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Syt 20089 1E]187]9 AAFHe] €85 FEAFlY 1, 257 TE )
A Hgor F3E JhsAe] ol 4AFEAL A 20208 o)Fo} AlFE Ao
2 2o a8y =% 93 de dA4gRdad S JW Fkstn ga, E
200228 ICRP 60 3§ w& HAMNE FA7L Za5o] A4 ddrd 40
FU FEAFE 4% Adoy BE #A Jle 87 A FME Aok

Syt Hxo dAFHAAL AAE T2 4AEH AFMNEAL] qFolth. A
F% 5 A TRIGA Mark I, I AT29) A7t 1996 5-E] Al=ps] o] 20083 o)
zad Ao, A4YATE SetE ABAY HAS 20009578 Az}
RRolAE 2 Q72 2 Sy 284 A4 AQe Ba 27 ALHA seg
9 AZIZ AuA 20013 % A JdFNEE TFHo2 21T A FHo)r),
HNAZEY 472 &4 7€ 2 28& TH37] 938 IAEAY A= “Coordinated
Research Project for Decommissioning Techniques for Research Reactors” 3}#(1997
- 2002)8 FA&d o fUEE AUl Aoz E FAAE FHP3A HA
=

B JAEA/CRPE# & CRP ZdFolA 38 972 Agaa Ay € 947835 3
o9} ¥aA WS FI FTHEhe d ey, sEvde 19973 5-E 19999742 9
AAF37) ATARAYY TRIGA AGANA/N£4Z 472 $I¢ A72 HATA
AAEAL 5 guaFy 2R 2adE A9 € EIAEAND, A g E
AgNeMg A7 A48 TRIGA AAAY AAE A1x 2 #22 IAEA/CRPS| 9] wj
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A1d TRIGA 472 WA EGHAZIE AgrisAd
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e 1249 SAYRALT M Foln, 6719 dAHYRALE N2 AL
3 91, 98 2 AYAFAA AHLHE FAYENLLS A2 S ANFed
A27b it olAd AAGANAE A5 Fol AR HAo} Y5y} wirns =
3 FEHAY BAYE QPEAY S0 93 IAGNE FREF odd &
At =3 2 AAPNLL AMFAY $ATo|te] M=l ALY Tyt
QAT LA FHEGE PAYREoE o9y + v W oy, TUE
2E2E 193 A% 59 dA4NE 0 EF g EFAY 2% ALe] Be
3T},

A 1047 AAYZAMNE We Ado] oA BFe Bdsy] I aHH
A 71&S ALART. EFAH (Soil Washing) H8E B} 2& EFQYa] F39
0AEAS BWE AMEde $AY EFozny Rus: don, AYFTLS =
A 7171 918 Leaching Agent, Surfactant, Chelating Agent & A7IAZ A&38).
a0 WHe Be EFANNFI BAs 5 R AFALATA S
ojel @tk 1Y S87F WHe AsBAFe] EFAR Y wEAE we o}
FEUAEE] Be o] 4T & Y3 AN Yow edBHo] FEHA go
o @37 o]5AY B Asan FA7H wdel 9% B YoiH, & e A
2o odd EF P2 AN T AFANE ERNAT. EF N9 BT
z2 A7A @ o8 o)FEY. AME ANYTE TY S o@EPo A
azmoz s2x AV|EYNE AN W, FuAds FAUY F4d 9 fAS o
Qe D o]Foln, Auls= F8W ool A7FWAN &Hol= A7) o|Eo|}

2 =gdAs $474 AY FNE AZHT Kaolin ClayERFE s+ 2 294
A "o FUstn BY F & A3o] AYL o] $A AINFEL S A
A el pHASS A7 98 228398 489D AL7 B4 29
0= $4F 5 pHES 24397, & 478 59 ESU9 pHr B
Qo] WA= JFL RAYPG EF, o] FAVH EFALL 2Py A8 Az
$ARDL ADen Rd@H AGARGHE vasd ATH FARDL B2
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FAAH PRel g EFAGA  BRFL Arl9%, FPolE, WrAE
(Electro-osmosis), L83 A7]|dFl & o]sd} A7|o]EL AV |FNe E¥ F

a Uo] £A8E o] 2E9 olFold, ol SFO =2 o]F3la, yhAd, Lo]&

FFo2 oFdY. ¢HolEL FY UF o U= AIEY FEAC g8 #
Ao} FeFo] FE FAF o oFdE Ao, AVAFE FTF N fAd 74
A A7GH EF olFFoAA AAY Atold 435G wFd dojdr ANAE
3e FEARREE 7 EF WA A9 olFg wEA 3y HE o AP
Lo A3 719t} A7) 9 E(Electrophoresis)S E¥-AA EIdE o A= o
Zzol=9 olFoltt LAFEHE oFe AFL W) W), YT wid oA A
7] GEl % olFo AV Itk FAZFTAHA dE £9 A3 EEEd v
I}z

3}8hE 9] o] 52 FANE S T3 =¥ 4 o, BAR Fde AEdE
S wddAEs i3 Zo] AYgdn. FASE u € ANAFERu. 9 FEE
T ou 9 Feo= EJ\]%E} A7 4542 Helmholtz-Smoluchowski & #A| Ao &g
AlArd o}
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AT 1w & A7AF ¥ HT(ecm/min)olI, ¢ FI5 FAEL oy, (= B
Fo] AetANV) ojx, & ZAFZA i W= 1 Brk 2 %& A §F A4
o HEY AF o3, r& FFEAY HAATH, ¢ BHY] AJ(Nolz:, 1
k(m/(Vmin)e 2de] X729 HYSE A8 ALE 8 AV EF FFsA50
ot ¢ FHEEE Darcy?d BIL2RH Addn

OH

kh
=2 Vp=k.V,
Un nu p w VP (2)

AN wm B FEAA Y % SX(cm/min)ol 3, ky & w1d Y FEAESS(cm?) o),
ne FEgolx, 28 pE 48¥( Pa)olth. %, & F4%54AF k'nlcm”/ (Pamin) )
= #HoS g A}, g3 o digk AV|o]FEE ue (cm/min)E oS3 2ol
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L viE B YU dow A% 452 Aoy

3tolil, F¥ Faraday’'s Aoli, 181 kg & &

o, He $99 H94F #58 9@ F4L obe) Ficke) WA ¥A

4
q714, % ' Fdoz Ad B FEEmol/( cm’min))oli, G & T4 U
Zz9 ExE(mol)olH, D ; FAA5(cmY/min)olt;. & AFolE AEL £33
Zr 3}8tge] uig F F5ES ol Zo)

o
i %

_ D,
Ji= (uco tu, + un')ci ‘—';'Z-VC‘. (5)

¢ e, AA71A9, 223 FE Ados EASY,

ji = [(k; + kn)v¢ + khvplq - B'VC:
z’ (6)

283 A7 j = w9Ed ol 385 B $5F (mol/( emmin)) olth. kokik,
a3 pire NS B W Wake Afolth o9 oEFL oJLEES} o
eAAAAE HeB,

22. AR

A e dae nALY EFE XHE 04 WA d38 2o U
AFHEAS AL Ao FFE 3F9 o|FL2 FAIe, Gaussd #Atol
& 339 7 g H 43,

6(C +Cai) ,
— 24 V-i=R
at + .]: f (7)

CY (mol)E F24H WA 88% 19 S¥EolL, R & &8 #8802 A 53
F 9 AAEOIY. Moz o)FAL A¥aE AL WS oAtk ey, shehu
e ol5aAg ny WA W2y Eolth £AF Aol FEwHAe) EAYe



Fhit3E& B3 BEd ¢ ez oF3uAAE oA AHde= Hagn. 2
FERE Yo ZASY, REFF Tx £ 98 Biez Addd Tk 39 st
Atoltt. =Y, AP BEFTF HEL FdA 9 FAFEL nYFoz Ay
o, & FFHL g 2o

= 3 C +C% [
T'k 'Zl:a&( l+ )’ Vk l’ ’M (8)

A71A, e BEFF ki A 4 3359 v goln, N& 389 Folu, adx
M2 A2" e 49 £ F BREFFY Folrh o] WYL YA2AFRE o=

Ardd. o1 FHAY (Y (M @ g F32 iz FFHS FAISHE,

oy PCHC) o Lo
gaﬁ( P +V-j=R), Vk=1--M @
gy, 7 g4 FIAFL REFHDZ,
2R =0 (10)
29 e, 4@ Aged 948 g 2,
L S av.J = e
S ray-J,=0, Vk=1s M an
318t REFFY F 5L UYstd,
CH+CY) . _Diyey- e
P +§a*V ((u,, +u,+u,)C, = VC)=0, Vk=1- M (12)

Egel F3d s 4 (13% 23, 4 (1208 9A 28 4 (1499 Zrh

("i'z = —p—K dr‘Ct

n 13)
oc, . p R k V$.0C, & D,&C
T+ Pk y=- Vé——2Vp— YO 29
ot 1+ n «) ga‘(t’p ¢ ny p-vak 7 ) ox +§a,‘ 7 &’
Vk=1M (14)
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A7 A, AAFERE & o|FEE ¥, EL o|F XA A= oolmz,

FZ:Zic = (16)
£, 919 43 AV 236 2AFA,

c; =0

'Zl:z’c’ a7
A 4 (15 O3F o] ddh

=0 a8)

A(17elt}h (18)& AH83td, oA AT dtve= dedAdAdoz gd & g

24. 271 2 AA=zA

QoA Fojd A (192 =7 94, A AA L 27 270 Yo, Jdgx
EEE (SIChol 958 A 5/ L9=U7] wF A2 A¥e 27 2 7
AzAL e gk |

C0,x)=C, 0<x<20
Ct,0)=0

ac

-g(t,ZO) =0

$(2,0) = 400")

25. 3= 7Y

B3ANH ESAY F ESZE Y AH 29%EE dZ37] 9% Fz=E
AL 9 4 (14)9 AugAde] ZAFR 939 Z=E FORTRAN 77 o= %
A5t 1, Linear Basis Function& ©]8% Galerkin 13 84HE AHg o0, A7ty
%2 93 Implicit Difference Scheme& A&, Tridiagonal MatrixE A4t~ )
& Thomas Algorithm& A& o}
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Concentration of species in equilibrium solution(g/)
Fig.1. Distribution coefficients of Sr™*, Na’, CI with kaolin clay

wdzgo a3 ¥ HsFE Table 13 2tk Kaolin Clay ¢ Bulk Density(#:)
= Al A AFE AFRIYE Yo & #old. FFEL 4 1- (/P2 TF
o g7 e AEY AF FHFE EFYA FIE2 Yo & Fold. d4n(6)=
AEe ERI(VIE AARI(NE YFo 7Y EWASF(X)E Kaolin ClayE o
g %9 S, Cl, Na' 422 ¥3A1A 38 ¢ multzlo] Yo HYPo) =23
=2 @A ¥ X3} Kaolin ClayS 10g 338l dAdEel7ld €3 oF 158 715
14 FFE9E Kaolin Clay$t 2227132 A 4E& 3l AAFZREYSE ¥
g =359 299 7 0)29 WHER U SLFHFL Fig. 17 23, )
A4+E  Table 16 el A ).

Egmy W 55Ee] EFE Table 29 23 £3 84 Uo] ¥x: CE A8
3le] FAIATY =3 EXFHAY B HEEFFLS TE AHLdo EAAD. AYE 2
3 A 2y 2249 e 3184E %5 Table 3% 2. Kaolin ClayS 001 M
9 NaCl & g8oz wHkAZl ¥ Kaolin Claye 33 E&49S AFsle pHE =H3
A7 40004t 2@ FFL9 U9 S, ClIL Na™ ¢ 2713 5% Table 39 2o &£
FAY Yo FFEHoA Foj23 Fol29 FE= Zolof 3.
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Table 1. Parameters for simulation

Parameter Values
Cell dimensions, L @2.8cm x20 cm
3
Bulk density, P» 0778 /cm
Faradays constant, F 96487 C/ mol

17 %1072 cm / min(0.3day),
27 %10 cm / min(0.8day)

o o8

Electroosmosis velocity, 1 ox

4.7x10™% cm / min(afier 0.8day)
Potential at the anode well, ¢1 00V
Potential at the cathode well, ¢2 82V
Porosity, n 0.615
Tortuosity, 7 1.2

0.53(Sr2+), 0.1(Cl-Na+)

Distribution coefficient (ml/g), Kd

Table 2. Symbols of species and conserved total quantity

Species Conc. in Pore Conserved
Solution Symbol Total Quantity Symbol

H' Ci Charge To
OH Co Sr _ T
S GCs Na T2
Cr Cs Cl T
Na’ Cs

Ca®', Mg”, Fée Cs

Table 3. Initial concentration in pore solution used on simulation

Species Conc.( mol/D)
H’ 1x10™
OH 1x107°
S 6x107
cr 89 x107
Na’ 89 x107°
Ca”™ 20 x107




Kaolin Clay®) A#% Mg”, Ca” , Fe”7} 44 F34do] 3 §&50 2=
G Fole TEE REAA 202 T (=08 42N E Ao Algdr},

T0 =C1—C2+2C3—3C4+C5+2C6=0

3.2. NaCl 89 A}-8-4

2 £7]9 Kaolin ClayE Y1 ¥3bd] B23% 001 M9 NaCl 3 sc, g8
o x3td HE WEFE 150’ WETL o|AE &7]0] Yol EGH ETFI F 5o
Kaolin Claydl &% By ol2x % 87|85 Wi wytrld ¥u 397 kA7
. 2y ¥ o] X3 EFE EFAYFA Coumndl 254 oz FYHAL) oq, A
HES UFd EAZ 231 GEE 83 dAFHA X4A3] Kaolin ClayE F9Y
Pt} Fig. 2= A@FH oIt 44 Fu9 EFHHL Hol7t 200 cm o, FAH &
28 cmoltt. EGAHE 4FF B q4AAI 1, AF FFY AFE Wi Hey
AFol A3, EFAHY H¥J} 123em® o)1 BHE AL Kaolin Clayd FAE
94.8g oln], =%, Kaclin Clayg *3stA717] & Had 001 M s> &8 L35
Kaolin Clayd ¥% % F3E89 A ALY A 75.7ml o). o] EgAY
FEL YT T FBL 230 AAHY Yt AYEF AYAAE 7] A5
FEAFTA 40V AGE 7HEFAE, old ARE oF 01 mAE ey

iy Xercm I "~
Power \_/

A% FBHERE FTF AsE 9Fd TEL Yo AHALAL dH5Hoz F9 3}



Agzd Asfdgdo] NEAEES dA. ST AFE AF o= 79L& 9, F
Nz FE5 F%E 53343, AAFFIELS AHEetd .

38

EFAG 4¥e 54 #9980 A % 67497 FFR2H FHAE 03
A FAPT. AGLY 4= F DY N9 EFE @58 Hro AFEEE XRF
g AHgste] £A3%t3, =W pHE A 089 o FFHE 3849 {ESE
W Fotgen, APonFHY FEF ¥ FEE W AT AGLEL 67
4 FPPeH 679 oFdE FAEF FTFY plVt EokAA somn. 9 HAE
Fgstne 25 §F R =7 W FobAA, ZAEF W s AdE o] v
$ P nz AJGAEE I T Ad 4¥E R F HY ESS ¥

g}og 5 &3t 10g9 EFE AF 8] XRFE Kaolin Clayel #fd s
=& SAA

mlm

33. 23439 AEA
pHEZ A737] 918 oz FIASR0 1M CHCOO gojg &3
FZo] 0.1M9 CH,COOH g8 A7t EGHYE ddes pHEZFHo2HR 0.01M
CH,CO0" ¢} (1M CHCOOH o] E3ES FU3ATH EGAE 482 v 2o 3
gt} Kaolinite 41 ¥ (Kaolinite + Ethanoate ¢33} strontium ion & 9)& FH]3lo
Age] A F AP T AT AYE 7t ESAGAE S #9239
FF ALz BYE o 20ml olth AP E ARY f FFAFREY 0.1M CH.CO0K &
19ml A4 FFAFZAE 0IM X o £ 13ml ALtk AEAHA F B W ¥
Zgade ANAEIAANY g £IFAFZE Bog EFIY S3AFE % 19ml A
= AN, 498 AT F SFATE U9 %—‘?}P'i—ﬁlé A3 AR, A5z
£ F o 3mlE AFH} RAct o] AHA EJELS BE AP E g5 I
AN AFFFEYEE AL £ o 2EEF FEE SAHAAY. ESAY
A438¢ vt ¥ AW Kaolin Clay & 62402 AL F ZF 274 10mlE A
A3, FI5% ¢ FHEZINE AESto AFAE AT o] A5d o &
ol gl 2EEFEFEE 3L o] 48 NaClg AH8d 437 Ho BHSFA
9 §&Fo] W] gio AdHdE L 389 B FPH
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4. 23 4 nF

4.1. NaCl& A1 43 E4Ad 49

EGAY 494 23% E¢EE W9 Kaolin Clay + NaCl + SrCLp¢] pHE
40, ¥Z A5z W NaCl A8 de) pHE 65012t 18} EFAGAE A5 oty
A3} go] FINME Faole WE2 A8 pH

14

1
o
1

20
Distance from anode(cm)
Fig.3. pH measured at 0, 0.8, and 6.7 days

7} Rotx| 1, &FoAE Fiole WEER Q3 pHI BolBRE FF AFRA 9
pHE 16 &5 AFZ oA 9 pHE 1292 ¥33ith

v 1

2H,0-4e” >0, (g)+ 4H* (anode)
2H 20 +2¢ > H ’ (2)+20H ™ (cathode)
08%Y olFREE TF8YY FEEEI} uf Folxlon, APo 2 RE FE4
9 »*BEE W ZAHAT 1 o)fE 08U AFIF Fig. 3H™ AH YT <o
14 cm¥ e AAFR AHE Aol A+ Kaolin Clayd pH7F 12 717ie] olx| w4
som, o] JAo]l PFAH7 AFPR, o] AL A HEF U9 ESS dugxuy
FAAEES FoFr] WEQY Aoz AR"ET 674 AF F AHY $IZ pHE
oF 12622 /gt 8, HEYY FYE 0.0IM s* L9 L2 EYg T F
0.006 M s> gto] FF& A4 @kt of FF &AL AFSY NaClE 718t JAAAY
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St olul pH7} 1262 wobslg W o 73%¢) Aol A7I% 27% ol g o

gt =, AA F HY T LA Y9 5= 0006 MZIEEH 00016 ME Zads
Aoz veyth @, A44Y 2% 74T 98 FFLA) 45SEE Table
1149 2] 03Y AR E o 1700 emmin o] I, 08Y AR E 2710 cmimin o] 1 0., 6.7
U 7R} = 4710 em/min VFEFSE T '

o

Fig. 4= AYAN B3 me ESEE dd X3d F o" x5 yed
08 4 $= ELGZEH

0.06
= d n
3
E 0.05 3
S 1 ® Exporiment n
s 0.044 h
s Bl BRI Modet i
[ i :
g 0.03 4 : ‘
1 L
£ ! i
3 0.02 il
s : [
B ] ‘.. 0=
B 0.01 e ey -
B - e ot
E Dy
0.00 =i e ; ol ; - i
0 5 10 15 20

Distance from anode(cm)
Fig.4. Distribution of total strontium concentration in soil colcumn versus time

el 27 Fx9 25%7F AQENL, 679 Fdes 32%7F AGAAT. F 2719
EYFEAN U s FFL 664 mgolAL, AALF 08d F EFEY Weom §F
4 »*FFS 1652 mgelH, 679 F EGTY Wrer {f&d »*FFL 21.02 mgol
At 679 F9 RdH P ¥ IFFEEXEE IHAA BRe] pHVF ¥ E
F2P9 14 cmAAAME o 0055MZ w5 FA HEbh 2 ol e AYEY ¢
HENA s*o] @5 F 0|53 pH/l ¥ ldem AHAA HAE JAdT AL
FQ71 dEolth 67 4 olFE FEFY #F B TEIL RobAAN AFEEO F3I
A=A Uik Xd2 A4S HE Je TRexd uiE dS@Fd AdAYF
EFHP 32 AFFEE XRFE I FAS 4IRF A= 433 dAs= AL
2 e
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42 =3 &39S A4 E¥A4Y 4%

Y9 ldem AF $E pHE Fightt 2ol 27dE 4001904 AF o
i 38Y Pl 94 o 6002 534t ol o] AW WY pHrt 2] o

2ol som, = YHIA Yk EFAY £3% 2

&
6 3.8da
A
P T e PP Ll
j
2
0 T T T
0 5 10 15 20
Distance from anode(cm)
Fig.5. pH measured at 0.0, and 3.8 days
0.040
’;g‘ 0.035
£ 0030
3
=] 4
% 00254
£ J .
c L ——Experiment valuesJ
S 0.020
= ]
g 3
@ 0.015 -
e ]
8
g 00101
3 1
£ 00054
h -4
1
0.000 Ay e e s
0.0 02 0.4 06 08 1.0 1.2 1.4 1.6

Pore volume
Fig. 6. Strontium concentration in effluent

Ax Yot #&5E A ¥EE FAY AAE Fig. 6% 2 2723H
Pore Volume 0.12(0.6% 7237+ #2579 s*sxE 0018M= F73ch )AL &
Ao B34 &7] s4FE 0006M 2ok o 3u) ®E FEOEE o] 2o|Fd] 94
s*o] o]5HE & & Utk Pore Volume 0.12%E 01509% AIH7ARE Al &
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=7 843 5713t 0.03/M=E x7] 3584 = Ho} ¢ 682 w4t a8y #
2% 5 A #2389 Pore Volume 042(1.69733)7hA = <F 0.02Meol At} Pore
Volume 0.7216¥73) 7tAE #&E¥=7F 9 #Z4aHo ¢ 0.002Mol AT} Pore
Volume 157bA% oF 0.00035M(389 A2 2715 %= B} vWle ¥ =& Uey
t}.

1.6

1.4-:1 -/
1.2 -)'

1.0

~

0.6 - -~

04 o

0.2 -

0.0 TP
0.0 0.5 1.0 1.5 20 25 3.0 3.5 4.0
Experiment time(day)

Fig. 7. Effluent pore volume versus time

Effluent pore volume

=3 AGAE A AV|AF 9% I8N FEEEE Fig78 £ 10
A7AE % s68x107°cm/min®) 3, 25U 7FAI = 184x107Zem/min 0] R OB, 3.8UA &=
32710 Zom/min B2 VFERGTE O] W2 ¢ro] WEE g AlY ARtel FHge] we
FIe9 42357 34 FheE AoE Uyt

Fig. 8¢ E3AY A7 Al B £3AY Wl 2FF 5 o FES Ug
With. Fig. 88 Fig. 3= 9o 48 Zo =33F el pHzkol Sajslo] Wxe] o
AaA komg AYGELo A YElGT F, 06Y FdE ESFY U9 27 s
2o 21%7F AR, 099 Fo = 33%7F AGIAAT. =3 169 A Fo=
84%7F AFLHAT, 259 Fol= R2%, 2 38Y FoE 97%7F AIHAL. A
43t 7)o EGIHY FUF s FFL 664 mgolUi, AGAE 06d F EY
AY Wwoz §&H «*FFL 139 mgolH, 08¢ F EYHY voz {EdH 5 F
2 219mgolth =3, AgdAY 16¥Y F EFEY YloE {9 s»*FFL 58 mg
oln], 259 ¥ EYAY WMoz {HEFH s FFL 6lilmgela, 389 F E94HY
wo g §38 s FZEL 644mgolAt. AlG 49 & EY ¥ W9 Kaolin Clay s
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AWA 65839 Kaolin Clay?] 589 9 s* =5 &AH3 A= Fig 83 &
3 BEE2 ALY g 493 dAY. 2822 pHAS 9459 A3 EYAY
AP435 389 AHF ESEHYE W9 »*FF 7% AlGEHE Aoz YeEyd.

rr

4 = Experiment

o
o
-
(=]
|

AR

0.6day |

.

0.004 A

0.002
*

0.000 =l e
————— T —r

T ¥ T
0 2 4 6 8 10 12 14 16 18 20
Distance from anode{cm)
Fig.8. Distribution of totaf strontium concentration in soil cofumn versus time

Total strontium concentration(mol/L)

5. 4 &

NaClg Add2 A83te s ed EFS A 27 08¢ 43 ¥ E¢dEH
&% R pH7l 2719 40227 9 1172 AF3AA  son,7F A7 A
ZRc} 679 ¥ ESAY GRES A9 AGHAATR FFNAN14 cmE = AFAA
e A% A& A8y FA7] g4 s*FwEs F 0.055ME "¢ =4 dehge
H O A RARES A9 7] 24 FE9 o] 00IMol, FAY T &L 32%d
233} wide], pHY A& AN A8 ESEE W TFE9E 244 &5
Aoz WEAIN, SFAFREAE 0IM o CHCOOHGE F7|H o=z o] pHY A5<
AAANZih BHY pHE x7de 400140y 480 e 38Y Fole w@A <o
6022 A%sta som,7t YAHA gttt EGAGAI A 06Y Fole EGEAY
Wel x71 %59 21%7F AGEHAT, 098 Folt 3%/ AGHAUT. = 169
A3 FoEe 84%7F AFHUL, 259 Foe 92%, 22 384 FolE 97%7F AK
HAct £ AdE ZIHEFE dF 2l AT AN @F EFAANH AT 4F
#e 333 A
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A2 A2z IAEA @78 9A=E AFAA CRP &= #3

AE BujoldlA AHF A1 IAEA/CRPE o] olo] #23 3o o)A
e 2ol AHsqrh |
)W F P ATEAAE AYANA7) & IAFA CRP(ASATA) 3¢
2) 7] ZF 1 2000. 2. 14(¥)~ 2000. 2.18(&)
3 F & dBA 44T FA5Y
N FH/FF 24 LA 7 FIAEA)/ @242 A7 2 (KAERD
5) A=7h 2 A9 ¢ (39D 124F 149, (F4) 169
6) AL : - ATEARZ ALAAYE AT FVAE LE L £
- 478 942 AdAA FE 2 /1eAE 2R 2 B
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Coordinated Research Project on Decommissioning Technigues for Research Reactors,
Research Coordination Meeting, Taejon, Korea
14-18 February 2000

Sunday, 13 Febru 2000
Arrival in Seoul- Transfer to Taejon
Review the meeting arrangement with Mr, Laraia

Monday.14 February 2000
Morning 9:30-12:30 Welcome by Mr. H.S. Park, vice president of KAERI

Opening of the RCM, Introductions, Administrative notes
JAEAs Activities in Decommissioning of Nuclear Facilities

Review of the Coordinated Research Project, Meeting
Objectives

Research Presentation (Won-Zin Oh, Korea)

Afternoon Chair: _Mr. L. Boin SA
14:00-17:00 Research Presentations ( Belarus, Denmark, UK)
18:00-20:00 W in jon d by KAERI

Tuesday, 15 February 2000 ( Chair: Mr. P. Olgaard, Denmark
Morning 9:30-12:30 Research presentations ( Belgium , USA, Canada)

Afternoon 14:00-15:30 Research presentations (Russian Fed. (Mr. Nechaev),
Russian Fed ( Mr. Suvorov), India, Egypt)
15:30-20:00 Sight Tour to Science museum and Tonghak temple

Wednesday, 16 February 2000
Morning 9:30-13:00 KAERI Facility Tour
Lunch hosted by KAERI

Afternoon (Chair Mr. A. Nechaev, Russian F.

14:00-17:00 Research Presentation ( Pakistan, Spain Indonesia)
Thursday,17 February 2000 ( Chair: M. Laraia)
Morning 9:30 -12:30 Review of presentations; methods to exchange

results; tentative venue, date and plans for next meeting

Afternoon 14:00-17:30 Debate on subject of common interest (record keeping in
decommissioning of research reactors); closing of the meeting -
TRIGA decommissioning issues (Mr. K.J. Jung, KAERI)



Friday_ 18 Febru: 2000
Morning 8:00-10:00

Afternoon

10:30-14:00
14:00-15:30
15:30-17:30
17:30-20:00

Transportation to the Korean folk museum
Sight tour and lunch at the Korean folk museum
Transportation to TRIGA site
TRIGA decommissioning sight tour .
Return to Taejon by way of Tower hotel, Seoul
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JIAEA RECENT ACTVITIES ON DECONTAMINATION AND
DECOMMISSIONING OF NUCLEAR INSTALLATION

Research Co—ordination Meeting on Decommissioning Techniques
for Research Reactors, Taejon, Korea, 14-18 February 2000

1. INTRODUCTION

The International Atomic Energy Agency (IAEA) has included decommissioning in
its regulatory programmes since the early 1970’s. Since 1985, decommissioning has
been considered as a separate programme within ths IAEA. Decommissioning has
become a topic of great interest to many countries because of the 1arge number of
facilities that have reached or are nearing the end of their operating lifetime. Until
recently, attention was focused on the decommissioning of nuclear power plants,
and to a lesser extent, research reactors. Some countries, however, are now
devoting greater attention to the decommissioning of non-reactor facilities, with
implementation of these programmes being seen as a high priority. The IAEA has
also expanded its programmes to include guidance on decommissioning these
non-reactor facilities.

By the begining of the next century, a significant number of nuclear power plants,
research reactors, fuel cycle and non-reactor facilites will have exceeded their
normal design lifetimes. Many of these facilities are already shutdown and are
either awaiting decommissioning. The IAEA is well aware of the need for a good
regulatory  infrastucture and technical competency in performing safe
decommissioning activities, and provides guidance and assistane to Member States
facing the difficult decisions associated with the termination of the operational
phase of a nuclear facility.

This paper provides an update on current and foreseen IAEA activities in the field
of decommissioning. It should be read in conjunction with the terms of reference of
two new tasks which will be initiated in 2000 (Annex 1 and 2)



2. TECHNICAL CO-OPERATION PROGRAMME CONCERNING
DECOMMISSIONING

2.1 Objectives
The programme for the development of technical information in the D&D field has
been descrided in section sec.3. The other programme is the technical co-operation
(TC) through which the IAEA directly assists Member States in the transfer of
knowledge in the use of nuclear techniques. Technical co-operation with Member
States is commonly provided in the form of workshops, expert missions, equipment
design and procurement, training courses, fellowships and scientific visits, etc. A
few examples are provided below to illustrate ongoing TC activites and typical
mechanisms by which such activities are implemented.
It is expected that TC projects on D&D attract Member States’ attention on timely
planning for decommissioning. In some Member States, particularly those with old
reactors, this should lead to the formulation of specific decommissioning plans.
Competent authorities, in particular those involved in the decision-making process,
play the major role. The IAEA projects are expectsd to offer Member States the
opportunity of estimating financial and other impacts from the decommossioning of
their installations, so that detailed decommissioning plans may be drafted with no
undue delay. Aspects such as fuel and waste management and provision of other
technical, administrative and financial resources need timely preparation. When the
time of permanent shutdown comes for their NPPs, countries will not be caught by
surprise, and implementation of decommissioning activities will start as planned.
In more general terms, TC projects in the D&D field will contribute to enhance
Member States’ organizational capabilities at large. As decommissioning is a
multi—-disciplinary process, the project will stimulate Member Sates to develop an
integrated approach to decommissioning by making use of resources available both
domestically and in world market.

2.2 Specific projects

Within the framework of the IAEA’s TC Programmes, the Regional Projects on
“Planning and Management of Decommissioning WWER-Type Nuclear Power
Plants” is worth mentioning. The project’s emphasis is on WWER-40 reactors for
which little consideration has been devoted to decommisssiong at the plant design
and construction stage, and little emphasis has been placed on planning for



decommissioning. An additional complication is that information on design,
construction and operational aspects that will inevitably affect decommissioning is
scarce and not readily available. Also, decommissioning—oriented studies are rarely
found, which shows a lake of specific expertise in the operating countries. The
project is thus directly related to a major need in the region. Representatives from
Armenia, Bulgaria, Czech Republic, Hungary, Russian Federation, Slovak Republic
and Ukraine attended the project workshops. Invited experts from Belgium, France,
Germany and USA also contributed their experience. Established mechanisms for
project workshops (two per year) included (1) peer review of selected
decommissioning projects (2) progress reports of decommissioning studies (3) site
visits and (4) in—-depth discussions on selectsd topics of general interest. In 1997, a
decision was made within the committee of experts to perpare a TECDOC on
WWER decommissioning as the main goal of the project. To this purpose, working
groups were created and responsibilities assigned to each group. The first draft of
this document was reviewed by the whole committee at a workshop in Mol
Belgium, in December 1997. Eventually a small group of consultants finalized the
TECDOC for publication in Junel999. This document is being published.

Several on-going national Technical Co-operation Project are also of interest. One
concerns the decommissioning of the EWA reactor in Poland. EWA is a water
cooled and moderated WWR-S type. It commenced operation in 1957 with a
nominal power of 2 MW, gradually upgrated up to 10 MW in 1973. The reactor
was permanently shut down in February 1995.

As the reactor was shut down over four years ago, the operator has had the
opportunity to work on the definition of a decommissioning strategy and a detailed
decommissioning plan. In addition, extensive work has been performed on
establishing a detailed radioactive inventory for the facility. The basic features of
the decommissioning strategy developed by the operator are as follows:

@ Dismantling most of the systems and components external to the reactor
block.

@ Dismantling most of the reactor internals, including the thermal column, the
beryllium reflectors, the core structure, the separator tank and the inner and outer
tanks. It is not proposed to remove the cast iron shielding rings.

@ Retaining the reactor biological shield and the remaining systems in a safe
storage condition appropriate to possible future modification and reuse as a dry
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store for EWA and perhaps MARIA reactor spent fuel.

The key factor influencing the choice of the EWA decommissioning strategy is
associated with spent fuel management. Concerns exist in Poland regarding
long-term storage of this spent fuel, some of which has been stored under water
at least 20 years. According to the operator, reprocessing and other spent fuel
management options proved either impractical or too expensive. A further
consideration for the operator in selecting a strategy involving removal of most of
the reactor internals is that the necessary skilled staff will only be available for a
relatively short time. Therefore, the operator wishes to complete as much
decommissioning work as possible before commencing a period of safe storage. It
should be noted that Poland has no nuclear power. Consequently, appropriate
nuclear skills would be hard to find to replace any staff that retire or leave the
EWA reactor.

Another factor allowing immediate dismantling of the EWA reactor is the reported
capability of the Rozan waste repository to accept decommissioning waste.

Another TC project on decommissioning of a research reactor is underway in
Latvia and addresses the IRT-type (also of Soviet design) reactor located at
Salaspils near Riga. One basic problem with this project is that spent fuel is stored
adjacent to the reactor. Until a removal route is identified for the spent fuel, no
significant progress in decommissioning implementation will be possible. The reator
was shut down in June 1998. Regardless of the above-described constrains, the
operator is developing preliminary decommissioning plans, including training of local
experts. This TC project was initiated in 1997 and is expected to last until the end
of year 2000.

A new TC project, also dealing with the decommissioning of a research reactor
was initiated in 1999 in Georgia. In this case, the strategy preferred by the
operator is entombment of the lower part of the reactor well to create the
structural foundation for a new low-power, neutron-activation reactor to be
installed within the biological shield. Reasons for this strategy includes costs, lack
of a national disposal site, and the desire to maintain some nuclear expertise in the
country.

Another TC project is underway with Argentina and is of a more conceptual
nature. It includes providing guidance and expertise for planning of and creating
infrastructures for decommissioning of the large number of nuclear installations
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existing in that country. Like for other TC projects, this one also includes expert
missions, provision of fellowships and scientific visits. It basically addresses the
needs of the country on a national, rather than plant-specific, scale.

3. THE CLEARANCE PROCESS

The IAEA is assessing the need for consistent regulatory control of radiation and
radioactive material. They are in the process of developing a Safety Guide
concerning the application of basic principles related to this issue. The purpose of
the Guide is to establish common terms used in describing the control of
radioactive material and to clarify basic definitions. It will also elaborate on the
concepts of this control.
There are eight basic categories in which all material can be grouped. Based on
the placement of material into one of these categories, regulatory controls can be
established and safety of the worker, general public and environment can be
assured. These categories are:

@ exclusion,

@ exempt,

@ clearance,

@ regulated,

@ authorized discharge/disposal

@ authorized use,

@ regulated disposal, and

@ regulated transfer
There are two basic definitions that must be understood before discussing these
categories. These ara a “practics” and “intervention” A practice is defined as
any human activity that introduces additional sources of exposure or exposure
pathways, extends exposure to additional people, or modifies the network of
exposure pathways from existing sources, so as to increase the exposure or the
likelihood of exposure of people or the number of people exposed. An intervention
is any action that is intended to reduce or avert exposure or the likelihood of
exposure to sources which are not part of an authorized or exempt practice, or
which are out of control as a consequence of an accident.
3.1 Exclusion

The concept of exclusion applies to exposures and not to sources or practices
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giving rise to the exposures. An excluded exposure is ane that is essentially
uncontrollable or unamenable to control. This means that the exposure cannot be
significantly reduced by reasonable means and may be common place in the human
enviroment. These type of exposures would entail an wunjustifiable expense if
control were applied. Examples of excluded exposure are cosmic rays or natural
occuring radioactive material (k) in the body. It would be very difficult to reduce
the amount of exposure recevied from these sources.

3.2 Exemption

The purpose of exemption is to avoid expending resources on radiation protection
in areas where little or no benefit would be achieved, i.e., where the radiological
impact is sufficiently low as not to warrant regulatory control. Practices or Safety
Standard issused by the IAEA (Safety Series Number 115).

The general principles for exemption are that:

@ the radiation risks to individuals caused by the exempted practice or source
be sufficiently low as to be of no regulatory concern;

@ the collective radiological impact of the exempted practice or source be
sufficiently low as not to warrant regulatory control under prevailing circumstances;
and

@® the exempted practices or sources be inherently safe,with no appreciable
likelihood of scenarios that could lead to a failure to meet the above two criteria.
Most Member States have established a quantitative criterion for exemption based
on trivial risk. An exemple of these values os porvioded on the Basic Safety
Standard. This criterion allows the Regulatory Authority to reach a decision with a
minimum of necessary deliberation. A practice or a source whthin a practice may
be exempted without further consideration provided that the following criteria are
met in all feasible situationa:

@ the effective dose expected to be incurred by any member of the public due
to the exempted practice or source os of the order of 10 microSieverts or less in a
year, and

@ cither the collective effective dose committed by one year of performance of
the practice is no more than about 1 man-Sv or an assessment for the optimization
of protection shows that exemption is the optimum option.

3.3 Clearance
Clearance is the removal of material from a system of regulatory control provided

_27_



that the radiological impact of these sources after removal from the system is
sufficiently low as not to clearance are under regulatory control until a Regulatory
Authority clears them. The Regulatory Authority is responsible for establishing the
requirements for clearance and verify compliance with the requirements.

The basic criteria for determining whether materials regulatory control meet the
clearance levels are identical to the exemption criteria. If the clearance criteria is
higher than exemption levels, a dangerous loop may be encountered and material
may never be released from regulatory control.

Clearance should not be expressed in terms of individual or collective does, since it
is not practical to measure theseparameters at the operational level. Rather, they
should be expressed in terms of derived quantities that are directly measurable so
that compliance with the requirements can be verified. The clearance requirements
may relate to the total amount of material, to the total activity, to the radionuclide
specific total activity and concentrations, or to the physical and chemical from of
the material subject to clearance.

There are two approaches that can be used in developing the clearance criteria,
generic levels or a case by case approach. The derivation of generic clearance
levels requires consideration of a wide range of situations, including hypothetical
situations, and may lead to very low clearance levels. When establishing these
derived clearance levels, their practicability should be kept in mind. The ability to
measure the corresponding parameters in the amount of material must be
considered. The case by case approach would provide a more realistic approach, but
would require that the licensee provide the justification for the developed clearance
criteria, which will in most cases be greater than the generic levels. This approach
would involve a pathway analysis taking into account possible pathways by which
humans may be exposed to radiation.

In all cases, no matter which appproach is used to establish the clearance criteria,
a method must be established by the Regulatory Authority to verify that the
clearance levels have been met and no further control is warranted.

3.4 Regulated

Regulated material is that material that must be controlled in order to meet the
regulatory requirements of the Member States. This is material that requires
licensing or some other control.

3.5 Authorized Discharge/Disposal and Authorized Use
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Regulatory control of radioactive materials that do not meet the criteria for
clearance may be released under certain conditions specified by the Regulatory
Authority. This release from control is called either Authorized Discharge/Disposal
or Authorized Use.

Authorized Discharge is applicable for liquid and gaseous wastes that can be
discharged to enviroment. While control of the material is lost once released, the
process of releasing the material to the environment is controlled. Control is carried
out at the point of discharge and surveillance is performed in the enviroment.
Conditions may be imposed concerning the from of the material, the rate at which
it may be discharged, and the meteorological and environmental conditions required
for discharge.

Authorized Disposal may be performed for radioactive material in low
concentrations or in special from that can be disposed at a non-regulated landfill.
Again, control is performed at the point where ths material leaves ths facility. This
may include commercial items that contain radioactive material such as smoke
detectors or lantern mantels. The overall impact on the environment must be
evaluated and considered acceptably small.

Regulatory control of materials intended for re-use or recycling, but do not meet
the criteria for clearance may be relinquished under conditions specified by the
Regulatory Authority and when the Authorized Use has been verified. The control
of the material is retained by a regulated practice until it has been established that
it has been used for the purpose for which the authorization was given. For
example, activated metal from a facility being decommissioned may be sent to
aamelter for recycling into spent fuel casks. The practice of transporting the
material to the smelter and the smelting facility will fall under regulatory control.
Once the radioactive material is combined with non-radioactive metal and the cask
is produced, the material is released from regulatory control. It is implicit in this
concept of authorized use that the Regulatory Authority will take into account the
likelihood and implications of other uses being made of the material in the future.
3.6 Regulated Disposal or Transfer

When it is unacceptable to release material from regulatory control, the material
must be retained within the regulatory system through either Regulated Disposal or
Regulated Transfer. Regulated Disposal refers to sending the material to a
regulated waste management facility where there is no intention of retrieval. For



materials or equipment that may have a reuse, the Regulatory Authority may
approve the transfer of the responsibility for the material to another regulated
practice. This might be the case wherea facility shuts down and transfers its
sealed sources to another regulated facility. This is considered Regulated Transfer.



INTERNATIONAL ATOMIC ENERGY AGENCY
Regional Training Course on Decontamination and Decommissioning of Research
Reactors ‘

and Other Small Nuclear Facilities, Taejon, Korea, 22 October — 2 November 2001

Monday. 22 October

09:00 - 09:30 Registration

09:30 ~ 10:15 Opening of the Meeting ( Korea’s Host Organization ) Administrative /
Logistic Information

10:30 ~ 10:45 Outline of the course (Mr D. Reisenweaver, IAEA)
11:00 - 12:00 Brief introduction of the participants. Presentation of their countries
activities

related to decommissioning of nuclear facilities

13:30 - 15:00 IAEA safety guidance on decommissioning of research reactors and small
nuclear facilities ( Mr D. Reisenweaver, IAEA)

15:30 - 17:00 Decommissioning of Nuclear Labs and Other Small Facilities (Mr K.
Langley,UK )

Tuesdav, 23 October

09:00 - 10:30 The decommissioning of a research reactor in the USA: a case
study (Mr L. Boing, USA)

11:00 - 12:30 IAEA safety guidance on waste management, clearance criteria, health and
safety aspects of decommissioning (Mr D. Reisenweaver, IAEA)

14:00 - 15:30 Pre-decommissioning radiological characterization of shutdown research
reactors (Mr L. Boing, USA)

16:00 - 17:00 Regulatory Issues and Licensing of the Korean TRIGA Decommissioning
(Mr Kun-Jai Lee, Professor, KAIST, Korea)
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Wednesday, 24Qctober

09:00 - 10:30 Planning, regulation and practical experience for research reactor
decommissioning in the UK(Mr K. Langley, UK)

11:00 - 12:30 Costs and funding of decommissioning of US research reactors(Mr L. Boing,
USA)

14:00 - 15:30 Selection of a decommissioning strategy for research reactors (Mr K. Langl

16:00 = 17:00 Regulatory Process for Decommissioning of Research Reactors and Other
Small reactors

Thursday, 25 October

09:00 - 10:30 Planning Process for Decommissioning (Mr D. Reisenweaver, IAEA)

11:00 - 12:30 Preparation of Decommissioning Plan and other Documentation

14:00 - 15:30 Pre-decommissioning Activities (Mr L. Boing, USA)

16:00 — 17:00 The Transition from Operation to Decommissioning (Mr K. Langley,UK )
17:00 - 17:30 Technical videos e.g. (i) Decommissioning of the R~1 reactor in Stockolm
(ii) JANUS reactor D&D Project, USA (iii) BR-3 Dismantling Project, Belgium (iv)

Decommissioning of the University Researcg reactor, UK

Friday, 26 October

09:00 - 12:30 Departure from Taejon. Visit to Koreas research reactors under
decommissioning and ancillary facilities

Monday, 29 October

day will be given to national presentations regarding operating experience in and prospects
for decommissioning research reactors and other nuclear facilities in each country.
Trainees are expected to report on the national situation and needs in this field . Each
national presentation should last for 10 - 15 minutes and will be followed by a short
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discussion. Coffee breaks and lunches will take place as normally scheduled.
14:00 - 1530 Defuelling and Associated Issues (Mr S. Thierfeldt, Germany)

16:00 - 17:00 Organization and Management of Decommissioning Projects , incl. QA,
Training, ect :

Tuesday, 30 October

09:00 — 10:30 The decommissioning of a research reactor in Germany: a case study

11:00 - 12:30 IAEA Technical Co—operation Projects in Decommissioning: Examples and

14:00 - 15:30 Decontamination Technologies as part of Decommissioning ( Mr S. Thierfe

16:00 ~ 17:00 Italian D&D Experience (Mr M. Laraia, IAEA)
Wednesday, 310ctober
09:00 ~ 10:30 Dismantling incl. Remote Technologies ( Mr S. Thierfeldt, Germany)

11:00 -~ 12:30 Planning for Decommissioning: Technology Development by Using of
TRIGA Decommissioning in Korea (Mr Won-Zin Oh, KAERI, Korea)

14:00 - 15:30 Current and Anticipated Problems in Decommissioning of Research reactors
in Korea : Waste Management Provisions, Funding, Radiological Characterization and
Detailed Planning for Decommissioning (Mr Ki-Jung Jung, KAERI, Korea)

16:00 - 17:00 Safe Storage During the Decommissioning Process (M. Laraia, IAEA)

Thursday, 1 November

09:00 — 10:30 Final Status Surveys , Project Final Report, Licence Termination

11:00 - 12:30 Pending Issues in Decommissioning: a Summary Presentation



14:00 - 17:30 Panel discussion. Lessons learned , operating experience

Friday, 2 November

09:00 -~ 10:00 Evaluation of the course and discussions (M. Laraia, JAEA)

10:30 - 12:00 Continued Concluding remarks (M. Laraia, JAEA)
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