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Report on practical use of new decontamination technology

Hideyuki Nitta*, Masahiro Ono*
Abstract

For removing surface contamination of a solid waste with radioactivity, technology of laser
cleaning and vacuum arc cleaning has the possibility to obtain the high decontamination rate. We
made a research for practical uses of these methods as a new cleaning technology from published
papers and patents. From these results, we discussed about an applicability of laser cleaning and
vacuum arc cleaning to decontaminate a body of centrifugal separator.

At first, we investigate the solid surface cleaning technology with a laser or a vacuum arc from
published papers in the world and the patents in Japan. The results were listed in tables. Bach
information was abstracted into a technical data sheet and sorted into a related technology (system
or equipment). We also investigate the decontamination technology by the same way and the results
were abstracted into technical data sheets and sorted into related technologies, too. '

As an application of the above research, we considered the process and the system for
decontaminating a body of centrifugal separators (cylinders). In the system, the cleaning head is set
inside the cylinder and the inner surface contaminated by radioactivity is removed by the irradiation
of 2 YAG laser, a CO2 laser or a vacuum arc. The cylinder is rotated by rotational rings and moved
towards the direction of the central axis and the whole inner surface of the cylinder is cleaned with a

constant cleaning rate. We also estimated the costs of each decontamination technology.

This work was performed by Hitachi, Ltd: under contract with Japan Nuclear Cycle Development
Institute.

INC Liaison : 11C2743

Waste Technology Development Group, Waste Management Division, Waste Management and Fuel
Cycle Research Center, Tokai Works

* : Nuclear Systems Division, Hitachi Ltd.
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Singapore, Singapore -
En situ surface cleaning of pure and implanted tungsten [HIRUGIASR U5 AT v ORBRIED ULZ L—HFEHIZLE . VOL. 96/98
38 | 9BADBSOIBY ) tecathodes by pulsed laser irradiation. FOBR@EES App! Surf Sci PAGE. 469 - 473 1996
Cleaning of copper traces on circuit boards with s o ” s _ - o s VOL. 96/98
39| s6A0SOIST | e radiation. BElEA FLO@RFL-ZDTFS 7 L—YBHI L 5%% App! Surf Sei PAGE. 470 - 483 1996
Modelling and diagnostic of pulsed laser cleaning of . gk =ty 2 R VOL. 96/98
10| 96AD6E0192 | . e tallie surfaces. Bt EhhRBRED/ LA L—HFRBOETY LT LB App! Surf Sci PAGE. 484 - 490 1996
Gomplete removal of paint from metal surface by TEA-CO2L—HF FL—La Lok 3&BEANI S OBHO s, B VOL. 63, NO. &
411 SBAI024532 1\ tation with a TEA C02 laser. R E R HR Appl Phys A PAGE. 435 - 439 1996
Pulsed laser cleaning of oxidized metallic surfaces in |BHLPHFML F HkmR LDz IBLEBRERETD VOL. 88, ND. 1/3
421 970117439 electrochemical ly controlled liquid confinement. AV 4 R S MV =R Sur¥ Goat Tochnol PAGE. 157 - 161 1997
Study on Laser Materials Processing in the 2ist . I _ o e au, A VOL. 65, NO. 8
43| o7r0163168 | O REDL—HFE—LDGRER 1 218D L—FHE BEYaE PAGE. 648 - 650 1996
| 7T [approach to a window coating probiem by in situ JT - 60U ThomsonfRE 2 F L TR L =205 YOSHIDA H, NAITO 0, HATAE T, NAGASHINA - ;&L 66 Mo 1Pe1
44| 9740260041 [transmission menitoring and laser biow-off cleaning FBENEE L—EEH LD L 3BEEAH h (Japan Atomic Energy Res. Inst., Rev Sei !nstrum PAGE 2’56 - 257 1997
developed in the JT-60U Thomson scattering system. I’nﬁ%ﬁﬂ)ﬁi?{iﬁ jbaraki, JPN) .
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45 97A0271725 |Laser Surface Cleaning of Aluminum Alloy. L—HFIz L ABPRANT FLEZDLEEOL—SEEES L—HEINT RS E :gléE 3§:h_ 59 1996
B T 7 [ The effact of screening in an ero;E;:;‘wfi‘;l;it;liv;:E-e - e g - " R T . LW?W"-"._; 7 T - o o
: IA—¥aLILFPIEEFRRAI Y~ INRBGEHRE & KUZNETSOV L | (lnst. Thermal Physies, VOL. 42, NO. 3
46 | 97A0402026 |recoil r-nomentum §m3| on the measurement of the RRESMEICRIETHE Russian Acad. Sci.. Novosibirsk, RUS) Tech Phys PAGE. 304 - 308 1997
wei . |refloction coefficient, Y S S I _
G02 laser - assisted particle removal from silicon o1 . ~ _ - VOL. 74, NO. Supplement 1
47| 9780514516 | . T LD LREMEDCOZL—FEIRICE DHFRRE Gan J Phys PAGE. 505 - 589 1996
o Dependence of photoemission efficiency on the pulsed TOMAS G, GIRARDEAU - MONTAUT J P, AFIF - - o
970624181 . . BUTAT URBREBOABFRLER~D U, ROMAND M. CHARBONNIER M, DUC T M VOL. 64, NO. §
81 “(v—ay |{asor cloaning of Tungsten photocathodes. part 1: KANAL—YS ) —ZVTORE | £R {Univ. Claude Bernard - Lyn 1. Appi Phys A PAGE. 467 - 471 1997 LEK-0015
N xperimantal. Villeurbanne, FRA)
Dependence of photoemission efficiency on the pulsed . — s . GIRARDEAU - MONTAUT J P, TOMAS €, B
49| 97A0624182 |laser oleaning of Tungsten photocathodes, part 2: ﬂ;giz;’;‘ﬁ%@f?gfﬂgﬂiﬂggm GIRARDEAU - MONTAUT G (Univ. Claude Appl Phys A gg'é-E 5:-73“0:"2 1087
o |Theory. : L T . __|Rernard-Lyon 1. Villeurbane, FRA) S
501 970652876 |Mechanism of and method to avoid discoloration of L—HRMIBH AT LARREOERERITS GLULEHF:’- gm‘(lgafigha':usﬁit‘ Héig:?ggk: App! Phys A VOL. AG4, NO. 6
stainless steel surfaces in laser cleaning. Wi L AE S.ingapora) ' ’ ¥ PAGE. 573 - 578 1047
- N . ) LU Y F, SONG W D, ANG B W. HONG # H, T
51| 9740720000 |} thoorotical medel for faser vemoval of particles from gy mim b OWF O L—FREOERET L CHAN D'S H, LOW T S (National Univ.  |App! Phys A e T
o _So td surtaces. Singapore, Singapore) - U0
Surface Etching and Cleaning Processes of Solid-State L—H—F7L—ia vz L 5BAEEROBRE, s : oo VOL. 40, NO. 6
92 97A0720502 Materials by Laser Ablation. BEMESakR =, MARE (ERAIET) Rz -{PAGE. 518 - 522 1997
B Cleaning processes of encrusted marbles by Nd:YAG SIANO S, MARGHERI F, PINI R, MAZZINGHI
M - =y MR UQR A v FHEOND : YAGSL—HIZL B P, SALIMBENI R (Inst. Elettronica VOL. 36, NO. 27
53 | 97A0913635 Iast.ars operating in free-running and G-switching EREROHLABEEEANOS U——2 Tk Quantistica, Consiglio Nazionale delle Appl Opt PAGE. 7073 - 7079 1997 LG0-0016
B regimes. Ricerche, Firenze
54| o7n0914076 Acoustic wave monitoring of cleaning and ablation IFIL—HLEABEOREERICHSTS lUYF, LEEYP, HONG B H, LOW TS Aonl Surf Sci VoL, 119, NO. 1/2
during excimer laser intsrastion with copper surfaces. |ZVU—ZLFEPIL—LaOBERE=4)LT (National Univ. Singapore, SGP) PR ot PAGE. 137 - 146 1957
551 97a0878220 Growth and decay of macroparticles: A feasible approach (¥4 QHIFOERELME BEF—775X7% ANDERS A (Univ. California, J Aop) Phvs VOL. 82, NDO. 8
to clean vacuum arc plasmas? BRCTEROORFGELAE Galifornia) i 4 PAGE. 3679 - 3688 1997
56| osao117517 |Removal of submicron partictes from nickel-phosphorus [/SLAL—HFEBEHICLKLI=ZvTI - YAREMSO t?UYDFiA sgngwDD's ;E Eﬂg THgN(:N:ItI:;naI Appl Surf Sei VOL. 120, ND. 3/4
surfaces by pulsed laser irradiation. BT 0 HTFOBE : Univ. s'ingapom Si;‘gapore SGP) PAGE. 317 - 322 1997
- ’ LU Y F. LEE Y P (National Univ.
, . . EFPr—ILihe DI vF &0 Si , Si ; ZHOU B S . X
57 | 98A0259107 |Laser cleaning of etch—induced polymers from via holes. l/ng ,'J ___‘_3_:,9-)?- TREESH (é:::z:::d S;;?:gzzzitnr Ranufactur ing J Appl Phys :gléE B?'E_'I;m_ 1284 1098 LGE-0D17
* Ltd., Singapore)
o T LU Y-F, SONGW-D, TEE G-K, CHAND 5
58 9%.?4_3758? Wavelength Effects in the Laser Cleaning Process. L—H¥%E o A0BERNE ~H, LOW T-5 (National Univ. Jpn J Appl Phys Part 1 :gEE 3;:10N0'B43A 208 LG0-0018
- Singapore, Singapore) : - 1
KAZANTSEY S G ("Raduga' State Laser
59 98A0610927 |Optical surface breakdown of alkali halide orystals by [AERCO2L—HMLOTA/ 20/ ULRIZLS and Scientific - Res. Test Centre (Test Quantum Electron VoL, 28, NO. 4 LG0-0018
(C—9) |microsecond pulses from a wide—apsrture C02 laser. FILAUNTA FESORXPHREHIE Range} of the Russian Federation, PAGE. 322 . 325 1998 0-001
Vladimir Province
- e LEEYP, LUYF, CHAND SH, LOWTS T
Steam Laser Cleaning of Plasma—Etch—Induced Polymers NATHR~NPLOTSITITYFLTRITO {National Univ. Singapore, Singapore) ; voL. 37, ND. 5A
60| 98A0B19960 |1 °T LASA °CC L — ki . ZHOU M § (Chartered Semiconductor den J Appl Phys Part 1 PAGE. 2524 - 2529 1998
i Manufacturing Ltd.,
Laser cleaning of micro~particles from a solid surface- [EMEREM OO 7 ANFOL—YFH J—=4 LU Y-F. SONGW-D., LOW T-S (National VOL. 54, NO. 1/3
61| 9BA0669473 Theory and applications. B LA Univ. Singapore, Singapore, SGP) Mater Ghem Phys PAGE. 181 - 185 1998
_ TAM A C (IBM Almaden Res. Center, CA, o
62 | 98A0735556 |Laser cleaning of surface contaminants. FOERYEO L —HFikip ?3‘::‘:10':”?9:1::,(1?? M;;:‘)F?cturlng Appl Surf Sci :?éE 1;;’;1_2$25 1998
GRIGOROPOULOS C P (Univ. Calife
. GEORGIOU 5, ZAFIROPULOS V. ANGLOS D,
63| 98AG735559 Excimar laser restoration of painted artworks: ARAVEFP—bI7—20OTF LT L—HFIZk S5 BALAS ©. TORNARI V, FOTAKIS C Aol Surf Soi VOL. 127/129
procedures, mechanisms and effectis. FHE, BRREUHR (Foundation fer Res. and Technsl. - PP el PAGE. 738 - 745 1998
Hel las, Crete, GRC)
o o = s: KAUTEK W, PENT . -
Laser intaraction with coated collagen and cellulose HEAS—-SoRUELO-ZABEEO IRy R E KRUEGER J (F;:dzrl':'r ?;szuugtzzr?als VOL. 127/129
64} 98A0735560 |fibre compesites: fundamentals of laser cleaning of L—4¥ L DOEEER Res. and Testing Berli;t DEU) : KOENIG Appl Surf Sei PAGi—Z 746 - 754 1998
ancient parchment manuscripts and paper. HRERBORBB VRO L—FRH ORI E (Free Univ. Berlin, B ' T
N L-as;rm;;rrnoval of oxides from a copper substrate using 1064nm, 532nmE (R266nnd0R A . . - T o -
e wFNd : YAGL—IBEHI L D . voL. 127/12¢9
65| 9BAD735564 |0 - switched Nd : YAG radiation at 1064nm, 532nm and ! Appl Surf Sci .
| 266mm. RN FOBERORE PAGE. 773 - 780 1998
- Interaction of laser - genarated surface acoustic pulses e . ;
€6 | 08A0847794 |with fine particles : Surface cleaning and adhesion gﬁzg‘;%éﬁﬁtg%%ﬁgggg%tﬁm;ta) J Appl Phys ggléE 8;&020- 2210 1908

studies.
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LAFARGUE P E, CHAQUI N, MILLON E,

The laser ablation/deserption process used as a new " ke 3 L _ MULLER J F (Lab. Spectrom’ etrie de
67 9!2.&\..99_21‘;5:)37 method for cleaning treatment of low carbon steel ggf?{;ﬁ?%?ﬂfﬁ;}f—;}f%%& LTOL—Y Masse et do Chimie Laser, Metz, FRA): {Surf Coat Technol :2'&5 122'8 Ngiszqgge LGH-0020

sheets. sAS DERULE H. POPADENEC A (LEDEFP - SOLLAC, . .
I P Florange, FRA) - -
68 | 98A0D85859 Role of Line - Beam on the Removal of Particulate HWILA L—HIc L ZBEGEAEN S ORBTEROBE~D J Elsstron Hater voL. 27, NO. 10

Contaminations from Solid Surfaces by Pulsed Laser. S - E—LOERE PAGE. 1104 - 1106 1998
) ‘ ) o . o ' LUY F, ZHANG Y, WAN Y H, SONG # D o

Laser cleaning of silicon surface with deposition of - - o R s LT s e . . VoL. 138/13%
69 | 99A0318524 | Lo liquid 1lms. EBHFREOERIZLS Y o RED L—FFEL éz;')tmnal Univ. Singapore, Singapore, |[Appl Surf Sei IPAGE. 140 - 144 1999

ﬁ;mercial ization Plan Laser-Based Decoating Systems. L—4FiZ & DG E L R T LAOBEEEEHE. FREWALD J. FREIWALD D A {F2 R
70| 99AD4TIBIA (Topical rept.} (FEySZ2LH—F. ) hssociates, NM} PB Rep PAGE. 60p 1998
71| 99A0483738 [Laser-assisted removal of particles on silicon wafers. |3V] ALYINEOHTOL—FEERE Lzﬁfzﬁ.chES ROEHR E. HEYNS M B {IMEC, J App! Phys ggléEagaggﬂ_ 3;43 1999

Cleaning and surface preparation: which lasers for g . [ _ voL. 18, NO. 2
72| o90s6e285 | ST T e EEMAEL AR CORMRIZEOL—Y¥E Assem Autom PAGE. 104 - 108 1999

Excimar Laser |Induced Removal of Particles from PR TE - + +EEERE — o
73| 99A0605442 |Hydrophific ggﬁ/ )AL BERSOUFOTXLTL—FREISES J Adhes PAGE. 167 178 1908

Silicon Surfaces. )

Large system and tribology. Surface cleaning by laser. | KB LAFLE FFABEAD— L—F—(CLE5BEFRIL = iy ae NO. 143
74 99A0722333 o face removal. BEBEIZTONT RH RS ARRD PAGE. 16 -18 1999

Development of dama—free super surface dry cleaning . o —n At iﬁm;ﬁﬂi" BENE, FRAMK (#mgﬁﬁ
75| 990814530 lmethod by 1ight. (0saka Univ. laser fusion research KIk ZRBEERE RS V) — L THEORR K BIRE (B8X): WEFEE FBE (ARXPL—YF—HEREWRt4— |VOL. 1998

ey &, o : (RIRAEL—F—ERETRE 59 ::Ee (9 ABE: HRWA (KRX L— [ RETRRESET PAGE. 211 - 212 1999
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No. | BBES S L—4y— EoF 0 BEME M-cu & Hili - EEORE
C~1 184A0163303|P. N. Lebsdev Physics Inst. [CW-CO2 fEI5—ER |TH N RATRNE - :500md BLF| SEFIzIE NaCILy (ER, T4 -EREE(CH I
Academy of Sciences of (B : LG-25) NAME 1.5 s sl ns-% R
the USSR
c-2 [90A0037500{BELOV N N TEA-CO2 NaCl, K8, A~ |BEEOIH| TH BihthatalaE L
: (200Hz) T
C-3 [90A0459446{Mart in Marietta CW-C02 BREERIE K. BbkFE | HAEE : 3008/ cn’ BB TON-20 , T3 MHERHIC He-Ne
Astronautics Group, NM ab-Lrhit sl A4+ VFERS : 3. 75mm b4 £, TIEZOABIRE 35, InSe BL 4R
25t 41 23y VSHE : dom/sec 7 Yok BT F bRV -2 B L U RFE
REWR., Avovh 25-13A7-Y avbe-3& PCIC
LUHML TS,
¢4 [91A0236912)Univ. lowa, lowa TEA-CO2 DUEVE -3 Al203 kEwEFTLIGS HiFIckEREWRESGHBELREMST
Lumonics 8% ‘ FHIVZ ; 30J/en’ MBS T AR £ EF @, ZInSe ®LyA TH
Bt : 7-103 N RRAIAE - : 65md k. BIE 400 CRIRICL-Y KBS, A&l
WNAME :1um ik EmEFHHEWVES, BEHEGL,
¢-5 (9240045086 |Fukui Univ., Fukui, JPN: |TEA-CO2 HS A (BE 5mm) [REAV) NIYR : 0.5J/cm? HS A EHRIZ I FFEHDI-Y (TEA-CO, YAS,
[Nishiyama International N RATARE - ¢ 3J W ZAVTREFELS. sy -RERE
Patent Office, Nagoya, JPN N AR : 100 ns VA I T, c02 CIHSAEIOARE
Al (BEAED,
C-6 |94A0117446[Univ. lowa, lowa TEA-CO2 PIRVE:% 7 FUIAFVEUY | BIZRL B-2uy BEZK FWRIE. §)-uEEHOIRIEA
A1203 (tum) B TlE < BRI A MY, U -MEEIC
X 948R35-. EHIZIE ZnSe BILVA", FHAY
. Mz i3 He-Nel—%" %M,
-7 |94A0732128 | BBRE ; BHEX TEA-CO2 518 1t B (56um) {1 | 78IVA : 4.5J/pulse-om?| b -LESARIZERIR, YIUb YamaR CHK, B
izt : KoM-2 A7~V {RBIEE « 10m/s| B AR~V EICHT MERIE, RSALEGS R
B UE LA - A0Hz Bl§ 7 ERiE,
c-8 [94A0781119|Nat ional Univ. Singapore, [CW-CO2 HIA $EHL mEBEMECEY oW, TEA 3. FWEMTIEROREIIHET,
Crescent, SGP; TEA-CO2
RIKEN, The Inst. Physical
and Chemical Research,
Saitama
C-0 [98A0610927| Raduga’ State Laser and |TEA-GO2 FILHAUYNGA - FAIYA + 1~30J/cm? BikmRt R s L
Scientific - Res. Test 1 NAME :0.8~25us

Centre (Test Range) of
the Russian Federation,
Yiadimir Province
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No. | RREES R4 Lo—+— SE L] FrExthE Y-y &% HiflT - EBEOBH
Y-1]92A0230686 |Sandia National Lab., O-Switch Nd:YAG [SUS 304L BV DO LB KBE:1064 mm FIon—HIIHEMEREB AUSLIR
New Mexico AN IEF74Y yh LA RE (5rm) | b7 -H34EE : 120MW/cm2 (BERG S (KEFE) THEMIZ L —Y L, i
Rz : DCR-2A N AAIAE - 100md  |FE/ XLTREIL. 74 L2 —THABLI-&
’ W AALE ;10 ns AHABF T ON—IZELTWS,
Y-2 (9240523665 [National Inst. Nd: YAG Fa-f -G 50 [FRBOIA HE 1064 nm BEE7-9ETICBEERTIOME/, L
Fusion Science, | Smb Y (BEHIAER) BIVR 2 2J/cn? —HORARy F s, HICBREMZEREL,
Nagoya, JPN EI5% : YH-900 N RATAMY - : 400my (BES{IINY -IZESAI S OBEMETZ AL
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5. ‘
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Villeurbanne, FRA Bt Eg N RIS 1 16 ps XEBESEHAL. FOBELILABDINBE
10Hz TELMEMEELTINS,
Y-5[98A0437868 {National Univ. Nd:YAG RELRLE Al #3R EE 1064nm OBS A VAYE Tns O L—4F34 % 10Hz T 500%34HE8
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13 Oy FRA2K I—383 (L TThi) 12

14[B&~w F B~ w FERE BHR, ALiTE 1
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| EERFS— 1
4 xEH He~Ne L-—4— 2 0.016 0.032 3.43 0. 1
| BT T T ; 12, 000 12. 000 3.43 41, 200
7| %ﬁﬁﬁ%ﬁﬁmﬁﬁ) 1 300 300 3.43 1,030
s|IREAEE TL—EE 1 30, 000 30, 000 0.10 3, 000
SRR T— EHRE 1 40, 000 40, 000 3.43 137, 333
10[Z 0 A>5—0yo8 1 4,000 4,000 6.15 24, 600
1] R - R 7 4,000 28, 000 6.15 172, 200
[12] B 4 4,000 16, 000 6.15 98, 400
13 REE 3 4,000 12, 000 6.15 73, 800
14] ERN ST 2 0. 025 0.050 6. 15 0. 31
%?ﬁ%)ﬁﬁ 950. 5
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B, 0.2%7% HEPA 7 4 ¥ —HIZBETDLLT, TOHEEY kDO S L 0.052g &
25 HEPA 742 — 1 BOFEHEESL 17 (I FZ 0 X ICEBOXME) L35
L. 326 EORPBICIEHOFETTANF—KHERD, ThiZBEBIRL—¥F—|%
RUATLAOEHMUBERN 1 RLY-Y 1928 THDILE3EZ23L, E1HOKH
TESEEZBNS, '
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5.3 YAGL— ¥ - LARBRELEBE o R - EEERSREH
5.3.1 PR S #
YAGL—F— 2L ARLEBLRMNTIICYALY, BiIiREHE®2FR5.3.1-1 12577,

#5.3.1-1 YAGV—¥ -l 2K miEELH

" B : & #
Lr—¥—0BER Nd: YAGUVL—H#—
i e 5.0]/cm?
E & 1064 nm
BOEL 100Hz
Ishot ¥ 7Y 0.5]/shot
BEXRVE—
B AE ¢ 3.6nm (A7)
4078 T 0.1 p m/shot (EZX)
BAAE 90 (BZE, HWTHH)
5 He i B WYL 4 & Ar H Ak 4F (10N 2 /min) . B3]
74N F—ItkBBE (FV+HHEPA) RUBERSE

5.3.2 BT ot 20K

YAGUL—F—2AVWTRETIHEGOEA7u—, RUERAT v 7ILHIETIE
FHBORIERERANICIRBIAV-—F—DOBLRALCLCHS, 2L, YAGL—
F—DOHBE, REVAV—F—LERRBIAFERI 77— BVHILBHFETE,
ChIZEY V- F—REEORVELEFTELAR2I b, Z0XA )y hERBE
BiEBERFH LTS,

NEBETZ7a R LTREBIZAV—F—ORRLEDL20E, BBHE (X202 8H
SEBH. BB~y FEBREEBH) ORBIEBVT, 774 A% AVE I LI
LVEEEERI-—EILREADILLL, B~y FEBHPLTH, E—b~0OES
MELL RDZLEIA5LHDD, REIAV—F-OBECRRRERAT -V EIEHE#E L —
A HOBRBBELZETOIEEE LTVER, Z0BAE. AT —C0BENKHL,
BHEAETZ2IELTREND, FHREEZBRE~y FRZEBEFRRF—SHED
MRLPFATELLD, XoT, YAGL—F—FRAVEREIZATFATR, Bl~y
FICEEBEX -2 it 5,
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5.3.1 HOMBEBET, L—F— K2 ¥EEHSTHBERZLOTEHT AL LTLE
EHEEERROLETROLIICE S,

ftEHE = ©8.43X10°% (g )
(2.0Bg/cn* D 7 VEERFELTN S & HE)

SE a3 v MK :8.43X10°?/0.1=0.84= 1 (shot)

L—F—# DR LE : 100 Hz

BE G EE B — AR :3.6 om

VEEETEE :1.00%X10%/1X(3.6/2)=180 (mu/s)

IREY, ¢ 1. T mX3mOMHBORFFAICEETLEIHEGHE—FRIL2EH 1T H
Thikt~y 28T IR, NAFACEETIESRRENEHE 30 T
1EEGES LI LIRS, RFFA~OEEERE~y FORELREHEEGZ £V,
IRIZIN T FAR—IANVRAREZBHEERDD, —F, HAFAZEDNHE
. BEEES 2.0rpn BETHY ., EEZ—EBELERSOOREFETHDE, RELLE
REEEREONRD. LT, EEFMICS2WTHEHAFME T3,

IOFELEHBREAZRD 1 EEL) ORRERIL. BEMHE—-AZF% 3. 6on & L
T

16.0/(0.180X3.60%X107%)=2.47X10%(s)=6.86(h)

s, BMBEFICRLELIE, 1 BYE) 1EAET22LEL, 1 BEOEH
BEEZTHREELTAE, TORBREETIE, fIABRLHKABIILELRERZ2ZR L
BE,LBLENRL 25BN EHD, £2T. YAGV—¥F—%22E8FEATH L
L, BEEEERBILTILETD., Zhicky, REBRBAITI LI EO0KOESD
3.43(M A3, Thid, REFVAL—F—oBLRALKRESERTH S,

YAGV—¥F—DBEE, ECEFRAOXREMBEANZ LB TELILD, ThiF
ALTEHARAS VMO BERETIIENTEL, TOBORKRE~y FESEO—Hf %X
5.3.2-1 2%,

UEZRBRLEYAGVY—F—ICL2RPELABOVRT AZ#HELK5.3.2-112,
VAT LABEEE 5.3.2-2 LFRY, FEBEAVEES. EE TR ELTHRE
5.3.2-1CRMD L HIC2dLELLNS,
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55. 3. 2‘1 YAG l/—"f—%g‘gy T./ 2 FAEQ%I_%

RF A
]

BRIt

23]
L —J—DiZ5E : 0- Swutch Nd:VAGL —F —

ZILIVA : 5. 0J/cm?

HE : 1064nm

BYEL : 100Hz

Tshot 7= W AE T RA-F— : 0.5J/shot

E—ALE : ¢ 3, 6mm

IR 10, 1m/shot (GBX)

PR AEE : 0B (H&E. AVWTHEA)

ERsefril : 20/shot

P BIRITE : ArH AR (10Nﬁu./m|n) N 'ﬁ§|
7‘{)"9""[\.&%\ ki E: 2 S C

B &R

EREARESERMEOELEF T 2/ —RGER

ELfon 3PUEES
nf:ﬁﬁo -tﬁ\ -F*ﬁ

BRI SRS

B :BE:1.7n &2 :3.0n OFE

R

HE : &

B : 2040 kgGRE16mE [RE)

EE-£7)

XRIE : UF4/U2F9

: 2.0 Ba/cm?

35

xS ERREF

NERTRL2Z15
/B LTRETHIIE

LERW,

fﬁ%ﬁﬁsﬂ : 7R (9:00~17:00, P 1 BSEARE)

- EEOEEEBRICRES L3 EET 3,
- 1-FUR BRI S TVWB I SRR E T B,

REH

L—Y— 27 b

SBWR (T PAS— LX)

'ﬁEﬁﬁ%ﬁ(b—f—‘ZT—v\74»9 —a=

IRYBERAT—

Mw

IRPMARE (4 L—2)

ﬁﬁ%ﬁ%ﬁﬁ

ZANG=~T=y M

- BEREE

s IN—=F4ray

- EOfh

ZFomEHF

- BRI ETRIRE, JFIERAA Al

- BRREC IR RY EHEBHRS LS ICT B,

-BRRATF—VREEDH

- BEARNICL—YRSEISE, ArAARSFATF / X/, RE[
S ZANLDHBEFREEDO LWL S C—&IET 3.

Prife~w K

» 2P ANR—C L BIRIE

AEZFOEX

() BEIRVEBA

(2) EBl¥Y A

(3) BR{RAT—SETER

(4) L—REES

(5) L=HYFS A4 A B, BHENHED

(6) FHEYMBE|EEBRE)

(1) HAWE|REEE

(8) HAMRE T HERD

(10)BRR4ET

(1M)BH R F— /B

(12) Rt S BHA A b i THH

(13)E%c) > FEYS L

(14) ERp R

(57 4 Mo =5
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5.3.3

YAGHAV—F—Z X HRPAFEEH SR
FHEEzHEMTOIHBEO—RER 5.3.3-1 iz,

EENEREE 53.3.3-1 (2, &

BEERZMN 5.3.3-2 12777, ZBIR. #E 1.06 g n O 2L —F— i x4k
EELZLOHDOND : YAGV—F - ZRF AL, V—F—%&2BRBETTHEETLE
L—F—K(ORH., X¥x I THROKREM T, RETF7TLv—v3v 7
N—bDREZTILDORE~Y N, S ITHRET L —3 3TN —0o
B, FY VT HRERLT I - a7 A— A5, kE VA Ity
BPSENIDPErERTILDOERE AT A, REASHDEPHBEATIEDD
V- RE. FEASREZRETILDOEHAT—ULb#REN S,

HOBEHE.

375.3.3-1 YAGU—HWF—RPIAFAOEBEM - 4 (1/2)

No. ZEBE BEaE #* ¥ B

HL—HF—< AT L Nd:YAGL—F— K& lnfinity 40—100 (COHERENTH!) 2
HBEERK:1.06um BUELE: 100 Hz
BRHEHD :600md/pulse N EAE : 3. 5ns

2 BEBKFZ7— L—+F—H 2

3l KT F A N— YAGL—V¥—-%EER 2

4 P27A4ANR8—DyTFS5— (D74 —HBAB TF7AR—FF34+— 4
EFNLO9131—FS (A>»F38E) BU
T EHY—

5 REEI— FILZFEREEI T~ $30 4
TFA—30C05—20 (L H5axiEgn)

6 FYX L L—H—% B3R 45° BEARNIFV LA 1
RPB2—30—550 (&< xEan

7 He-Ne L —H— ToAAFERRA (18) 1
mME:05—LLP—-851 (L ¥whiga)

8 E—LZXTY s — YAGL —H— btHe-Ne b —H—DESH 1
HE : InSe

9 L>x YAGL—HERXLX 1
YDL—-30—-150PY 1 (HFohim)
f=150mm

70 L—HE—LIXA/N |[YAGL—TH 2

o — YBE— (2) (LT whipa)

11 HETHE IZ—FEREBA (1 8) 1
KBERASRRABES (FILEIAZHLED
HOA—3015LA (T3

12 RT Aty PR—2 I—30— (5) (7<) 8

13 ABZIZ—FhRLT— I—46K (TTHB) 8

14 Oy FAA 2K BHEES/, ANfGE 8

15|~ v K e~ FEEK HAEE, R, L)LidE 1

16 CCDAAS S k] 1
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#5.3.3-1 YAGVLV—¥—RRIIZATLOEBHEMN - T (2/2)
No. ®B A BRESL it L =g
17|74 08—y |EFRFEREBI=-v I (B FcA-60 (AXBHFAETHREMR) 1
- (BE74 L4 fTE) STk #1150 700X 52500mm
EHRE A 3. TKW
B8 : 0~45n%/min
FLtEZ 7402 F3%E:300%x250%30mm
HEPAZ s JL 2% : 610X 850 150mm
18 NEREES BES EYFEEREER (B ) 1
BEFELER - 40kV, 300mA
NI HEE 0. 1kW
AN ¢150(28)
18 RBEmF B BHRAyFRAT)V O TEHERSH 1
E1-FSs (<)
4% : 1504
FRE2BEBME : 1secklT
e IR .S R a o)
20 BHE B2 :FILI7FHXRBFEZS ALPHA-6 1
(MHEEDERAERE) (=5 42)
FHtik : 400x360%x310 mm
ZIBEAEE g L—EE B2z : DAM-3-4 (8H) 1
HEBKEE : 3000 kg
22|1BpEER T — 2 EHEE BiERUC—8$EH 1
23 BEEY Y BRRdzMOoizA 1
24 EE) SR8 méz) v 7EHEBR 1
25(F D A3 —0w 78K RS DILERRETR. YATLASL 1
26 HEHE - ERE L—4., BRMEESEH 8
27 e T L—4, BEEESER 4
28 RIGEER L—+, BEEER 3
29 N—=FT1saz T - 5500W x 44000 x 3100H 1
HE 85400
TR : B8y vy, B, B. BBET
30 BERAAS CCDHASHE 2

—B0—
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11750
55!00
3o o
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BRAy FRBER é/ L \ﬂ
6200 I 3500 '
(2+n-25)
[ (=]
=] H (=
\ .!h::::rq B s ] -
- - 'J‘l’ - -e.. - __-ﬁmﬁj‘m =t
77 [ - SAANG |1 e
f=] T 1 L ! 17}
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5.3.4 EEBREFE

(1) {EEEH
VAGUL—F—R L aRBEAEZIrBVNT., VL—F—RlofE. BRIELBRREXT—D
BoRE, BELZEFTHEZLLTEETZEE, V—¥—Mi3s (I Vv—F: 14,

MEBSEEE . 24)  BREATFT—VH3IL (FXV—F: 14, REFEEE: 2
&) DELXKETERTAIEREZOND, —FH. V—¥—{il. RERT—THHE
L HETITFIERE, EENE— T LABLIAOHBAR (REBELZFTTRMNERD
64%)?%%#6'&ﬁ%%6n5,:n%@%%u EEHERICIIEREE.
BRI IBERBCRVTEERER, AL —Vva VER2TIHLO0LTH,
(2) fEEIR
—BOEEBRER YV a— L ER 5.3.4-1 LFT., ARTE., V—-F—HIOTE
LERRERORAELLITEEE LEBS L EREREE LEESTNENLIES2VWT, &
ELR2BEFREREZTLTN S, WATIEZE L LEBERT 1 EORBRIE-x 5 KM
144, EHEEEL LEESII6ERM 09 S LWVWIFRER L, REAZAV—V—0
Bl VEREEBEARLTHIC L2 T, BTEERHAPEREILLOE. Y
AGL—F BRI RAZERBFETHEIE, 7748 FRBVTWDIRED, TITA A
vONMEEBESERSNDIILIRES, WThoFBIEBWTHL, 1 BORBEER
M (78R BARNTLIEDAENBTETH D,
(3) AvFFvRIE
V= F—fA T AL, BE 60Mshot (ZE— b2 PH® Infinity40-100
PEALEBEOT L TEM) BIZ1HE (48 BoRBLARIC1IE) OFET, 7
S9vadrIORR, I5-E07 V=V REERT S, TORIIEDE THE
EMEEMOSE (BBEEBOR o —-sFovr%) biT), £k, ERROER
Fevd, AVvF—uy I DEBERL V-, 2EBOEHSREZFEICIE, 58
MERTI2HDETE, AT T rAREIEERERENERETILOLT D,
PEEY, YAGL—F—Z2AVERBSOEMAESER., 1XH 211 5&R
5,
(4) BEEILER2—FT VT4 —EAEDORS
£ 5.3.3-1 R LEEB*RVEHO 1 BORRERHLELENRIC VT,
#5.3.4-21Z77,
(5) HELXRHEEORFH
KUATATHLELRIEESL LTR, V- F—R7ZvvaF07F, 741
F—ERHY, TOXB|BEERLS>WVWTRZZ v ¥aZ 720 TH 60Mshot {21
BMSNETHD, 74V —EOVWTHERBEINAV-F-—ORLREAER F1EOXHKL
T 5,
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B | L——BE START = - - 0:00 0:00 N
EEILET EB E’W’U‘ 15 3 0:15 0:15 Eg’;kf'“
(1)f&tﬂ3ﬁ%%qm
A |WAhBRED Ei; *'\__';E,Ef;u_ R 5 3 0:20 1:20
(4) TRAF—FESE
=Y 7544 [(1) He-NeSt &M EhEATE, FEER 10 3 0:30 0:30
_ (Cold{il) () EEIS—F o420k ) .
R ERGEET | EMABEEEA s 7 010 .
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(3) %L)'J'(“V—ﬁﬁh_(')_/b_t)
kz3 i ééz-r-/mﬁ@] 1 3 0:38 1:08
RS R EE (1 @%ﬁnﬁm@” 5 3 0:45 1:15
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#5.3.4-2 YAGL—H—REJEATLOEEEHE

—B5—

No. HEE Ha#E R (wﬁ/jjh ) Eg\;gt/%hjg E%iﬁlﬁ 1"5%;%%@
H—HF—2 AT AL Nd:YAGL—H—Z&& 2 7. 000 14, 000 3.43 48, 067
2|fFR He-He L —4— 2 0.016 0. 032 3.43 0. 11
ABRERAYE CCDA*Z 1 0. 025 0.025 3.43 0. 09
H7qLB—a=vF %Zgifﬁgéé; 1 3, 700 3,700 3.43 12, 703

5| FERERE 1 12, 000 12, 000 3.43 41, 200

K *%ggi - 1 300 300 3.43 1,030
TREARE IL—T B 1 30, 000 30, 000 0.10 3,000
B|BRERT— BanEE 1 40, 000 40, 000 3.43 137,333
sl F it 18—0v 78 1 4, 000 4, 000 6.15 24, 600

70 HIEE - B 6 4,000 24, 000 6.15 147, 800

11| B3 4 4,000 16, 000 6.15 88, 400

12| ELEIE 3 4, 000 12, 000 6.15 73, 800

13 BRNAS 2 0. 025 0. 050 6.15 0. 31

*3’*'%%%)’3& 587. 7
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5.4 BET7T—J LB BELET o R - EBESA
5.4.1 B S8
HEF— I REEBLZBHTIICY -0, SiREERPES5. 4. 1-1 2R,

o

i

F£5.4.1-1 ELET—JI2LX5KE §iESLH

HE & #

T— 7 B 200 A

40 2 AR 20cm?

BEHEE 0.5 Torr (10Pa)LLTF

&0 78 T BE 0 2.5X10°m%/s (1 p w#® 25¢cn?/s THE)

FERmEREE |-HE EZERS., 74405tk 5RKRE
(7 L +HEPA)

B KREREFII v IABICRET S,

Iy I RBE (BER 10cn® %Y
1 EZ2#) KERT S

5.4.2 BT a2 0Kk
(1) WEBEOER7a—
EET—7Z2AVWIRETIBE0ERATr—L, BRATF v 7 ICHIET 3 EH B
EE5.4.2-1 KFRT, FBIZFRT 70— THREEXZTIES., LB0E 7
DEAZBWIHIERNALELRERE LTRTESZET NS,
© BREXNEBHOREF &
@ BEhBpoELFE
@ Zoff
ChoBHBISDWTEHNLEBRZUTIZRT,
(2) BREXSHOREFEORS
5. 1 LA LIEBRBEEET -7 2AVWTKRETIHEE. O EEBEOARFE
(Mmaad, £60) |, © BRENBRBHOREFA (HEX ). BEEXH) . @ ¥
B5t (MEBEBHEEI0. B~y FEBBEEIH) . @ £2EFH (B
HEVMOBALFZMAPLEET DI, BFRAKEETIH) KOV TRHL, B
WWEDELIIHHEAL, RETI2NE2EDILERDL D,
P HERBEZEDI IR LTEREEANIEDVWTHE, RENKEFIHH
MICRZEICT 56, HECEERIERIMALHBVET L ihb iRy,
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MEREBLIRDIILENBTHRENDS, T, REXMLELRERICE %% BERT D
TLIEbARY. TR EABERAOLE LB, T TH. REREHLKLEE
T2 FBEzHERTI L., RENSHWEEMTHELEERBLEHFTLZ &
ET 5,

BRAHEMEZEEEENIIEMTIEEG. 25 avr X7 T 508EEL
W, BREGSEHORESMIZ 5.1 HIIKFRLEABEOEE, BRAAGTHIH I E,
L, ZORKIZLELEHBZIZTI0o08, EERa 7 MIhB, £, A3
EHLEEZRITHEFREO 7 I o UV2RETIEIE., BER3&HL, 2oL
ICRRAEMEFRETEZLLO5T 5,

B#EE, EEFMICS2VWTER, YAGUL—F—ORLEBIIRLERDE2EE
SHE, BRE~y FR2AOBREIFMIC— BB I L3 FN2ERTIZI L LE, B
MEYAGL—F—0REER, EELREFESZELNI DB TH D,
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Figure 2: Distribution of redeposited material

Figure 1: Typical ablation rates for Cuand 316  on a surface after laser surface cleaning. Two
S.S.in He, Ar, and air with the use of 15em £1.  different focusing lenses were used. 10,000
spherical lens and laser energy of 500 mj/pulse laser pulses at 400 m}/pulse (50 Hz repetition

at 100 Hz. : rate) were used .
Ba .
Table 2. Laser Photoionization Schemes for
. Selected Radioactive Contaminants.
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Figure 3: Fluorescence excitation spectrum of
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Table I - Removal Data from K-Hest Concrete Core Sampie Chips
Specimen Laser Pulse Average Total Test Target Height Final
Condition Type Power Power Energy Time Area Removed Depth
(#) ) (J) {s) ('} (9) {mm)
Dry Pulsed 1,593 1.86 4,690 2,523 5.1 x 5.1 0.173 2.29
Dry Pulsed 2,579 3.01 7,590 2,523 5.1 x 5.1 0.296 3.91
Dry Pulsed 3,710 4.33 10,920 2,523 5.1 x 5.1 0.426 6.05
Wet Pulsed 2,857 3.33 8,410' z,523 5.1 x 5.1 0.062 0.89
Dry  Pulsed . 3,711  4.33 11,680 2,700 . 15.2 x'15.2  0.759 NA
Dry cH NA 620 18,600 30 17.8 x 25.4 - 1.546 NA
*Specimen under 1.3 cm (0.5 in.) of water.
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Table 3. Reievant Parameters and Estimated Time Required to Decontaminate
WINCO Tank Using Excimer and Nd:YAG lasers*.
Laser Excimer NEYAG NEYAG NAYAG
[Quastek 2460 vB} | [Continuum YGEEO] | [Continuum NYB2) | [US Lasera)
Aep. rale 150 Hz 30 Hz 30 Hz 5000 Hz
Pulse ohergy 250 mJ 150 mJd 700 mJ 50 mJ
Pulse width 25 ns 8 na 10 ne 150 na
Forussdarsa | 0.1 em2 0.037 em? 0.14 cm? 6.7E-4 cm?
Pulses/atea 15 15 15 15
Time 11.4 hours 151.4 hows 40.5 hours 51.1 hours

*Calcutations based on TE0S W/cm? iradiance for excimer laser decontamination and
SE0E Wiem?2 lor NA:YAG lasers. This choice is explained in tha Appendix.
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