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A Theoretical Study on the Colloid-facilitated Radionuclide Transport with
Decay Chain in the Fractured Rock

Jin Beak Park, Yong Soo Hwang and Chul Hyung Kang

Abstract. To understand the behavior of migration of contaminants in a fractured porous medium is a key to assure
the overall safety of a potential radwaste repository. The feasible retention mechanism of contaminant transport
in a fractured medium are sorption of contaminants on solid surface and matrix diffusion of contaminants from
a fracture into an adjacent porous medium. The acceleration mechanisms are the migration of contaminants in the
form of pseudo-colloids and the limit of a volume for matrix diffusion. In this paper, the effects of these two
acceleration mechanisms are studied mathematically, then semi-analytically computed by the application of the Talbot
theorem and verified. Results indicate that the acceleration processes cannot be neglected in the modeling of
contaminant transport in a fractured porous medium.
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Table 1. Input data(l) of decay chain for radionuclide migration.
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Two member chain (n) Am-241 Np-237 Reference
Tz (vr) 458 2.14e+6 KAERI DB
Dp (m’/yr) 1.26e-6 1.26¢-6 KAERI DB
A, (I/m) e2~e" el~e" [21]
Kn (m) 0.0e+0 0.0e+0 (Assume)
Ke (m) 0.0e+0 0.0e+0 (Assume)
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Km (m) 5.0c-1 5.0e-1 Nons':llilgligl(’);z;cing
Three member chain (n) U-234 Th-230 Ra-226 Reference
Tiz (yr) 2.47e+5 8.0E+4 1600 KAERI DB
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Knc (m’/kg) 1.0e-2 1.0e-2 1.0e-2 (Assume)
Km (m) 1.0e+1 5.0e-1 5.0e-1 TI.LA()()“Z) .
Nonsaline, reducing

Table 2. Input data(2) for radionuclide migration in a fractured medium.

Parameters Input data Parameters Input data
C, (kg/m’) 2.0e-2 (20 ppm) 8 (- 0.1
ve (m/yr) 1.5 Vg (m/yr) 1.0
D. (m’/yr) 1.0 Dy (m’/yr) 1.0
Ci/Ni 0.5 a (m) 1.0(71&:3h
p (kg/m®) 2700 b (m) 5.0e-3
Tor) 10 000
Qolguhg TefRt v YR FESEAS dols &l skl Uelisick Fig. 29} Fig. 32285 of
= Qlok o] FERALS A (1D ER0jEE TEsty  Boll tigt Z2TsE0] Aes] AAEISS & 4 Utk

2 ] A|R2o] A% AA A= (retardation factor)7} H
AHYEE 9k St AR AR fREE ZlolH, o]
AtAIet A8kl A EIE0] o] Zh2 HhAlA
FNhe DHEIE o o3 wieR fEEE A
gl & = glth

ZzTo] FErs| AEU=AE HSo] flekod
TEO|EE FHRE HFoF9] A4 (24)19} E=0]
=g Bulsha] oioe w #Fo|FANE ulwsto]
Fig. 29} Fig. 3] =ASMglch Fig. 2+ dAMdelEo]
FEAIRE 10,0008 22 319 wiel 20,000 Al
oA Am-241 FHjARsol thsted, Azjel it #=3}
H #5sEE UERIL, Fig. 3ollAi= U-234 B34}

32 QALBEO|SO HISAR

4 @4 o8 FYeheId fARERolE A
27] W47t Fhe) BAEE o1l vlAk 9
3 Fig. 49} Fig. 5o Yehgich. Rskeiel ) F5
O[= QIAIel WAMHFEO] M wkgHo] RAMER
ol=g ZAshz o] Woldss dFolFe FAkE
2o|of of3t M43t de] FEEAE AL & 4
Qi) Fig. 40l|A= Am-241 B3| A& Hske] 10,000
W Aje] FAYe] SEATE WeASIL 242 1, 10,
100, “12}31 10002} 2k 71 9ol tiete] Viekal
ou], Fig. 5olA 20,0004 A9 S= ARE U-



26

orE - g A - FEYOlA B BIRE FRolEE Fuet

PAb WF o)Fo] B ol2A AT

10
Am S sz.w

107 4 /

Am-241 Np-237

1x10™ 4
t=10000yr
~—— Radionuclide ONLY
O Colloid-facilitated
with Km =00

1x10° 4

Normalized concentration in a fracture, N(x,t)/N ,

10 T T T T

Distance from inlet, x (m)

Fig. 2. Validation result of semi-analytical solution of Eq. (24
(n=2, Kp. = 0.0, ¢+ = 10,000 yr).

234 bzl tste] 71z Uerligle, E8 kg4
48 1S P A9Ka~0)] et AT W)
FAIse, WHATE 2 Wold #Esol nlAi

FEE eI

33 E20|=9| o{uEE (filtration)

FRo|L9] Rh= Astuf A thgst A3 ARG 5t
A =, olHT AFEL PAHIAFTES olgahe Tl
S t2A Uehube oajabgo g HolEck FRoj=
7} A5l w2 = AL Van der Waals 3z} E2o0]
E9] A7)0 o3 ko] HE, uAs} 5 #E HH
¥} o] RojAl= ET AL ¥EEE0] FRolE YAt I
%o F8% YL gtk Ame] S filtration A7}

2.0e”(1/m) ~ 1.0e'(1/m)7} Hr}= A A7} 9o
o, ol AskrY EAlshe ZRol=9] H7lo A

t =10 000 yr

K

ne

=100

K

ne

=1000

1x10” 4
Am-241:
inchain Am*' — Np*¥
1x10” 4
O Radionuclide ONLY

Colloid-facilitated

Normalized concentration in a fracture, N(x,t))N,

10

A) T
10° 10' 10°

Distance from inlet, x (m)

10°

o

Normalized concentration in a fracture, N(x,t)/ N

o

Normalized concentration in a fracture, N(x,t)/N

a

10
UBY o TR » Rg?

£=20 000 yr
—— Radionuclide ONLY

O Colloid-facilitated
.2 withK =00
107 5 -
Th-230
10° 5
1x107 4
1x10° 3
10° T T T

T
10' 10°

Distance from inlet, x (m)

) Fig. 3. Validation result of semi-analytical solution of Eq. (24)

(n=3, Kne = 0.0, ¢ = 20,000 yr).

TAE, o]F Big ussle ZRo|=o) RHEZT
T4 T olzl dtEol Uep.

4] 21)3} 4] (24) 18] Table 13} Table 25 o}]&
sto] BRo|=o] ofaigol| 2J3t FolE FFS Fig.
63} Fig. 70| Zfzb vlehfigich Fig. 694 Am-241
SHALEo] cidte] 10000 AJ-of| FEof| Hrshe 3
ZFE59 ¥EE2 4 aI} Y= Ao dRASE 107
oARE 10771x]0) Thsto] YERTh Fig. 7ollAx=
U-234 Bajakse] Al 77 @250 diste] 20000
Ao} AkE vrehfigic Fig. 69} Fig. 7oA 41 (2)
oA Holglo] AMgE oTAISTL 10°HTE F Ao
clpizhgel RS TAl B 4 gles o 4 gltk
3.4 FHHQMIO| HIBHE SpAH

B Woll sk ZR2ole A= 1 Sezol

t=10000 yr

K =1000

3

=100

ne

1x10” 4

Np-237:

in chain 4m
O Radionuclide ONLY

Colloid-facilitated

241 237
1x10° 4 = Np

10 T
10°

—
o 10"

10

Distance from inlet, x (m)

Fig. 4. Effect of pseudo-colloid formation constant(K..) in decay chain of Am™'—Np™ (1=10,000 yr).



Hdz Asht 27
10’ 10° 5
t= 20000 yr . 3 Th-230: t = 20 000 yr
§ K =1 % inchain /% —» TH™ s Rq?®
= 1 e 3
X100 K_ =100 % 10'4 O Radionuclide ONLY
= K =10, ne 2 - -
< " z Colloid-facilitated K =100 K, =1000
§ K, =1000 § /
§ 1074 § =10
& &
L o
-8 3 3
= 107 ®
(] c
g kS
§ 1x10™ 4 E
g U-234: E
- inchain /2 - TH*" — Ra™® -
§ 1x10° ]
] O Radionuclide ONLY s
S Colloid-facilitated £
z 10° — T T 7 T =z 10 T T T T
10° 10" 10° 10° 10° 10° 10 10° 10° 100 10 10°
Distance from inlet, x (m) Distance from inlet, x (m)
10°
Ra-226: £ = 20 000 yr
inchain /2% —> TH™ o R 7*
10'4 © Radionuclide ONLY
Colloid-facilitated
107
10" K_=100 . =1000

Normalized concentration in a fracture, N(x,)/N

Distance from inlet, x (m)

Fig. 5. Effect of pseudo-colloid formation constant(K,) in decay chain of U—Th” "—Ra™ (t = 20,000 yr).

=719} H718 Sl ofstel Fwgho R B 4

= AK s
AUESL FY sdo] TREAL Fue

wh, F2o|=o} ATHA

Hlo g BALS ahA EHop Y,
Zulohite] e B4 tigt ATE VoA
Hhpdsio] Fao] w2 AR o gyte]

10 - — 10
. Am-241: in chain 4m™' — Np** R Np-237:in chain
2 o z P
=2 N No Filtration :: N m &p
g W3 A 1074
%\ o= 1.0e7 i No Filtration
g B g
§ 10724 Ay =1.0¢ § 1074 Ay =100
< = 1067 IS
& B 5 5] A, =106
= 1074 . s 1074
8 E Ay = 1.0¢7 2 .
I3 14 Ay, =1.0e"
g . Ay = 106" £
3 1x10™ K] 1x10™ o
g E .
2 Ay =1.0¢7 3 Az 5 106"
H 1x10° 8 107
i i
5 . t =10 000 yr 5 . £=10000yr
< 10" T T T —r < 10t T T T T
10° 10" 10° 10° 10 10° 10 10 10° 10° 10’ 10°
Distance from inlet, x (m) Distance from inlet, x (m)
Fig. 6. Effect of filtration coefficient in decay chain of Am™'—Np™(K,=100.0, =10,000 yr).



28 Hpl - e - Y

T EAROA FAH SIS ER0|=E B

WA B0 ol B olRH AT

10°

U-234: inchain [/ —» Th? — Rg?S
£=20000yr

o

No Filtration

Ay =1.0¢7

Ay =1.0¢7

-
®

N
=)

Normalized concentration in a fracture, N(x,t)/N

T T
10° 10° 10* 10°

Distance from inlet, x (m)

0

0

10

Th-230: inchain [/ —» Th™ — Ra™
£=20000yr

-1

10 o

1074 No Filtration

Ay = 1.0¢7

Normalized concentration in a fracture, N(o /N

T T T
10° 10" 10° 10’ 10
Distance from inlet, x (m)

10

o

£=20000yr

1x10”

1x10° 4

Normalized concentration in a fracture, N(x,t)/N

Ra-226: in chain [/ — Th?® — Rg**

No Filtration

.
10° 10' 10°

T
10’ 10* 10

Distance from inlet, x (im)
Fig. 7. Effect of filtration coefficient in decay chain of U"*—Th™*—Ra*’(K..=100.0, =20,000 yr).

ghitd dol Aghaol, Aljtd Y oo R Tk
Hotgto] BEXJ(EAA e Taet FFE9 Tho
o3t AR A4 A5 PR QIste] dojupr] FEte
IS S, o]t FHdNte] Al A
48 W9 #Fols-S 7rESAItE A3
PP 1 oM A (20)9] AR A
Z2AL ©lsto] olzigt Bl AL Z2o
Higt Folg Aol whgstaral shgick

Fig. 804 Am-241 Ba|A)&o] 3t FHgHlo 2
SALEA o] THE BFo|F FFRS vrehgith Fig. 80
i FRo|=o] PAPURSAGKae)= 1000 m kg
7Hgstg. e, oulahgo] oJst Hghe RFABIH L, S
W ohto] ARAGR, )= BHARE] 43 S5 dist
o] 1052 7Py8tgch The Qeiefse Bajalg o
3} Table 13} Table 20| =A|E ZFES ARSI

Fig. 804 FRigalo o] ghilo] AstA L 1
g, Ask o]l FZol=o] EA {50 Aol
HEEQ] olFo] Zl&EL AL oA & 4 gtk F

1o 4y

in3

X

[eX
flo

in o
i o o
2 30

ol

FuohoR PANSEY il ol 4 9]
ofo] Fol52E 2 tholl EAH: WA BF
& g2o|zo| £Ajojio] BAglo] 7 eIk £
a4 4k e SakgoloE 2 ) 857k
of FRE ML FAYGo] EAYS Fig. 82 B3t
of &g 4 gk 3 54 Bargole] el Tk
Aol Yolubn 1 SAzlol7t o] Golurt o #HA):
Aol AR S RAIG o FRAT 23t A
B SUshe, o ool 7ol hehbA] gp=tk 19
3 g4kzlo)} o] X Gt o e HyolE
Sfoteiet SEEY 27bH Mol garg vlx
A o A 2 4 ok AR B TAG mde
4 Q0)9) HAZA hAl ool AAZAL o] g3t
TG 4 ek, 4 (5)% FuchoRe| st Gl
9 malo| ) F415] Yoldrhs WS mrlo] 9
¥ % o AAZAL Suia’,

rr

o
> 2L ol of

]

-

lyLrgM(x,y, H=0,x>0,y>5,60 (3%5)



g Askest

z
S
% 10" 4 a=10
g
§ 107 4 10°
a=
T
8
S L
g
s
3 1x10™
3
2
3
& 1x10° 4 N
E Radionuclide ONLY R,=100
s , ]Am-24t:in chain 4m™' — Np*7 t = 10 000 yr
= 10 A T T T T
10° 10' 10 10° 10 10°
Distance from inlet, x (m)
10°

.
g
- -1
g 10" 4

< a=107-10
P
§ 107 a=10"
&
« a=10"
B 3
z 1075
'€= P
h -4
§ 1x10” 4
B
] R,=10
Y 1age] t=10000yr
§ Colloid-facilitated, K = 100.0
§ , |Am-241:in chain Am*' — Np™’
Z 10 — . . . —

10° 10' 10 10° 10* 10

Distance from inlet, x (m)

o

Normalized concentration in a fracture, N(x,t)/N

Normalized concentration in a fracture, N(x,t)/N_

o

29
10°
——a=10"
107 3
NH— a=10°
107 3
~——a=10°
10° 4
1x10™
R =10
1o £= 10000 yr
Radionuclide ONLY
Np-237:inchain Am™' — Np™’
-6
10 T T T
10° 10' 10° 10° 10* 10°
Distance from inlet, x (m)
10°
a=10"-101
10" 4
a=10"
2
10* 4 p
10°
1x10™ 4
R, =10
1x10° ] 1= 10000yr
Colloid-facilitated, K, = 100.0
| Np-237.in chain 4m #— Np™
10 p—r— . . .
10° 10' 10° 10’ 10* 10°

Distance from inlet, x (m)

Fig. 8. Effect of limited matrix diffusion into an adjacent rock matrix in decay chain of Am™'—Np*”(K,. = 0 and 100.0

(m’kg), R, = 10°, A,,=0.0 (I/m), +=10,000 yr).

Fig. 994 Fig. 8-& 534 o8 5 Qe .g_;[s}
Algt gpatzlo)o] chate] Barzlojot HF 5=} 107
01 Bl 9K S ol g3t etk &, 4 Wl &

stel #Eewrl 10°0] Hi= A¥yH)I 2EEH
OETEJ A ol(x %) & Fwetute] Ax| Aol mat
vehfiglom, Agha gte] Sa)7F #E oll #E7t
ol AL |2 1A W7t 2ATS & A
c}. olafﬂ "ilx—‘l b;l%é Hojuks dodofali 7fﬂ°ﬂ
HAALES B 47} glow, o] 7k
o] %J_oMt ‘n‘—@tﬂ' SR 9ET} 2 gl 4] dojd o
ZETl Aghy AR TS ndn s ANE
wach

E3}, EHente) AR AG7E S42 AghE gzl
olo] w2 HFE] sl 2 FFE F= ag
B 2= 9lck Fig. 90)lA] Fwiehite] SjEA A A42 10°

2 243 o) Am-2419] 3, EFR2ol=r} ER8HA] &

= A9 fEst AR BAOlA 500 molAq
9,000 m7 7idel o] i 4 g Whele] ol
2 20t A9 Y 274 1,500 meflA] 11,000

m7HA] Fhgol ol 4 gl Aoz fEEHUt 2,
29 Yol WA AEE0] BRolES Tt o]
5wl $U% 2he|N BRo|Ss ZAEHA
& wutt Al S7RIGE 22 e
olFte AR FAE uhe I wel FuiehtoR
sharelo} Bl 5] Folshy ehs 7 W) 8E =
BEo] Qe FA) THAT FUHIOR Aol
7} Foigo] SEIAZC|Y XA W EHSHH,
§ ol #7412l Ytel Aol Bojsel el
Aol ol 7Bt WS &S BirgoloAl:
wohito] MEolEo]| ¢lo] AR5 AMAFFOR o]z;H

271490 71g0] dofubA] gheth 2 4 ek

L




30 apxl -

e - Y dEdubolA WAV BHARST BROIEE BN
[<]

b BE9 olFo] B o2 AT

=
:§, 10°
»
N R =10’
- L4
£
E
g R =10'
¥ =3 L4
3
g 10 l('-lll
3 N /
;
=
®
g Radionuclide ONLY
b= Am-241: in chain Am>*' — Np**’ 1
g 10 oy Ty - v Ty
= 10" 10° 107 10° 1x10° 1x20° 10° 10° 107 10" 10' 107
Available thick for matrix dif a (meter)

10 7
\ /R —16*
4

10

Location of normalized concentration with 1(04, x (meter)

Radionuclide ONLY N
Np-237:in chain Am**' — Np*’ @
2
10 ~r e AL RS - =y - Y - al
10* 10° 107 10° Bac®1ac® 10° 1w0* 107 10° 100 10
Availabl for matrix diffusion, a (meter)

E a
\E, 10 /3’=1n
o
= .
§ /R’=10
£
g§ /R’=105
10°
3
2
&
B Radionuclide ONLY
2 Np-237:in chain Am**' —> Np*7 @
8 10° ey
= 10" 10° 107 10° bao®ixie* 10° 10° w' 10° 10" 10°
ilable thick for matrix diffusion, a (meter)
i
n Fl
£ 1 i
H / /
]
=
: /
~§ R =10 R =10 R =10°
g L4 P L4
§ 10°
3
B
A
1 Colloid-facilitated
3 Np-237:in chain Am>' — Np*”’ @
§ 10° v T ey
=~ 10° 10 107 10° Bbao® vact 100 10° 107 10° 10' 10
ilable thickness for matrix diffusion, a (meter)

241 237

Fig. 9. Effect of the available thickness of a permeable rock matrix in decay chain of Am™—Np™ (K. = 0 and 100.0 (m3/kg),

R, = 105, A,,=0.0 (1/m), +=10,000 yr).

4.2 B
FAAe) A BRO|EE TUE YA AFol
S WA ALY FUGWOE AT B

o
AgRolEo] whgAsrt #d Yol vAE 9
7 2ol JHEFo] HFo|Fo uAE F
3 oEm FHgve s RahA shato] #FolE
of w2 P thste] dobm it

A3k joll 2RI3H= RARRR 0|=9] o] Hobds
2 39 Y 30|50 glof 7kl 3A Uehgo
o, oFASE RE WFo| diste] 10°(1/m)KT S
AL oTio] o3t F AL BAF 5 AUch

FholARE Fughteos AEsi= dapgslipel

BRSH] AFAY Hgol, AT HETIET
shpzlol} Hodas F7kshe e & 4
oluf Fhko] B T FETAO EAYSH=
< WA 2 otk E3 Fueke) Ax AL}
S22 AgHe Baiglolo] TE HEE) 7l
e 2 4 gk

webd, 1) HAATIIE ARS AT A%
oA $AF BRO|EE Tefsha] o= YAl WEo
% 2a9e g Hedoz Hn, f4b Smels
ool QOIHE F ehkozol Bhitol ARHY 4
$ AA wFe olSel vlAE el Az
field test 52 Ea ATkAR Aol tFt Wele] Hol
27EE, $4 B2ol= YA VAR A gl
thigh Aslo) SaElo) mulele] Rt AN G
o] Shmsjofo} ST

f
ox
flo

X2,
¥,

ol my W K

N
= =




Hyat ekt 31

ZAel 2

B ATE 20028 debr)ey GAEEY7)
ARI9] Ao Sl gigrich

Angs

—_

i

N

~

o

. Grisak, G.E., Pickens, J.F., and Cherry, J.A., 1980, Solute

transport through fractured media: 2. Column study of
fractured till, Water Resources Research 16.4, 731-739.

. Neretnieks, 1., 1980, Diffusion in the Rock Matrix: An

Important Factor in Radionuclide Retardation?, Journal
of Geophysical Research 85.B8, 4379-4397.

. Baik, M.H., Hahn, P.S., and Park, H.H., 1995, A Theoretical

Study on the Radionuclide Transport Mediated by
Pseudo-Colloid in the Fractured Rock Medium, Journal
of the Korean Nuclear Society 27.4, 532-543.
Bonano, E.J. and Beyeler, W.E., 1985, Transport and
capture of colloidal particles in single fractures, Mat.
Res. Soc. Symp. Proc., Vol 44, 385-392.

Grindrod, P., 1993, The impact of colloids on the
migration and dispersal of radionuclides within fractured
rock, Journal of Contaminant Hydrology 13, 167-181.

. Ibaraki, M. and Sudicky, E.A., 1995, Colloid-facilitated

contaminant transport in discretely fractured porous
media 1. Numerical formulation and sensitivity analysis,
Water Resources Rescarch 31.12, 2945-2960.

. Laaksoharju, M., Degueldre, C., and Skarman, C., 1995,

Studies of colloids and their importance for repository
performance assessment, SKB TR 95-24,

. Hodgkinson, D.P. and Maul, P.R., 1988, 1-D Modeling

of Radionuclide
Fractured Rock for Arbitrary Length Decay Chains using
Numerical Inversion of Laplace Transforms, Annals of
Nuclear Energy 15.4, 175-189.

Migration through Permeable and

. Park, I.B., Hwang, Y., and Lee, K.J.,, 2001, Analytic

Solutions of Radionuclide Transport with the Limited
Diffusion from the Fracture into a Porous Rock Matrix,
Annals of Nuclear Energy 28.10, 993-1011.

. Sato, H., 1999, Matrix Diffusion of Simple Cation, Anion

and Neutral Species in Fractured Crystalline Rocks,
Nuclear Technology 127, 199-211.

. Sidle, R.C,, et al., 1998, Spatially varying hydraulic and

solute transport characteristics of a fractured till determined
by field tracer tests, Funen, Denmark, Water Resources

20.

21.

23.

24,

Research 34.10, 2515-2527.

. Vieno, T. and Nordman, H., 1999, Safety Assessment of

spent fuel disposal in Hastholmen, Kivetty, Olkiluoto and
Romuvaara TILA-99, POSIVA 99-07, POSIVA, Helsinki.

. Visual Numerics, 1997, IMSL Fortran subroutines for

Mathematical Applications.

. Talbot, A., 1978, The Accurate Numerical Inversion of

Laplace Transforms, J. Inst. Maths Applics 25, 97-120.

. Ahn, J., 1988, Mass Transfer and Transport of Radionuclides

in Fractured Porous Rock, Ph. D. Dissertation, Univ. of
California at Berkeley.

. Ahn, J, et al., 1996, Radionuclide Transport in Disturbed

Zone Between Engineered and Natural Barriers Deep
Geologic Disposal of High-Level Radioactive Wastes,
UCB-NE-4217, Dep. of Nuclear Engineering, University
of California, Berkeley, California.

. Park, J.B., 2000, A Study on the Radionuclide Migration

in a Fractured Porous Rock with Limited Diffusion, Ph.
D. Dissertation, Dept. of Nuclear Eng., Korea Advanced
Institute of Science and Technology.

. Ledin, A, et al., 1995, Measurements of colloid concentration

in the fractured zone, Asop Hard Rock Laboratory,
Sweden, SKB TR 95-17.

. Jen, C.-P. and Li, S.-H., 2001, Effects of hydrodynamic

chromatography on colloid-facilitated migration of
radionuclides in the fractured rock, Waste Management
21, 499-509.

Wels, C., Smith, L., and Vandergraaf, T.T., 1996,
Influence of specific surface area on transport of sorbing
solutes in fractures: An experimental analysis, Water
Resources Research 32.7, 1943-1954.

Saltelli, A., Avogadro, A., and Bidoglio, G., 1984, Americium
Fiitration in Glauconitic Sand Columns, Nuclear Technology
67, 245-254.

. Park, J.B., Hwang, Y., and Kang, C.H., 2001, Effects of

Limiting Matrix Diffusion of Radionuclide in Fractured
Porous Rock: Back Diffusion of Np-237, Proc. of Korean
Nuclear Society Autumn Meeting, Seoul.

Park, J.B., Hwang, Y., and Lee, K.J., 2001, Transport
of Radionuclide in Fractured Porous Rock with Limiting
Matrix Diffusion, The 9th International High-Level
Radioactive Waste Management IHLRWM ‘01, Las
Vegas.

Park, J.B., Lee, K.J., and Hwang, Y., 2001, Effects of
Limiting Matrix Diffusion of Radionuclide in Fractured
Porous Rock : Numerical Inversion of Laplace Transform,
Proc. of Korean Nuclear Society Spring Meeting, Cheju.



32

SR - e - Y YA WA B IARET ER0l=5 FuIRt

Ay B0 olFo] Wi ol2d AT

ut xl
20014 TS| SUKAIST) 2%
e

Tel: 042-870-0363
E-mail: jinbeakpark@hanmail.net
A =R (F) g EA7

£ AEATIE

zdE
1977 AL&chgta Fadish dre3
st} At ,
198341 JAd chgha kel AT
sk} 2 ehA)
1989l A Eujolchaki ojetel €A}
LETEE B
Tel: 042-868-8914
E-mail: chkang @kaeri.re.kr
A SR A4

1983 A gufeka Eaiost A
sk} BEp}

1985 72| Eujo hehL Tishe 9A)
sigakn} Fepa}

1992 e} Ljo} e ekl ¢z}
g shy} Zeput

Tel: 042-868-2034
E-mail: yshwang @kaeri.re.kr
A AR AT




