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1.

surface cleaning(A<g)

^ Laser radiation* -̂g--5]-̂ l SJS14. Laser

•§• Laser radiation «fl SJsfl

Gamma-rayl-

2. (22>23)

ell °1^1 (LASER)fe- Light Amplification by Stimulated Emission of Radiation

l t ^ (Directional)* 3fe4.
71^71- ^ . ^ ^ m 3. Afl 7171- # ^ * | ^ i ^ l ^ iS||ol^|^ 7l5]S}

^ (Coherent) <>14.
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7] (resonator)

ic amplifier)

^M!lhAhg

l.

1 o] ̂ | eq

dye &H°1̂ -1
Nd:YAG efl^)^
GaAlAs m°]^
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lfe FW1MW 5U4. PWa<H£ Q-switching «m mode-locking^-

Ins fy£

3. Laser surface cleaning 2:7] "ST1-*

Ames ^ ^ i f e 1990̂ -E^

°1 ^ ^ b 1989 U. S Department of Energy(DOE)

2-.71 DOE site

- DOE

DOE

ALARA(As Low As Reasonably Achievable) € * H ^ «fl

4 A | ^2J-S]-7] ^o)| i^«).^o> ^ 4 . A>-§-^[ laser ablation

-MS. 511°]^

ifl«l| Westinghouse Idaho Nuclear Company, Inc(WINCO) ^ 1 ^ * .
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4.

(1)

7\.

%}O]-A] 4e$7}^6!\ flit!- iflfl-SL -M^£- 94>d l € ^ WINCCHH ^ s l ^o ] 90cm

3 ^ 59cm ^ 1 0.85cm f } ^ ^ fl«

4 4-^* |̂̂ «V7l

-4. Ames

^ HEPA

photo detector

5fl ojx-] : Questek 2460 rB , $14,300 - $22,900

NdYAG ^ | ° H : Continuum YG 660, $8,450 - $13,400

Nd:YAG 1̂ °] *\ : Continuum NY 82, $13,250 - $21,500
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Computer*
System

Exclmsr
Loser

Transiationsl Table

\

A

Lens' CoTlection Cell

Support Frame

^ 3. 3jaL*fi<g

Loser
Beam
Path

Mirrors

Laser Beam

Gas Flow In

Quartz Window
L.

Supporting Rod

Cylindrical Lens

air flow f air
focused laser beam

% 4.

- 6 -



Equipment

Laser

4bd-b&g@d computer end

software

X-Y-Z talslab and centroSier

rkstsiKmaS stags end controller

Cryoganks gas reeircittatkm

system

Energy m«ter

Optics /"ilrrofs and cylindrical
lens)

Optical tsbia

6ss rseuiator

Hato^sn gas safetĵ  cabinet

Lossr (3s{:lac0mervt sensor

Optics! mounts

Parliculate coilaction cell

TV monitof & camera {remoio
viewing)

Parsons! safety devices
(hsaring, eye protection)

Exhaust pump

In-line HEPA filter

Fiber-optic dolivsry system

Eaeimsr
(Qusstek 2SS0vP)

S60.000

$7,000

SS.500

S5.200

$5,000

$3,000

S2.100

$2,000

$1,900

$1,700

S1.600

§1,000

$1,000

§500

$500

$300

$200

N/A

Md:VAG
[Continuum YG660)

$30,000

$7,000

$6,500

$5,200

Wot required

$3,000

$1,500

$2,000

Not required

Not required

$1,600

$1,000

SI.000

§500

$500

$300

£200

7

Continuum NV82]

$60,000

§7,000

So,500

S5.S0G

Not re-cjuirtx!

$3,000

Si,500

$2,000

Nat raqulre^

Not required

SI,600

$1,000

S*.,000

$500

$500

$300

$200

?

~ 1 —



(2)

4.

nitrogen -g- i«]«>Tr^l 90W

NdYAG ^Ihl^fe

30 Hz S 1211 •§•?!: 30̂ 1: shots

Nd:YAG

4*
4 . S.-&

€-£4. ^°i $°W ^V^^i0} WINCO

330g ^ £ 7 } *!l7^4(*l]7l^ 1:^31 ^2^-g: 8g/cm3). 3

HEPA l E ^ s j a n°}7.] 4^^-9}: ^ J ^ f e - ^711-^ HEPA

. HEPA

tt-4. ^elat ^14-8- 7 } - ^ ̂ Biioisili ^ . 1 HEPA

=r a7] T4|S-<»14.

i

S2



11-4 Nd:YAG

fe ^ lOOHz, ^)^H ^lol^fe 300Hz

150ns ^ 4 4 1 kHz

1064nm #%t±.4^ Q-switched NdTAG Iaser7> eflo]^

* Q-switch

Q-switchfe -g-

AO-Q switch^^ <2°i*l^r € ^ n°}*\ ^-Sr ^ 1 ^ ^43 kHz

1 ^ ^ - ^ 100ns

* YAGCYttrium Aluminum Garnet)

^ Y3+ ^]^s] ^ ^ 4 *]£s} Nd3+
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32.

Esidmated Tank Decontamination Costs (Ceiititasiam YG6&G).

Estimated Tank Decontamination Costs (Continuum N¥S2).

Set-up labor

Stoo.ooo
$ 17,375

s.eoo

N/A

faster (%)

0.5
1

S £00

174

S 0

300

280

S1302
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4. °H $ Laser surface cleaning

7\.

Westinghouse Hanford Company °!M

YAG

(D

3.5ms 40W PW YAG

Pooler

600W CW

Hanford Sit

1: °l-§-«fl X-Y tabled

5.3.

Specimen
Condition

Dry

Dry

Dry

Met*

Dry

Ory

'Specimen

Laser
Type

Pulsed

Pulsed

Pulsed

Pulsed

Pulsed

CM

under I

Pulse
Power
w
1,593

2,579

3,710

2,85?

3,711

HA

.3 en (0.5

Average
Power
m
1.86

3.01

4.33

3.33

4.33

620

1n.) of

Total
Energy
(J)

4,690

7,590

10,920

8,410

11,690

18,600

water.

Test
Tine
(s)

2,523

2,523

2,523

2,523

2,700

30

5

5

5

S.

15

17

Target
Area
(«/)

.1 x 5.1

.1 X 5.1

.1 X 5.1

1 x 5.1

.2 x 15.2

8 x 25.4

Height
Removed
(9)

0.173

0.296

0.426

0.062

0.759

1.546

Final
Oaptb
(m)

2.29

3.91

6.05

0.89

NA

HA
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(2)

^ 1 ^ fl^ j 1 4 ^ ¥ 1 o l | ] H 0.64cm

930crf § 3 J ] l t *|]7i^ ufl i i s f f e A ] ^ 4

%fe 1.27cm

, 14.7% ?

4 . Laser paint stripping

: ^c]^ $£ oi-g-gfo

: Mare Island Naval shipyard

SI4. °1»4 n^- ̂ -̂ 1̂
MIS] sand blastion 4

4-1-4

4fe 4^-# 4-§-*M 4 ^
7]- 24^-S
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6. 7.

1.5

Pulsed Laser with Overlap

Pulsed Laser without Overlap

600-W CW Laser

I
U

0.5

5,000 10,000 15,000

Laser Energy (J)
20,000

5.
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. Laser ablation of Contaminants from Concrete and Metal Surfaces

(1) A ] i ^

F2 ISjfe ? Jl

1, 2)

l , 3)

t « , 4) ^l°l^i

Tetra Corporation^

CO2 1̂

. 6KW

i t

(red-lead primer)

X-Y

10 mil °11^-AJ7> 2-t^.S. £ . £ € ^-^-i-

fe ^ 6.5E5 caf/J °14.

4 mil

14 -



Remotely Located
Self- Contained

Mobile Laser

Electrical
Power

Plus

"System Controls
'Safety Interlocks
•Instrumentation

Adjustable- Length &
Swivel- Joint Laser
Beam Guide Tube

Contained
Jl Laser

Beam
Gas/Vapor & Patticulate

Filtration System

Vent

Long- Run
Filters

Remote Control
Mobile Robotic Unit

Vacuum
Pump

8.
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PULSED USER BEAM
FROM REMOTE USER

VIA
ARTICUUTING OPTICS

VACUUM TO
FILTRATION

SYSTEM

SURFACE
COATING

AIR FLOW IN
UNDER EDGES

•'-SUBSTRATE

NOZZLE PLENUM
CHAMBER WHEREIN

AIR DILUTES ft
PROMPTLY COOLS

GAS/VAPOR ft
PARTICULATE

PLASMA CLOUD

9. •£.£!•

LAB FUME HOOD

NO22l£(Th»d»

EXHAUST

X.2 SCANNER
WITH COUPON
IN CENTER

Drawing Is not to scat*

LASS? BEAM TUBE (fixadj

—7T\

RCOMRSF.
SAMPLES

GAS/VAPOR & PARDCULATE
SAMPLE COOECriON POINTS (8)

TESTJQ

MUFSK" OR EQUIVALENT
VACUUM WITH CHARCOAL
403t/HEPAFH.TEH3

10. *

16



Laser beam in
via articulating
optics from
remote laser

11.

- 17 -



(2) ±

150W

xr^}, DOErr F2

-§H

^l 600W

Laser-Based Surface (leaning
Prototype FullrScale System

Moyni on-line rad &
spectral sensors on

scanning capture nozzle,

* -V

-•> On-line real-time feedback & control
of scan rate and laser pulse rate.

-> May also lead to on-line assay capability
as material is being ablated & deposited
Into on-line final disposal drum.

-L^ 12. 600W Full laser system

- 18



]-. The perfect strip Act (Ames Laboratory)

laser surface decontamination

*)e] n|-§-ofl f^-g- ^.jl &4- ° H 7 1 ^ 1 4 4 ^ " S ^ S . fiber optic 4

Q-switched Nd:YAG laser t- 4-§-«rfe Laser light ablation

Tii l̂-g-«}-7]l ^ S i 4 . ^ ^ ^ i ^ # ^ r ^L^^^s]- HEPA I

LMIT(WESfCO/Lockheed Martin Idaho Technologies) 4 ^S-S- laser

decontamination system & apparatus^ 9 6 ^ ^ US ^-§1(^5: 5550,851)1-

200W $o]^ ^ 1 ^ ^ 4 7>^^ tfle* $100,000 °}t\;

K Laser cleaning and Coatings Removal

7$$$% 3.^47] 7}^S, S.%- PD 680(I,n,&III) methyl ethyl ketone(MEK),

methylene chloride(MECL), 4^

4.

JS.
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C02

y } . Complete removal of paint from metal surface by ablation with a TEA CO2

laser m

TEA C02 laser(500W) f i

SUS

M ^ , DFM(dimethy-formamide)^-

^ 3 ^ ^o ] DFM< |̂ ^ # «fl EDX(Energy dispersive X-ray)

16(H3l, ^ ^ DFM# 4-8-^l-i- nH^]fe 500-1:

DFMfe

- 20 -





14. SUS EDX

# , b. 10 ^ i i J

K Surface cleaning of metals by pulsed-laser irradiation in air'(14)

KrF-excimer laser*

22 -



15. Cu substrate^

16. Al substrate^!

?l7K70 mj/cm2, 600 pulses, a ?!7>^)

<y7>(375 mj/cm2, 1 pulse, b

5. ^] 7-1 o)l

71-. t

h: rn:

= I/a : -

- 23 -



^ rn >max[|,L]

£- 3.14

fe z=0 3.25L

Mo { \l z-2aat\ . , ,
exp(a2af - za) 1 + erf—o r- • - exp(-a2ar)

z -2aa{t -T)Y\
X 1 + erf -

B z + laat \ . . .

xll-erfi+2aa(f-T)

z2fa~\ i-z2\ ( z2 \
+ 4aJ— Vt exp —-— \~it-T exp - -—- r

V ir I \ 4at ) \ 4c(r - T ) )
I z z

+ 2az erf-7=^ - erf 7-7===—=

(3.1)

T Ago a T_
7T G

(3.2)

al, Cfe ̂ r̂ -1

4.

7J-14
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o|.§.6|)

Hertz-Langmuir - Kiiudsen -̂ --aq ofl s jsg^ AI 3.34

J = J t - J- = ffo(2jrmkTv)~1/2(Ps-P) (3.3)

Tv:

J- :
a0 :

, P s

4.

(carbon black, soot, oil,

4^-4.

, Ta:

1 , <z

T=Ta (Tc

Carbon b lack^ soot^l A]7]

T v > 2000°C ^ - ^ -

#^ - T^500°C

5} 71

25 -



"3t ^ .S /I o=l.O pn, r=10"3, , Ka=0.01crf/s,

4. <p ̂ Cleaning onset), 0 a (ablation)

If
Carbon black, soot

i t

i c

r 0 i T/cnf
5(4)

13(10)
10(12)

99(80)
99(80)

224(210)

6. Gamma radiation detection

gamma-ratioactive sources

camera(GVC)^-Tl ^ 4 .

detectorl

gamma camera or gamma-vision

detector, 1̂ gamma

LSl RadScan 600

Gamma Scanner^- AIL^ GAMMACAM °|cf. S3r ^-& PNC^l^

(25)

1990\! l € i DOEfe -?I

- 26 -



(RID; radiation image display)

(1)

, PNCfe

1500-9000

g-SJE-I-

4. -i tfl

3.5m

- 27 -



7 detector

Power
^l: lMev)

Detector -r^l
Detector B.7]

RID
CsI(Tl)+PD~
<l> 28x50mm

50mm
1/100

300(W)x350(D)
x900(H)
5

10,15,30,60^-

17.

<1> CollinaLor. © TV eam.-tti, (J) ihnKX uax

i.% 18. 13-4%•

- 28 -



(f) Sealed piî iUon o; radioa-tiM jibstsn 5

19. 20. HJ-

, r.i.i n After dccuntasiijiation

Tk display of Hgh-lcvel contaaiinatian (0 shifted U> the ilisjflay of

io*-levet wnUfflihalioo, (2) aid @.

21.

- 29



. 51 ofl i4*l wov4^ *1 ̂ (H igh-Energy Radiation visualizer; HERV)(41)

(1)

A] 4^-0] 4 . gamma-vision cameraCGVC) %••& gamma-visor fy ^

^ ^ » ^71 ^«B 7fl̂ - 3584. GVCfe 4 ^ - 4 ^^r °l-n-S 4 W 1

JL^r^^S Ar-g-^4. °) "^^ 100m TleJoflAjs. i i f |>-o.JELS.

] GVCfe- ^

%••%•£• iJ.

HERV

(2 )

© ^ * 1 =?•<>§

£^^8r HERV

- 30 -



si 4.

x _ r a y o r

*r X-ray

40mm, ^7)17} 6mm, 1000711

^ - ^ CsI(Tl)4 3-

BGO

fe ej 35kg°14.

fe IBM

. CCD

PCi

- 31 -



Cofinator

Lead stopper i

390

168

.̂—-

oado a J

1

0 346

22. HERV ^

23. HERV # ^
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CCD

£§ i£t- pc

RS-232C I I S Host PCSf « g ^ € ^ . PC

*> ADC°1] ^§D ^ 4 = ] tK £7l CCD Se)1

224 £ 4 . IBM PC £

^ * 1 ell-

IBM PC

CCD ^ S ^ i ^o]H>|

1 = S1 SL

03 4. Eife. C C D DI IE .^^ s}-€4

CCD pf lS^ i

Host PC

CCD ^lm^^-fe
•a#3 si C C D nii

. Host

. TV

24-26.^- lm ^ 4

- 33 -



*\ # <T 5£4.

mm <3# CsKTl)

#6<}- ^]^^£- 1.5mino]4. #e]p||oiEi #<y-3j- ^ ^ 7 ] 7]Bjfe 12cm*] 4 .

fe HERVfe ^5 ] i s . 4 «114V£(§1-^- ^ ^ ^-.g. 1 2 J£ 4> |5 i^- *>-T-fe 1.6S.

4 . ^ l ^ ^ 0 ] ^ ^ ^ ^ - ^B] 3:0)1 ^ ^ <g^.^ ^-0. ^ flt)-. 3 . ^ 26^8:

5 f e 27fl
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1

24.

25.
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6C35
5S?1

•4643

£706
2322

465
i

26.

fe HERV5] rfl

PC

|E-Tr Host PC^l^i -f E) 200m 4-§- -r ^- HERV

- 36 -



: 2051

Cs-137 i^of l tflsfl

.-i : 7.4xlO8 Bq

-S-;£ : 2.5x106 Bq/cnf

oii tii«fl ^ i ^ f e 70 f

: 10- 40 °C

, ]0m 7]

^ltt- - t # <d^-ir°l l5mR/h 3J5L1J nfl -I

t})* HERV3] ^°1 ^ H i ^ o l ^ l - iiaj 273)-

î HERV

t ? l ^ TV

::!?] 27. TV

4 . Gamma camera

(1) RadScan 6CX) Gamma Scanner

CO

BNFL-°-l RadScan 600 Gamma Scanner:e

- 37



. °1 RadScan 600^

7111-

X]CE>6\) ^^}^- ^ ^ pcfif ^<Hje.l-ol) 2]*H ^ ^ € 4 . ^ 3 L ^ ^J i fe Windows

SW1 ^«a jE^ ls ]^ , VCR°fli 7]s-£lt}..

(2) 4°^

^ # 7 l «)]H 3.7] : 315nmi(h) x 370nrai(w) x 435mm(d)

7^%7] «||H ^7fl : 55kg( Cs-137 -§-), 30kg(€£S^- -g-)

: 340° pan, -40° to +90° tilt

: 6° /sec pan, 3° /sec tilt

CsI(TL) scintillator photodiode

: -100 keV

^-e)- CCD

: <10/iCi for Cs-137

: 0.5 -50m

: <10/«Ci to 0.2Ci for 137Cs at lm

: 0- lGy/hr

(2) GAMMACAM

GammaCam^r ^

- 38 -



A 31H- 3-y] '• 380imi(h)x 250mm(w) x 480mm(d)

71 -sfl J=. -Y-/11 : 25kg

A '• High densiLy terbium-activaed scintillation glass

tl'A] : ljuR for 13'Cs point source

^ t 'S?l : 4 -8tn

^ 3 : <80keV to >1.3MeV

•£•# : # ^ Bfl-VLoll̂  *} 26m

ftcrfOw

ml
it "

\
1 i i

28. BNFL RadScan : i ^ 29. RadScan PC

- 39



The G a m m a C a m ™ is 3 portab

gamma ray imaging system that

revolutionizes :he assessment of

radiological environments by

providing accurate two-

mappings of

gamma ray

emitting nuclidc;'"

tji roal time,.

Remote operation

and cotitroi allow

safe imsg^ acquisition

in high radiation

environments, minimizing

operator exposure.

-?-%! 30. GarnmCam

31. GammCam°l) ^Itt 5 . ^

- 40 -



7.

laser ablation^

°il| fe Gamma-ray Camera^*]

Filtering

laser decontamination system)!- 7fl̂ r•

efloja]

Gamma-ray Camera^ # ^ ^ 4

, Laser # ^

i^(Remote

>. Remote Laser Decontamination System

Hot

Laser

fe Moble type

^ Telerobot(^-^32)i

: Buliding & equipment .

: Uramium & other radioactive materials

Q-switched Nd:YAG laser (60W), Remote Position control,

Suction nozzle, HEPA filter, monitoring system

- 41 -



-L'-Q 32. Telerobot

Hot cell

System control

33. Remote Laser Ablation System

42 -



Gamma ray Camera 7 } ] ^ " ^

>ef point source^W A a] #

Gamma Camera!: 7H*

^] ^ l ^ ^ i gamma-ray image display

•" "?••*<] : gamma detector, camera

- € ^ 1 : * 4 - ' ? Q(Ci)?] point source °)H -̂&1 d 7]'Aim) °HAi-'5l

X(R/h) fe *j 6.1 4

X - K- Q/d2 (6.1)

K: gamma ray 60Co=1.3 R-m2/Ci, !37Cs=0.34?
 131I-0.23

34. Gamma-ray Camera
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