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Figure 1. In-Cell Camera and External Video Monitor

Viewing Remote Decontamination in Hot Cell
M-1.
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Figure 2. Remote Loading of Radioactive Waste into a
16,5 L Can, Hot Cell M-1.

Figure 3. Remote Use of Portable Shear Tool.
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Figure 4. Remote Vacuuming of Radioactively
Contaminated Surfaces in Hot Cell M-1.

Figure 5. Remote Removal of Strippable Decontamination
Paint, Hot Cell K-3.
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Figure 6. Remote Abrasive Wheel Circular Saw Cutting
the Shear Bed in Hot Cell M-3.

Figure 7. Technicians Making a Full-Suited Hot Cell Entry
through an Isolation Tent.
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Figure 8. Technicians Using Hand Held Vacuum Equipped

Scabbler to Remove Fixed Radioactive Contamination.
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A 55 AAlskA
Figure 994 Ho] == Hle} o] CA-3 % CA-5 cell& A= 3 Mx
TARE 2002 3€ FRHUJAY. FAF schedules Table 1] YERU AT

CA-5 cell

{In-gell crane maintenance]

i) o s

e
[n -G R =THER TUENT

t

ol I

0]

CA-3 cell

[Dismantling)

Figure 9. Process Flow Diagram of A-line.

Table 1. Schedule of Work.

York 95 96 9/ 98 99 00 01 02

CA-3
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esign & Decontamination Equliipment Installation
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Dismantling & [Secontamiﬁ :{Ijon

N

CA-bH ) N
Design & Decantamination

In-Cell Crané¢ Maintenance
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ATl /¥ W B FAe 552 Figure 100 EASA £, F
9% A4S BHOR she] NG AFES Table 200 Felselvh

Site Investigation DESIQn
1 Stage
Flanning and design by 30D CAD etc.

v

Site investigation

!

Remote decontamination or dismantling
Mock up test ﬂ Construction
L Work
Redesign Preparatory
Y Stage
On site initial setup
Dose rate survey
¥ .
Construction work Consfruction
v Work
Dose rate survey Stage
v
Construction work

Figure 10. Flow Chart of Engineering.
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Table 2. Challenges and Solutions of DD & R.

Basic

estimated

heat for thermoplastic material such as
vinyl acetate suit and shoe cover.

) Challenges Solutions Hot cell
Requirements
Should be maximized | Vacuum  cleaner" +  "Electrolytic
remote polishing device" + "Remote wiping"
decontamination Selectlon. of Stead}‘f de'contamlnz'ltlofl
rior to worker method instead of "Dry ice blasting",] CA-3
'tp on insid 1 "Water jet" and "Steam" in order to|] CA—5
o ntrusion 1.n§1 € ce avoid extra waste generation,
Maximize (from'S. d1.g1ts order additional cleaning work and fluctuation
workable to 1 digit in mSv/hr) |of negative pressure in cell
time
for Direct Work Aerial direct work without touching
. o with  floor for workers. Workers CA—5
High radiation from entered from ceiling hatch and worked
floor even after on the tailored scaffolds
decontamination
Putting down lead plate CA-5
e ) Adoption of 3D simulation,
Difficulty Olf{ d1r.60t 3D motion simulator IGRIP CA-5
Minimize Actual access WF)I” usipe Structural analysis NASTRAN
. 1.3m diameter
(Direct) ceiling port
Work Time . £ P Full scale mock wup with real
to install 3m — 1.7 m . . .
ffold i <8l equipment to be installed to confirm| CA-5
pratiolds any Saciees accessibility and workability
Repeated MSM (Master Operator. training in order to avoid
Slave Manipulator) MM fatfure. CA-3
fail Preparing spare MSM in order to
gEare minimize outage time of remote work
To Keep
Project ) . . CA—3
Planning by 3D simulation
Schedule CA=5
No fatal error during
work is performed |Full scale mock up with real CA—3
equipment to be installed to confirm CA—5
accessibility and workability
Volume  reduction by  "Pla—Melt"
Minimize Waste XCGSS. waste method. . . . CA-3
generation than Volume reduction by using friction _
Volume CA-5
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Figure 11. Repair of In—cell Crane in CA-5 Cell.
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- Confinement: 2~H|21&] A7 liner, 92 manipulator ¥ =¥ 8=
AA e o8] Mg ddso] dFFE hot cellE2 UH AS S/HAAY 54
of & A& ¥ YA hot celEE HEHO FE& HAATH
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- A 7HE AR caskE HAwste w9t AldE Ade i 4lE
A RdR olF Ay S wAFTE Hot cell Aol Foz 2#H%¥ o]%A hot
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- EE @Ak FEAL hot cell53 F99 AZo s dxHow
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oA & uwj, d 2}¥ hot cellS AR thal & FALSS

4
S 2 ogldth e RE) o5& 2005 ~20081d Akele] AE & A=
o= 4

A A A" 2R S 24 BRuME AREEto] b Ferol] Halw

A 2001 7€ 13doll A ATt

AW Aol td wuA 2 Wssk vk WHE ASA Age]
%

Hom Aol AAPel wek A FHES AR FAsA FAh

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008

Taday.

Milestone

project first part: upper rolling
cell, waste monitoring, alarm and  E————————
radiation menitoring finiishing
works, cell seismic Strength .
Wires._..

cleansing + cell boxing w
Ventilation devices - Fire

protection - flows

Concrete cells internal fitting march 04

May Q4

Building seismic civil work

Lead cell dismunﬂing EEP". 05 s — — —

Figure 12. Master Schedule.
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ERERE

il
et

A= Nz ZAe Aol Q= AFHA HA ©(owner project team,
721) o 93] #EHY Jhe 2 AIPAER F JxAAE FASH. -2

& dgzzagel FPR ohiek AxAe] FAYS Lol Ao &

<

= -l o= R4
ABEE FASY. SHAAE FAREAA 2o EX(YE, A4, AVE )&
A A Yol L Framatome-ANP Alol] o]af] 3] % o] Zt},
7] Figure 12.5 200533 2ol & o] 59 S BoFoh 22y, 200610
FHbol] ghgd X Zof| vt B7F 232 A Hr)

2} 20043 AA A A
Aoz AA 19A = 5= AT

- ANE 4

Zol A H(Figure 13).
+7 Sl AtH(Figure 14.).

Figure 13. Side View(left) and Front View(right) of Mobile Shielded
Upper Cell.
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Figure 14. Arrival of Travelling Crane(left) and Replaced Travelling Crane
(right).

- A7 Hot cell #9 = #109] tha] 2709 in cell box7} A X % % tH(Figure
15).

Figure 15. Stainless Steel Box(left) and Setting the Box into the Cell
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from the Top.

- awAE AAEE w2 A8 AA del= 2000 kmoll o] 2t

S Au, HASA A, T4 A9 B, 4D 9 44 AA6] o A
2 JFHor B 715 Folt}

Figure 16. Strengthening of the Cell Bases for Seismic

Withstanding Purposes(reinforced concrete).

- st e, v, SR Al A e A, sE A FA T
S AR gt o&] wal 2 2004 A Ao g7 A Utk

- 2004 Wiell, hot cells T8t Ed & AA7F ¢g5Y
AX e ojg wj7] AFs MEA SHATh o] & A
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3 AR Agale] 1950 ol A EATE o] Al 5L 14719 A
2 0 g Aol Fddrh= etk AT Eokes AES Cs ® Cf9 2
5 ot st, 71 A1etA A9 Solth 9xE Ao HHIGE 98,
CEAT ©] AAdS AxAoz At b FAaR o|sste A¥S 72 2
AakgiTt olg g £AE 19979 AZHlen 20109 huE o gorh 1997
Wt 20019 Abolell 6719 A@ Aol AN 2 hot cellsel tigh 3)A)
7F 200296l A== ATHG] e R 9ol APAS ARsA At
O Bsta, o] FAle Fae 5AL o Agde Add st
AP Fol 2 e Age] FAHTGE Aot dE BW, 2AME A5 A

SHA/7IAA 5449 E +ds Aol W3k A s AWty o

FU

Pl

(R
ol
>

522 20702 & hot cell?t 2709 glove box®= A Kt} o5 cellEo] ok
42 Aoz AAFEJATH2001d F 12714, 2003 & 570 4). yw A 370
hot celle] Hgh A= 2004 99 A 2005 D=2 A= 9ot 2001 &
o] %, 97§e] = hot celle] 7ZAFEA HAEHATE o= W A= 20060
2007 A0l A=At o] ¢} WPt & cellEdd HT HA& AHES 3T
golr}, zEa AFA o A& oF 5000712 2AME EE AIRES CEA9 7
71 AP AYH 52 o0& AT AJAR olsd Aot

TS A YA e CEAS Saclay A 9ol 91x8ka 9o Figure 17¢] A4
Aol ek gl A o] QU

2. Hot cell

IAbE APAS AR e G99l A5 93 16 7He hot cell =
T ECl Ark AT Eoke A=, 53, Cs B Cfoh 2 s9da A A
=23, 71AS A A9 Folth 1994 ol# 2 APHES HRAH R JhEe] FA
a3 ek 2010 Wd7kA A AAE AL Figure 1791 0. 1, 2, 3, 5,9, 10 &
140l 8, 11, 12, 13, 15, 16 hot cellE2 3l A & w ol H|WALEs AFE 930
Byg Aol WAbs F£97F v cell 65 33HEA cell 45 aE BRE Y
cell 78 WAMY 0 wyto] o]gd Aot}

_40_



Figure 17. High Activity Laboratory in CEA Saclay.

Cell 11 il sial AA #A7E 20021 d0] AAHATL 20043 @A 20061
SEFE Aoz BuFHAh o] celld FAME AzE & 7AH 5L &
Ael=d AFgE Ao o] cell W 11-29 celle 1% 7} =(tensile stength) 2!
ol 11-39 cell& F%(toughness) =74 A g A%t} Figure 1891 cell
119] AAl &4e Yelgdloen o] cell> 2001d o]z o] Aoz F
o Ao
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Figure 18. Actual View of Cell 11.

Cell 11-299] %7] WAlSs AEHE 39S 6900 Bg/cm®, dose rate 180 n
Gy/h ol vlud HA HLsh= Aol 7Heskd o™ cell Wl Figure 199
Hol& npel o] A MH|Eo] Wol EX) } At 3 FL AAd #AY Sl
oqu gt wAE TASHA kskem AFAY F AT GASHA AEle oAt
% 021 Bg/em® ©]al, #lEF WAS LS 20 Bg/em® ©19l3 dose rateE H.ilE |
o Skt

Figure 200 Ho]+= upe}l o] Cell 11-399 %7] WAls A= dupda
9200 Bag/cm? dose rate 2300 uGy/h o]tk vl A A Hto] 7bedtyon
AL 57U FhHAeH TP F 2750 wWo] HASAT ALY
T HE waerd s d9dAlE 021 Bg/em® o3, WE WASS 20
Bg/cm® ©]2 3 dose rate= 5 uGy/h ©]lth.

_H
olr
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Figure 19. View of Cell 11-29 at the Beginning.

Figure 20. View of Cell 11-39 at the Beginning.
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Cell 15+ 2001 ol = 9o HxA o2 FTw@=EA=d Figure 21 Cell
159] A}H-& A8 Line Semiramisoll A= A 5o} #dd LA
Aol FHAoH AAAN A S g S FHlsk=d AR H AT 2002 -
20031 7hA cell 15-31, 15-26, 15-21, 15-22, 15-23¢l dig A A zgo] a5
ATt 271 BAbs AdEie W AR A 15-22) =HE A FAHZ A
(15-23-3) 7HA vk delz A= AAJT. Aol ofs) vhFe] 22
o] hot cell HPZ & o]F= o 11 £ WA H7Ee F&2 E7F o)
ATH
53], hot cell 15-229] WAlso] uf$ Fo} dupubrls 10000 c/s ©]7F, wlER
Abs 5000 ¢fs, &ALl F2 80000Bq, %71 &It A#EHELS 1600 pSv/hr
o]t} o] hot cell Oﬂ A8kl ol 52 B (mobile front wal)S AR&3sko]
% =9 #H7IEE2 cask Wl BRAHUG WALA £
<3+ & WSl (orange leveD)7HA] SrE=d 271 €] A QHA
T =

deol= 17hdo] ¥ &8 A

¢
0

15-133

15-30
1512

15-13-1

A3-3 ‘ — 15-23-2

Figure 21. View of Cell 15.
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AD F hot cell W WAEA AEle duAls ~200 /s, WHEFSALE
280Bg/cm®, H& i 23 AFEL 400 pSv/hr o)Atk Ad A T cell 15-22
of th3t AR S Figure 22 EFHAT

Figure 22. View of Cell 15-22 Before(left) and After

(right) Decontamination.
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Cell 15-23-12 Hsl717F E7Fs3dte] 7hv 2t} manipulator ZZFoll o] 8 A 7k
Adzads FdsEArh 271 A dels dabiAbs 4500 /s o], HlE
WALS 4000 /s, dIARs 9] 2 34600 Bq oAtk AYE & LupAls ~2
Bg/cm®, WEHALS < 35 Bg/em®, Hit HE U3 AFELS 40 uSv/hr o] Q)

N

3. Ao
2 AAl A HF BAREE AR Rxe v HAA e diE <
100 Bg/cm® ©]™ hot cell &% o] oAR U FF AHE
< 001 mGy/hr °oJst= @35 Aottt o HIEA = cell 1522 2 cell
15-23-1& A9 BE celllAl A3zl A7 Hell 432
o] F cell °f ﬂJé‘H O HF ARA} AAVIES W7 dEol A
HEAQ & WHELS 22 b G502 5E 54

o
ol 3704 O]/b A7l wet Ao Avket g FAZ}st, @ Yo
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otye} sl ol = AR hot celldl A A HE thEke] 274ES wiEE)

oof 3= A 2 Q) cell 11-340 A= 5000 /el ZALE Als
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Mg ALEel WE A7

v, AQT A7 AL wE addE 4 2 @
2e] A7} FA AAH AT Aot
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A5 A E7]

W7l o] A+-7]#<¢l SCK - CENelA 7Hg 2 el¥l hot celldl LHMA(Low,
High and Medium Activity)ol &k sjal2tdo] &= Q ATHT7L A 20647, o
hot cell& ZAF Als % AAT pinEdl ek 24 & Ao AEEAAT 2
2|3 o] hot cell> AAAAA] Foz Zeinel 18 m’e] L Fe) Avy o
box®E FAAE NS 22 Mk Avk Aujep 22 dujEo] 12709 Al (tongs)
2 11702 manipulatorel] 23] 7}& 5 At}

°] hot cell®] A= 4TdAI= 54 AL9d 5 AUk
-1 @A A 2A

“Hliﬂ = 2714 HvlE] 65%E FaHAeH HF HVES F4
Eae @ Aol Eusa AdErie ¥Weoll & Aviws AY #d AR &
AR
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sk 3 arier 289 71AA Arbsmechanical polishing) &3]
2 AME35te] HE WAL AEES 14 mSv/hr ol 2 A H
- 3 @A Hot cell E#
Hot cell& ¥Hd A5E2 4% F 70 tond S AASFAIL hot
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o o3 AALUT, 2eh WAEA 9 V) AA Ao w e A o] o
Mz B B gy 9ds gsten oF ‘dF HA'ZR HAY F
Ak, HAao ARz, sAFgAl As kAl wah, @] HA Al hot
cell& &AM sfjAst7] Aeir= Enl7F EAsoF st =23t #H 7] & e
7F dastrh AA HAV Q7] A, AT EY] B SFEE 24§
ofs sAVE=S A= 3o sbEsith JbEol FAE tE hot cellE9] 3l

Aol =1l BlE& AEA17I= Aol 7Hsshitt

mlru

2. 4 A 2] (defining the problem)

A A= A A WA dAolth. LHMAZE 23l 7Hss S A8}
Roevz 7led 9@ WA A FR7E dHEAoH AQAFF ol ofFR AHE
< AR EEES OS5 ofHA wEAnh WAEA ZAE WEs] gotstr] ¢
3 hot cell AA FW] WAlsH} WALY AFES 24T Fart Atk &
ol e 54 2 AREAS T3 29 ARE =X =AT 5 dddd WA
6L7<4 ;Giﬂ. T2 X]E—‘E =
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2+9 glo]= hot cell W2 ZPA7F H2ets Aol BrlsshA wHeEdar, 12 7

of w=353ld FAL 29 manipulatorE AR HE7 ESESHA

3. a4 Al glolA R WA AwrH AE
- Aol o 2
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o A BFe A FYAEe] HIhe AL

)
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& AFTES A% LA E e BEA o)
Z Ao 3l 0.04 Bg/em®® 2434
%
%

S welol ojal, A% $ES AT A AnE

T WA AS AAFE(restricted reuse): AR W H|RIALF3 22 wRALE
A ASE el A, d 2EHRIE 272 o]l5& &8AIF el 93] dAEA A A
ALEE AR T 24E 93 52 Ve WA HVIEY 2T F 56

Eol FEARA AGH ANEL 9T ABH W) el ATk

Al AR AD Ank FAF Al D (grit blasting) -2 2 H ZHEH I ATFE A
W & A stk o] BAIEe @A Tlststg o m Aa e FErt Al

d g e I 282 W WAkl dis) vbelE gt
et Aol wER, A grite] 232 A& o] AAVIEE AHEsh= Aol 7
]

& A H7IE AERERET ¥ =& ZAeE UEEY. Osld: B8,

Ul A, BARE #H71E A eEA B =8 F] Vel o Aste, HARE H7E
= 25 ToE FFetdth #H7lE T Stubstib NIRAS(National Institute
for Radioactive Waste and Enriched Fissile Materials)ell ¢]3] F-A 4 o= 7]
o] At Table 3¢ & dAle} Aol U= AL 7=

Table 3. Main Radiological Restrictions

Tvpe Maximum Maximum ‘Maximum
yp Background Activity Dose
Low active combustible solid(LAC) 40 GBg/m’| 40 MBg/m’ 2 mSv/hr
Low active super compressible solid(LASC) 40 GBg/m’ 5 MBqg/m’ 2 mSv/hr
Medium active solid(MA) 100 TBg/m°| 200 GBg/m°| 200 mSv/hr

Z 6E9 AR H 7] E(MA, LASC, LAC)o] A=t MA #H7|& A&7}
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