik)

A study on robotic scan methodologies, including raster and Lissajous, was conducted. These
methodologies were integrated into a KUKA IIWA LBR 14 using ROS 2 and Moveit 2, enabling the robot
to effectively scan surfaces during the cleaning process. The adoption of these methodologies allows for
more efficient scanning, ensuring that the entire surface is cleaned while minimizing the time spent on
redundant scanning operations. By optimizing the scanning process, the overall cleaning efficiency and
effectiveness can be significantly improved.

TR =RV —VazGionRy NAXy UV FEOMENTONT, 2D O IEmIE,
ROS 2 & Moveit 2 Zf#f L C KUKA TIWA LBR 14 IZHiA S, MeiF 7 ot 2o Ry b ghE
FICREZ AF ¥ T 52 LRI LTc, 2D DHFEROEMAICE Y . XV FEMNR A X v
UATRBIZZR D | LR AT ¥ UMERICEST R A B/ NRICH A 23 6 | R B EHEIC
V= P AN TEL, Ax vy ut ARt 5 2 & T, SRR BeEEhER L 2R
ZRBICSET D ENTE D,

International Collaboration ([EFE % 77)
In January 2023, the Japanese side of the OptiClean project and ATOX CO., LTD. were visited.
Specifically, we went to Professors Suzuki and Miwa’s research labs in Tokai, as well as the ATOX facility
in Kashiwa, Chiba. A mockup of the Fukushima RPV (Reaction Pressure Vessel) at the ATOX facility was
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examined to gather insights for future development. This collaboration has already led to advancements
in the project (see below) and will continue to enhance the overall effectiveness of our development.

202 1 H, AT T 47V —r - Tuvz7 hoHAAIE BR) 7 hy o A&FMLE, B
REIZIEZ, BB S D eREHT 2R & —dmiEBdR offfst= & | TERMTICH S (K 7 b
v 7 ADRFR AR LTz, (BR) 7 b > 7 A0k T, @EFEFEDO RPY (KOS HESIELZR) O
Ev I T v T EREL, SHROBBOLOOMAEZE LT, Z0OaTRL—a 3T TIZ
TnY s FOERIZEN-TEY (TR, A% LHBEEORLFEmD TN THA I,

Rig Design for KUKA System (KUKA AT LDV Ji&%EH)

A rig for mounting the KUKA system is currently being designed, based on observations from the
Kashiwa facility (Figure 4). The rig will be suspended from a crane and lowered into the RPV mockup in
September. A custom laser cleaning head, along with characterization tools, will be mounted on the KUKA
system’s toolhead. Pneumatic suction cups will be used to stabilize the rig on the side of the RPV. The
design of this rig allows for the OptiClean solution to effectively utilise craning system that are usually
found within nuclear sites. The mockup reaction pressure vessel at ATOX will be an excellent
demonstrator of this, thus expanding the potential applications of the OptiClean technology.

KUKA > AT AEBEHT D200 0 713, MOl TOBEIZESWTHEXKFFTTH DL (K
), VZFZ7L—rTHRY TN, 9HICRPVEY 7 7T v A FAESNL FETH D, FiED
L= =2 V== T~y RERHERI Y — L3 KUKA S 27 LD — /b~y RIZIRV ST 6
%o RPV DM CTY ZE2LESHEDH7DIT, BRIEWS| I v TRERSND, 20OV 7 OFEEHT
LD, OptiClean Y U =—3 a3 E, @FERTIEHENTRONDZ L—2 T AT A EHFERIC
FIHTAHZENERETH D, BE) T Ry 2 ZADF Y 7T v FENRT. ZOEN - EiRERE
LBl AT T4 )= HNOR#ERTECA N —var b T EnHIFREN D,

Custom Laser Cleaner and Scan Head Development (B AXZ AL —HP—J J—F—L XA F L~y

DBAFE)

Due to budget constraints, a quotation from IPG Photonics for a laser cleaning and scan head was
deemed unfeasible. Instead, a custom laser cleaner and scan head are being developed to meet the project’s
requirements while remaining within budget. Developing a custom laser cleaner and scan head ensures the
technology aligns with the project’s specific needs.

FHEOHIFK . IPG Photonics DL —HF— 7 J—=0 T « AFX o~y RORFEH Y
FEBAR LM SN, TORBRELT, IAZLL—Y =TV —F =L AFr i~y
RETERNIZID 2N D, 7Ry =2 MOEREMIETIZOIHBELTWD, BAZLAL—F
— 7 J—F =L AXy oy REMETHI LT, AR T2 MNEFO=—XITHE
T5EHRFIND,

Collaboration with Imperial College London (£ > XU T/ - AL vV - gy Ko & OHFEFR)

The OptiClean team is currently collaborating with Yannis Hardalupas and colleagues from Imperial
College London to design a custom particulate uptake experiment. This experiment will use acoustic
levitation to trap mist droplets while monitoring them with Raman spectroscopy in the HELPA system.
The goal is to clean CeO, from a surface and monitor the particulate uptake on a single mist droplet in
real-time. This unique approach will provide detailed insights into the interaction between the mist
droplets and the contaminants, helping to optimize the cleaning process and improve the overall
performance of the OptiClean system.

OptiClean F—AITBAE. A XU T/« HL v« a1 KD Yannis Hardalupas FG & &
H[ET, I AX LR FED IAALFERZLFF L TWVWD, ZOFERTIE, 8 EZFIHL T
A NME & 95—, HELPA Y AT ATT v U hiEE O TI A ME#EE=%—L1»
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Do AREBROEHIEX, KD Ce0, ZViF L, 1 20D A MEROMKL B iAF % U T L4
ALTE=H—TDHZETHD, ZO2=—IRT77Ta—F |2k, I A MNEHEETBRME &
O EAERIZEET 2 M AEN S0, R ~7 vt XA DOEIE{E & OptiClean ¥ A7 ADAK
M7 VERER E~OBFEMAHIFF SN D,

Conclusion (##7f)

The OptiClean Project has made significant progress between April 2022 and March 2023. Key
developments include the mist generation and capture systems, expansion of LIBS capability, robotic
integration, and international collaboration. Further work is ongoing to design a custom laser cleaner and
scan head, as well as a rig for mounting the KUKA system. Collaboration with Imperial College London
aims to develop a custom particulate uptake experiment to monitor cleaning efficacy in real-time. These
advancements and collaborations position the project to achieve its goals of developing next-generation
laser cleaning technologies with integrated real-time efficacy monitoring.

OptiClean 7’1 ¥ =7 ML, 2022 4E 4 A 726 2023 4E 3 AT CREREREZZRTT-, B
RENZIE, A RRAE LIS AT AL LIBS B OIK, v Ry Mih, EEW 172 8 Th 5,
IHIL, WARF L= =7 Y —F—LZ2AX v N KUKA VAT LEH A Y 7 O%EH1HE
ITHTHD, AT DLy -y Nk O®REEIL, WEEEZY T Z A LT
FE=H =T DN AL LRI AL FEROBFZ B L T\ 5, 2 b OHEBRLCILFENFITIL,
MESNTEZYVTAEA LOFEIMEE=2 ) 7LD L= —27 V—= 2 7 DR
wwnworrav=l bOBEEZERIZHTIZEDOTH S,

Figure 4: Schematic of the proposed mounting rig for the KUKA system, (excluding stabilization using
pneumatic suction cups).
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3. 4 WFgEHELE

SR04, ZFEAFSEEES O T CAMFSEIA H 72 & ONT CLADS & O A2 1 L, AFge & #Ed
T2o F 7. WFFE RN H 2 HEdE 9 5 720 ENSIERRIC L 25T b& bRz EEH & @ Joint
Meeting & EHARIIZBRME LT,
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4. M5

BFAEEIZIL, B0 —F—HhE, 7 A MREIZIVAERESND =7 1 v )VRi{- 282>
WTEBR, T OB SRAEEIT o 72, FEBRICBWTIIEE 2 2By TV 2 E L, B s
L—PF— NIk 2B ER SN 7 VY RERE OMIE L Ei L2, L —F— o
INZPE, SERPRE BN B R332 & SRR S 4T,

MFgEEE (1) O L—H— T2 X 28k R EG I B Tk, SR 1T H SR BR S ONEAT A
(RKR) &5 —%3FMM (JAEA) ZFEfi L. LLFOREEE-,

“UTARTS JEE(Z VT L L — Y —BREHR 21TV =7 v Y AR AEFEREIT 72, TN HRT
7o VAR LB TR S L DI, LT R —F A LT,

CTT R Y VORISR R B OB AT 5720 HE LT n Y VR A2 LT
RREIT- T,

-UTARTS 2EBRNICIEMHMEES v ANBBE L2y 7 V— My 723 E L, L—— R
ATV, AT U—3h e LT,

RS R A IO CFD =7 V2R L, 7 VOEHEMEERGE LT,

PLEDORER NG| JAEA &L OEEEZ L0 7 — X FHli 21T > 72, RTINS, Lb—F —FrYs
RV RAETIZT o VREX, AT L—WEHIZ K> THIENTREE RIB I D, AREIND
7Y VOME (BKME, Bk &FiE R [z, RS- 7 n Yy Lki+0'E &
I 21T 9 ECOMEISMEL U CEER T A—=Z LD, REEETHDL50 5 EEIZB
TIE, MENERmOGEMBIZE L =7 v Y VR T O/ 2 e 5 TETH D,

MEER (2) OF =2k T v 7 7 v THRBRICBWTCIL, T— 23 hA2 3w L. LT O
Raetgi,

« BB OB DHERIRIN OMER 21T > T2,

CEEICER SN LY —RYEOmME, GRE. BIES) 2L,

« BRI BSG ~ 0w M OB D Bl N & AR, MREA TR L 72,

« KHEBE TN L2 YRAEE ORI OW T, mEICELNTMREEE 2 T, B OKRY

A~ ORI > W TRl 21T - 72,

T, HREEICEETETCHDHE Y 7 T v TRBOUE 21TV, SF0 5 FEFEOFH T &
7,
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