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Abstract

This study aims to conduct a comprehensive analysis and technological
assessment of dismantling work associated with specific structures within
nuclear power plants. The project focuses on three closely related themes:
dismantling technologies for decommissioning nuclear power plant pools,
cutting and disassembling techniques for large metallic structures, and the
potential application of laser-based decontamination technologies. Through a
systematic review of relevant domestic and international literature, as well as
case studies from other countries, the research seeks to provide practical
regulatory recommendations and technical support to ensure that

decommissioning activities are carried out safely and efficiently.
Subproject-1 :

This subproject focuses on contaminated pools within nuclear power
plants, using the technical reports published by the International Atomic
Energy Agency (IAEA) as the primary basis of analysis. These reports
consolidate global case studies and operational feedback on pool
decommissioning across various nuclear facilities. By extracting and
organizing key findings from the IAEA documents, and supplementing them
with more recent international information on pool decommissioning, the
study establishes a clear research direction and core analytical framework.
The research further summarizes critical considerations related to pool
characterization, sludge removal, selection of dismantling and
decontamination technologies, and radiation protection measures. The results

are intended to support domestic regulatory authorities in identifying essential



safety review elements for dismantling these specialized structures.
Subproject-2 :

The purpose of this project is to collect and analyze data on the
dismantling of large metal components from the reactor containment
structures of decommissioning nuclear power plants. By reviewing
international literature and practical experience, key issues and considerations
were identified and analyzed, including cutting and remote-operation
techniques, pre-decontamination procedures, and waste management
strategies. In addition, several regulatory recommendations were developed,
such as establishing guidelines for dismantling plan reviews, enhancing waste
management practices, strengthening international collaboration, and

building a dedicated information database.
Subproject-3 :

This subproject aimed to conduct a comprehensive literature review and
technical analysis of laser decontamination technology for components,
systems, and structures during nuclear power plant decommissioning. The
study confirms that laser decontamination offers significant potential in
reducing worker radiation exposure, enhancing decontamination efficiency,
and promoting the volume reduction and recycling of metallic waste, due to

its characteristics of non-contact, high controllability, and remote operation.

The research focused on decontamination mechanisms, system design,
technical differences across various environments (gaseous and liquid), and
associated application risks. Through analyzing international case studies and

experimental literature, the project compiled key technical parameters and

iv



regulatory considerations for laser decontamination. It recommends that
subsequent research continuously gather and analyze international safety
management practices (covering radiation protection and laser safety
standards) for these high-power laser systems. The findings are intended to
provide technical support to Taiwan's nuclear regulatory authorities, serving
as a basis for establishing future laser decontamination operational guidelines

and safety management frameworks.
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S W N R R
D #£H4- AR QT EFE > Mg EFRPEHEHDHF T
(2) &= £ 45 UG SHEE » LR KD P AT A

B) = F2r F PR 2 TR A L L ) R T gk R
(4) IR FLE2 BRI IFTRE

(5) & * ALARA RR| > 12033k (T4 B A AR B4 7% |l B

6) B pBpTE2ARINREBEY 0¥

(7) @A B* Fanid o 2 452 Al PP FSELE 5
(8) £ ¥ 7 i Sl EMIE 7R3 (TR PRTRAE > m T BH AL angis
(0) LHINR LS BRAGFEF > TR P 2RI FE

(D832l 5 0tk 5 @ fp s 128 W
(IF &5 A AR F T~ TG PRILE P75 K05 ¥

342 HpFFh iR
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(1) ¥+44%8 2 =i {7 5k 2 #f Jf (Water jetting and spraying of walls and
components)
(2) # * F e h] + & 2% & m (Manual scrubbing using abrasive brushes on
surfaces)

(3) # * 7 H 2 dF a1 B ik £ o % e % (Scrubbing of surfaces and



components using power and remotely operated tools)
(4) * e vt (adsorbents) ¥ v # & 4+ 532 {7 i § % (Chemical cleaning of
removable items with adsorbents)

(5) ¥ #)(Sand Blasting £ grit blasting)
(6) R uxd it 8 %4 (Chemical leaching)
(7) R 52} 3738 %72 (Dry scarification)

(8) reddeg Wi 7428 &K 4 v &+ (Ultra high pressure (UHP) hydrolasing
using rotary nozzles)

(9) = 3 i B3p kB (Carbon dioxide pellet blasting)
(10) = # K,lrt 73 % 7 f&¥ 5k (Electrokinetic decontamination and electropolishing)
(11)4=% % 423 & % = /&J2(Vibratory and ultrasonic finishing)
(12)+ £ 3% & (Strippable coatings)
(13):w 4 ~ & | &z (Harmonic delamination)
FRBRFF A(CTHEEF LA ST ipe )7 ’ﬁz"-’b"éfﬁﬁiﬁilﬁ@
L2 BINA s Aw Gl
(1) $13;me i@ fe~ek @5 BRAH > R LI pFES
e & RE
(2) % 234 %Iﬁ‘!"{f 730 ¢ 35T XA K~ k¥ ef s(shot blasting) ~ iR
4 77 = (concrete grinding) ~ ] #](shaving) ~ %[ (spalling) ~ k¥ & ~ 523
B % Fik T # 0% B4 ik (electrohydraulic scabbling) ~ % % 4 44 & 42 5%

(robotic wall scabbling) ~ = #)(grit blasting) ~ % /& -k #f &4 3% (Ck & &
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hydrolasing) ~ $k 141 FifF(FR > Z2 e 45 A WER)~ FF 2 25 F
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TR i SR E > U2 BIFBF &7 F 5% Dk e BBk S (water
jetting ) ¢ v JE (spraying) = #* iz (rinsing) » ¥ i 3| § pxeiif i3 sk ek A R
FERZERY IERE AT AL FERE - BRHARAGG S RAE
(decontaminationenclosure) » &4+ #-H % % A KA EHAHF TR > ¥ F
Fo ks b2 ke SO R Ao gAY R ko RS
12K 2 B (active water treatment plant)i& 7 £ i 7k a2

M3 (7 B SE I ek 3 7 R AP 1 B4 2 R £ (Swab measurement) o
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ook Ao EARB RS o PIKBE I AR T T L
TRGAEN R GR 2 FFAL R T SRR F R - BRI
P E 67 U FulL B Eairid™  Ra o 8 RATHE AR (Bl4o A

A% & AP % #L based on alkyd paints) Rl i 5 @ * 5 2 ¢ BP AL
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C
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3 > &AL
(1) ® &-k &+ (High pressure water jetting)

(2) # * FEHEFEH f 73 (Manual decontamination using abrasive
materials)

(3) ri-kEHymibiekER T 45 4 #5c(Water screen flow to wash walls and
control spread of contamination)
Bl 1-11 %2 B 1-12 B o) 3p? w 2 I Pojir > i 2 B |+ AF’K # Dounreay

b (P! + 5 RE)RP STiETarEE TR

b A L )évfﬁ‘«kﬁx#?’ 57 E —F R R R s R E RSk

Bl ERES T LR RS R AR BT TE 2 Rk

®H o Rk k(Water screening)id ¥ F EG iR R 0 RS IF L
ARS8 R i RER I i SRS O RE ’

Bk - de @ gk { F o

%R BIER Re st SRS VE G R o LB 2 piR a2
BB pen™ 2 > R B R B E 240 MPa sk SRR 7 R R OK T S
(hydrolasing) s »afd 7= £ FIZER o dok e 4TI 2 F 5% 0 BI7 M i
i+ TR (T 4e IR 0 Berkeley 5 ® fq*u‘-é— 7 gz 5 @4 (planning) ~ 5 ) (grit
blasting) # zz % ;' e 4& £ ¥ (adapted rotary peening) & HjiF o 5 7 FFak 7§
AR LK LK TRERG B D PP G SRS E ARG
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Bl 1- 12 % & Dounreay 34k (-7 + & B %) ks R “,ﬁ% ]

Bt A BARAT GRS ¢ 0 o B AR % B R PR PR AT o
AREVA & 8 3 15 Mo lr BBk 2 ks g @i I 4
S AR IRALR 0 BB ACE B RS R 0 1 & R FIARG A 20 R
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TR L (susceptible) ~ # Z 3 314z i # i 4 B 4 (Stress Corrosion

&

Cracking, SCC)™ 2 A 4p# e+ » A B E 1WA S R+ o F *
shi L £ < %8 73 4% 4k (austenitic stainless steel)(]4- TP 304) » $3% F & B
Ko B HRALEAT > 5 RT R SRS FRBEA kP
7R BV Y oiR D chdg e 1Y R SRR RS IR IR ) enfg il
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&
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B2 ZPCBAASFNEIL > Vit € 2/l K3 2 & PCB A

FILHE LA L[S]) 9343 & BT PCB R & %405 &2k hip Mp
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Television Cameras, CCTV)i& 7 & 2 -
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REGULATORY ENGAGEMENT
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I 4;5{@,;? RIrLF PRl 4B 3 o

%2-145% 72 ¢ 2 gk dr

Pipe Material Inner diameter (cm) Thickness (cm) Contamination level
Cold leg pipe (RCS*) Stainless steel 69 6.7 LILW?Y
Hot leg pipe (RCS”) Stainless steel 74 7.1 LILW?Y
Main steam pipe Carbon steel 66 3.5 vLLw?
Main feedwater pipe Carbon steel 36 24 viLw?
Drain pipe (1) Carbon steel 4 0.5 viLw?
Drain pipe (1) Carbon steel 1.8 0.3 viLw?
Intake and outlet pipe Carbon steel 4 0.5 vLLW?
Wet well vent pipe Stainless steel 4 0.5 viLw®
Level/flow measurement pipe Stainless steel 0.6 0.15 vLLw®
Sample collection pipe Stainless steel 0.6 0.15 VLLW?
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T4 % ALARA fifics T2 2B U L F2 {2 L B ik

Pipe Cutting time (min)
Cold leg pipe (RCS) 190 (remote) + 260
Hot leg pipe (RCS) 200 (remote) + 263
Main steam pipe 172

Main feedwater pipe 75

Drain pipe (1) 35

Drain pipe (2) 27

Intake and outlet pipe 35

Wet well vent pipe 35
Level/flow measurement pipe 23

Sample collection pipe 23

RCS: reactor coolant system.
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Percentage (%)

ALARA factor 15
Accessibility factor 20
Protective clothing factor 30
Work break factor 10

ALARA: as low as reasonably achievable.

Factor

() FERTRAS L UL PR HEPF ek ~ B2 F)P M FR R
4.1 #7% & 3 Jaslovské Bohunice V1 & 8t (PWR) #X A& 4 %#’-’r‘,f % b
Jaslovskeé Bohunice V1 4% % i =3t #1i8 5 5 & o @ » 4 * VVER-
440/230 A B-K N F BB R B 3% 7 B 3T 1978 &£ &2 1980 & 4 B fTH
ALl > 3 f 2006 4 $2 2008 & & L EH LA D SR RIER -
Pl AR~ % 2 FRE f i~ (2015-2025) > d #7% & EJ’?EZ-,@“,%&?
# (Nuclear and Decommissioning Company) $% {7 » ¥ d R Rk ik & f §

FREMTE -SRI RERRE S RER AN S

Pk EAALBERI DS FE AP R E JERE ¢

AT A BIpRIEEY > ¥ 5 B K Greifswald ¥ T &
MEEEN TR G2 %60 & & < 4] Enrico Fermi g 2 = 1§ %
Ignalina fu Rk B~d-28 ;N\ A &% 6] > w272 250 A7 VVER-440 3 F B B
FREEY T VL i A2 FARES > FIMALEI T ERRY L B0

A2 FATRE R WG E B RNp G 23RS A ORI A
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oA BATI PSS R S E e R - [4,5]

411 FRAZ BRAIMEREF 57

V1 f2 R e - e 2§ = e fErkivk > - wike 7 - & VVER-

—mde

440 AR ESN AT AL B A B4 e §ohax (Casing) ~ #2dkF (Heat
Exchange Tubes) % = =3 e & B (Collectors) = $84 o *F Hopddm 22K % »
£9118m- 8/2934m> £ 89 11340 - #1244 ¢ 5 553612 U 4
¥ W AR RUT #rw 487 454k (Titanium Stabilized Austenitic Steel ) »
TR YT e B E 254> - it Bl XA AL F

TR IR P Hpheo B R R 2 BRI T4 2 5 i eniT ¥

ZRRELA ARG E P R ¥ P A2 BHCAI%RE > il

o

FRHE LIRS R AR AR AR e R s
M AR AR R AF AL B R AR R EL AR AR
HoxspM kp - st g v st 2 2 4 05 L4484 Fe-55~Ni-63 -

Co-60 5 2 » # & 7 Mn-54 ~ Cs-137 ~ Pu-241 % £ 29 f& &4 +2 48 - [4,5]
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412 Frepi-d RS 2 W

AT SE 221 R (14 7y BFRE 2 2 VISIPLAN 3D
ALARA i +7 s el & SRR B TR P e I A et S
ﬁggi;r] > GBI R P AT i cnIRHR R o B VISIPLAN 3D ALARA ¥ 3£ =
2 Co-60 ¥ i B 5 A#H ez Mg s3> 1% MATLAB #-% ghi= & & 5 i

i TS > I3 & > (2015 ~ 2020 ~ 2025) st
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V. = % ﬁfffr"f BT et 3R p 3k &
A Faimu i AeFiE zﬁfpf;tx,ért 5o auk R A AAH D F RIS
P oI o H s B APl F B BN R Bk (4ot B Unterweser

NPP s> % st & fm ( Full System Decontamination, FSD ) ) » & i& {7 3¢ *4&

S

5
et
N

g (DF) 7100 & 150 2. > & & /&R M5 BicE % o iF

202-4 AR EPTRUETE B BOlE AR LD

Activity of y and X-ray emitting nuclides [Bq]
Component
2015 2020 2025
Heat exchange tubes 19.2E+10 10.7E+10 6.32E+10
1 Collector 18.6E+07 10.4E+07 6.15E+07

\‘.

=

B 2- 2 ESTE Al it 5 Pt 2csd = A & 4

% 2254 r HRT LAV NI A R RHRE LTRSS

Task Contributions to the dose rate [(mSv/h)/1Bqcq-60]

Heat exchange tubes Collectors

Maximum Average Maximum Average
Cutting and taking out the end parts (casing) 7.42E-14 5.48E-14 3.70E-13 2.48E-13
Fragmentation of SG — preparatory activities 6.37E-15 495E-15 2.03E-13 1.22E-13
Fragmentation of the end parts 3.18E-14 1.78E-14 7.20E-13 3.66E-13
Cutting and taking out the upper part of SG casing 1.11E-13 9.64E-14 1.60E-12 6.38E-13
Fragmentation of the upper part 4.19E-14 2.10E-14 9.00E-13 3.14E-13
Cutting the heat exchange tubes 1.04E-11 535E-12 1.67E-11 8.01E-12
Fragmentation of the heat exchange tubes 1.53E-10 9.75E-11 7.60E-13 4.59E-13
Dismantling of the collectors — preparation - - 2.90E-11 254E-11
Cutting and taking out the collectors - - 2.91E-11 2.30E-11
Fragmentation of the collectors — — 1.42E-11 1.14E-11
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Bl 2-34ip B s r 2L B =7 3 B
(hm 07 B3 A BeesBgiie R~ 0 3 F ~ R 2D 4R )
413%%%&%#&%%
RBFBIEEET FHEE ;ﬁ-xﬁ; B R L o3
I. %%+ 1] (Longitudinal Cutting) © i ¥ * & ek b= w2727 3 >
EEVRSRINNE LT
II. # %+ 2] (Transversal Cutting) © #-+F 3§ v = 2| {4 38 (7 A B> 97 F

e BBERLRIE A |

. i5#47*% (Remote Dismantling in Hermetic Box ) @ &4 ;43 [F]

=5

AR L RSB RS TR R A
BE B -

btz BRSO GiATE R BT R RGO FEY L ER

<
a4

1T g 2 4 ALARA R B o F BFRE T EB (T A )

F’

f’r%é 0 &3

pL

> [4]
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22-6 B HFRT LATEHBE A R GEAHR R L TR S

Task Contributions to the dose rate [(mSv/h)/1Bgco-so]

Heat exchange tubes Collectors

Maximum Average Maximum Average
Lifting the 1st SG 127E-13 4.23E-14 6.35E-12 6.57E-13
Cutting the end part 1.68E-14 1.41E-14 1.72E-13 1.54E-13
Taking out the end part 7.53E-14 2.36E-14 1.88E-13 1.43E-13
Transversal cutting of SG 3.55E-14 2.43E-14 1.96E-13 1.76E-13
Taking out the segmented parts 4,06E-11 9.64E-12 1.89E-13 2.43E-13
Tilting the collectors - - 4.70E-13 3.34E-13
Lifting the collectors - - 6.86E-12 2.30E-12
Fragmentation of the segments — casing Same as in Scenario 2
Fragmentation of the segments — heat exchange tubes
Fragmentation of the collectors

> 3% 5] :
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FoRAIEFE AT

414 55k o
Jaslovske Bohunice V1 +: % fu 7T & 2 474 W™ T #HEE F 1 Tk
xﬁf;\;‘l—%ﬂ”ﬁ 5V B ER I +:5§—‘i’4i?ﬁ?7}§%’g$%iiizpﬁf%%
BT colg AR LB o b BRGS0 E g b
LE o AigS P ELEITE {2 g 5 2E > 2 VISIPLAN 3D ALARA
MIEHHTEATE AR A3 Bl
e B ST L R AR AR BB (T ERIL TR A

BiagEREEAr T i HE RFALEY Fag MR ¥ b

BIERARA L AR ARLERATS 5 B 6 R RHBA D F 0 22

A AR ERE N BHHES 0 TR RS DIEET ERTET R
BRI IR T2 R RFITRER > bR 2ERS F I AT
B MR R Ak R AR TR ARBE L
Goez- BTN BT TEE VVER440 315 B f k3 AR HERC
» BT BES 6 2 IR SHCE  TF BN E R T 0 G R AT

E —‘

FxrxMHERIHFER L “é“f"”’fﬁf O N L ek ﬁix;%r}i T

42 @317 José Cabrera 5% B (PWR) :}%'ﬁ%%f;q

111



José Cabrera (* # Zorita) % & B &0 517 % - L ¥ & # 5 PWR»
d @ & 2 2 ( Westinghouse )& 2+ 2. One-Loop +: ¢ B £ % % £ 5 150 MWo
R P 1968 £ 4=:@dE > 32006 £ 4 2 Vi ¥4 2010 & EF f

'ﬁ’?éiﬁ%?&;‘«}:‘ia“r“,% > [6, 7]

B 2- 5 Jos¢ Cabrera +% T fx 4L 8]

4.2.1 ﬁ‘ﬁ"ﬁi‘%f«’:}iiﬁ’iﬁ'#

& L9 ¥ José Cabrera +%2 % i B [ = T 37 % ( Immediate
Dismantling - IAEA Level 3) it o “,% K1 iTd RIS EA oD
ENRESA i % - § % %ﬁégﬁﬁﬁ%‘ﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬂ’f
R T ERAZHH G R LR A > FLE P AR Ty > [6]

Jose Cabrera s ZIHf =327 * #1712 s B 4 i (74750
mywe KEE "ﬁ‘@ﬁiﬁﬁﬂU1%ﬁ%%ﬁﬁm“?EW%*&
BRI 7 2470 7 Fooo 8Ty 751 Ty ey 2fs > L
Pprfe b ot E RIE 208 A AL ESHRRAALE > NEE

ALARA R B ¥ *F £ @'ﬁ;:] w o *v?fffil%@’—k ﬁ']%’{ﬁfjw]if#fi? I AR
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MAIBEEda8E TR T RIEEEE A PRI A CERRER

G B S SR

ACTIVITY 2010 | 2011|2012 | 2013 | 2014 | 2015| 2016 | 2017
PREPARATORY ACTIVITIES
Systems - Switch Off

Systems- Modifications

Conditioning Facilities

CONVENTIONAL DISMANTLING

RADIOLOGICAL DISMANTLING #

Major Rad components

I—I

Other components

DESCONTAMINATION AND DEMOLITION #
MATERIAL MANAGEMENT *

EMPLACEMENT RESTORATION _b .

® 2- 6%%“%133%5%31] T % B

4.2.2 $%H A ER
o A TR
’é_;fﬁ‘“/ffl AR EEFD 0 & ft'“’ffr"% TEZ 2P ~FCABGHRBE

P FRAEFNT AT RRER TGS IR > kR

S

gu//Tjﬁ A g;ﬁ‘gl,‘;qtgfggjg o
L g > o5 P ypies 2000 # 2 T
BT RN B LR 5 (Independent Spent Fuel Storage Installation >
ISFSI)» & ¢ %5 12 R iz38prs cask o H =t » #H4F— =t )4 #r kA

(Primary System) i {7 2 & $Lit 275 11 > o "F Mok BT A

PR EEEERISEF EERA AR (Pressurizer)~ 7T A&
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7 % (Reactor Coolant Pump, RCP) % i gt g &4 > =

.
R
|
ot
R
DS
135,\

M ET A ETE MR REHRE - SARTEL (Fah% 2

FHT S SRR ER R R K TR e
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%
=

BEAF O R HEBETLN AV IRR Y BRI R EF - [8]

Bl 2-8 2 & .§LL§“$$?@%E
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455 1 7 [6]

l. F@%&ﬁ@:aiﬁﬁ%ﬁ@’ﬁﬁﬁxﬁﬁﬁﬂé%iﬁﬁi

FomEARfIF A FRRRD AT EEES D TFE T RHF

-~

w:?\!-@-f‘é’ % °

B 2-10 F B E#4 %‘Fﬁ’f‘r“,fiﬁﬁi

L AR S SRR S 2 R R R A B R Y AR
PATR o F AR E B2 TR LA Dy RAIL R BT
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423 BRI RIS ¢ KR

Jose Cabrera:}fr"éfép%.:‘ ThHIAFAIE S EFBEIRIAAFENLZ

|

CE-2a#r CE-2biRjt 3 B o ~ 4|5 B2 /£ 452m- & 2.82m ¥ ¢ £ M

AN

Ex2 i FIF U g s M E 2 7R 2 LR > BRE- RS

=

ERiEAar 2 A ARG  d R LR RARFSFEFHEFAY

BARATR R $ B o T % 5 0 CE-2a 87 CE-2b 2 3 Bif &
225m~ B A 22mE LIm, BAT F 2 mE AR T T R
BREE ARG RS TG R TR SRR D P R T
AAF e h A SR CE2a & CE2b Myt 3 Bms v aleis ¢

AoXkpd 245 B2 B0 ERARZATEIHY A mE - [9]
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Parameter Large container CE-2A CE-2B
Vel. of final waste (m?)
LiLw 652 765 531
VLW 103 105 106
On-site handling Requing new equipment and | Use existing equipment and | Usa existing equipment and
washs routes washe roules washe roules
Transportation Need special ranspont Narrmal Nanmal
arangemants
Changes to disposal site | Yes Mo Mo
(handling at repasitory)
Dose uptake (man-mSv) 840 1.385 1465
Change to Require new license No Small change to the
acceptance criteria for waste disposal existing license
Licensing process Requirg changes in No Simple license process
cperaling specificaions for
watls disposal
Economic costs (€) - 2015000 Base - 1588750

A

\

R FBRBAIFR AR EFATAL BhL R EE > BERY
%o & {53 El Cabril 2 75 % ALl - #3073 B & BRI S st

B enfit o Rl * HI-SAFE #75% % 0 G ISFSI #pF st o

B 2-14 &3 ¥ ¢ %238 2 El Cabril

424 B5RRFT
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{5 4R 2 B+ Jose Cabrera IR R RITL 2 KRS P R KA
FATR B e R 0 B W 42T 05 5 ALARA R RIOR B S
7 B F»c% > ¥ ¢k Jos¢ Cabrera § “?%a‘fr",!rt TES B NM G T E s

PRIY O RETEARCREALGEE S FRITFTEIRT T A
B RN AAF DR G E TG 0 A IE Sy L Jose Cabrera a‘fr% 3t

PRSI PV S Y SR

4.3 e Studsvik 2 7 BB RS %L KT R SG L kb4 7
b PWR P feeg B e - E RS RhETAL gl R
LR EEPTE o FINAL BERHA RS D S iy 2

PHREAFTHRPFIET Pl E2 s 4 s é#éﬂ@~&3@]ﬂ,£fﬁ s T

Wy Studsvik = P E & Fr AR A ASL 2 ¢ F EA AL BhEG

T AEPNEFTFANEEFZTAES BAEMAY BRI HE 53 % TR
PR V%ﬁgﬁ}’%}l‘ﬁjgfﬁ £ ﬁ}”{bfx}fﬁ; g £ ?;Qﬁ';;o IS 2: k’%i‘%;‘}ﬁ"

P R 2 e s L %“,!rt PLTENTE Y 2T T BT g

AR AR e A d > TR e AR S N iRk 2E o [10]

4.3.1 BFHREI2E (On-site Treatment Options) &2 2 ¥ §
° BAE- F BpHFrEH (Containment) p E A2
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FEPRFCERIAGF 0 FIRMR HETAL E

B M AR 2ERED RS M TSR F

PN g E R k3R
KE TR BAL A K EHA g R o AL 6 2

HE R e e “%“*55‘75 °
° FIEZ CRE R BRI ALY < (Waste Treatment Center, WTC)
PRREEINTEGERAS P NATERE Y X E RS LY s (Waste
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4.3.2 By *t g2 (Off-site Treatment Options)

o EF- :KMWIREE

MEELFAAS BREE A E B AR KA S 2 H

EEF A BT RS S TR RERENRR P X E G E Lo
F Em YLE L ~ v e
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o EAZ IPBMATIAE

TEE RS R £ AL S T R AL 1
1245 Studsvik 3 = chh 0 9 80 - 85%ch4 BT it p d WacE g 4 )0
$5 15 - 20% T (To BEARF B L AL oW R A Aw e T RA P A K
BR 2 TE £+ 735, (Best Available Technique, BAT ) » &3k 8 5 i &
FERA S m e @ﬁ%lﬁﬂié)im\ﬁ;‘u P % :ia‘—.'suﬁg;ﬂg A 3%

g b A i R E g ot Mg SRR RS T A
THEFEABAF R EFTAL B GEPES (920-30 ) 4

RERL ARSI R T F T B8 B0 RIEEE Rk o

_ (6.500x) 1 cubic mater boxes.
Approximately d0mx 16 mx 10m

Total volume of ~80.000 cubic meters. Total volume of ~6.500 cubic meters.
Equivalent to {178x) eleam generators with Equivalent to less than {15x) steam gaenerators
450 cubic meter capacity. with 450 cubic meter capacity

B 2-15178 71 & 4

(0
R

Fed2 A 15 B R P R YR

433 zB¥ Studsvik 27 F SIE T EE A %
Studsvik = # T # ¢ A2 £ 13 E > F FA A2 B> HP 98 &

AN

9300 47 > 4 £ £ %) 165 9 o R R EGIEP FITAL ETCE Fe

I Y

dE g T o

\4

=

Rad2 3k % o Studsvik #74F erfed@in 48 g fede & 14 B3R 5 A
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R R o LR RN g TTER G
HEJ2fmE & 42 % 4% 8 % (SteamDome) a‘fr“fr‘ — fE-kyegg (Water
Chambers) 4 % bt”f A= F é\é\ﬁx'*”fr‘ A = ] > g4 (Tube

Plate) Ag2 — £ Bk — ittt — pd Bhdwic - - 5k

G NEHEIT AR AT o RIS AR R E P d Y
o BB E SR 0 ) 80 - 85% & BT R A o H A 15 - 20%55 FH i
T 5 2 SR de oo Studsvik e st iR L v Lo A E F 3t 200

uSv/h > * & E SG 1 C0-60 # & # 4218 0.5 TBQ » 3%in482 = ¥ B * 3T E

%o

M2 ENIRES THEP A 2T R i&%‘fﬁti@ﬁf@]—;i’# 4 B2 o
[10]
4.3.4 558 FoT

Studsvik = & AT F & 2 13 Exr x5 A4 B H¢ 9 &

€5 300 W4 B E X165 n R GIM FL A BE (TS A
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R i’é’“ﬁi%]i oh IREID 2L 45 o Studsvik A7 B AT R AR g B S L AR PR
PR ARSI B RN R PR R EFAR AR T

P2 W R > BB T B RES s e g BT R
W S o Studsvik e R o 2 bR Y L BB 4 i R A R FE

AL BEEFILDLIE S b A PTRGRRET R B F AkE D &

4.4 % * 4| Trino Vercellese +: & & (PWR) :}frlﬁ% %56
Trino Vercellese +: & B (Enrico Fermi NPP) it & % |44 3% & 3 5 4
* Hood Kz 5 - A 27T0MWe eh PWR > 1964 & #H Bi:@ s & 1990 #
TS e B B R A A RE 2 2 SOGIN (Societa Gestione Impianti
Nucleari) § + Kér‘ R PR 2040 & w i & T Green-field |
B o THnb e 2R G A AR*R TrN0 2 &~ flp i TR R
(Prompt Decommissioning ) vt etz T Ry & R RF s it E Y £
3 e [11]
441 Fp R EBYEG 1o
Trino #% w12 & R AL “,ﬁ% BAEM A S ERE (Iex AL BNF R
BALFPR ) MRS HRES A A B2 E T R EERHgRSS
A RS I B (T 2 - SR 4 (Secondary Waste ) A& 4 o Al 4%

’~

7S T A W R =R %K,/Tt /5 (Chemical Decontamination) » 3¢ iz ¥ & %4
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% 3.3 Sv-man FFE|E > TR T ED YN 5 MR 5 md

i+i+ s 4+ (Dry Active Waste, DAW) # FIp - [12]

RPEGFLIEE F

| gptareg - g g A~ 28 2 Avogadro s o 18 HEE T
Saluggia B 7ft ¥ 533K *% (CSA) -

I s L4 R B SRR TS 0 R K G R

ESIRARRE

I 2 Eeeig - 4o P ~ RECE@P v ~ % XA A p g find b 2
E et AEAT R E S >

442 3 R EATGRRRERIF
. FRBLIR
LIrE - LE BB (Waste Path) & 425 5 % = 27 3040 (25812
EHE B EERRPS F TR E(WMF)F » f218 5 MT’ 5 REF L 152.68
& F &Y 'z (Reactor Cavity ) & £ > % & pFid fo 5 27 2 VB RS %=
¥ o [12]
1. ARG
% 55300 2 T rfRpLp B OB AL B3 F R ER (X 137.06 2 <)
TR B U B8 & 3] E (Clamshell Cutters) 4 £ o 75 % 3 B
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g Ay 2 WMF 205 5 WIMF g 490 B T3 3030 B 3 4 3 e o
[12]

. <422 §:
72 w3l g He s (RefuelingPool ) 1% 5 27 2] IT% % f]-*u% EEARLE
FEE#HEF RAREAE BS A UERNRD 2 H » F B Er A K7
pod i e MRE ZRS R A1 5 A4z WMF 205 222 e
WMF/MRF Az §* 5 > & g 2P HIER R 5 00% - A Z RGBS e o &
A2 E - [12]

ERER Y- F S

Ligfric grpis (HE & 6 50 man-mSv 5 #%3 5m® ~ DAWSmM? ) » ¥
FATEE RSN 9 3.3man-Sv kT IR AR SEE R S ) o B {5 g A 3
BB RE S KIS E WMES £ 3 2023 # 4 i it g b gl et ke
755 0 8 330 MM TR R A PR E D AR Studsvik iE {55

wF e [12]

Bl 2- 17 a‘ﬁ“‘ff RH-T R B
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443 BAFFR KT HIRE 24
& Trino Vercellese % % fiu'f (RiBAZ Y » 7 bbb 2bacitid i 4
LI PE T R AT B H TR 7 A R o & R TR 1

GREEPRELELS  ATALG S AE L odh o RO S £
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Ipd FIARE S Fwjr R 1 oA F RSN PR g AR T A
EIE- ‘WP“IH*“%#*’UUW/IUW)’WJJ}WﬂﬂNMFﬁHff
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H O T# % ISIN ( Ispettorato Nazionale per la Sicurezza Nucleare e la
Radioprotezione ) » 2 B8 &2 i h% 238 (MASE) > § % &g &t &
2.8 o IAEA ARTEMIS B2 % & BIFf R 45~ flenfr e 2R ke 5

o G 0 RGP M ARE B 8 REE 2R o [13]

444 5k ET

Trino Vercellese ﬁﬂ",ért AR & < A d uE B f i~ ( Safestore ) #& &
g T FRERR G FHELATFIATT LR gL BPhi-F
“%rf 7 Ae FOCE MO R E o B EF R .fs%?#frx,ért ¥ gk 2 M @

R H ﬁ’ru ]%éﬁim#ﬁ'uf1 o R R /iﬁ_,i%-—k?iuj = :()%\f#mé‘i v 3B -

BRI R B SRR PRI R 2 WMF S 9205 8 K
BTG TERN AL - B Y T 0 BT S 58 LI S o
®¥2 £ 152 G > 22 BNFL 2 Studsvik efs (F38 7 Lt e 9 g

B MGET A A JIAS AR RATRE &R 2 AR DB S JE g ko
Bis 0 BERAG > BREEFE IABA g AR T AR
Y EGEP M TR EREIRE o FHA 7 0 SOGIN i (7 5% KT >
Bl A PBERRFFEEL KRG R RS AT 5 HE 2

RERRE S ARMPAERIARDER £ L
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45 3P Koril ¥R (PWR) ZiT A2 F7% F 6l

$£32023 & > §ERE G 27T R P T A B¢ KoriUnitl 2 5 & ¥
HE R e Kori Unit1 3 PWR» 31978 & 4 7 19 p % 3 » 418 39 & >
H0 2017 & 6 7 18 P A A iRy o 818 0 R4 TRH4TE (DECON)
Wt BT 10 E R D EITETT R - IR ARG REF B AR
o AmA AL BEARE > - BRSPS kAo d 3t Rk RE
xR 1 T fRERBEAITRFIEL LT 252 - 277 1)
* RESRAD-BUILD =7 Kori Unit 1 7% 2 B47f2 (74 ¢ g st R 3 o

[14]

451 %K A2 Bz
Kori Unit 1 # * = i §& % 5t o Z 7% 4 B>t 1998 & { #% » 3|55

Westinghouse Delta60 » # + # 4,934 42> £ & 326 #f » & & %) 20.65 =+ ¢

AAHE 2 BITIRIALL R o BT HIR

. Z AP Bi1 L8852 %%%?ﬁi%‘é_i e KA o

Il % EPug 2 B > NTEEFTAS BARLGHH

[INEF T F SIRIETTY ST vy
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FriminAnie g 1998 & chiit A2 BRS04k A BB kon

fem B o

7 v 2~8 4

[e]

% 2-8

AAAZ AT i AR

Process

The number of workers

Install temporary auxiliary crane
Install temporary lifting device of SG
Install rail and transportation cart
Install protection plate

Remove SG thermal insulation
Transport SG thermal insulation

Cut main steam pipe
Cut main water supply pipe
Cut others pipe
Cut RCS pipe (cold leg)
Cut RCS pipe (hot leg)

\]

RN RN WNNIN

Pressurizer

Steam generator

2

Reactor coolant pump

&““ﬁ =1

\

Reactor

452 %‘ By )3 5\
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A
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~ ]
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A4 Bif 1:%

Bl 2- 18 Kori Unitl i i j& % %%
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TE

,@*_%_:i\?‘;—bé_‘ ,/__“gg,, L‘m?ﬁ?}%}g‘

P F TS R S a0 L0686 24D T4 28T %

15 >3 7.1

Y
)

B EC Y

CHBFEHT S A e AR -
bt (VLLW) -
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FLRRET AR EREA R AR UG RFRETEHT - <

SRR % 13- I S O SV Y SR A SR X D

=

2 F i B4 R 4 <h Hot Leg Pipe ¥2 Cold Leg Pipe > d /5 4 42 & 3
PG MBS o SRR R TIE A B RE R R o d 3D

B EE AL FRBE AL > 3 Y T EE T R A B

(Orbital Cutter ) 1 2 ¥R+ 2] 1 & o 35257 3 BV *» 1| 3 #4758 § 14

WA FAEEAGRE  FIAEREN - IR0 SEERE
VLLW 7 d e X A B B %k iTe T EH T 5o 5 VLLW %7 2 * {8
o FEAH AN AEAETE o EEF Y07 3 (Oxygen

Fuel Cutting) & {7#*r 3] » H

<+
|~
il
i
“3‘3}'“

PH A E S NEFLRHEETA
4 EpET i o

PR E N p SR FE R ERIEE 2R P
Sl (05-424) BREEY01-05 24 » 54 &EH VLLW ++
dOIFEA R ERET LR F T A FEE T E B F4E 20

B

iaig

J’%/; o

ETTRS
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2 2-98 55 A2 BIPR2Z RROHT ~  FEF RN

Pipe Material Inner diameter (cm) Thickness (cm) Contamination level
Cold leg pipe (RCS?) Stainless steel 69 6.7 LILW?
Hot leg pipe (RCSY) Stainless steel 74 7.1 LILW?
Main steam pipe Carbon steel 66 35 VLLW*
Main feedwater pipe Carbon steel 36 24 viLW?
Drain pipe (1) Carbon steel 4 0.5 VLLW?
Drain pipe (1) Carbon steel 1.8 0.3 vLLW?
Intake and outlet pipe Carbon steel 4 0.5 VLLW*
Wet well vent pipe Stainless steel 4 0.5 VLLW?
Level/flow measurement pipe Stainless steel 0.6 0.15 VLLW?
Sample collection pipe Stainless steel 0.6 0.15 VLLW®
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IR
A4
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hn

4P TR i B A6 1998 £ X4 A
ARIHNEH  TRLEFECUNLEGER P TETIEA TR E
AR o 2R H1IE 1 FEFRFaRE 3227 L8 b4 # % Ik
B EBE CHFFRA RS BRG0P 3T R EX RS
ITFTPER o LR BEAR Y B IR F A BRI E S Y K 0p
M1 EGERYE O TIETFERERERT S BB g A B
e MRS ERIA LRFIETF T
T oFT T e AIFEFERF]F CALARA F1 & ~ (£ F 2 M F]Z% ~ 5§

PHEIRFIA A KL FIA 0 B FIR G R R EL R Y R

-

@%j’aﬁﬁg;ﬁ;w$mﬁ#n$%ﬁ%£§%ﬁ%%ﬁﬁﬁa

H = % Hot Leg Pipe £2 Cold Leg Pipe > & i % - fz1 §_> ﬂé’ﬁ?:ﬁ% 3

3
)

THHGLEFHEBF I VAR EH1 A R LR E
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BE o eRERAPIP Y EFHFIEER > SR BRSPS
T M BRB o e AREF 2T R TR T EF o

22-10%F 22 BITERR

Work Man-hour
Install of temporary auxiliary crane 4
Installation of temporary lifting device of SG 80

Install of rail and transportation cart 24

Install protection plate 12
Remove SG thermal insulation 9
Transport SG thermal insulation 8

Cut main steam pipe 8

Cut main water supply pipe 4

Cut others pipe 9

Cut cold leg pipe 9.5 (remote) + 13.5
Cut hot leg pipe 10.5 (remote) + 13.5

EPRARCFRTERY o EITAL A AR LR B
BERTEGITEA R R E2EF £ 8 o A5 7 % RESRAD-BUILD it
FRGETE 8- 2d FRFNRTFT%HE (ANL) B3 chifg s3] £ 3%
AR B N2 AS PN I IFNE A R HRBETR c ZANY B

EFER Y PO RIS P Y SN O PR RN A I

1

-~

TF YRS RR N s 3 F P R K

i

PR R G ATRIE S A D
PR R ATE SR E i R o

RESRAD-BUILD &2 & = 2 i £ 7 | B F 4o 8 i e # £ ~ f5 54
FRFIS 2 e gsffFl5 o 30 BASRG RHE - #p R RS

SHEPE AR s TR M
132

\“‘\ﬂ



A p R AR A B B (T g AR R

Gt IEEY AR BTG R Rl HER A TEPR ¥

Pipe~ColdLegPipe 2.2 B 4 6] 5 BB R B F T A4 BAHFLSHE 1 %

FTEBRAAG LT HERE 63T 2 0 GRS 2T A K g

=

L KoriUnitl 7T A2 24 B anid b 152K % 500 cfm FepFid b o
BE A S8R 2017 & A4 b fAs: 2037 & > 5 5 EER - % o (6 4 f
R T rEEL 2L L HOE 12 mi/ ] pE > 4~ % 3% RESRAD-

BUILD 3§ i 0.0001 m2/ ] p& o

0
o\
)o

d e

—\

SEAASD BRI HHL 0 AT R BET AT AL
E R g (T3 0 5 K UL - E 0 F £ BT 45 oRCS
R R D AL B HRRET 0 S R AL B

AL BE P2 MR TS E g

Work Radiation exposure (man-m8v)
Install temporary auxiliary crane 1.42x107"
Install temporary lifting device of SG 2.84x10°
Install rail and transportation cart 8.35x107!
Install protection plate 426x107"
Remove SG thermal insulation 319x107"
Transport SG thermal insulation 2.84x107"
Cut main steam pipe 2.84x107"
Cut main water supply pipe 14x107"
Cut others pipe 3.2x107
Cut cold leg pipe 9.4x107"
Cut hot leg pipe 1.00 x10°
Total 7.53 x10°
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4. 2-12 4 38 {5 5+H| £

Extemal Extemal from External from Ingestion of Ingestion

directly from Inhalation deposition . gestor Radon 8 Total
suspension deposition of source

source (man-mSv) on floor (man-mS$v) (man-mSv)

(man-mSv) (man-mSv) (man-mSv) (man-mSv) (man-mSv)

7.52%10" 5.76 x10° 3.34x107° 8.47x107" 6.92x107" 0 0 7.53x10°

455 =58 T
HKoriUnitl R B Z A2 B it r? 18X Rl REE (7

BRETR  RE AT R RARG RN ER BT o R R

Pipe 3 % sgx*r 3 > w534 R TH3 > ZFEPERKRE L 1 F5AL 3

»’1

D HRE MRS SAHE TEF R AR S -
FCE R R HRE T kg > 2017 E iR pEL T A R HRE S
25.7 > 5 5 & R A B85 0 2022 & ¢ % 3 14.6man-mSv - 3 2027 &3+
TREPE O REHRBEE-HTET T3 man-mSv . G i A A B pEaZ
m2- o BAERRAS AT R D HRAET § o o A TAE
EAER O BHRE LR K VR PR R 0 BT Bk
TH LT ELT P ERRBEE G LBk o

%% ¥ 41" RESRAD-BUILD fisgd7f @427 1 1% 4 | chig st R & -

+a

FHEFHEEAAL BTGk c I A BRI 0 T
TRRi SR & BT o A Y BT 0 B #5538 i 4e Hot Leg Pipe &2 Cold Leg
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pob APFEF S ETHERY E B AR T R ST 8
FEE PR TR R I RBITET A A T A
TRETHPTRGRERRHPEDT ST S TGP H % 2o

(TSN N - o s £ E%ﬁfﬁ:}%iﬁi’iﬁs 1?%;’;1 0

46 v JIpF BRI 2/ (PWR) T &2 2 g’ﬁ"ﬁ;?ﬁf’d

FiTAS BEPWR Y - = ipliw B g7 = = fpliw B eh#t 2 P -BR3 P
TREDFZET AL BEE Y 309 > Ap¥>t - 4 PWR 300 sz it A4 B
#5  BRIFTALFRRAGAAABLEAHI F A 2002 £ i7
i“ g5 0 @ * MEDOC $AsiJZ k5t 3 & - %5 1+ (DF) i 100 7

1000 - &7 ¥ "% 7 fg SRR 5 o % = ) A5 2005 £ & 7R EFATE ¢ £

T

7T AL BAMIoE &~ ko % me o [15]

)

461 #AA L BITfE

BR3 % /T A2 BATfBehi & p fAri® 26 S5 ETAL B &
Bt PR O RN R RSB RS o B TR AR Y E

SRR e o BB S SR B A o AT REAY @7 1 A 80 2
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¥ - fEAF Bk B (HPWIC) #5 e MAESTRO -k B 48 4% = &%
BBk (¥ 380MPa) 4 A B A e i fE i & i & X Al
e B 3G E M A G ER B o R a o HPWIC B F f 47 i3 i v i
i % enped (4509/min) £2-k (H45L/min) € 24 - Zafl > 7 &Y
FJZ o % BEMRT AR 2 L I SRR R BTk 2 L S K ML ¢
BEAfrr NG o2 aas g > 2 2 ERN o EEMR
HPWIC & ¥ &47f2t ¢ & o

FEEARY > FHAL B2l 2 EmPE o ETEFE
FR s AT (Ao By Bl ) 12 d Bk e F K ook (5 F ) R
I PR UL AT > A YR M AP T R TR 2% # ¥
HPWJC sl is & (% 0.27 - 15Bq/g)>*» 2] * -k ¥ 14m® 7 p o #8410
Tz Bz te kT 70 2 1Ak 0 BFRH3BY AR kP FR

A4 B g s o

B 2-19 % 4> 2@ * HPWJ» © 2 MAESTRO A iF 31 &8
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Bl 2-20 & BRI ZAH 2 B i * derdn x &7

3

KBR3ZA A2 BT gAY Fo & 247021 AP w2 17 {7 a0

—_

Tt F oM AFEHREE A A AASFE -HPWIC i £ < At

Rodl o A g REEF R TIRRY o 2 SRS IR
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v JEA RO IR KB Y KB B R o BB Y S i
RIEE S e PRSI, RIS E S R F R NPT r

HAKkHEi PWR & VVER ezt 2 4 Bi5f2E
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\\\?{r
ol

/3 /1
z% g o

47 i B Chooz A % & e (PWR) #it 22 B4 % bl

Chooz A 42 § Rt =302 RIIP & 74 » AR5 IpF 8 > 252 B % - & PWR>

NH

1967 & P~ i@ > 1991 & R4 - 1993 £ ¢ ‘“i’é/\"%?}i&bﬁi ° FE R

F

A BE i kY e BRI EE S f F - RIS i B
i BT - SRl A A T iERE (Turbine) @ * o H T 3ngr p - =
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FATEEAPE o FIRRIE - SRR NARAR R L EFTALE
Bod G & S501 95 24 chpdn o o7 166247 U A5k £ g (P 16.5

S ) 2 EHI38 R sk TEEMAAEATEEY3 o AT Y 120 o

=

W o

& Chooz At it d @ »w LA AL Fh 2011 #Azix f s> # o
F- B2 2011 & 2 A Ao Bfs- 02012 & 40 R ks d
R s o b3 A @2 R B REE Tl 1 ARB L
TR-HARL TRe Est it | (SCO-l) &7 & FESE RIFE > v T

FREFRF A REHAE P PRI E A o [16]
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Pressurizer

Primary loop : /

Steam Generator—

Steam Outlet

Secondary Man Way

i

y
|
|

Moisture Separator

Tube Bundle

Tube Support Plate

Tube Sheet

Divider Plate

Channcl Head
Primary Man Way
Primary Coolant Inlet
Primary Coolant Outlet

T lll-ll\llll

471 FRAL BIRALS

l—-—‘ﬁﬂufg ’ﬁ-ﬂé_i —FT’t Fﬁ—?}kf[g I'F‘}}_ A B E TS

EERE TR FIT R AR A L Z A F - BT AREVA 2

2 2¢ e CORD® ( Chemical Oxidation Reduction Decontamination ) it £ “,f i

CREIRE BES E E3 7 SRS E RS Y E 2 S
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FRORM AR o % - IFER A E ﬁﬂ?f%ﬁ%iﬁ%@ﬁ%ﬁ%ﬁ’
BERGFEF AT fp\ FEF VP oo R ZFFER] S A Uit B g 5 3
ﬂ%ﬁ%ﬁ%?ﬁ%’ PR - S FZ 2 e LT AY BT
BRI AR A A EAME IR EF T BT B S 5 K 700
wSvih *3 3 1 Svih 2™ o

LAER A FINAA BE T AL SCO-l & 0 2 HE 4 272 (EDF) i
70 3 R gt TR - g AR E RS TE 2 PfErE 0 i
Foh R BoIE i R ORIV RITRB L R MR UG o R
LHHIFRIE (CZT) $3 > 2% R 7 P 33abi g € > & ki
# (MonteCarlo $53) )) €2 ML A FEER « S5 » 5 5554

A2 Bh- IR I0E s v 2 100 kBa/em? ek 3RF 4o Fptou Tk

g (UN2919) 2 sV i s % -5z A4 BRl% > # & SCO-I #

—\

o R TR e skl ¢ (UN2913) B 3% o & & 8 B 35T 0.1 Ao

B ok T e gpof i o

B] 2- 23 AREVA’s Chemical Process CORD©O
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Sk AR T 5 ARG RN A B A T R S A2

oo ¥ -G o H¥EiE R 2E | SCO-I ¥ gk & EDF i 7 en T4
FRE R BIFH A RET FERE 2 P PR U (PR o
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8 A KRBA¥ TR (BWR) #4742 ?éa"i",f%f?d
Gundremmingen A (KRBA) A4 B % - A&fH L @8H P TR H* §#
LA kN F R ® (BWR) %30 5 BWR/L A » %% % £ 250 MW(e) -

1966 & Ex* > 1977 & 138 o 2% > 1980 £ & V4 :Jﬁt » ¥ p 1983 &
AR RATE O RIS ZREHmB RS ~ L84 a2 SR o
“,% AR o ##‘r",’f%ﬁﬁ 5200 =<3 d Bl > T 444 R iR i
B3 S BBl kTR Y BHF RREANZ AR AETA
4 % KRBA BIffp (7473 3 B8 & Jieh Tok4E 2IHHF ) = 5 % 2050
Fo RS PRRCF R R G ApRILLIATS 2 o RPN MR LK
THARFATN R EFVESE > 2 ERFTMEHREE ML

o AR AT HE 2 [17]

48.1 %3t

% - FFEL (Phase |) B & 0075 A4 & S eniE b8 Ry > 3K & 0 >t 1989
EA e P RPEATSE T 4200 AR B o IR T L RE
PEA BB ERE o 25 5% A KRB 2,000 Ba/lem2, bt E R K
4x10°Bq > B ITE WA E 9 LSV Al S KAk BITED o

$ = prg (Phase 11) p 1990 # A=ie » K YpsE feh— = 2 4r k5%
B o 3% %03 % & 50,000 Bg/em” - & it £ 4 1x10'* Bq -+ F 477% 4 700 K

B HIgHIRE R > TARBGERERIG L S hIVERE RRERED
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B SR E AR

Fird e 14SV I p » BIERARE o
% = FFf (Phase 1) »+ 1992 # B H » 4 & 5k 35 RERA -
PRHERE 2D AT o SRR
i 2x10'Bq »

L3 B %) 600 ¥ > 2T BiE R
DROCEHE R EF199% 0 L AL 2 F s (TE g
i BB R RS B AR L 1.5Svs ﬁ’f%ﬁ"f T¥3 B
LB ER D wiEiE o

[ Phase 1

- Phase II - Phase III

¥ 2-26 KRBA 1% Bi'f

(£ E/ =N
4.8.2 rkés*r 3 e (Ice-Sawing Technique)
B AIRTRANY o Tk B2 ) S A b REL e RPN
MBS 2 FAREDFTAL BERAISEI R > RELBF R
AsokisAak 200C RV HTER BFR Y FRFEEF
o2 L S LB Ho s kR T HEPAIE R L
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HE S
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WMETAL BITfEEF EROIMEL 2T TEET PR
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4.9 Maine Yankee +: ¢ 8 (PWR) a‘ﬁ—',f O

Maine Yankee #% it m/&% CHrEAFIRS PR EFREY FLR
DECON it & & ] o 3% =3 5 F19 Wiscasset » 2 — & d  Combustion
Engineering % 3+ = i g5 PWR > 5% % £ 5 870 MW(e) - & Bx p 1972 &
PoriBfh > FIABRE R GRS AR 431997 EA A BE o H S
Maine Yankee Atomic Power Company (MYAPC) i %lf AR 0 F R

ﬁ?ﬁ > a‘ﬁ""f BH-p izt E 0 ¥ 00 ALARA RIS st o B8
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> 2005 & = = iii%a‘fr",f T E B g F% B € (US. Nuclear
Regulatory Commission, NRC) * it :## % & - Maine Yankee mur‘ %
oz iReE el %T’%%ﬁﬁm“ﬁ'ﬁii‘ﬁﬁﬁéﬂﬁ

AR S e A L TR & - [18,19]
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HES A B1A b E 2 fu3F > 1% jR¥ A E 4% (Polar Crane) 52 45 & rajg > =
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F ek 5 0 Maine Yankee f345 448 &2 e (T i g E G &7 B2 30 L A
H4* T 952 2] (PlasmaArc Cutting, PAC) 287 3] » B+ 7 B ¥ 4
i * 407 &> 2 (Diamond WireSaw ) » % &4 % 45 & & P & * &7 ko
&4+ 4] (Abrasive Water Jet Cutting, AWJC ) # 4 £ g 4 # 4
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Fid 90%7 F ;A B A gr k Bd Rend oG AR F 0 d R 440 1.7-0.7 mSv/h
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:Water contact area T?mporary equ_ipmpnt
B et for decontamination '
'

| = Connected with residual heat

.........

Steam generator

Primary coolant pump

H 'fe.ﬁpéra"m‘e'mEm?e' nce |
' (heat
,,,,,

_____________

'
- Filling sealing water through primary |
coolant pump
- Circulation of decontamination liquid |
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22213 £ R TR BLE Bl ks TR i ok

Mihama Unit 1 Mihama Unit 2
(For reference) (For reference)
Part Average Dose equivalent rate of Average Dose equivalent rate of
decontamination| representative part [mSv/h] |decontamination| representative part [mSv/h]
factor ! Before After factor ! Before After
decontamination|decontamination| decontaminationfdecontamination
Heat exchanger tubes 39 16 0.43 174 20 036
of steam generator
Shell of steam 140 021 0.001 67 0.11 <0.001
generator
Pri lant
rimaty zooan 32 1.7 0.025 30 0.7 0.0015
system piping, etc.
*1: Decontamination factor = (Surface dose equivalent rate of equipment before decontamination) / (Surface dose
equivalent rate of equipment after decontamination)
*2: The steam generator shell itself was not decontaminated, but the dose rate of the shell was reduced due to the
decontamination of heat exchanger tubes of the steam generator.
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- . . Disposal container
Heavy object handling device v Note: This figure shows an example of
Waste inspection device waste treatment for storing drums
in square containers.

B 2- 42 K St Bk B e EOT K # PR 2

4.13.6 15 5+iRlE B
PiBER P bt e v AR E PR RAR LT P ERE - MHI F] 7

iz Bl AR A TV EARRIE 8 TR ERRIE  PE

( Clearance Level ) -

171



FH AP RCF RIS RAE  TERB BN AT R 2 F 2 B
$Aes o f %0 CORD % pokit bd Bipie? BRIELE § oesifis

FE o AW MR A 0 TR AR PR AL EEMAER R

s
4
s
=k
SIS
&
“-M
BEN
\pd
8
*s
&
=
b,
24
45’5
«—ﬁ
Pt
NN
ke
J‘L
\-:n
\
H ~
H N
e
;‘\

Sy
Sl
e
14
ey
o
=
-\4..
—u»
-
X
&=
K
&=
za?
.
™
«@
\‘*/
TE
9
=5
¢
b
F

BALE G R L 1% 258 R - BHE S RS afES oA

Nz
R
A
[N
=
W
=
s
\‘h N
7“_.
O

TR R FE AR o R A g R
Boendf (T L E AT f S g ol AT T4 F R
ﬁ%ﬁﬁ’iaiﬁﬁ%ﬁ&miﬁ{j%&Jﬂﬂﬁw%%Réﬁﬂ%ﬁi

AT L BTR BRI LR E AT TR R 55

ﬁ%ﬂﬁ@%&ﬁﬁo%%ﬁﬁa%m%&%ﬁ%ﬁﬁﬁwﬁﬁ’%éﬁ

W R B T R R R A

172



4.14 331 Miihleberg ¥ % & (BWR) :}fr'ﬁ%';&fn]

Miihleberg +% & i (BWR, 373 MWe) ** 2019 & 12 * & ;% iz > d
BKW Energie 1 276> S L% - BF " PLAGE» 26 475 kb
Ao TE RS ) R B R A 2R P 2081 E R A

G A ML 905 sk ak[32-34] o

4m1ﬁ$ﬁ¢&ﬁ$$%1ﬁ

Muhleberg % 3~ & 4%47'% & WVE o iRk E 1S T IR BT OE

PR B R R A R b A D RN R A

%\
b

\_.
fah-
(i
F
e
It
|55

T
o3
pusi
R
)
5

% o & FE AT FEFIE T an Hp I 1 TEA
Flgpie s~ & BB BiHe &2 142318 22015 #
BKW % 1 # #8322 5% 3t d 0 320 2018 & & 7 5 L2040 iR o
(DETEC) 24 efg ik fo & o Bi@fher™ 1§ sxenh > B L7 5 9118
RBPIEF TR > @ 5

R P X R S e S P s & D

. % EE T > 5 sl Afr k5t

UL B2 F EFER +20m 3 A2 7 HE XA

V. 37 s o 2l e 2 32 B i a2 K

173



TLHHAEERTF CEAD T AT LD RIE2RE L S éé“;f‘r"f =N

kR A#H32]

+47 .00
- /—\ Preparatory measures

+29.40 (<] 1 0 5 10 15 20m 1
o et L S

[j'—l B ol

tinn

Bl 2-43 w8 1 (7R 7 1 Bl
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Mihleberg &7 (i3t d ~ 5 = < P EO AT A P AES & B A ARBIIL-

Dismantling strategy phase 1

: i t»— e
sl G—— Ol

A Removal of spent fuel from the site E ion of

B Disassembly of the torus incl. linked systems ~ F  Disassembly of remaining systems and initiation of

; : decontamination of facilities and buildings
C Disassembly of emergency core cooling

system / systems for decay heat removal
6 = y G Di of block A1

D Di of reactor i Source: BKW

B 2-44 % - Fb-F;J}’?‘“,%_’L R
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- FE 2019 -2024 @ el s PR B A H Ik
PURFECEREL A AN TS o AR 1 v 3
I PR F RES N PR
II. Torus (F&A;-k#) 2 4R % ,?fua‘fr",%
T #wtvﬁif%%ﬁﬁﬁﬁﬁﬁ
V. = e & 04 2 475

V. HEEIEE A & 4 Soihd i F (TR

Dismantling strategy phase 2

Source: BKW
A Disassembly of spent fuel pool cooling systems | Disassembly of steam dryer and moisture separator
B Disassembly of pool internals storage pool liner and RPV cavity
C Disassembly of reactor pressure vessel (RPV) J  Disassembly of all remaining systems, e.g. reactor
D Removal of personnel and material airlocks water clean up system
E Disassembly of drywell components K Decontamination of facilities and buildings
F  Disassembly of steam pipes and feed water pipes L  Operation of material treatment equipment
G Disassembly of upper part of the biological shield M Disassembly of systems in the SUSAN-building
H Disassembly of drywell steel liner

W 2-45 % = [FRATE L (TR 3
(% = F&) 2024 -2030 : 24 D {8 ihx LHATEI &
FORAS A 0 BUR TR AT R RRE R MengTipa TE s g g8
. RPV «ﬁ“‘,/f

Il. 55+ 2 (Drywell Components) £ 37+ 4% i 4% ( Drywell Steel Liner)
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IV. 2 % & jx + 3% (Upper Biological Shield ) #‘r"f

VI. SUSAN 2 fi 22 & gff 24 & Soihdsog 22 AL

Final state after nuclear dismantling

® D
o o [
I R
l[ ] |—]—‘
Source: BKW
1 SUSAN-building 19 Steam dryer and moisture separator storage pool
3 Reactor building (Secondary containment) 21 Turbine hall

17 Spent fuel pool

® 2-46 ¥ = Fdvif 1 (TR 7
(¥ =F85) 2030-2031 : 24835 ~ jp R E  Hu fx
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(95#) A& sz 3 FET Zwilag » 4 ¢ &

|

4143 BRFER G HERT 2H%
g

B ¥ Miihleberg *% =3+

g

‘-—«

FPE L P o ik BKW i B 4T 8

FekeA 4 20 FeRtE o HY ¢ 14

g il v et

5§ A4RPEE BORASE A F > 2,500 BT ST HR LR T F A R 2 i
FRETEMER TR P RERE gL

-~

Lo REG R
(Zwilag) » #iFs H ek o d *> Miihleberg i 4 #4145 § 42 B

I S
Vogf SR TR F) P T kAR “f 75 ( Full System Decontamination )>

B f AR AR T RS

Landfill
| By 2034
54'000 t
Conventional
| > material
139'800 t Recycling after
I
Total mass KKM felease
BTG " " 2'500 t Decay storage
I LELILEGT
material 2100 t
<100t
Spent fuel: Radioactive Radioactive
Zwilag waste from  waste:
By 2024 "
Y pera Zwilag
Zwilag By 2030

B 2- 47 Miihleberg NPP % 3 4 ¥ 12233
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33] - ALARA 2 i s 54 % el ® K 6 0 2019 # ALARA 1 (v 45 11
BT L A R Rl R B R R
e (Mass & Activity Flow) 17 3 #fr'%r‘ Hae s 12 e R nAAH o

# » z# 4 Nagra ( National Cooperative for the Disposal of Radioactive Waste,
ML R RIS R R T e k) @ % AMAC Z i S W i d

LRI RSP o £ ok i VAT R A 8 8 K R [35]

Power Operation

chimney air
noble gas 2E14 Bg/d | 2E15 Bg/a

4E11 Bg/d | 4E12 Bg/a

lod-131 4E9 Bg/w | 2E10 Bg/a

aerosole 2E9 Bg/w | 2E10Bg/a| 2E9Bq/w | 2E10Bqg/a| 2E9 Bg/w | 2E10 Bqg/a
waste water

Tritium -| 2E13 Bg/a -| 2E12 Bg/a -| 2E12 Bgla
water 200 LE | 4E11 Bg/a -| 4E10 Bg/a -| 4E10 Bqg/a

@8 2- 48 Miihleberg NPP “,f PobE BT b A (B 2 3
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AMAC - Nagra’s Advanced Methodology
for Activation Characterization

‘ COMPONENT-WISE 3D ACTIVATION ATLAS
|

OVER 90% REDUCTION IN

/ RADIOLOGICAL SAMPLING NEEDS

OPTIMIMAL BASIS FOR SEGMENTATION
AND PACKAGING STRATEGIES

DECOMMISSIONING COST REDUCTION

FACILITATING INTERACTION WITH
THE REGULATOR
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Connecticut Yankee £ — & d Westinghouse 3% 3+ (PWR » p 1968 #
A2 hpi@ i, 7301996 F 127 9 p X A im b iF T H a% i~ 1T % d Connecticut
Yankee Atomic Power Company (CYAPCO) § % &a‘fr",!fﬁﬁv’ Eog- S )|
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CORD Cycle 1 - Radionuclide Concentrations
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CORD Cycle 2 - Radionuclide Concentrations
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KRG IR ~ SRERST 0 R Rk > T Y 7 Co-60 & Cs-

137 Ti PR et ¥ Lehpifd - Sr-85 TA kB T g i

TR

Sr-90 it & > I 2 Am-241 1T i At o g Hen=i g i v R & o
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H3 5% ¢ &% Clean-Lasersysteme GmbH = # ¢ CL150 7] F & > #fe
OSH50 41 iFef > e FHET - B3 FPEABET RS £ ¢ 0 F 5 I &

Srdom EBLEOREAE F A 1364 MM T AL HESFET LG £02mm 6

—\

CERRIL IS X E SRR e T 4 S h S

o
N

%
1. 5% (PallHDCII) : 7 448 >600 nm $f#> > »c 99.98% ;
2. i % ® (FST GmbH EFST XXN) : # >10 nm %f . crdf & »c =
>99.9995% o
B EYT s B 40mm e d B3 FFsREchf on 80 Limin ede 4
BRSHRSEG N FHREEfoR Y 2T 2 UER LI TR 39T

% 3-7 #7 o

Fixed laser
head

= =

B 3-9 R ETE 1 X~ F2 757 % EE[9]
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237 MR ATE 1 F ~ F T s 5[]

Working parameters

Average power on surface Pm 91w
Peak pulse power at 12 kHz Pmax 110 kW
Pulse repetition frequency fp 12 kHz
Scan frequency fg 50 Hz
Scan width dg 32 mm
Feed rate Vy 10 mms '

PR B R T 7 44 14301 i<pidn 1.0330~F K A 40 pum 0
s 1.0330~ 8k 559 20 um gk s % = K07 % A (Geho-
lit + Wiemer) 35 & X 240 pm M sn (55 R 210457 2 Rl g 2
Ay R R Rtk &

1. 4% E /& 24amm h& B4 5 455 o

|
i

2. sHHPfEEi s 0.0LMHCI 3% » 78R % 1x10°Bg/mL » & *

Bk g A E BIF A b 3-SUL © FRH{ SRR -
3. HERBNTF YR 24 ) Pt R skend e il S Hch %
Fo R BT SRS (54 W RIS IER > RIE TS

( Degree of Decontamination ) » 3+ = ;X4 3%(3.6)

Dp =100 — (ﬂ X 100) (3.6)
Ap

u//Tfﬁs,*ij, eSS A R AD If%ﬂfl—g%;;p}i Aa %7 T 58 5 X EAF
?1‘56%3%/3 "f:':'a‘ "r‘ JPJA}‘Z E\'—L}im +4%<10> ;__.%E«k}f@wl'-v— [En (;F’.E/‘]'RP

(-
A
e
¥
E1d
!
\
j

’#ﬁ:’iﬁ'ﬁ) ’ r”]‘i?ﬁiwmxfﬁ EEi
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o 4R (v‘;ﬁ%;@%ﬁ@/@;):ﬁj 100%
o 3OV K MEdE X 96%

o AEAETABLAE T X) 96%

o HeRdE ¥ 92%

e K%K B4 C X 88%
GERRER N E Aok o8 REE MM A S DL

o Cs-137 1 99%
o Sr-85 & Am-241: ¥ 95%

. Co-60: 4 90%

FARTH G MR BT - HR IS s A nit Fipes
0 pH 0.5 & HCI 3% ¢ ' 10k 3 2% > 33 pH % 1 35 RI7 5
s Sl RS

3.2.1.3 /& ~7Bhabha & + 5; #7 52 7 .~ (Bhabha Atomic Research Centre)

Er & ¢ Bhabha & =+ & # 3 ¢ « (Bhabha Atomic Research Centre) =
2012 B¢ 40 - A o Fit e F BRETHEHRALY FHAEF B
(Prototype Fast breeder reactor, PFBR) % 4l 45 12 17 7 éfﬂf R EEEd S R
SHche™ 4 3-8 RAE-P I WAL R * H-45R L F i F (uranium-

plutonium mixed oxide, MOX) %:#l>:44r1 20% < D9 7 484k & £ (alloy
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D9stainlesssteel) 5 ¢ Ky » 2 2f 2 /S 6.60mm-~ E=5E 5 045mm: ¥

I% * ;l ﬁi,[[]}‘/ ff’;i‘?l °

# 3-8 & & ¢ Bhabha &=+ st # 3 ¢« Q-switched Nd-YAG laser % #c

[10]
R (B b RPREHF AR R AR | R A B9
1.06 um 1.6 6 ns Multimode 4 1cmz2

# 544 PFBR eh¥tfddheig (7 i3 > PFBR # o chfl] i Hd S pLaE

fos & BAAR EE A U EOWIEEE R EE 5 boB 3-10

wrar o A7 MOX Pt ag s RIS 4 B Suls Koo & o Rl lAe R
B RALE UO: v PuO: & o Bfiest b o 2zt L i p K R 7 21%

PuOs: ~ ’]‘ﬁl % 7 28% PuO.X 2R R £ U0, A)= i3 48 o

258041

300 ;200'. 20

Mox ANNULAR PELLET s lRING
SPACER WIRE MIDDLE BLANKET PELLET
PLUG SPRING SUPPORT

B 3-10 & 4| PFBR #4738 (2 1 HE =5 %4 ) [10]

PR R A% T SRS BT SRR R G o R R
FehE 44 0 TE 3- 11 v 100 FRRE AT s

R S R
widiE B (Ba/em?)r #4405 F1F (i de i@ R 2 b B R 20 )Bg 7L 10%

oG EBBET L ERD R LG U REPBRETA
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BB A A T LR S RIS R B AR e g 2

« Before decontam ination

100 After decontam ination
..
“le - o ’
- 1 ....0 % . - -’:"”a &\ l‘o
v :-.O.. ] F)
18 4o - o .
5 .
& '
s
3 o
nni .
ead .
H » “w € = ee
F pin number

B 3-11 »hfik 43 ﬁ'ﬁr"%f 75 ts ehl g ff 2 stE B (Bglem?) [10]

BE AR T B BT e S ) P R B R A AR S L R
BB 5N G0 ok B R PR TR BB R B o AR g
SAp it G - WP SRR RERE RS LSET WA
(6 Z2m MV RARTIEHMEFTALF > HIA R RAFLEFLF B ERY £
Frapor ML A K > T erd) ehdt ~ sl (Embedding Effect) o

Costa £ A ey HI  F T HLERARES Fﬁ’“fﬁ T v IS
BB 47T R ERM R RN R AL FANERPRE > X
BREPMIDZRIDERFIRA L o B ARSI ERARARE D A
ZB 518 5 &8 Lt/ (Marangonieffect) » :&— 33 (Y ¥in i@ i & 230

25 5 AP HF 2 RN K 0 A5 A F o Wagner Stipp % 4 3t 2023 &
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g MR FE- HFE* ASTMASG S it 5 @& R

BN T A €, P R anE 45k (recastzone) R 0 F !
WREEERIGMAEERZS Hodr ~iFAR A% Q-switched Nd : YAG
@ &+ (Quantel Ultra100) it {7 |4 % % - &SN T RKE AT B 3-
12 814 3-9 #57 o

% 3- 9 Wagner Stipp % %+ % #c[11]

W tEE | £ AFAR e B
AE [pata kdnm FEHEERE s w
B & (fluence)
7ns | 20Hz | 1064 500 um [0 7> 22and g0
nm J/cm
HEPA filter
focusing
. 79 am Ierjs 12.5 cm ©
——
manual stage g )

vacuum pump

laser head

] 3- 12 Wagner Stipp ¥ 2 e % [11]

S8 SRS R S BRI REFELL R > e 2 2] 22 B S -

F R oAk g ~ Tk (Bakelite)® o £ gk 2 B3] > rUET Sk R AR 3-
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13- F L BB ARMEEHA TG LUem2 @HRT g 48R
NI R e PRH N ETRFFIEUEEHERRF 314 VRS

FligwsmME ki Higs 2% 5 0 A F 0.85um/(J/cm?d ~ £ e (intercept)
6.64 um > %t & 42 & (reduced y*) = 0.93

(a) (b) cutplaﬁe\\\

laser path _ irradiated area

beam diameter overlapping

B 3-13(@) T &R H > (b) A2 B REL Y S hedn E2AE (C) 65

3] 8 [11]
20
18 4
-
_ 16+
£
-
§-|4-
3 .
% 124 i
£
.
1 & :
6 r
[+ 2 4 6 -] 10

Fluence (J/cm®)

Bl 3-14 *s4cchpitic £ % A RS L48K 5 R M G F[11]

BT L EET HAB AT EE I RF AT e RN 30 0
Fa AR ATICR D - S AR4ER 400 nm £ E V- SR ES
N i s ) > dﬂz T -é/r]'% 5 JIE o 72 LA-ICP-MS 4 % o

’%1/’}#?(/rf;iﬁ*l‘@ 3pm’4§g‘; 300 7?'*3,«]—;3)’@,,.) %*Eﬁuﬁ_@
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3-15° » SRS TABILEE RSB RSE A7 FRENE D
BTORRERIIG R AN IR0 0 B T MRS EAT AR
roafl o LE SR G AR SR GRPLE SR (BRI ERA) B i
FI2E  FAPVRBBBREB > TATARFEE BB AP

AR

——1 Jiom?®
—e 2 & Jom?
> Jem?
—e—1.5 Jom?
—4—10 Jicm?’

Contaminant presence (normalized)

|
'
'
|
'
'
'
'
'
'
i

0 2 4 6 8 10 12 14 16 18
Distance from the surface (um)

Bl13-15 7 F T HMERRETIFL~E AHIFER S v F g1 [11]

322 i BMBT T SR HIT

ER IR RN R e S S S i R A

i
=
=
=
oo
N
&J\
o
H\
-‘JJ
ey

ﬂ@ﬁi%ﬁﬁ’%*ﬁ#%aﬁﬁf’iﬁ%%%%ﬁﬁgﬁ,@ﬁ
PR PLERS - ARLEBREY BFFHFF O EL A BRRY
xﬁg ] B??”'“r"* 2 E;’*/E-E' = 3 rﬁl/‘ B 5}2‘@/& CRRNE Kﬁ‘: 5 A 40 g%ﬁt/&ﬁ é]

HAEZZAX 2 JELI PRERS PR AL R TR 0 1T
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Mok B RS T 0 T BB B AR 0 R R ART RS
SRR ERPCRE SV V- T S

3221 RAIEL T I15 Bfrg i

TP TR AT RS F A A RATHARAE N FRAE
F ¢ = (Raja Ramanna Centre For Advanced Technology, RRCAT) &2+ 7 -
BRI RROREREFH > o™ B 3-16 #7r EFEL 125mm s F4&E
B 5 180mm > ¢hie 36mm > & ¥ k% 4-15bar R4 Rl SrE T BT 2
mmo * R EF LR @ RE ks Td P 1.25mm > 20K (TR

P Pl B I g ER T S ak 353 B RiEE(LDC) et 4 kT

T AR AETRE Y HT S A BRSO IR RS R
LRLH o
l_ Shielding gas Fibre gripper

93.6cm

.. ' .
Optical fiber

Length = 18 cm.

Bl 3-16 f&* >~ A1 dhdw 12 k™ 7 B2 B o K B BI[12]

3222 RN FT G EETRE
7 J
Maxim et al.»* 2025 & =y > -4 7 7 "HEE AT 48 (F 1

4 CeO2) "7 AISI 321 ﬁéﬁﬁzamf"ﬁﬁfﬁ BB R A TR
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fFoedek pes BAR 2 LR G (PVA) S AL F 3% 4T
g B L FH&TAIND: YAG 50 F 5 Sedicde £ 3-10 41T o
HRPBREE 4oB) 3- 17 #7157 » F54kd Nd: YAG FHBD)F L > &
W EFES 100mm hR B &) E > RHEB) > KHE T E 600um > F
spligd B SRA)EFRE TR E iy R BG6)
FhFHTHAErierda Q) ki gamgin ()Y » 35t d
P 8mL TR RAE(B) 0 B WL EIRERT STk ARREY F 4 ¢ 4

TREL  RHE SRR EY 3mm o

B 3-17 kB <itms (L)Nd: YAG T8 QB & 45 (3)ks (A
§§ (5)*6 pind e E/Tﬁ. (6)—1 BB E A (7) 7% F8 s Yz 4 (8) 7% §l (9)‘14'; n [13]

# 3-10 Maxim et al. & %4 % #[13]

kpr® f&(mm)| % fEpE 5 (ns) | £ 48 4 5 (H2) % beae £ (MJ)

0,8 8 100 11.9
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BB S AISIZ2L 42487 ghdw il > =< % 30x30mm- B & 2
mm > SR E ERRG 2 A Sr B AEF

1. 26 A0 UHBETCE > N4 50 @ i IR A

O

=

TR s 20025 A -
2. A LHE B EEEER 05mol/lL Rl EgF () kiR T o

3. BAJE I AZFF 4¢3 750°C gl e

PRI R R R 3-187 4o T oA TF A5 - S 18 T2 Ay v
Plenys gm0 F 0 B TS A > e 3% (cavitation collapse) A
3R G A T R A P R BT R PALR
Mo e BB AL BE RS T AR AR5}

a , pqgﬁ‘f '}’/“\ﬁmﬁ’}( °

100 100 — 00
a b| c
o TUE CTE "
v v v
0} ¥ oot ¥ 0 v ENSESERS |
* ) e |
& | ]
g &0 o {00} 0| &
5 > a |
8 & | & | -
2 po - 70 = of-®
i . |
8 L4 - |
60t & Aostone 60+ & Acwone 1 €0
@ Veaer @ Water
. inage t aacranacol
¥-PVA v
50 50 50
1 5 2 5 1 2 5
Number of passes Number of passes Number of passes

Bl 3-18 Fif aF &ALt anipiaid - Fh kB e F @S=d(b)S
= d/2 () S = d/4[13]
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TR R i (PVAZRR ¥ 21mPa-s)pr » 4 5 — 34 (4 TJ-.%;?E
b il B /%"/ﬁ’ “# 0 PVA HE:I;I: T AT E TARF “/T\ 5 4 fe 0 T L_/F FEEREE A

FRBRRELENIP RS F A LA KRG Ly

EL\'.

g R T A PRSI TR ABARD PVA AFY > FE B AR TN
SR g F ALl BRI L HEERS P TS AT A - T
Hl: F‘t /F /? Z el S

HSHLE AR SR TR R AR RT S o A R Y ik

— LR B S Lh AISIB2L A Mk o R Ak K i

g\ﬁ(

12 8 A% 3FET T HEERRRR 0 F T MKS-AT1117 3
FE Frxstidt (fey DPA-OL HplHE ~ )RR o b FEERAE b

12 DKS-96 #| & & gracitidzt (fes BDZB-96 1 plH ~ )BlE P ki

74575 L B Ao L
e o 5600 i, (A 4E-T S A
e B f5i 12300 (A 4E-T S L)
17 2 /(A 48T 5 &

i

prbiEE xFFEHPIE TERFRE
A)ed M BHARA BT Y 0 7 PVASRE A dupis ok bl o B Bk
AT E AR RETY PVA P51 F o PVA RZR Y &1
BEGTEDOTREF T AT o AAPMT SHkmE - £ (S=d2) e
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- (S=di4) FRENT ca @ B RIILEFAOREEEHE T

FIRETAE -

# 3-11PVA A ¥ 2astid i3 44 2 fﬁﬁ,j—u/fﬁ t 3. [13]

st B | O 3/ (min-cm?) | B 3+ 8/ (min-cm?)
Before After Before After
1 25 2 65
S=d 3 17 2 6
S 19 <1 66
1 18 <1 65
S=d/2 3 20 <1 45 Baclkgrolund
5 24 <1 70 cve
1 9 <1 70
S=d/4 3 11 <1 28
S 11 <1 32

3223 AT R AT B/R KT LG AT 7"%‘/? 7%

Frovil &% 121 B2 (Ngee AnnPolytechnic,NP) i * % & % % R jd e

P& K4 L AE Lﬂﬁhaﬁfﬁxﬁ?%’ﬂ?%ﬁﬁ%T@3l9

* Pulsed
Scanner Elbre
Laser

PC and
Control Unit

Bl 3-19 F spe} i B[14]
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#F T s L - 4ok

F 500 W enF # F % ek % 7 5+ (IPG

Photonics)» # # w it £ % 1064nm > *% FE & % 400ns > * >>4HE e (7

-~

2 o F IR E AR ST B 2 3 S0 KHzZ 2 B3 BE o F Bk £ 7

FEMARE A T KA o & 16kHz pF > H & < "R iiFi £

I
RN

3Imi- B etk A B4 B (IDILaser) £ 7R A > Hfwd A Eh g v ik

15000 mm/s > B L i end bk 29 % 04mm> 5 7
- BRAHEFR AR R E (Ophir, FL500A) -

LR rEINSEE R S R RS A R RSl U & ST R
FAREE ST R SR e B F SR STEAL Y o R SR R i
R g AeA > TR ERG SR IGITHRAE AL F e EFR
SRR R T 0 b MO AEUR T A RE 0 A R B o ip it

Foe g e § 4155 T Sk el R AR S (T pRensi R 0 kY SR (TRT
B BEF T SRR A g B 0 F F by e 5l
WF o Ao T B 3-20 07 0 AR ER 10m/s T Wik F R K S

P AR 2R o KA Bk TG SRR I3 R AT -
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100 L "-————a—
s 7
> 8o} = -
g P
@ 60| @
=
w 40 i z 2
o 4 —=—in air
g 20} o’ —e—in water
& /0\./ Laser repetition rate
2 o 16 kHz
o t A 1 L

i i 1 " i
0 100 200 300 400 500

Laser Power (W)

F13-20 2 FRAETF oA AT ES 2 MG @) 247 (b) k¥ [14]

3R]

ke kR B A ATREEAL 0 AL E § AR S A IER

AR FIHAENTBF e TR BNEIE G d 0 B Aok 4

CEUEEE R HENSE T RE S LS S SRRl 2 U Es
FEL FAI PR REE R TRE BT R A R

Rl S % LI T RIS A R ) o Ao B) 3-21 froT o

(a) (b)

B 3-21450 W 2 F stiF %2 (@) t-k® (FA& 5cm)(b) &z F ¢ [14]
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3224 ArécH Pl < F 7 FRBL KT D7 S F R

Frévd B2~ & (National University of Singapore, NUS) =% 7 & [ >
2000 & -4 AR FRBE KT g WA 9% B FREE 4T
B 3-22-F ¢ * KrF # 4 3 § 5 (LambdaPhysik LPX 100) - ;4 & % 248

nm> ke R L 23nse § bk LBk (8 0 d F SRR S R

sd TEBERFEIF LG o EEEENTEF P A

>-1w

EAREIN P2 H g

)

/

N TR €

Mim/ 2
KrF Excimer

Laser

Laptop Controller [

R

b Ext.Trig Syn.out

Microphone

pC

/a7 | ]| |y~
3 —— DAQ Board

)

B 3-22 # % % [15]

FHRERET o BH AL F Sk 0 BRI SR 4 )
B R KT %R B R 1 R Bt eh el % - X ) 3- 23(a) - B 3- 23(b)

]

o)
g
>y
3
\,\
F_&
By
s
1%
7;.
T
(Q
&
b
(=i
4y
=
oH
¥
|l
&
B
ﬁ?’fx

LepliA) e i 20 3

50J/cm2 s E R R FERIN 0 5 F ¢ A LFERE 04um H A D 50
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“m’ m é’—’kﬂ ‘:’3/7 ']/F&EJ/” 25“1’1] i%%n__l_ 76Hm° l.L_g:&FI-_—[_ t“:_l«LLBL;E"_
FRPN KRB HEERS P DU BEF -

(a) (b)

8

Ablation Rate (nm/pulse)
8 8 8 8

" 248nm, 23 ns Y

Ablated Depth (um)

[ a—"
0 200 400 600 800 1000 2 3 4 5
Pulse Number Laser Fluence (J/icnt’)

Bl 3-23 (a) H|&@Fk &%z M (b) H)& 557 sl & 2 B (:[15]

B E S RAB 5.0)em2 pEo B AL e LA BRSO

R fokY o KB R RS B E € F-Rk4EE (water hammer effect) sk
Ao KT T A G SR MR A Vil MPas R A I R A G A
AHG EFREEF > HNLEFE D ERAH I N EREARR TG

SPARS > FE R E LA A sk Adh pat W0 B 45

Jlem2~ 1000 =t % ffrts crd| g it 5 4o @] 3- 24 > ok P &b %] a3t 8 %

RS e- WY SRR P IRE S RE- Aok BF MR
3 4 # {5 5+ (inverse bremsstrahlung) &% T » B & Bt € 304 T T
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BT ER AREFAFRP A F R 3 RA

<l
9
\a;

dd s f AR ERRIE S AT AL SR -

0 300 600 900
X (um)

Bl 3- 24 1000 =x *% fiwis 7

1200 1500

T

33 A2 % g BRR

| 48 Fe

(b)
20 .
)

0
~ 20}
g
> 40+

.60.

800300 800 900 1200 1500

X (um)

m (@) 47 (b) -k [15]

3.3.1.% P Adapt Laser—tuiitif K-25 % § B % i

3.3.1.1. 7 #% 7' cleanDECONT CL 1000

g B34k

44

-5
wol

Adapt Laser #2 CleanLASER %

H ¢ i 445 cleanDECONT CL1000

E‘J

Eirp S B0 AT

'] r‘ﬁg’ 5‘]’ ,:‘i k)

&+ %) 4 (Laser ablation)

Guﬁé #*

Nd: YAG 3 # & F 5Lk FiTHEA? > § 5L REATE 02804 % B

bR R (T B R

BREZREET HEAH BT

ok g9k F T & (fiber opticumbilical) gedgd g+ F 10

lll-‘f—:}’f,}a 1#}7 ’ ﬁé’u,;jﬂi o

_:F.;}-f N
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Y

L{y},

BT bR E kS 4

= 7 ® (end effector)
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SR SERT R G ASER B F ARG e Bl

FLF 53 R R AP B G ORT R § B4
18 > TR F S B ERR E 7k 5t (point-source vacuum system) dz & o 3%

SRT GO ERUARR G o SLEAGH LG SR ER RO
;f? v ¥ TR ll' T 5 4‘«‘,’” r = %I%\ﬁ L T Bt ARR If‘f"'/)\g\‘ o ﬂ\i‘&f]"]ﬁi’%
A L

3312 £,52z2 jar+ 83 m (#an)

GE BT TV HMTY 0 TG TR G R TR
B M T E A RS RE 2 R sk -
iLIE 3R d Adapt Laser &2 % = Philotechnics Ltd. + I & {7 > AdaptLaser

SFEFRET KA oS ENTLE > ARIEEF > Adapt Laser + & 7

B2 NIRRT S RBaE >0 g * o Philotechnics o @ & g2 £9 i ﬁ%]%y:
SRR P I IRTEE 3 RS R R & B P F I hIT B R
xR E AR A X 2P ERT U RHET LRI I

B¢ & * 7 AdaptLaser #7#% i< 1000W CL1000 3 &% 3L it 4 &
AR F(HI T2 )EA e HF (HLB T 2w ) 2333 ;}%;}—5%
T EA X AIEAE 100% RliEF S FRE LI A e AL BHAEER

RRIR TR P 5 50 LT R SR AILRMHEIS 4 & 6 enf kit
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frd 2t B 22 5 A5 AP OHEERIET § 8705 2 00%
TR R enE G 55 3 7 Alpha(a) fv Beta(B) i3 % 4 o

SERGEE LG MR H TR 0 Sl R K 0 0
K25 g Raded A3 R E AP A a3 8 e m gt R
AP LR G 4-238 (U-238) % 5k E o SRRRE T A5 44
BigitPifas i TUE E aifh c FPF FREEAOLREFIVVRE D
aRF FES L5 UF AR PR 30 2 R /B R R BT
AT S F TR o A R (1552 W) e & 6 0§ UL
CHRF BT p G B A6 (138 L2 R ) E
B FFENAYLPEIHF IR IFEE SR RS 0 L ERY
FACF 200 a1 pFo Bl A PN R iAo DA drt BB g
2T o R T EEE R T%ARRE o d - LR R RIT 9 4]

T E A Sk o

F13-25 » »vigfy K25 e #rd 22 L5 Apflent Al f ot 8
2 21[16]
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Bl 3-26 § 8505 {0 205 A 4 st £ [16]

3.3.1.3. £/ 542 AW H#E (4:4)

% RkAR B L aseh s Adaptlaser # fpt SR Y S G e
TEHEARE CHRP 2ELE DI FALUS P gL b T LT
oo sRGT L 0 A AR KR E4S (Radium) o RIERER &0l E AL S~ A0R s 41
# (lead pigs) > H T 4p< £ o

EEHELT > RFL2PFER T - FlA N adi R o Wi il E

= 100% m",’f Sk PR EB T BE 0% RFRPF T F TR

o B EERT RGO F RS e PR AE RIS A B
IARETHERE CFELHARHEIEFREA T HEF AL D

M$%%ﬁﬁ:*%$ﬁﬁm ifum4#1mx%@%’wﬁ*w%
PREBRMERGE P S A o B E TR R G G o
BlREIRRE T ORI LFR T ARE - Bt (25 200 ) BF
7R 7

WALk o F B A AR FRAR £ BN RIRIL 2% 0 7
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W TGRS gREERLG o RTR AL PRIEORR TS
BAES S E AR o T SRS BT RN PSR Y F i M 2
OO T i PR o

BERA T F SR A S 2 Bt oot 2 B 0 FR A B

Bl 3- 27 X st i5 A PRt & 0 dods B~ A58 - 44E (lead pigs) %

oA+ % [16]

3329 2 AAAEABE T LNB G E DR

3.3.2.1. ,;:fﬁéf’f;‘? TPt F— 2 k114 4 4 %% (radioactive aerosol ) # <<
p AR+ 4 R4]% A ¢ (Nuclear Regulation Authority, NRA)Z_p & p
BEATHRBE O EL F-o PRI RIRFLE S o NRA BT T

- PHAEL P - PR LET LR R 2 50 3 RS R
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BRI R A E RS> £ B AR5 4 Bgr g (Shield plug) t ehig
HERFWRY c THT T FRFLFAL MBI A BB AT E
Lﬁ&ﬁﬂ‘ifﬁ/ﬁ)\ﬁ}f&ﬁ[&%ﬁ”j o M P FEL BT A BE R B L T oA R

PHEAH WIS K R RICEP T AL RIGHRED % -

—‘a

G ALNT I E G R L ERE G EEER > T
RFIFEARY A A AT AT AR T E AR S IR i B
We i i o EAAY A T §ATER 0 B e ¥ T A
B B b4eB s 3 f Mok B B (High-Efficiency Particulate
Air, HEPA) » pt ¢k HEPA 7 &5 % { 4 > o BBAZT it § H R F s

AR -

3.322. 7,22 ‘;%‘;}?/ELEEE? % (UTARTS)

AR AR AERERE O BE R m kG F i B

E i B EE i 1R I BNV 2

)
o5

P>~ =1
N

%4 % B3 %% (University of Tokyo Aerosol
Removal Test Facility, UTARTS ) ¥ £ 5 AR % > b4 F ﬁvﬂ,f RN
PriE 7K kg B 1T e ",f pt2 b UTARTS Bt 2338 % Bk FER

R B B R e k2§ R R R -

Sy

B 3-28 Zpl:#% B~ REZ ApM K& o7 LW > UTARTS %3 4

1A% Bfod bens s o 0 6 g0 - Bz nf BYAL L5

I
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TR FEY FE R TERF 2T ARER KRG ERET aF B
4 ",f BV EkREF T By D ook B R (agglomeration) #4410 F4F 3
KRG RRSF BB RF R - B A kR d Rk R R
RS AR TALIRRIF T2 ATES D U E -
BF A RIE Bt kA e FEBRE B B MR R B F B (Dekati®
ELPI®*) 1 2 k478t :k3# ik (Welas® Promo 3000 ) -

Fr btk 2% % Welas Promo 3000 # B/i® <1 I 10° P/em® &+ k
Booorix 0.2-10pum 2RI P e S o a7 0 F AR A g RSB

BB & ARERP I et D 150°C iRk TR A

\

Rl B F Ak B g FE M o Dekati ELPI®Y B § - #7 & {7 Wb s p £
kR 0 At 2 6NM—10 um ﬁﬂg%l_}’?]p\ » 10 10 Hz 4k & p) 8 T pF e s

A EER o

Water tank

Observation
windows

-

nead LY L2

Bl 3- 28 UTARTS % % & SiF £ 7 £ BI[17]
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R
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in
?«
P
A=

B 3-29 5 /% & F i3 e AT T S inAR e § B SRS HT
PR OFREFAF TR FZHEREN 120 24 FaPRE RS T
BRE T v RHFIIAE BR FREER S o F R AR IRIEE S
o bR Bz 0 Fla A2 0 < & ehf B sk o Dekati-ELPI+{- Welas
Promo 3000 /& su#-i i g SRR LRI R ACRIER > @ 41 G oRIR G P s
A& 1070 nm 2 i@ 4% F (CW) % 5 § $f(FITEL, FEC1500S) » & ~ # 1 #

F 15kW ; #iciz 4] % 5 NCL-151 (NISHIHARA) » & = %14':4 “1.5kW e

Laser power
adjustment

&

Laser beam injection

L

Evaporation ‘

&

Aerosol generation ‘

\ 2

Aerosol

measurement

F3-29 @ V2L F %o A2 B [17]

EAF&RY CFTBGER T A RORERREL R 0 T F 1V
ZrO;~TiOz v SiC»> £ i * 7 o 5 F enie ¢ S(IR)F 53k 438 7 705 0 4o R

3-30 %77 o d WAGE F - L RBREESEAY Y T3 886 8 Ttk
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EoR P F B N IR EE A 210 3 @ TiOz fe SIC 4k R 7]

Hpokfita g o

Iron plate Oxidized plate SiC TiO,  zro
coating  coating coating

Bl 3-30 9 %t 5% o [17]

Bl 3-3L 87 7 7 FRIFEESE 5 DT DR IER P LF T S5 5 o
de o THDRERER F A o Ra o F AR IS T AL DG e F
PR e ARELAG Y (BlaXld) Prugdida gk Al
BRI FLE A TFE Zr0: & TiOAER #1718 * iz F 3+ <] (9
0.15um) 3 & ehf 3 R ITApiT o A0 Fo 21 F M A6 F K HEE
PR $ T MMk A 5 d ) £ (0.045-0.065 um) 7 SIC Z S

A (B e)e & SIC 4 G 27 g sHFkpr 7 LB A B3 01

um F AR A A TR FHBHPFRESH s ALY FDF 3%

247



B 3-31 X3

txd SIC 48K £ 5 ng skl ] MR
FEEARY A g B o ipE A

P GAKEEH SIC A G B R AT

248

AT E T % hoB) 3-320 Fp| T AL &

AR el o R FER G

BT SRS T s 3k R [17]

70 H R AR A R

KT R LA iKY

tr 2L/min n gk HE 5
4 %5 SiC

*;;,j,?L Fi_o



Average concentration (P/cm”)
i b L _
< f
g \ .
L \ 3
§8g3 \ :
/ O
@
E 2
,
]

{')VP‘amcle size (um)
B 3- 32 #f Fop &ie T Rk & [17]
APy aviE I B E R > 515 Greenfield gap #f4] eng i3 AR F
MR Y EEE f 0 @ I R RGEGURN i R R F Bk (4048

FE-PTRO P EFRAG T MIFRPEET T A 0T Sk

P UFR T M F LR Ao B HAEETE S S F Bk R

*3?3
=g

BE s Ed 03KW M4l 12kW P & 5 fiRstm R p - 3 4
e S 14Amm = F] 855 mme kARG MHBREEFERFipE E o L A 2
IBERFIPRHT S AR A > F G T 0T - A ok

Pz I AR LA L @ﬁémﬁ%ﬂﬁgl%o

ﬂ

R B ow B evE iR LR F R R 20 B SIC
SRR R SR REE M B E B R A S 5 LIRS A RT
B S BLAE HFH AT 2 ek F A TES z“;flzéc Y Iy e I

1 SRR g FOo ko
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3.3.3. & cleanLASER —#9- A £ &3 ‘ff‘f kY il

RN NN AR = S e Rk E B .
Ao i AR A PRSI ATk R
55 F 13000 o> ¥ ik HreEa £ R L f F AT DS P o
BoF &1 F A e o
LB cleanLASER = & % 5 % »xd7'f R 3h 0 BAT- R F 5 F 5
Koo 3N effiSCAN k& A FH Y ch- WA T T éb"#%ﬁ%f
SITER 0 WU E ST B L 4R h (FEEAE e P B 58 R DT B
R FERIRRL BHEd 6 KT FRADE Ry EIETT
Toceie ko G T AR MR REF LRI GE CH Rk
frR R g EIRNGCEORGEEL > BYRF FRERY A2 5

:—(}%#fi‘g/’l‘% Q}r{&fbo

Bl 3-33 #4345 cleanLaser & %7 % i sL[18, 19]
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cleanPROTECT *f4c o 2 v (R L F A 2 § L3t ~ L 2 4 505
FoTERFE DR LH RN RESEE (IoE T F) P ST
¥ o #pe effiSCAN 2 * 3t cleanGLOVEBOX % 3ipF > He it A B & 7 7 £
PPk R o TR FRILR A eig RIS R AE

it % cleanLASER v 3 124z 99.6%¢H1 o 3edf{iis 4 > 1§ kif
FRAR Py RSP NEfARRERERE SRR RAEL T A
PEFCHR BT o kS R HERHS R (il 5 )
B edEE R >15m3h s HEMS L (o ik - B FRoHE ) >8mIh e
SERFHBAFTIFIFE L HF AR EE kA BBRERTE B0 o
VO HHAMF G B EHM DT AR 2V AR -

3.3.4.4: £ & Allied Scientific Pro 4 Fg 3t 4= B 4 2=

)

Allied ScientificPro = @ &k # ** g {c4d 2§ ET;—;;;% LB EIE S 1S Uy

PR pE i h s T Mg SRR B P Y - Rk R

‘ka
ﬂ\—k

Lt E 0 B s A AT fo P TR 7T R R s 1E -
2018 & Allied Scientific Pro (ASP) = @ 4.7 Perma-Fix Northwest

Richland Inc. (PFNW) 1 g » 2 & 5+ LaserBlast-100-RAD [k e ic o @

PENW =t £ R EFE Y o § - & B P eJ® P c b e 7 (LLW) £

A PR R S (MLLW) 05 £330 > 355 &g Y FL n
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(WDOH) #f % chis b B 3 47 27 7 % WN-10393-1 - PENW * 28 4¢3
ﬁmzaﬁ@ﬁﬁﬁ@#@ﬁ%ﬁ\@&#ﬁ%é% TE AL g i iE
AT 0 R R R R RS E KA 1 E2 ARERERIS BN
R L SRR Lok RN & i LA

2019 #pE o P B2 AR Y Arit e ASP f ¥ (7 & 07 :téuér‘ 5 AR
FOT IS RSL A AR TR B RIE 0 A AR TR Y DG S LG
ASP = & B3 2. LaserBlast-100-RAD » Blz:E L e 7 % p %’23&*@*%%% {8 2.
AR R AR R B B E M E SR VERE SR T
BE PSR R PTRAR L W 2 T -

EH e B4Rl i@ * Ludlum Model 12 - 2 dpm (disintegrations per
minute) LR E H = 32 & 0B B st 4 (BetaContamination ) d i
Byfré gt R (RCT) @ * 45389 pFix % Ludlum Model

1238 %3

=k

BIFRE o LR ZAAE L EAR 3-12 277 o

(a) (b)

i 3- 34 (a) LaserBlast-100-RAD[20] (b) Ludlum Model 12[21]
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#. 3-12 & RIFEHEAE 2 47455 4 E[22]

s B 7 #
Rt 4 B 5,000 dpm
EHEFeEF (2R
5,000 dpm
1)
s EEF (28
3,000 dpm
2)
B CA LR 5,000 dpm
£ % CAl =% 10,000 dpm
% 4% vl & e BEER 15,000 dpm
& 30,000 dpm
oAaw R E 3,000 dpm
ESN AN e 10,000 dpm

g

“F EFRITREIRE b RAR I AHP IR RERT
SEATEFIHP L P 3 PR A WARMS AP AL IS

G52 o FH AR LRI - & PENW H4Ff fo— Lig st iR
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B AL BESEAFT A SHI RAOHEE T AL

“

BER o 1t ﬁ,&xﬁ; D icE g PR % ﬁgg%‘; % 3-12 > ﬂ}‘{l;}j%% fe ke I8 >

AL B IR SR AT IR A F S R (E

AR Wi 2 R ARE R o d VR FHISH SRS T

/E'—J/M:_l %’3@?‘ 4 :Zi!“?ﬁ-‘#ﬁ ’ ’1 HE? 7‘/{“% T"&_,‘? %Lté'—. ’ K,/T\fg }i-_-%‘ﬁ]}fiﬂ%&f
B -

£HFS FEFIVH IR EANRES TR TR R R o
éﬁi%ﬁE%QQWﬁﬁﬁﬁﬁow%%ﬂﬁ%“%%%ﬁﬁ’&
100%+ F T HFf 3 (s > A EE I WPINT > B E DR E
( Free-Release Criteria )

« C a5% (C-Clamp)

\\\

%
R W

=
&

CaAlddd HARS TmHEAY d W1 LG Ry 2ES RS

/

BHOFILFELERGESFG A G o F R T 0 90%H F i
BFEAw AR iéf,ﬁﬁﬂlm%ﬁ CTRTH D X FRL B

B RS EDHRRIULT A RIRE S T R PR -
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4% (Steel Plate )

B SRR E RS B H 2 T R B EEE PR
% LN N % R iiﬁﬁ@%ﬁéﬁtﬁﬁ@ﬁf Lo fkm 0 =X
R SR 0 F B RS AAk ond 0 B Rt 4 200
dpm a5 % B~ P\?')ﬁ/ﬂ"/‘  Z I © R I Nl S~ R A -

LN e e

-4 (Lead Blanket)

b AL ek ek B A 0 T FER LG AR FD

30% > 4R T HS g Pl RAER Y FHEAE HESEENE -

% 3-13 7 I § S Sl L AT 2 05 0 & % [22]

il e AL b SE R A B
3P ¥ de % #c E/TI KE {E’TL/"iﬂi E
100 W(%) (%)
1 30% 20%
2 60% 60%
4 80% T 1R R T
Y o 1 100% 60%
(=% 1) 2 100% M 1 PR
1 90% 80%
EURGER
2 100% 3 18 P& PR
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1 70% 67%
b j:l] Fﬁ EFT
2 100% 73%
1 100% 33%
A 2 100% 67%
3 30% 87%
B ﬁ“; o4k 1 30% 0%

3.4. AP ¢HAp B E F10E &
3ALFPMAPM 2 R 2P

(P5aeig St R 240 )[23] A0 R A st [T 2 4 SR § S in
Proo iy BB ORI ER AR B SRRES 2 BT EAY o
FELAIER G I iR Ed R AR § R (RSP )

TR FAREEE A G (fEHPERD S AEVE P TE AR

=%

(¥

|
R 2 TRIE RS o BAARRL R RRE TR LKL

(As Low As Reasonably Achievable, ALARA) - 533 A e & /AT (70

CPRIRR B E AR - E P BALE T
S ARz FRAEN - EP T FREIFEE S -
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YL 1 IFA R 3

AN

Peieh o BB RIGHE GRS FE K B &

=

THEZVI R FERPRERF R RO 2R A F R
ERCAERR Rl SERCITIAD: St S 41 RS o SRR R e
BRE A VIFT AT R IR S TAARE S b g
?%ﬁ°?ﬁ%ﬁﬁ%%%%*rfﬂﬁjﬁrﬁ@ﬁ%ﬂajéﬁﬁ,j

e F iR & seo Mk § R0

\\Cﬂ
b
e
8
e
"W
Y
S
—
S—\,
n
e
)
I
(o)
dy

fﬁﬁﬁid P A2 7

Wy
N
H\
=
=
)
o
D=3
N
i
=
=
=
=

fe f TPEL F R HEPA
Wi o PREEARRRERAREFETRFEE o
EPCR AU AT 0 2 R AR RS BRH A T AR Tk
S A (PRSI EX 2IRE) PR P RIS 22 0§
SR S ETEI R 2] SRR R T R (TR N R

AR SR A o AR SR A RIATIEY - BB AR T M 2

|

BRp R T G AMSERT BRI AR 0 S S5 G

BARF AR S s B PSR R R TR S R TR i S

B b a0V R o T R RS R R TR g 4 2

E
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3.4.2. FI"R T S ivip B 2 R4

3.42.1. IEC60825-1 (F'=F1Z f £ F 513 5% 2 L) [24]
IEC60825-1 R A% ¢ #4135 &y - W& it * % 2enpro Rfe

dREEILE ¢ (IEC) 412 p ZimEFoenhsg - Rl % -2 24
TEFHERE > ZHREZ TGP R HILIASY DT HER 4 R
AT YLK~ B APPSR G b RAR T ML SRR
T B Benp e EFEFT M A
AP aF T ERER- ¥ 2 AF -

IEC 60825-1 s * »>4¢ & £ 180 nm ~1mm 1§ 52 & 0 #-F bt ik
%ﬂﬁﬂﬁﬁ‘%éﬁﬁﬁﬁﬁﬁﬂ%ﬁﬂ@ﬁﬁ%ﬁﬁé%&%iii
% (Class1l ~ Class4)

e Classl: % 2% %53 L ¥HET2 EHAMEFF L o
» Class1C: FHRPA K 2 Appriodz Fh A & o

e ClassIM: &d ¥ @ * TZ 2> LV g PR 2 AR
e ZEETR R (% 2 LR E witacd 100 mm RPN ) 1Y
2 8% kq (B4 Condition3 & PIE ) o

« Class2 & 2M: 7 Lk RIP chids 5§ 5 B R2E§ &
T R KRR EART L ERERNG D

o Class3R 2 3B:®? g Fq o Vi o mpa A FFFHEI

BAHH S FHREEM B EY S
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e Class4: B3 #5356 VEREEEG - L LA4P - 2

Bty HIrr el AT 2 o
N LASER /\CAUTION 75, CAUTION
A I A AFD
A CAUTION A
AR AFES AR
AES AFOS =]

) 3- 35 IEC60825-1 % s+ > % & 28 [24]

TR h A5 Bt Classd & #4 5§ A & FIH L& % & Lot i
RUBERER AR FREFPE B I ARG

%%%’?wbEcw&51ﬁé%ﬁﬁ@?&ﬁ%&ﬁ@ﬁo%ﬁ@ﬁ&

Bk b e 3 5 % (interlock system )~ % & Bf 5 4% 4] (emergency
stop) \Jéé\igg_b"—s,k%frﬁég; I O e | THKE P AETS G ;]_

FHoo B FITA [ RRA RS UL K PR GEDT HPERE TR
REBEFR O RETHE 2T

Pk p TR RBE LA TR EHERF L0 > FiLfk
G FEE A AT RS LFEA R REYG 0 L T FD SO
FIRGE IS A b R o ik dk IEC 60825-1 g o T ARG kb
KRR pd T BALAERABTTHERT S B
Mo tedt Bl § RIRE Y 7 0 I F A BEF SR o gt vh
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B R RIRAEA R B ERAR R Y A 2R TR R
Py s ik o

Faga 5 o IEC60825-1 48 7 & 32 3 AL B b "R Y % 27
R AR o U AR T ROF REARY 0 FORE R s kT sk

PP ERFEX 2EREMFZ R FHE DAL FLTERATREL

3.4.2.2. ANSI 7136 : 7/fE# (£ R RIEEE £— 7 4% ) [25]

ANSIZ136 i 7[#%d % MR 73E%4 ¢ (ANSI) 2 5 545 ¢ (Laser
Institute of America, LIA) £ F#Hl2 > - 57| & P 48T 6 * X >R
FIRE RN 2 EE BT DT T 2 RFEW L - 37 kRS
g RAEFEEREY HEY 0 FHA SR~ RIT s MR EpRERY D
R AREMAAL 2RI UL (WFF AL EE 2L
#) dnimpitine o HRPT )d—;i“/-f EASNI I R RS %i—éq“'ri",lrt ]
T%m = > ANSIZ136 #1271 2 & eht 2k » Emimt B 2R E % 2 b
BE 4 ik Py o

ANSI Z136 & 7 ez 8 52 ANSI Z136.1 {Safe Use of Lasers)
UG SR AR SRR T TR Rt R R R
£ (Maximum Permissible Exposure, MPE ) ~ sk g 474 ~ 3 (T4 5 B2 %

BRI D F LR > Tk A 5 Classl 3 Class4 w i jis
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raRTIFRGERClassd 37 538 (F * 3% %5~ 3 NN 1

Big
/q_:_)y’

£) TRERBERIG LR TG AIE L PR R Pfheh

a

& WL T H] 0 Z136.1 & f75 Class 3B £2 Class 4 ik 17357
IR E ¢ § St 4lw (Controlled Area) - *Uig » 4 | 33k pLP AT &L
Bih s % 2 Mg R EBL K 5 THP EREEIEY A FFULE
T ITA R PIRAIR E T % > F (Laser Safety Officer, LSO)
HEE R

—~

ARk ANSIZIZ6 4 FIB e § 5D I AR e W i

. Z136.3 1 FHTHE 2 HHPRRAY TSR T HDER

%,a °

e 21364 : F BB EERE » PR B FHMPREREE
__’EI_; o

e Z1366: BEXEF 2 FTHIET > RATWNIFEE TR E -

« Z136.7 : TSR B REAERERE > PP RRE - AR
R R e p e R e T O

« 21368 FHFA T EBFRRE Y % 24p5 B EFF RN

fF ~ e B S BBk FpIRE o
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¢ 71369 1 X HWEHEBEY T 2R FLEAFTH T T 4

{4~
F_k

o (Aoifie ~ 15 8 R (ER ¢
$ T bt f E AR T fqu/T‘ . ANSI Z136 & 5|58 chd & 1+
Wtz B

(-) Firx 2 ko : #*&%mﬂ%*m*%ﬁé%ﬂ (Class4) *%

mr

g S R ERAR I CLARER HFAETTREING S MG
& Z136.1 #1 Z136.9 chiLfeorhiT kS TR R E S 248

FIH > T PN L HFENTERE 0 U T R R 8o

PUES

(=) *EpEEs F TEARBTR

= 4 = A
T EE 2

y-
14
o
Jm
R
&

ST IE RF L FERHE S R R Rk
HYOR P E Z136.7 #rienidic RIERE 0 AR OO UL & 07
S5 54 o

(2) AR FEEEHFER G I"f T g S BT L s g

AT o

5y
o
\ym

3.4.2.3. £ & 21 CFR Part 1040

%2 % (21CFRPart1040) ¢ £ W& 5 %4 ¢ 125 (FDA) §27 h Tk
sz & ¢« (Center for Devices and Radiological Health, CDRH ) | #7+#41] %>
T5 T A Fif s 2 % > &% (Performance Standards for Light-

Emitting Products ) o p* /% .5 % R0 A s g 438 L 2 5 (Glded A &
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X % 65) ®AMARE S UAFRE ST 2SR o A R g
WATF R FRD HOT AL S REFR PP EEZIEY AR
G E b 2LCFRPart1040 24 1 3 544 find 2 A B KR K s
BAFr (P e . 2REISS /L2 EBES - FTHAESHRA

% Class| & ClassIV (¥&* K% IEC60825-1 7 Class1-4) - & % &

BRE R EIEEEETE Ko 4o Classlllb ¥ Class 1V (&

) AN R R X 2T R CCEREY - B EE s I F M (key
control ) £2 % F & & %0k 845 (emergency stop) o gt b o 2R REEFH A
R & 8 SRR 7 203 (Laser Product Report) » 3% & & F 5k BLP! FE e
ELIERAZ 2R38 -

HUP TR RY PESEERT AT A ROLARKT - BR

Pl s 2 B AP R RCRT @ 7 0T a5 A 4 & ClassIV

TEF B RRR LT ARSI R FE S 2R
FERT TR ERP AR LIRS ARG I B FEFBY

O 3 o i gf 21 CFR Part 1040 ch& o 3 54775 ksl h i 447 3¢
Bl e R84 ie > MP LR FRAREETET SR

R R AREAR AR T RA: TP g
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3423.1AEA (F%E R+ iv B F ) t2av % 2 EF

IAEA + i % > EIE ¢ st @ 4 A SFEE 5 4 & 9 p > (IAEA
Safety Standards Series No. GSG-1 : Classification of Radioactive Waste) (2%
WAy s e ) Y EL R AR Ban RS A s
Bfp o Hyrw P a W R R P P RSP PESERE X R %Hi%]:'
PR AT NIRRT 22 - BE ¥ MR RT R 8 AR KA S ko
FEGb AR R P 0% 2 s R T e U E o 295 GSG-1 ¥ 5 2k
el S IS N AN DA <

1. Exempt Waste (#5% 23 4 )
- REE AR RN MR R B LUE -
- TR - 1 EERA I &R LIRS &R
- Blde R ARMCE R R T B s 2 R 8 R

2. Very Short-Lived Waste (#&&3 & & # #, VSLW)
- prEE R pa (GF S 100 p) 0 TSR R TGS
Y T AR
-%%é%&ﬁ?i*%(%ﬁ%ﬁkﬁéﬁﬁ)

3. Very Low-Level Waste (& ™ 3csd x4 $, VLLW)
- LR R B T avE 0 TR R K Z LY o
- Pl P TAATR A2 SRR R CERF AL
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. Low-Level Waste ( - xs44 B3 3=, LLW)

- R RRE LRGN BRI FEAPR ok

- AR Bt ARiT e

- KB EPTREEERF - ERE AR E

. Intermediate-Level Waste ( # »zétim 3 #, ILW)

- FIRBERDEZAPMA T L - i?%ﬂi%l:': o

- AR AR FHRFEER TG (2K o
- DldoF R tE o AR o e BE o

. High-Level Waste ( % &t x5 3=, HLW )

- LA RIR G PROR S g A A R B SR
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HLW
high level waste
(deep geological disposal)

ILW
intermediate level waste
(intermediate depth disposal)

LLW
Tow level waste
(near surface disposal)

VSLW
very short lived
waste
(decay storage)
VLLW
very low level waste
(landfill disposal)

EW
exempt waste
(exemption / clearance)

B 3- 36 it e R 4 2 & §E[26]

FHGFDLE PR AR REARY J T MM AR B A
AR 2R AN RRPIE RN T I R E e 5 E S PR
ERET Tfﬁtf;ﬁw'ﬁﬁm FEE T 376 R (8t afrin b KT
Tk BE AR R a2 R L LT 05 R

9% IAEA (GSR Part 3 : Radiation Protection and Safety of Radiation
Sources) % (RS-G-1.7 : Application of the Concepts of Exclusion, Exemption
and Clearance) - #z ¥t ri,%“f (Clearance ) ¥ 2 4. (Exemption) H_% 78 fx i%
BEERERINER RA 5 Fdp B A X g Flars P T doprk
ﬁ%@ﬁé% R R SRR RRRY 3§ S F IR

ﬁé"‘f? AR - BB R T A FOE S Rl dp st
s B

ﬁt'l

B R BF R ERPETE > bt Rk
Wl et w P FRERS
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IAEA 0 Tip A fg B E & Tanst kR UE | 5 2T A% 5- 4
DR AR 1 A RE e g oo 00 10 #ed 2 (uSvly) o
FRLEL TR A HAL  F 20 10~300uSviy > BIF B RIER o HANE X
f8 0 IAEA 7 3 ik P g ek B 'LiE (40 Co-60 ~ Cs-137 % 0.1 Bg/g > Sr-90

% 1Bg/g) - & BIEBRE M ER, ﬁ;xﬁ;ﬁﬁrl‘? 4] o

% 3-14 :fE st~ E 2 f% 5 4 4 2 [27]

Al h k& (BAlg)
H - st A A
1 W EAz 1w
H-3 1x1068 100
C-14 1x10* 1
Co-60 1x10? 0.1
Ni-59 /Ni-63 1x10%4/1x10° 10
Sr-90 1x102 1
Cs-134 / Cs-137 1x10? 0.1
U-235/U-238( = #& 3z it~
1x10? <1
%)
Pu-239 / Pu-240 1x10! 0.1
Am-241 1 0.1
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(2) PE R R FHFE S v 2R

AR ST A PATOE  E g H] IRE T 2 R R

1o R ERA S BEE G R RESY 0 LR DR RN AR G

© T % T T T

Lo LA G S o 3

-~

BRI EIRHMT T ERT P B S RERE D
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