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The University of Tokyo
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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 FY2021.

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 FY2021.

The present study aims to develop a safe laser decontamination system that simultaneously incorporates
an advanced particle detection and characterization system together with aerosol dispersion control in
collaboration with the UK researchers. By using the UK partner’s fundamental studies related to aerosol and
water interface interactions, various methods such as electro-chemical processing of water-mist particles and
spray droplets will be applied for effective control of ultra-fine aerosol particle dispersions in a large
containment volume. With the help of advanced aerosol analyzers, the acrosol particles having a wide range
of sizes such as varying from 10 nanometers to 10 micro-meters will be sampled, and time-resolved high-
spatial resolution aerosol distribution data will be obtained for advanced CFD validation for the planning of
laser decontamination activities. In the last year of the project, all know-hows acquired in two years will be
implemented into integrated cleaning system tested in the mockup facilities in the UK and Japan. The
outcome of this research is expected to provide an enhanced radiological safety during the decommissioning
activities in the Fukushima Daiichi Nuclear Power Station and Sellafield sites by remediation of hot-spot
regions.

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

This work was performed by The University of Tokyo under contract with Japan Atomic Energy Agency.
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2.3 WFIEIEHE OFtE GRER)

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 characterisations 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.
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[
L

.
|

600

Blow hole = -

3.1-3 UTARTS =7 &1 /' LA A 4k

F 72, UTARTS (ZITABE I I A M RAEEIMEZ SN TERY , EENTOE—72 I A MR A]
REZRHAR L 7o TG, AREEIZEIY, 73700 DK A MERAESE, ABRNICIA M
DS EDLZ ENFREL 2D, K3 1412 A M A A0MiERT, KBEIAMDOE—7 LR
JUIE 12566. 82 P/em’, EEEI 2 FOE—27 L~ULIE 18922.43 P/em* TH Y | KEEI A M & &
BEIZAFOE—7 LYVRIRIER—TH D, WTFROI A MBEEICBWLTY, I 2 MRFRIT
0.4~0.9 um OFIPHAZEA T, FHEREL0.675 mm I —27 0"db D, £7-. EHEN 2~10 um O
FHPIZH DR E R I A MR HIRIET D, =7 B Y VR E& IR MIFHENICH RSz
%, RaasWNE 7 F DI L, AVICHEZE L CRE R 7 T AX —ICBET 5 2 LR RS
NTW5, IAMNEFEOER S —RZONT, BELLVEEZ T Y )LORREMREZ
THZ LT, =T a Y VEMEOMREAMGET S & L BT, =T u YL OMEEIEROEEIC K
T I A MREOHBIZONTCOFEL AL 2D,
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25000

I_OW Cmist |
20000 | ——HighC

mist |

15000

10000

5000

Mist number concentration (P/cm®)

0 L i PR N S L s PR R S T
0.1 1 10

Mist diameter (um)

X 3.1-4 I A NERREEEIZ L D ERE AR

7 a Y VRENES AT ML, YTV Fa—T b—H—TF v T Fa—7 ERAK
JE L& (Dekati® ELPI®+) | EHkEL/y ds (Welase digital 2000) (2 THERR STV 5, Dekatie
ELPI®+|ZKifk 0. 006~10 pm, Welas® digital 2000 |ZKiFE 0. 2~10 um ORIFHIEZ HAIE LT
b, =T YOV T Y 7L, UTARTS NIC 2 ST ORIERA > b &% T 5 Z & THEIET 5
b, PN Te—ZEO%, RERTOTT v VR RS ARIET D720
DORIELN~EEIND, =T Y )T+ T4 W —Welase digital 2000 (%, JHGELARY hm
A—H— AT AT, 1 P/em® Kifin 5 106 P/em® FTORFIEE L 0.2~10 pm OFLFH ORI £
Zo . AEFHERRZE 0. 01 pm, FEXIRAZE 5 SOREEE CTHIEFRE & 72> T\ 5 [22], ABFFEIZIBWNT
X, =7 YT+ T A P —lWelase digital 2000 DEIIE —F —BX/f TEZREL, =7 1
SNTF T A P—HNOMBAKF 2y k& & B2 150 CITME L, =7 1 VLRI R E
R A NEFFIZBREL TS, Dekati® ELPIe+iX, U 7 LH A ki O RLEE /3 Ar i 2 1
THY., 6 nm ~10 pm DJEWVRIFEEIICBWNT, 10 Hz DY 7TV o7 L— M TUTAE A L
\RLPE A3 AT & RS DENATRE L 72> T 5, ELPIe+D IR/ A— 9 » Tld, 180 CoH=7 Y/
NEBEHEY T T TEZEBAREE SNTWD, KFIIh A — KA R0 Z—TH A X4y
HaIndled, VT AsA LEZICH 2B L TR DO O b AIRE TH 5 DIz, &
512, ELPIe+iX, ERDOEENA X7 X — 2 X HWE L RERIZ, BT OFEM A XA HIEC
BICHARE L 725> T\ D, K otrdEEDOFEM A £ 3. 1-1 ITRE T

11
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F3.1-1 7L OEEA

Aerosol Analyzer Dekati® ELPIe+ Welas® digital 2000

. o Electrical low—pressure Light-scattering
Working principle

impactor spectrometer

Particle type Solid, liquid Solid, liquid

Measurement range
0.006~10 pm 0.2~10 pm

(size)

Stage 14: 0.1-1.7X10* P/cm®
(C) Stage 1: 240-7.9X%10% P/cm®

Measurement range X
1-10° P/cm®

up to 250 C for

up to 180 C
aerosol sensor

Withstand temperature

Sampling flow rate 10 L/min 5 L/min

AT L—WGH T AT M, K, KR T AT L— ) Zv FiEE, ERFCRER S LTW
%o ABFZEIZIRBWTIL, B2 DRE M A FF OMBERH A2 ER TED 3 DO 7V a—rDAT L—
JANVEFH Uz, 37 312 [ICREBRIZHEH TS 3 2D A)b (Nozzle 1~3) OFffZ L7
Do JANDOFY T 4 AL, TNENL2 mmy 1.7 mm, KOVL2 mm &> TRV, B
X, FNZFN 2 L/min, 3 L/min, 2 L/min TH 5, 350/ X/Li, UTARTS HEND 7 X0
725 300 mm FIZERE STV D,

7% 3.1-2  UTARTS & / A /V~HED R
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

12
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o, KRREICBWTIX, =7 1 Y L OMSRFHREEREEN DR ELMET 5720, HELE
W - =7 v Y VR 2 L CO TRl e Sk Lz, X 3. 1-5 [CARERICHH L7 mriE ks
Z, K 3. 1-6 ICREEM &7 1 WK ORERE OBMRERT, THOHORRENS, HARK
T u Y VRERERE CThDH UTARTS ZRHTHZ LIk, =7 oy ABREICK L TAT L—
BRINANTH D Z & PR Sz,

3.1-5  HEEE R R R A E

13
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S 00 -1
S 10 4 L/min neutral 10 ¥ 4 L/min neutral
g ¥ 4 L/min charged # 4 L/min charged
g |} —
S "o .
2 10-1 . 'E' -
2 : g
o i =10
Q g
o ; B S] = {
T 102 5 b I
k=] _ (1
2 x f
@
£
-
<10 1073
0 500 1000 0 500 1000
Time [s] Time [s]

[X] 3. 1-6  HUA s 3% 1l B Ay D L2

MTHAO LV —F—HJEE LT, 0 E 1070 nm » 5K 1.5 kW O@E#HREIE (CW) 7 7 A /38—
L—H— (iR LA, FEC1000S-7) #fEM L7z, 7 ¥ #/Lvar ha—7—|Zi% NCL-151
(BRU42 4 NISHIHARA) % AV, J R 1.5 kW& 100 %& L CTHEEOH ZRE LT, KL —
P RO L —F—~y R (XSt —H > 7 A 1XD30S) (X2 #d L X (AR F=100 mm
L F=200 mm D) ZHAWT, 2HHD L X5 200 mm ONE TE—ABEEE 2% (77 A4 /3—
714 pmX2 = 28 um) \ZPEBET A LD ThHDH, —FH, ARERICBNTE, B4 —7y M &
Fx o=l (BEHY > FUN5 790 mm) I[ZERET D20 ERH DL, 207D, fHE~y K
DI TIFINE D OBF O 7= DI E SRS AR+ Th o7, £ 2T, L—H—~y R Z,
A=y MIBTHoRE—LAREROL ) L—F—%ET 5 L v AR ROKE - 5 E
1T-o7=,

LBEIOHY =57y MNIFEDERTH Y, E— 2B STED & L—F—BRICH X DT HS
WCEBLTLEYERAR o7, T2 T, SHOERTIIH 2 TEAMBELZ Y —7 v M HTH
L., #—% v MLETE =L 100~200 pm & 725 Z & RO EEE Lz, L—3P —ifigkit
HY 7 N T % reZonator [23] & VT, L—H—~y RIFERIT 2 FOEEH L o AT (F=200 mm,
F=1000 mm) ZMNx CE—AEFHEEITo70, K 3. 1-T(@) IZ3HEERZ, ¥ 3. 1-7(b) IZFHEA
WHRATRYT, B, L—F—~y FOL U ALEIZONWTIX, A—H— X0 EMRAMENE SN
Moleloh, ~y FERNEL BB L ZOMELZHEE L7, fRLY., Va2 FU5 790 mm
DOALETE—AERN 140 pm (77 ANN—aT7 RO 10%) &b L 07 Lr XAIEEROEN
T& 7,

AFEZ G L2, F=200 mm, F=1000 mm @ 2 FIZOWT AR 22— MMF& DL v X (FUE%X
B4 3.1-7(a) ICFC#) ZAHEL., L —F—MREEREZHBE LT, K 3. 1-8 2204l Z2 T, S
ME DML, L—Y—~y NI Lo A FARG L —F =TT 72,

14
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Window Target
(a)
LA1979-C LA1779-C
Thorlabs inc. Thorlabs inc.
F=100mm F=200mm F=200mm F=1000mm
Fiber cc:ire
14pm |
| : >
80mm 400mm 120mm 210mm 790mm
’ 1000mm
Additional
(b) Had lens pair Window Target
140 pm] ~80... 400 120 210 . 790 i
FR00 F1000
F100 F200
=
£
o
E.
&
14 ym

Distance from fiber output (mm)

X 3.1-7 ©— AlgLetE
(a) FHHAMASR (b) FHRAE R

.

F=1000 mm
e

F=200 mm

3.1-8 UTARTS L —— PR AR

15
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3.1.1.2 CFD &7 /L

T a ) NWVRIA E BRI EIRIRO -0 OWEFZE Y L = L— 3 UiE, MBI S % CFD
AEETNMCEBETILENRD D, BIRNIC, =7 v Y V@B EEE RS TR, 7T v
JER, LR ER, RFEIERL. BTG O IR T A 2 L b WD, AIFZEICEBIT D
CFD &7 /L4#%E1%, Imperial College London TAT 4041 2% &8 F L [ PN C D B —ikiil /N 2
B & . UTARTS OISR TITHI D AT L —IZ K DT /7 A— MY A DT 1 v )L ORRER
DOWEBGIZBNT, BFOHEETAVERIET 52 L2 HE LTV D,

3.1-9 IZ UTARTS OFHRE T WABLZ RS, IXFEEM L BT 5720, L—F—HH 71—
MIEZPRIIRIET D THEEINTWD, 5 3 FEEDFRER TIX, 7L — MIWERM A £
OHMIZRBELUE L TR, =7 a Y LORELEZRE LIV IRRE T, CFD G5 O 2% MRl % 5L
L7,

1.5m

2.5m

Plate

b)

3.1-9 UTARTS #H& KA A v

16
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% 3.1-3 CFD 52 L 7= UTARTS W&/ AL ~TEEDEER

Nozzle 1 Nozzle 2
Nozzle geometry J
GG-30 TG Spray Tip

Use with T or TT bodies

1/8* to 3/4° male conn. L .
and tip retainer

Removable cap and vane

Spray angle 26~32 46~50

Expected droplet
size

1 mm~5 mm 0.1 mm~1 mm

CFD+ 7 7' Z > ¥ a il W TN Tk, AUZEHE O CFD 7 /L (=« 2 h—27 ZHFRK
+EIRET V) TIRERNS, T 570V « 7 Fu—FIZ LD AT L—iEiH o7 b & Bt
Lo 22 CTOT 7TV akifid, 2T Ve RETIEDIHEHEND AT L—iEEE L
THEY, #finIal—ra T, WEOWRRLAEORELMT, W ZHHRN O
WIS THIER ST D720, WHmMOH v 7V U IR EH STV S,

X 3. 1-10 |IZFFE S i E B O R 2R3, ERIE, £ 3. -3 IZfshvica— 214 26
D Nozzle 1 OFEER. FTXIZ, =—2 4 46 FED Nozzle 2 DFERTH D, KffrickB T, =7
Y VR FIIBE SN TRV, =7 Y LOREEE LT 2 DOAEEREZ NS, 1 O
IEBEEICI D AT L—EETORE, b9 1 23T YRR L —a—REIAEN
HATL—a— A TOBRERICLD2 DD TH D, ERBHAEN/NES L, RENDRWVIGE,
4 3.1-10a) TiX. / ZA/VOIMANZ LAY/ N S 72 S8R, & 2 TR R B R D AL S U
%, ZOMEWIZEENDITT BV, AT V—REIZ T - BT OMENEL DB, 20
IR L 0 SIS 2= T m Y b, AT L—a— U NICHE ST, Mk L CRilE T o L
25, TESHINT D & FEREEIIIER L, L0 EL o T ey VKT ORENAREE 72D,
Fm, AT L—AENRIWVES, =72 Y LR L—OMAEERIC L - THER S 4 5T
SIS o T BERINHER Sz, 2D OEMEMETRIL, \EIITh RN
FricXoCEMTILNTEY, K3 1-11ITRENTWD, S 3EEORERND ., /N FROY
AL Nozzle 2 DEANEWVERERE R LT,

17
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0.0000

c)

0. 19564

0.13715

3.1-10
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Particle Veiocity: Magnitude (mfs)

!"”?

10508
10.430
9.9507

94719

89930

Particle Velocity: Magnitude {mis)
11.821

11.216

10.812

10.307

9.8029

9.2983

Velocity (ms)

0.27429 0.41144 0.54858 0.68573 0.0000

0.78258 0.97822 @.0000

0.176T1

Particle Velocity: Magnitude (mf)

.u}:}

10.921
(L2310
0.018
2.7160

Sites

Particle Velocity: Magnitude (m/s)
11.755

11.178
10.601
10.023
9.4462

8.8690

0.70444 0.88055

B2z ) ZVHAEIZ LD UTARTS NIZB T 21y 2 = b—y a Vs R

a) Nozzle 1.
b) Nozzle 1.
c) Nozzle 2.
d) Nozzle 2

N

18
_40_

2

3
2
3

1/min
1/min
1/min
1/min



JAEA-Review 2022-061

%

08} | i ]
3 : * Nozzle 1: 1 L/min
0 06 . ,
3 3 4 * Nozzle 1: 2 L/min
§ 04l 5y % ? 3y 1L Nozzle 1 : 3 L/imin
e |=2} % : I i Nozzle 1:4 Limin
Bo2ri s d %} l ¢ Nozzle 2 : 1 L/min
Cogli Rl ?% %E %% } % ! Nozzle 2: 2 Limin
Nozzle 2 : 3 L/min
02f ¢ Nozzle 2 : 4 L/min
-04

0.2 0.3 0.4 0.5 0.6 0.7 08 09 1
Aerosal size [um]

X 3.1-11 H/p 2 ) AV EMBSREEATICL 2T 1Yy ki FRrER[24]

3.1.1.3 =7 m Y Lk & B O BRI R ORREE

TT7 Y VREICET SEBBROMMT OB L S0 1 2%, BETHEHOBNLL, £D 15
L ODBRZOFMEFL LN TERNILETHD, LVET—XIE, BH—ORIHOBNZ R %
B L. =7 0 Y A RET B AT B A BB 1 I M T X B B AR T B,
AR D 145 Td 5 Imperial College London (ZIZ— 7 1 VI LIRIEEE N H V. H FL[FHFZE
CBWNTHEASND TETH Y, TORIKEK 3. 1-12 1R L b DO LIFERILTH D, 2OV
BT =23, o OH~OZT 0 VOEERT B, A A LEETT v Y LD
ZIEANT DL LEBRAREL > T D,

19
_41_



JAEA-Review 2022-061

outlet

Inlet

3.1-12 TImperial College London L B 57— & % ki 7= CFD - fEkk

B2 L —igfi~D=T o)A N7 a Dy a2 b—3 g 2 Tlik, UTARTS Tirbhiuiz
HO LT B DT EEZBRA L TR Y HEHEIZ VOF (Volume of Fluid) T, =7 wY /WE7 7
FoVaRi L LCEHEEFER L T\ 5, EFEMHEOWILTEE O T « 2 h—27 A +ELRO T
Tr—F Ty Ial—FINTWDLA, MM TIE, WL T OISRES ST ADRN
AT LEs b SN HiEEZ AWz, ZHud, WEAS EFICBEI LD ETLED Lank
9. BAHZHEUICEELTRLNLETH S, Wi, FMOIL, =7 a1 Y Vo4 O i 7285k
BAEX 3. 1-13 (2R,

20
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Aerosol
24003 &
1.8006 -
3 dﬁ 1 Wake region
1. 200 | I :.' g LY |
TS~ “."-‘\'1- Y }
LU I | | |

e

; RN L o)
X 3.1-13 &) FHEBEISICHIT DR b) WRAMOWI o) WL D=7 1 VR

FREOFERN S | STAR-COM+% FHUNZ AR CFD EATIZ L U L WEIC L 2 =7 v YLDy I = L —
KRARETH D Z L Z/R LTS, O 3 HEEOMITIIERN R I 2L —2arThdHd,
B AFELBICAT R EEE L TET o2 00, FELOHFILTH S, Inperial College
London D FEERIZ CTHRAET D FELNHAED CFD AR TII PRI STV RWW 2, iR E 0 O
BIL T — 2 NOBHEL & —F LRWATREMER H 5, #E- T, VOF 12 L 2 i S8 O fir 73 i 1)
DAL, BLEERE TIIRA &2 TIX IR, SRR B 2 5t 5 & U 7= Wy B\ 70 SRR D Ffie
EARELTHFIED 1 D THH I LITHENTH S,

21
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TR A SEEOTIC I, FESOFREFHETOICHIY . THERREORITMELSIRL
72 TEBERFATEWTE, BE R ldEE 2 WV Tl 2 il S8 5 Z LIRS L TR
D EwIEOFIC25] TiE, &N &R OE I & FRE ORIER R @G STV D,

I Pressure Inlet condition
—4.5e3 + sin(2m - f - Time)

|
Frequency = 19400 Hz

EETE|

Gas is solved as compressible flow
Inviscid gas is assumed

SUQNIPUOd WeaJls

Pressure Inlet condition
<:| 4.5e3 * sin(2m - f - Time)
Fréquency: 19400 Hz
¢ 3.1-14 FESHBUIIIT S CFD FHEAE R

AR Tl THFBERFOIERL R &2 B EIC, CFD (2 X 5 ELER O F 7% 8) & i o fFso A
TNZDWT TR 2R Z T o 7o, EBIEK OFAITIREE  ORESICEEL 525720, 20
#lF Imperial College London D& Z M UNCIRFET D72 bDEMEL 705, 3. 1-14 1T T XD
12, A CFD #HHE T, JEHA— 2 & BRI CEIRE 2 AT & 32 ZR ek Co&lE L T
%o EMERZREIEDT-OICHEOKENEL D X O ICHEENERFTF SN TND, X0 EFERG
FfEa5G5720, EEOLOREEEZATIE LTHEZ TS, AWK E Ay oA XeEdT-
ZEHI A 3. 1-4 12587,

22
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% 3.1-4 Main parameters of the simulation

Number Units Description
347. 28 m/s speed of sound
18277. 89 Hz target frequency
0.019 m acoustic wavelength
0. 00095 m required mesh resolution
0.95 mm required mesh resolution
47.5 mm Height of the solution domain
0.0475 m Height of the solution domain
2.5 - Wavelengths in the domain
18 mm radius of the solution domain
48349. 11 mm” 3 Volume of the solution domain
56392. 02 - Required mesh count (Ideal Hexa)
3.E-06 s Required time step
0. 000137 < Time to travel sound wave along with height direction
i.e least required Physical Time in STAR-CCM+
50 - Least required Time Level in STAR-CCM+
20 Inner Iteration
1000 Least required iterations in STAR-CCM+
10000 Required iterations in STAR-CCM+ for 10 cycles

fRDOIEE 2 EIF 278, REFTIZEWTIX, 22 3 %) (MUSCL 3 &), K] 2 IROFXE TV I =
L—a a3 Uc, BUEIIZIE 2.5 IR OG5 D K9 JARBSRE SN TWD T2,
ETEWE DFAENE Z BN DD, BULLEL B HERFMHEFEOHERIZ LY . 20 X5 RfIfHELH
TR, ZOZEnb, FEOFERIZBNTY, /NS RIRECH R TESERL T 720 |
BAELEZDTLHZEREZXOLND, LNPLARNRL CFDEZHWeY I ab— g U TEHERDIL,
Wi DR 2 HERF T 572012, BTN TE D728l & 725 X9 B R 2 EIENIcED = &

Th o,

23
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i |=-Region 2D: Body 1.Axis
6000';1 @ Point
5000{ @roint!
40001 Point2
3000
2000
1000/ - O
~1000/ T
-2000{
-3000
-4000/
-5000-2
000 TS 70 12 14 16 18 20 22 24 26 78 30 37 34 36 38 40 43 44 46

Axis (mm)

Pressure (Pa)

ot ot |=-Region 2D: Body 1.Axis

6000, @ roint
5000/ P! @roint1

{ \ Y Point2
4000/ ¥ \ |@Foin
30004 _
20001 /
1000

Pressure (Pa)

-1000{ /
-20004/
-3000?

-4000/

-5000-2

000 TS 70 12 14 16 18 20 22 24 26 78 30 32 34 36 38 40 43 44 46

Axis (mm)

o L S
-

X 3. 1-15 FHREMEICIS I 2 E D
(B)yEwEd, (F) EEamEgoE Kk

¥ 3. 1-15 ((B) 1ZRT & 912, IS COIENRIXEERIIEWERE L 70D, ZOREETIX
AR B R EERILZRIEL R TR END, I 2 b —r a3 VT, %ﬁf&ﬁ%
4 3.1-16 (F) DX S ICTIEZBEIRICERT 5, A (fk, 7. HEADOKTRI) | ?Dﬁw
JEA, FRCHPRAUTIIAIE LTV DA, ZOFEEEMHET S 1 DOHEE LT, Fﬁ@ﬁﬁﬁ#
7y FLTEONRK 3. 1-16 Th b, TatE TiX, JENSGOEERZEIFREIC—H L, £
BRCOHIRITY I a2l —ra I L TRV PfETERITEWA, 5f1 4 FELFEOEHEIZM
T CORBERNT & LI+ e B E SR S T,

24
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CFD simulation

RMS pressure (Pa)

. 4203.1

13362.5
2521.9

1681.2

840.62

[X] 3.1-16  CFD J&= /I R A= = o & —[X]

3.1 1.4 FEHUMER U AR LT L — Y — R ERR

SRS HEEICE G L L —F =R EERE LT, K3 -1T IR T LD, Bix /e T A MK
m (8 ; BRbgk) 297 & UCHEf L7z, 5F0 3 R IXEK (Iron plate, Oxidized plate)
L, FEMEMEE o T AR L C L — Y — BB 24T O BRICS AT SRR AR S
Tedd, M EEZ TR L —F — B — A% W TR SRR A FE0E L7z, 72, PCV OREIZHERE L
TR AR E 1203 o ki 2 B LT R 2 & ATSNEESREL (SiC, Zr0., Ti0,) ZfifHL
T kB & 1T - 72,

|
Iron plate

. ]
I
Oxidized plate S'C T'Oz quz
§ || coating | coating || coating

X 3.1-17 L—H—BEREBRICER L= 7

25
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AREBRICBWNTIE, EREICERR2D L—V—HIEFEL, L2 XZHWT 130 cm B 7258k
FIZ L —F =2 E &8, PR EZE L CHARGNORBRA ICBA T2, L—F—b—2N0
AR ICEZET D L, MEBIOARBPRAET H, TOWRBRT, =7 vy Lk 23 &Km &L 0 R8EAEL,
YN T4 & LT Dekati® ELPIe+& Welas® digital 2000 %E{E |2 TR OHIE D
T s,

3.1.2 F—HFHl GEHESE : JAEA)

AREBRIIB W TR OB Filtk) & RiEieb 2 £ U Sk a i L, 22 2 72 0R450%
ML—F—E— Lo TH U TNA~ORE Z2HE L=, BELLZT Yy LE, 7Y s
ZA %L T Dekati® ELPI®+T /A AT TR HREHIE S iz, X 3. 1-18 (72 2 3kBRif 1
BT 2R FIREE IR R 2 m 3, L—F =Moo BRI, FERARES ERT52 8
BHER SN, =7 a I NVRT-OY A XML, L—F—HHOREEZ T2 &b ARERIC
KON o7z, Zr0, OV Ti0, 2 —T ¢ 7R ST 2R 1%, Elksihi-=7 ey
JWERRREORE X (~0.15 uim) TH Y| Zr0, & TiO (TR TP E 2 > TN ERR LTz=7 1
VL ORIEIE~0. 15 um THEIX 2o 72, SiC DAL 0.1 uim E/IVETH 7=, THEEE L,
BT A XSRS/ &y (0. 045~0. 065 pm) SiC F / KiFTHIDOER Z1ERK L. X 3. 1-18 IT7R
FTEOIZ, L= —BEIZLEY 0.1 imm A FO=T 1 VL OARPHER S L,

SiC a—7 4 7 O —F =P FEeL, BELT Y VAR T 2 7-0HA T L —5%
B i Uiz, REBRTIEI A MRAEEBEIIFEATT, / AVICLDKEA T L—DhEBfE L
Too AT U—MEFREBROKER A, K 3. 1-19 (2R3, KA 7 L —I3ia 2 LPM C 30 430 L
7ehy, M3 1-19 b7 v Y OLREIZRE R IT R bW & 03ynnd, Zild, Sic )/
B OB E <L BLFREIVNI WD, KA L —IZ X7 1y )L ORI HE I
bEEZLND,
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107 107
. 10°7 _ 10°3
& &
5 2
oy 10° 4 T 10° 4
5 5
= 10%4 = 10* 4
s S
< <
g 10° 4 § 10° 4
8 8
o 10%3 © 1024
jo2} [
o 1Y -
[) , ]|iron surface I ’ Oxidized Iron surface
z 10 P_300 W; t_5s z 103 P_300 W; t_5s
——P_600 W; t_5s ——P_600 W; t_5s
1004 [—— P_900 W; t_5s 100 4 ——P_900 W; t_5s
——— P_1200 W; t_5| ——P_1200W, t_5s
——P_900 W; t_3s ——P_900 W; t_3s
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3.3 JEEMIBFERC AR 2E

The laser decontamination facility at the University of Bristol (UoB), is being upgraded

increase the spectral range of the LIBS characterisation measurements

Prior to this baseline measurements for the instrument were conducted across a variety
of analogous substrates. Some differences in the nature of ejected particulates
(generated by laser cleaning) were observed - with data collected using real-time in—

situ particulate measurement equipment

For example: relative to the particles produced by cleaning of a ‘plain’ stainless
steel surface, it has been found that smaller—-sized particles are generated from a
painted surface, while larger—sized particles are produced from a cerium oxide—covered

surface (the cerium intended to be a non-radioactive replica of uranium/plutonium oxides).

In all cases, HEPA filters (installed in the exhaust of the cleaning chamber) were found
to work well in terms of achieving a reduction in particle flux. Additionally, based on
SEM/EDX measurements of particles generated by laser cleaning of stainless steel, it
appeared that there is a change in the iron:chromium ratio compared to the substrate

This observation perhaps indicated that the laser ablation was resulting in significant

disassociation of Fe and Cr. This may be due to their different vapour pressures

A realtime demonstration of ‘progress’ of laser cleaning was also conducted. When
applied to a Ce02-coated steel sample, LIBS measurements clearly showed a decrease in
Ce content with number of cleaning passes, and with most of the Ce02 coating removed

after two passes.
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