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Abstract— The migration characteristics of radionuclide in the mixed beds of fly ash and clay were studied to investigate
the applicability of fly ash as backfill material in radioactive waste repositories. In this study, the back to back diffusion
method was employed in the investigation of the diffusion phenomena of Sr-90. The experimental data showed that the mi-
gration of cation took place through pore diffusion in the bed of fly ash, whereas in the bed of clay, it occurred through sur-
face diffusion. Therefore, the diffusivities of cation in the mixed beds of fly ash and clay were calculated in terms of the mi-
gration characteristics of each material. The results indicated that the diffusivity of S1-90 varied from 4.33x 10 * to 2.06x
10 " m%s in the mixed beds of fly ash and clay in which the fly ash content was in the range of 20 to 100 wt%. Thus, the
mixed bed of fly ash and clay was found superior to the clay bed as a backfill material in radioactive waste repositories.

Key words : Diffusion of Sr-90, Mixed Bed of Fly Ash and Clay, Backfill Material of Waste Repository

1. M =

ARk 20} THEF AP EH1A] 0]8o] ol el whet
WAl 7] 29 <k dele SR FEERA e E}—ﬂal"k—
Aol AlFe 7MY EAZ s Ao A V) EAE %}‘_
ol% AvH oz eldtr] T FHPIA LYo FHIRA
FHFale 2 e WA 8 o WA —rﬂlﬁ_% l}xd
A AeJA717] $1& Aot v #7129 Hl7]eE W
A ”J‘i’l°l et sled, T8 w2 FAEE °1 Foi1al
o &) g 7h de o] gH 3 e EA4LE B, ’é
EE ‘3“}” ﬂs}lf—h‘1° 7 o 2 e A7)l 9let &
T8, WA, F3F 4, Hadd Soll od Fdshie “—J
A4 5o AAE T 245 gl7] Wil I8 whyega e
EAAQ e ‘QEW UArH1-3). 22t A Ewe FH-Eo] A
o] o1, 3htA 237 diEol] vide] wol £rt. v,
W A A %‘ngi HEE AMY A, 2R 85 e &

> oHr o wE

270

gke oF 1009tE o2 A A AAdule] of 30%e] o] & Ao
B ZAbEr) ol @ Aol ARAde 245 HENRAl 7]

Aol xeslw, Falol $psln] Byo] ¥R AL FHER A
%lél o, AEAY AL g godate) Ahda A 538
& 4= gle}. Asts] | (coal fly ash) & A1AsHA ® & oledd &
TFabghel Al FE2E 5 9lu, R AgEr B Y
L3ht)i= A o] 917 WlFolThH4, 5].

Dyl e FFHAAHATAIL wAA Hr Al 38 d7E
A o2 Aalgh 80 dd Fubte] 3dEe] 43S
ARE Adiglon], A ERE Hert weE w9} vls
th, 299, A8 SolAe 70 SukRE 2AE #e AFE 4
zaledn, AN zHkghe AAAke s AR aduldlde
:ﬂi}zﬂffﬂ < AH e HSHEE ARl 7|2 B4 D A
2R 528 9 G718 483l T 9JrH6-8]. YRl A= &
A AR o 944 A (e 2, loam) L FUNE 2 s Wkt A
BE FARE s, FAREA YA i3], Algele]B)

[



A ZHker| e

o gid

52 4ol AHgshE Wkke AT Fel 9loH[9, 10], ArbrhelA
= CANDU &l 224] afahts o] 212414 ) 24k ¥
AAGATE) BHo2 HEE FARL o3 BehE FARL o
£ 3 gl BN AFE 2wt ek

deta & ATE AAGAT L PG Aol HES) A
wsiAle] S4e ZAel, EQuleel BE EGFA BN o
A EES] SRS FHTORA, BAAT EA 2ol F
o wpa o 2 o] Almaiale) A 47Fs 4 HalshTat sholct.

2. 0|2y g

2-1. EEEHE0AS] 2t

ikl Aol gt dubAl-2 Ficke] gibkAlA] o 2 vepyd 4= gl

oC 9:C

* P
714 D FAASE Jeldd, t= A7
vepdch

FHER AMEE EFERAESY T2e EESHES] 20
z3He S 350 olFY F Uv FE= ERFAHEYAE A
o]9] & FF(macro pore)t EFFHEYAE Soll A -
ZF(micro pore), F 7FAE 2 4= Qe 2, gel 22 A EaA
Eo| ofolemst BAS Z1 qlr] W& EFSHEYAE 42
e FFo2E oY 4 I, AAE Abeld] & F5E a4
Tk o]Fd 4= i} "bdel| ofo]- 22 o] 2 ulgHE Al ofsled AL
FF VR oz ¢ glon, & FF HEe o5 + ok F
atol] o)sle] &halE = HARE T3 (surface diffusion)elz} &1z,
2 33 W& o]-2Eov} FabEol £ 2Fo 25l FHitE
= #AAS FFak(pore diffusion)o]e} o). 2], EdEAEE
—}'L_ () ﬂi’r."iﬂr T o 'YE—LE oq} 7 ZE-’] ﬁu:]i_}%}__iﬁ’— 5
AcH11].

bl g e] bl Ao A F2toll o7 A DA e} o] o] F

O

, CE ¥&, xE A=lE

A2 E 27 FAA AL o83 o] BAZ 4 gich
FC
+(e 8) 2 at =D,6°~ )

o7)A, 6 ok WA & FHE, 0. ohEA wiaelx] A7}
ol 2g 4 gl FETTE, Cu AVl o] 5% + Sl FAZH
e} galloMe] #F5s, G G} o5& & ge T el
S AFFT, G chgd e F24H A% F5, D
F2eabA < (pore diffusivity), Dz 0 A S (surface diffusivity),

en_ %‘ _,—50](:]—

dubg oz A7t 38 4 g T v HrlslrIot o
S, AAZ o)ujgt T2 vl go] Ayl e, BE FIFoE o
A7} 8ok B3, F=F, §A] FEst o 2 (@45 de
}A7)7] $iste] og3t 2L S # 4 ot

A, BA7F 585 5 Qe T2 oA del Ex5k) F=ct

0=9, (3

S, wAdsh AAde FYadtel e, A8EFAE-Ae
X4},

—=K,C 4)

m d

X
@A C=r

olm

_L

GAGA 4 n
m
P= (5)
. S
Tva-9 K"l 9C )

A7]4, X A Edel] 25 oFke), me LAF2A 2] 4 (ke),
Vi BA zatg ol Ay Ruim), C 49 9 #Hxo
By FCkgm), K2 LolAls(mike), ps A7 TR oL
AzAde) vhyguiadl el AHr] A s (kgm’) S Jepdch

6) 4ol &3t (2) A2 ohg-3) 7o) Klxf

3C D,6+K,p,D, 3°C

—é—t— 61 +des azx (7)
_D,,91+dest g
T 6 +K,p, 8
o] uj, D, & #H W 7| FiA4>(apparent diffusivity)z} ghc}.
2-2. HH{A
WA #l o] pgaialo ZHE] A g vhg) F2 9fo|

& 205 Felsag §ao ol Golft Aow delA ok
[12). ol & ke o Akl Pt el ol ol e F2
% Wste] Fehso] AoubAle, FAE o) 29 iy Eyiow T
o7} oAy % ge2gs éﬂ e Yol o8 mAL. 7le
o] 2] AAT} L] So] glid], o|ARNL FASL R FH
oz WA YRERel £ o2 dofuhn ol % $4
o) shatx) 24 ol we} clopel WskE wels] dyel B4 F3
A4 FEe71E ofaich mehd cleid FAE e FAHe o

M2 fgRo Ve olge] AASE ANE RupAtE BT
o BlAsE 4] B QY A HEe] AR
she] FApubge] Balatelol mtt A A A abe] 2zl

5 o] 230 w2 A=, of-g-2} 7o) F A}
e RPN |

F28 olL¥u(C)

4T e golglE olEEE(C) ©
2-3. §0I20| siiitg B
ELEAE-L ool wdhol| o3 FAEA L AR, §o) Lo
el A= ZalASE A 028 2 = slck wbefa], Kop.=0e]c).
D, =D, =D, (10)

(i1)

s 2
(L
f=| a 12
" .
\
2
o714, fi= 4 Q) xH(formation factor)e} 2o, [%J = FEE

(tortuosity)el ] Le A 2F2o], L+ #& FFHolold, o=
FRE e FF=7F FolEol whE o129 olFx FaE vt
e "J’W"]%&(relatwe mobility or fluidity of water)e]c}. D= 5
84 gl 1) o] £2) shbAls-olch,

T35 Al g A el|a] o] 2] HAAIE Mokady2t Low(13]
o) A1sl sto] 72 4+ Sk,

HWAHAK KONGHAK Vol. 34, No.3, June, 1996



272 EAVACIIREAR 22 IEPA S 5

(13)

7|4, Ut o]€ i8] o] %= (mobility)(m’s 'V Jo|u, R-& 7| A4t
4+(8.31441 Jmol 'K''"), F&= FaradayA}4+(96490 Cleq.), T Hoj2-
%K), z o]2 ig] fAlrle|d, RTE 2.50x 10°VC mol '(at 25
‘Cplet. (13)Aolla o] 2-Foll AZF ol F-=(UYS] 2 dubyal A
Z1skehE A (1414 2E 5 gl Al 9jFle] D FEkn
(DA o] &3l gof2o] HAME ojo] EgrEHEdAe] Al
2HHE 7 & sk

2-4. ¥o|20| &uiE AP
ool kAl (§)Ae] 2l o] &H, ERFAHFANA Fol2
o] FulAlS7E 222 (Kp.>6), (8) 42 thgst 2he] & 5 Qlrt
D,6, (D,

D, = +D, = +D; 14
K.p, K;p, @

aeha], gol & Aeld FHAAE T3 (13)4l4 D.2 Fot
@ A gl ofate] ool &8 EAUAIASE TR 4 9ok

3. 4 H

3-1. WEER U YR

A A=A back to back FAMNHARE o] &3lg o, DS
87l $18l ME4 o-f WIS A 712 EAEeic). sl
N2 EPFHEE 45 5 Ue $F3AA, EYFAHSE ER
EFAFE T2 2ome] A (diffusion cell), WA -2 Ak
Al ol 4om EA4MAL kA B, ol S4AHUIERFA
7} 2pm}, oAl AA)9 a8lw, EEAEE 0.02mm7bR] gFA
Wojule] 22 3 9l &7 58 AMSsleE, PR
Fig. 17} ztou], Abz]el] gk 2LA1%E W-8-2 Kim[15] 5-2] |-Fol|A
B ube} goh Algell AR AsE HEe] AHEwQl American
ColloidA} #)Z2] Na-Bentonite MX-805%} 132 3}adnbx Soll4] Ak
A WAEE A3 AAE AN Gk E e Hi 28°'C A
Eellal 3siglon, AR v SHMARA S UE
= Sr-908 288t

3-2. gy

3-2-1. B35 % A 2 Al Az

FFEAEL U 13kg/m'odlA g9} qeka)z)e] F4o] g
g REE M Fol=F Eibstal o, A L Ve eR

-
} :::i{ == L:—::::
T T
| -
sf—l- : [ e —
-+ - I
J; _‘l‘"’ r_-_——

/
¢METAL FILTE
SUPPORT PLATE

Fig. 1. Schematic diagram of diffusion cell for the diffusion of ra-
dionuclide source(unit in mm).
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Table 1. Diffusivity of Sr-90 with the variation of fly ash content in

the beds
Fly ash content Diffusion time Slope Diffusivity(D,)
(Wt%) (sec) (m’/s)
100 490200 -26571.7 1.92 E-11
100 490200 —24720.4 2.06 E-11
90 266800 - 199063 471 E-12
90 266800 - 210878 4.44 E-12
80 344400 —143584 5.06 E-12
80 344400 - 167470 433 E-12
70 434800 - 82580.1 6.96 E-12
70 434800 —~75661.8 7.6 E-12
60 515100 - 51553.4 941 E-12
60 515100 -62129.9 7.81 E-12
50 604300 -38620.5 1.07 E-11
50 604300 —41059.4 1.01 E-11
20 775500 - 15434.1 2.09 E-11
20 775500 —14235.6 2.26 E-11
10° 4
E seser 20 wtm fly ash
3 cogap 50 wts fly osh
4 essee B0 wtx fly osh
3 1o g e
E 10 ? [yyYYs gg w:: flz ash
& :‘ xxxx 100 % fly ash
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Fig. 2. Effects of diffusion of Sr-90 on the mixing ratio in the beds
of fly ash and clay.
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Fig. 3. Typical particle size distribution of the mixture(50 wt% fly
ash and 50 wt% clay).
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Fig. 4. Typical concentration profile of Sr-90 in the bed(50 wt% fly
ash and 50 wt% clay).

Table 2. Chemical composition of fly ash

Si0, ALO, Fe,O, CaO MgO the others
64% 24% 6.3% 3.1% 1.0% 1.6%
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Fig. 5. Typical water content with the variation of distance from the
center of the bed(50wt% fly ash and S0wt% clay, sa-

turation time : 16 days).
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Fig. 6. Effects of fly ash content on the porosity in the beds of fly
ash and clay.

Table 3. Values of K; and D, under the various fly ash content in the beds
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Fig. 7. Effects of fly ash content in the apparent diffusivity of Sr-90

in the beds.

Fly ash content K, of Sr-90 for fly ash K, of Sr-90 for clay K, of Sr-90 for mixture Porosity Diffusivity(D,, mz/scc)

(wWt%) (ml/g) (ml/g) (ml/g) (calculated)

0 20 550 550 0.5457 1.58 E-11

20 20 550 444 0.5348 1.282E-11

50 20 550 285 0.5219 8.602E-12

60 20 550 232 0.4783 7.354E-12

70 20 550 179 0.4494 6.304E-12

80 20 550 126 0.4457 5.700E-12

90 20 550 73 0.4443 6.512E-12

100 20 550 20 0.3989 2.0 E-11
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- solute concentration in the liquid phase {mol/m’]

[SHe

: apparent diffusivity [m7/s)

: effective diffusivity [m?s]

- pore diffusivity [m’/s]

: surface diffusivity [m7/s]

: jonic diffusivity in infinitely dilute solution [m/s]

o o

B

O

b

: formation factor

o ™ g

- the solute concentration in the liquid phase in the nonflowing
void [Kg/m’]

: distribution coefficient [m*/Kg]

: real pore length {m]

Cr

N g xx < ®3 [

10.

11.

12.

13.
14.

15.
16.

17.

18.

: effective pore length [m]

: mass of solute [Kg]

: gas constant [8.3144 VC/°K-mole]

: absolute temperature [°K]

: ionic mobility [m’s 'V ]

: volume of solution [m’]

: distance [m]

: the amount adsorbed on the solid surface [Kg]
. weight fraction of fly ash in the mixture

: valency of ion i

: relative mobility or fluidity of water

: porosity

: effective porosity

! mMacro porosity

: dry bulk density of clay {Kg/m’]

: Faraday constant [96,490 coulomb/equiv.]

ZAnEs

. Grim, R.E.: "Clay Mineralogy”, McGraw Hill Co., New York

(1968).

. Higgo, 1.J.W.: "Clay as a Barrier to Radionuclide Migration”,

DOE/RW 86.082(1978).

. Pusch, R.:Mat. Res. Soc. Symp. Proc., 84, 791(1987).
L5, A, REeh EAzAe) A ol gt AT,

KRC-90H-J06(1992).

S5, HED A EA Rl EEAEA A7, @

A HFAH1993).

. Pusch, R.: "Use of Clays as Buffers in Radioactive Repositories”,

KBS TR 83-46(1983).

. Torstenfelt, B., Allard, B., Andersson, K., Kipatsi, H., Eliasson,

L., Olofsson, U. and Persson, H.: "Radionuclide Diffusion and
Mobilities in Compacted Bentonite”, KBS TR 83-34(1983).

. Torstenfelt, B.: “Migration of Fission Products and Actinides in

Compacted Bentonite”, SKB TR 86-14(1986).

. Konishi, M., Okajima, Y., Yamamoto, K. and Yanagi, T.

“Physical and Chemical Properties of Bentonite-Loam Mixture
as Backfill Materials”, Proceedings of the 1989 Joint Int. Waste
Management Conference, 1, 475(1989).

Igarashi, T.: “Possibility of Fly Ash as Backfill Material’, Cen-
tral Institute of Electric Power Industry, Proceedings of the 1991
Joint Int. Waste Management Conference, 1, 121(1991).

Skagius, K. and Neretnieks, L.: “Diffusion Measurements of Cesi-
um and Strontium in Biotite Gneiss , KBS TR 85-15(1985).
Meyer, D. and Howard, J. J.: “Evaluation of Clays and Clay Min-
erals for Application to Repository Sealing”, ONWI-486(1983).
Mokady, R.S. and Low, P.F.: Soil Science, 105, 113(1968).
Bard, A.J. and Faulkner, L. R.: “Electrochemical Methods”, John
Wiley and Sons, New York, 67(1980).

2158, whAE, A e, 0] 8-, o] A : KINS/AR-048(1991).
Torstenfelt, B. and Anderson, K.:Scientific Basis for Nuclear
Waste Management, 6, 295(1985).

Torstenfelt, B. H., Kipatsi, B. H., Andersson, K., Allard, B. and
Olofsson, U.: Scientific Basis for Nuclear Waste Management, 11,
659(1982).

Torstenfelt, B., Allard, B. and Kipatsi, H.: Soil Sci., 513(1985).

HWAHAK KONGHAK Vol.34, No.3, June, 1996



276 A7) AR - &
19. Crank, J.: “The Mathematics of Diffusion”, Oxford Press, Lon- for lons through Compacted Na-Bentonite with Varying Dry

don(1956). Bulk Density”, Waste Management, 13, 303(1993).
20. Kim, H.T., Suk, T.W., Park, S.H. and Lee, C.S.: "Diffusivities

315128 R|342 H3= 1996 63



