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Abstract

DUPIC nuclear fuel is to reuse PWR spent fuel as a raw material
and is fabricated through a variety of processes. DUPIC niclear fuel
fabrication processes are conducted in the M6 hot-cell of the IMEF
(Irradiation Material Examination Facility) at KAERI (Korea Atomic
energy Research Institute) because of the nature of the high
radioactivity of spent fuel. All the process and treatment equipment
were designed and constructed to be operated remotely because direct
human access to the in—cell is not possible.

DUPIC nuclear fuel fabrication equipment and handling devices are
apt to be contaminated with high radioactive particles because the high
radioactive materials are treated in the fabrication processes. In the
case of which such equipment and devices are malfunctioned in use,
they needs to be repaired and maintained in the hot-cell or outside of
the hot-cell. The human operator can not deal with the contaminated
equipment and devices by direct contact. Therefore, the
decontamination needs to be done on such malfunctioned equipment
before they are put into service for maintenance. The decontamination
process needs to be conducted in a isolated and closed room to prevent
contamination from spreading over the hot—cell.

This report presents the decontamination chamber of being capable
of decontaminating and maintaining DUPIC nuclear fuel fabrication
equipment contaminated in use. The developed decontamination
chamber has mainly five sub-modules ~ a horizontal module for
opening and closing a ceil of the chamber, a vertical module for

opening and closing a side of the chamber, a subsidiary door module
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for enforcing the vertical opening/closing module, a rotary module for
rotating contaminated equipment, and a grasping module for holding a
decontamination device. Such sub-modules were integrated and
installed in the M6 hot-cell of the IMEF at the KAERL The
mechanical design considerations of each modules and the arrangement
with hot-cell facility, remote operation and manipulation of the

decontamination chamber are also described.
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710)9] x3o] vt s mAG FXAE st o FXA|7F F i
o]of 3t} Large-tooth gear® °l3 & #AE Y + Ao

(t}h) Couplings

AZEH L 524, B3 3 S0 %t 2458 2 WY E dds] @
CAE AZSELS AA 524 R AAHEY AN HA 3o st

of I

e = F5¢ A8sE Aol st gFPRE A7
Aol seo] wet 24 HF9Hed 458 4AS ASsE o] v
ot REEL AYF F2AL 257 BB YVHA E70 e
drez AAs WA A BASH wWekd o ASE BH, AZ
Y, 3% 29 UirA B3 o] nHste AAsted BB 279 By
£ nestol @tk webq A AAE WA Bk B5E 3
$x pasie] AAsEd Holsg Fol AFol 9A WAl B},

A% S jaw ASIL Gut gagoly 2UYAGoR ARHn B
Zo| pinned & TAAAL 39 % ANZAS 9 =y

HBols & g stdof st 2ZHE ol&st7lE I Male/female

rr

= X

=

=

flo

4
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spline ASYE 9402 FAEsoz F884 AHe2 F gor 53
2 A9 § & %7t Boste, =& Open spursh bevel 711=
Aol Hgsioh.

[o

rr

(2h) ¥lo]
SEY ZE7)dE wEA Holge] AgHTh EAle] oM &3
Ar7h dae dolm AAE WY 5 Atk THY B A HolYye
202 AEHEd dosedl AR oaA FHol e AL WA A
22 7% st J1E AZNA STAT YBANHOE TAHE 2B
3 AR b5 ATl BY 3 BAe 2l o dgo] o] ol
0% S0ppm BES) FEo] lojob Bk o] o] FAL AstEw
Aol AT AbR 7Vsstn] mAzAd sk RAol 2 Hojokwt

A

iy

o]
So) ASE YA} Qol AEsE Aol v

Woly Aae 43493, A%, 25 2 Tdade) U A8Hw Qo
W ogwdel oul @ deid ok zey AAAE Bg FRo Fo2

- AFETFS Aol Fy 2EAE BeE T,
CBE, $FL Ao FA gau §BAT £457] HL(RE
AFE7} glol 2P AL,

]
o
- Zet2EHE WAL Fout A Fiko] &

(7}) Power screws
Power screwe 3tAA @ol ALE3tH o]AL A £F& A &
Fo2 udg IFL AFANY. ACMES ball el screw7} AH&=
ACME screw ASA standards B1.3°] @2} AAl€ch. Ball screws o
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o T3l oo AR T A EF F14Q 285 volge] o
A Aokl gtk E@ 2N ¥ gAY 5 1AW A= Ade] Fag

ok =3 9dARS Ade Wl screw, UE, Hlojgde AAE A ZH
UEE screwd W] ZZtoz £23d & A shd AEI =Ao)

SRS

¢

(3) &&A
34 ZFgolMeE FAE Arider aAse ARgdE Ag 44
Al WA & AE ARSsiol @t 4 A A(fastener treads, jack
screw, slide-way $)°1A4E Zdoly Molybdenum disulfide®2 &4
2 Abgsked ol A2 o FAto] & GHEE YL agiR
o g4ttt 55 FFHoz A yroA FFHo] stsE AE dFE,

phosphates, flame spray, silicates 2 LJAE Fo| A1&2 & o}

2}. Seals
(1) Mechanical static seals
- Elastomeric seal rings : d¥AQ elastomer$} thermoplastic
resing 10° rads AE9Q WALMZR A4 7}535k0 Adiprene
Cm urethane rubber= 10° rads7t#] A48 4 Qlth. O-ringe
SgAgA AFE7I7 FE7] WEA H& AAo] bem oGS &
3to) =g o2 Aol 3l R Eo| seal exposed®2 HEFEHH

captive o-ring groove’} # L3},

.

Metallic seal ring : AL BAHoA FE3] 2E &+ dov}
gato] 3=t et “sucker stick”S ©] &3 AU access slot
& AA ok 3, o2 EE o]FA] B4 Folojol g

o
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- Packing : 493 22 ashbestos—graphite(John Crane)$} graphite
(Grafoi)7} &€ 7Hs3tH EF 5% WAAES Zx gl
gAA HAAE AT AT AHEE AN AAY 5
o HAAZE QD FEES 4Hs] L] FE Hol Ut =

=]

sealE AFAs77F Wy FEH. wEhA S P

(2) Rotary shaft seal
2712 A87F e &, 4" ® &d FH 5o AHSEF
of atel AE7L FAH F2 HHho| JAFIJEF utEH U Bh/8
A, /SLAAE, /stellite X SGAE/EA 5o FE Agdr. &
Fo nA@H o & F2 FF bellow’t Ye B LA H
AN 5% 4x=9 FAY9S £ £ob. Labyrinth seale EF F%
2 o] glon doA FE3 AT & Ut

flo

(3) Linear shaft seal
% bellow seale] 7Hd Fd3| AH82 = Aok AAXE bellows
Y 37 AT HAdgHol WA A F=E mHstder o
Elastomeric wiper7t AH&2 F Jou &EAE H7letdoF dH o]o
upel &-3Ae] &Ado] LA

N

al. Covers and enclosures
(1) Unit shielding
A, & EE A& a0l &sto 7171& AHsted ZHo] st
ZF Fol ALEHY AHSHAAME P EFHAo|H X3tk @& A9
e Fou HAY /¥ dET WA LdHH AT G AYA
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Bo] AHES. AR o] FEl= PHES 249y A F 9
|-z AR A5 olu AP AFPY 2HHEFE S J1EFE

< HolAY EZ2Z4E QYA A3 e fEES dRo §313F o)
A%k A 71Fol HE JET.

(2) Isolation enclosures

E8dE A&dE FE5t9 dHske Aol TF EFY ol ok

FEo02 FAHPA F EUTE o188l BHEyst BR o5 S gHze
2 FP3. 24T dHrt 7 FEd skl AR B mE 9
7hE Al EBFE] BAHEE Jojof it

B}, Connector design
(1) Hanford-Purex(HP) connector

HPE 50 - 100 mm 2173 Z7]e] dAZo ®o] A&} oo 53
2 self-aligningol®] B2EE g AT ALESTh Eg ALY dFdE A
£ F go. AL MZAc= Teflon, glass-reinforced Teflon %
plastic/elastomeric seald Al&3tH o XA F3}FE 1t AEE
F&og vk £ A HALow ORNLoA #HA Algstes dA=z A
st EE Ao o= FFEE HA EFo| ZhestA AA S Ut
Gamah, Graylocol AF&5" Grafoil® ¥4 X7] 44 & 23}

(2) TRU connector
6 - 12 mm HE9 &2 #o] dZ ] HEstA ORNLA 73
TRU connectore & 709 BEE AME3tH female ferrule2 ¢ 20E,
male ferrule2 18%9] Atz Hol Yot HEse EHLS Avisto 4 -
10 rmse] 2EZ 71"t 48L& 700kPa(100 psig) 7HA] AY™ seald
nAHe BEHA FErh Ase WA WA ARE o8 £ )
ow HPEOE FHAFs7I7F =4 A vy AuE 0§ty FE

_.19._



3 AH8T 4 Utk

(3) Flanges
durx oz g T AILEHEH YHLE ALES7] f8to] k7t
MZ7F F 83}

guide pine AR&3HA] &S

- Seale F71H oz FAFof R o]F T dldor sy BE

o4& FHFH Hojop @tk e AS WS BEES A&t
9 2Ee ngA EaE ZARAY £ME AAG H= A 5

flo
K
EL?{.',

(4) Tube fitting
2L XFgH fittinge WU EOIHE o] &3ty dAdA ALgT
& e double ferrule®l A %so] £t} Cross-threading A &

o ferruled A 377} JEDE ol S 1o 3o},

3. AAAA D AFALYE
7F A A
AT dd gl 28 A EA S FHFEE AT 2L EFA3

A4 2 BFE AW Tx 29850 99 AGHe AL AY I
o

9 HFPAEAS nWAIA 4R E7153th £33, ALARA(As Low



As Reasonably Achievable) "Fll'zo'] w o] ARt A AGAAe S5
g & g gEkA, A3 dge o9dd DUPIC dds Ax 2 34
AHler Fega 2 FFEY FAEFE AT AF AdHE g7 2
< M2 FHHA AV HALLE 2HSAT

- ZALAAIGAA M6 & A AHE

- A GALH Y 4HL8A

- AFALH S AFHFTA

A HAZ, ZAAAGAE M6 4 A& AL E AGAYHE

AR1stnA ste AIEET B Aoz e 22 AMEE 2

- 7] BRE 2ARY/ClEH F2EY H2A
(ZAAVY £F L o)FAL, £l WUFEeolE e 94X, u
YFelolele s&dts 2 249 9d)

- AN (F F AF AQ/FIN(EINE 2 S/ EG (YT E

E7) 3% 2L FEEEH utlity)d 94X B ol& 7HsA

T e A WA dALAEAN, AGAIH Y AR LT AFA
< A Rl AAHE AGAGE ] dFAg - Aew dF

=0y, 947 s, 34 AN FARZSEA 2 T79 784§
< TSt =S, 4 9§ #YFH(operating area)ell A ZHH AL
AFDALH QoA o]FAAE RE FYGS A EUHI T F glojok
gt olet B2 HAZRPAE 4FIY] N E d3F TE AMFgE 23
Eig=y

A Tel A AARE APFA E= ANFAE S
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st W Fe X" FAET AAHE 97302 23T F gl
A

- AGALH Y 5 H/AY FEE s 272 W &oldHA

aA F FEd £ IEF REH F2E AASH.

- AEAAN e FY E FHASAAL AANE2AH ¥, a8n

2 2 FEL2 A7 2 AE A 8 SA47A AL
o] a7HEZR, =go] olo]x AL o|&stE AFGHPE ¥
=

S e s

(1)

(2)

(3)

(4

5)

AgAdH = 29 By AGA 23 R ulA A HIE)
Ady oRz vdHA FEE FES 7I9EE FARESE A
ZHst A

AEFA L= IMEF M6-B &4 WiFol 2X=H3n, &4 ANHEER
7] 22" ddg Ax 2 FH FuY 8o IFS FA &
ofof stv], ANHES FHEIAHE TES TEE 7 J=F AF
&t

AGA G st 7] dXd AL ol &3t APl 27
He BHE F8&5t1 o) F J=F AFsn.
AIAI e AGF FAsE BE 2 F " A DAY HOE
T AYrt Soldt=E dHF L T3 2 € + A3, £
AR ES] W7 AIEHR AAG AgE 7 I=EE Az
AdAGd 2 FE9 §8 2 FHA2AA= FAbsd 71
g 7159 Ash 8 R mAE Hadsr] A T 75 F
A& Ao,
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(6) AFA U] 9 Ea:}_r?‘q] 23
E3 SHolE HUEgolE

=3 ARss
@ A}AL e 2 7 £ BT ¥y o
1¢ Bahe % 92l

o135},
T EEd FEFIHE 3
Q" F717F 2Bl s

428 4A 5] AA3Hg

2 FEF o|F Ad
HuEeelg, =

(@) AFALNE FAY
q 94 22 2 £8, 93 ¥ 2 B LIHES AR
Ak,

adge IPAYS T
=

FUE2AA AEFE @

AGAAH A FHF
ol

(9
skl Aol 24

T A4z "2 FE

| 23t o
e Z|AINeR FAECC SHolE

(10) AGALN ) FHAANLE
o) 5= ARaAT).

YEHIHA o5ty AdeF
1) AFALW e 437 AFEELS 15mpme £E52 As JHLE

& @ AT F AFE A
(12) AFA LB REFJREL
=35°| 7t

YEolE e st A&

AAdes FHH SeHoln o)
GEZ Azatgt.
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A 3G AIALH

1. 18

AGALGHE ZAAANFEAAL M6-B stde] Hxg dxe AGA=R
A, DUPICH YU E Az 2 T4 FAFd0A A8 1348 222 o499
Av &48 ), X 22 FF 52 AE - FA - BF3tE e
28=n, AFA HAE H7IEEAY BdE gAEe AW 2 E4F
g Ao de AGAAAAA AdD Ay - FH - FF T
A EE WU EHOEHE o] &3t M6-A F4AE £ F, M6-A ¥
A2l roof doorE B3t ZH4(isolation room)E °©)&3te], Zvl whA}
T YT SHA2HE WAL F98 AT UE APGAY H2
8-S wd F 4, 2A, #H7, A AF T 28% =XE FHSHA "ok

M AGAIHE M6-B 3o 7] NEdEFHS T, 75 2 I3
A A3, Ao dFHE nEt MEBF e, Ay &L Y
2739 EF4 g EFTE ALdn dee o3l o|FAREE
e AGAdE M6-B e 109 %3 R-2 Z(shielding window)
S A3 e, oW I 10¥ WIS FYF Atoldd AAHY F SYF
S AT E dAFHJ oA, g 7] A2 249 wiE/EEolE W
UEolES 2<l, 222 ALE VAT ES F8F + A=SE A4 -
AzZstA ot 1089 o FE3E AGAIH dEe2 G888 5 A A
oA PGy st el AAE AdHolA BA= Ay FFS
A AN ST glen, ofd BN A5 dIY F URF A
o AGAIHE ALER S AFde AN E7+& &43] Msly
Ay FE FE FEH & JEE AT AGALHE M6t <]
7t F AEST HAdsR 2L aHAA 22 diEd WRAEE FUA
7171 Yt} 42 AFololEet 2HAE A 2" AT ARE AHSF]
Fow, AGAAHY EE 82 974 ditq 2T F JYEE A
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A - A 23S

NEd AGAIHE FRNAEE, FANHAELE, BE2ERE, A
25 3 AAEERZ FTAHY dom, 23 1& ZAAAEAALY M6 &
4 ZAYgFdes 28 28 M6 st WF-E RoFEth 19 32 M6-B &4
o AXHE AGALIH 4 5 HX 9K 2 NFEE HAFG 59
NAEES FANALES M6-B std9) dAT SHS A3 Lo sto
M6-B Al o] @xo] Ze cell (AYB)L FASIE, REEoRE
ol FUAFARAN FAMAREY FPsA HAHo AW rUEES
17132, FAMHAEEY A v REFDOR ALEHT, 3]
BELS AYH dFd dX=H AE dAAE HAASn FAdA s
o A Ado] NFES &n, dAREL AALIAAAZNE A Iy
Uife] dele] Fite R o8 F =S 9 AFFLE T

o

M

of

ofN
oy
>

B

27 1. 2AAN G MESA BT
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B: s3AMAHEE (B-1: 7lo|E, B-2: E0¥ €3 E)
C: BExXZoRE D: 3ARE E: FAEE

219 3. IMEF M6-B stAle] X8 AAAdH] MFE.
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® 1. SYMHARE ALY

IPPEE o|lTAEE
3o g wuo) mg| oo A
telescopic®
2A T3 AYLF
T4 T4
) = (LxWxH){(mm) 1300x1484x30 1214x1450x30
A =5 SUS 304 SUS 304
Stroke (mm) 1000
Pulling force (N) 07
U EdolHe TTE
AAFA RS o] &% dA F7 4
L)

A =24

ol nUEdoly
E o] &3 Ady
AA 7+

ST
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FANAEE(2E 3 F2)2 AGAL Y S /& ezA 443
2RE Ade AIHEA 715E FR5tn, =28 443 ALstd
SolE ALY TN & BERZ FEI &5z, ZEAAE )&
) 2 B olFd FFE VAR FEF A - ARG AT FANHE
Z01d SHES €9E 7tol=2 TAH glon, 34 vigHd
el Aoz 9 10W WEF Atole]l AAHAUGD. ‘U'HY rtol=
Z0y SHES F3 £F5A 4 £HES o2 WA nEAE &
7] A8t sk ¥ w uigS mebd nAPHReH, A iy F2E A
Ao vABY PR FE7IE AHEst 'URY Ztol=7F /¢ ' A
2 FHFHE FAGEE AT 2" 63 28 72 47 FA

BEQ tol=9 ¥ SUEY AR A EAE BRYFEr. 19 8

KR
=

oli
o oX

flo
fr £

o
o

Folo] MAE B Uk e sdez FA=C gon A
2 247 AAH oz Adgolith 1M sHEY % BYe AdddDs
o glow, Ale 2zZaA-slo] FF S AdHo] B4 wy
o et FEBT. AYNY FUe 2L A$ Z Uk eAez
2 Aawges F+at. Z 19 SUss} A 2AbEA

2
EE A3 &7t olgjd B o2 8H SHENA H WD A3

i}
Rid
R
kd
b
of
[{e}
3
fify
&=
(m
e
N
L
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>,

o g EoE SHEY

(straightness)g #X8tA . ALYHE /LT g g9 oz A

Ao, & 84 £HEV 7H €U EE F A3, HFH o2 19 &

E7} A AW E &d3] A "ok ® 28 FAMNAEEY] A4S
HAET

AGALGH 9 AL FHMNHRES FAMNARZES At 749

o 14 ZFGTYelA FYATE SR wyEdHE FHATHRE
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X 2. FAMNHERE A

EdE (LxWxT) (mm)

1432x220x3

A2 Fet egol=/E T
Y E 9

Stroke (mm) 1975

73544 5 %4

=2 SUS 304

A} o w2 33 A o]

WU EOIE %} BTFE ALg el
Aoz e ¥ 27

1A A o

& vision feedbacko®l
oldle] FEAA3e] FA] RUE
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HEZARELE AGALHY 7EEE FAAIL, FANHE

ol QA FAANEES At A% Feeitt. 19 10 29 11
& 74 7 mzEoREe HAES $d HAE BHAFT, I¥ 128 B
Z2olg 23e o Agn FHE RAET HEEREL 28 7]
Adem FAH gdolB HUFdolHz /st §olsin], Hxxog
2t A FANARES ¢43 42 & vk 24 v FAHNE =9
ge zHRlelz 2" Bo FHHYOH, 2HAYL 2T HoPY
F2g AHgdte 7 ©g AZ%A FHo] $olgEF sFH. oHF T
zE ZYA7 AU EolHR BxEold 235 JE nE Fu =
g Adse HAe FIHs=H SloA, SAH/AYY FEE Foln
Zdo] 4Ate FuAd =%, 4A3 MLHAL B FHANAARES
A3 e flow AU AF R FH FEEA A 4TS vIAA
det BExxold dFd A& FF3Y =& 22 9 FHAARE
o 7tol= e GEBES Holglo] AN VE=E FFAAG,

1 .
== LY ] K0 OIS I
Al

o
o &

L

\ oA

1860
J\:
X
T

HE KOOEA ATONIC EMENGY AESIARCH BeSITRUTE
480 frcs ESNE ) X3 D0 S |

2% 10, BRECRES AAR
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AHEES AGAGH Y AFo] HAH, AFstnA = Fu =
T AAE AASY HAAA F= AR FHARESY AEL stdm
Zol AT FToA AF dAAE A WIFez At aHHo=2
o] &% &+ Utk 2¥ 13% 28 U4t IHAREY HAEE HAFY, O
¥ 1565 A9 AFALH ol dAE JAJEES RAFEY AARE
o] A e DUPICHAE A=gHd A= iy a2 A&

E 3. 3AREAS

HAstF (kg) 1000

HAEZ (H73: mm) 1000

Al IR

Sy CW/CCW

HUE = (rpm) 30

979 2] 1 2 U EgolE et TFE AL
AT T 3ol AT S T T
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HAREL AGALH AF HARE T A H, =gto] o}
3

ol AL ol&dte AHLAAARLAY B E(head)F-E& A3}

of AdHA e Fu Ee FAE ASHoD ALL F A

1
Falolt. 28 16 FAREL HAEE RoFn, 23 172 AGAY

ol
i

B ¢rZo] MX"E JARES HAET I3 18L IHARE FYo| Hx
g 55 T2 3AFEY FEEA dolx Zyde

d=zRE Sefololols Aol BA4E W VASE BEAL FLT
FgAE cdoln HuEwoley JAZ AAOFAGZAY Eas =
22 gobd HAFT] DHA Thg, BAHES A 3799 3o
A date AGHARA 4L 5 ok

$owres s mer Msmac mrees

puprtc

|5
. F"‘ Y )

a9 16 A EFE HAE
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¥ 4. HARE A

%

Motion axis 3=

43} stroke (mm) 350

-9 stroke (mm) 300

3] 7} (degree) 180

] 23
Head grasping pressure 56 kgf/cm®
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sgAolte 84 9Re HgTge dAse TYPAoE FEHE
AGAAHY 7 25 9hoz Adu AGAL] R 75
Hol wet AANT B FRUG. FAANRES] £PEF, 57
5o £9/44/94 £5L A0 oFolAu, FAAAREY 4
teE, JAREY HALE, FEEe FH= BLAoll g5 oo
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Abstract{15-20 Lines)

This report presents the decontamination chamber of being capable of
decontaminating and maintaining DUPIC nuclear fuel fabrication equipment
contaminated in use. The decontamination chamber is a closed room in which
contaminated equipment can be isolated from a hot-cell, be decontaminated and be
repaired. This chamber can prevent contamination from spreading over the hot-cell,
and it can also be utilized as a part of the hot-cell after maintenance work.

The developed decontamination chamber has mainly five sub-modules - a
horizontal module for opening and closing a ceil of the chamber, a vertical module
for opening and closing a side of the chamber, a subsidiary door module for
enforcing the vertical opening/closing module, a rotary module for rotating
contaminated equipment, and a grasping module for holding a decontamination
device. Such sub-modules were integrated and installed in the M6 hot-cell of the
IMEF at the KAERI. The mechanical design considerations of each modules and the
arrangement with hot-cell facility, remote operation and manipulation of the
decontamination chamber are also described.
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