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Effects of microstructure of clay on diffusion behavior of
radionuclides in buffer materials

Hiroshi Ohashi*, Seichi SATO* and Tamotsu KOZAKI*

Abstract

Diffusion behavior of radionuclides in compacted bentonite plays an important role in the
performance assessment of bentonite buffer material in geological disposal of high-level radioactive
waste. Microstructure of bentonite is considered to be one of the key parameters to affect on the
diffusion behavior. In this study, therefore, two kinds of montmorillonite (major clay mineral of
bentonite) with different particle sizes were prepared, and characterized with several methods. In
addition, the apparent and effective diffusion coefficients of HTO, Cl', and Cs* were determined using
the montmorillonite samples with different particle sizes and dry densities.

In the sample characterization, the specific surface areas of montmorillonite samples with
different particle sizes were determined by the BET and the EGME methods, and the particle size
distributions of each sample were analyzed by laser diffraction/scattering particle size analysis.
Microstructure of the samples was also observed by scanaing electron microscopy (SEM) and atomic
force microscopy (AFM). The BET method gave a higher specific surface area of the fine grained
sample than of the coarse sample, while the EGME method gave same values for both samples. The
laser diffraction/scattering particle size analysis using ethanol as a dispersion medium gave different
particle size distributions, but when the samples were dispersed in water with Nags(POs)s, the particle
size distributions were similar. These findings indicate that the montmorillonite layers, which
compose the montmorillonite particles, have the same size, even if the particle sizes of the samples are
different.

In the diffusion experiments, it was found that the apparent diffusion coefficients of HTO
and CI for the fine grained sample were higher than for the coarse grained sample at two dry densities,
1.0 and 1.8 Mg m™, while the opposite particle size effect was observed for Cs* jons. These findings
cannot be explained by changes in the distribution coefficients, as the effective diffusion coefficient,
which is independent of the distribution factor, was also affected by the grain size of montmoritlonite.

The new concepts for diffusion process, including the diffusion on external surfaces and
interlayer, are needed for accounting the experimental results that were obtained in this study and
cannot be explained by the pore water diffusion model.

This work was performed by Hokkaido University under contract with Japan Nuclear Cycle Development
Institute.
JNC Liaison: Radiochemistry Group, Waste Isolation Research Division, Waste Management and Fuel
Cycle Research Center, Tokai Works

- *Division of Quantum Energy Engineering, Graduate School of Engineering, Hokkaido University,
Sapporo 060-8628, JAPAN
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x : SEBER D 5 O R (m)
D : BB (m?s?)

t: WBRF R (s)
THbo
D DPIAIRD 5 DEBEICIRER T, —ETH B eHRT L, 3-2RE.
€ _pic (3-3)
ot ox

LB ARBRTIE ML —V—0HBORKICEEL2WE S T2 5
LD, FRORSBERELRETE 2, L8/ LHEROBIE
DTHETHHI DS, EEEBHEISOBBERRTILENTES, o
T GHAZHEEH 2 VARG R EREFERO LS IRE L,
PIEARME  C(0,0)=00
C(x.0)=0, | x | >0
BREM : C(F00,0)=0,120
Z ORBTTE-3)RNOMIL

M x°
C(x, 1) = T exp(—m), (3-4)

ERB20]) . CCTMEBBBHEORBRET

M = f Cdx | ' (3-5)
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THb. E-HRADOBRBEZES &,

2

InC=InA-->—,
4Dt

M
=l (3-6)

Yi%. (3-6)F D HHEEAC £, M InC 2L b, BELSFER/NEFEERRC

D Bl L CEREERICB VT, B 110 B 2 AEE-1/4Ds h%#%ﬁ%ﬁhf?%%
N2, B, BEC L LT, HHEEARZEIC L >TKRDE1 RS54 ZFHO HTO
H Bk ¥C DFERdpm)E 72k, Cs OFHEE(cpm) 2 AW, FEEELE
ERIZBWTESNEHTO, *ABLTHCsDBEBE 707 7 A NVO—Hl%, Z
hzhX 35 ®3.6 BIUTR37TETY. 2B, RFOERIAET—F D&%
INAREZTHS,. MPSHLIPRESIC. P —V—EEONKIIERED B

FICH LBEWERRRICH D, HTO, AUB LT ' A i3 Z2h2hE-HRIcH
SHHCERTELEIDFA PHEBITLTNS I EXRDP S, £2T, T
TVOF4 bEREHO ML —S—DRPITOWBBIRED, 2G-HOAEHNTERD
= /SN HTO, LB LY G 7V ORI OREGER2HBOESKEY
EHITENZENER 3.1~R 33 IR T. . 2O OEBREERFEEZEK 3.8
b N

HTO D RH I OHEREIL. BEEE 1.0Mg m> 2B\ T, HREED2.07
+0.25) X 10" m? s I(EIEH6) 1A LT FRREREHE(2.9410.46) X 107" m® s (I
FH6) LETEMERT U, COEMAIEZEME 1.8Mg m? 0BV T HRD
B, B TIE(5.0910.44) X 101 m? sTFEE6) THo DR LT, M
RER CIE(7.9120.76) X 10 m? s GHIEEG6) L& <. R OBEREA~ O
THRIEORENFRD O,

FERIC O A 22 ORMIOBEBURED ., BIBREE 1.0Mg m> 2B\, Mk
HBD(1.65+0.16) x 107 m® sTEIEES) A LT, MkERHE(2.1410.10) X
107 m? sBIERL9) LETEWERTR UE. £/, BEFE 1.8Mz m? IZB0
TH. R T1.910.16)x 10™ m® s (FIEE:S) APk ¢ (2.5£0.33)x 10™
m? s (PlEE6) LR 5T

—7. P'Cs ORPIT OIHBRETIE. HEOEEI HTO BLXT A1 400D
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DHEELHOEAIBD SN Thbb, HEEE 1.0Mg m B W THEHR
BT R IT OHEREDN8.0410.67) X 10" m? s T(HIEHR) THo DT L
T MRESURCI(6.72£0.71) X 102 m? s '(EIEHC12) & BT ERWEE 2o
T, BBREE 18Mgm® 2 BWTH, R D1.3840.32) X 10" m? ¢ (JlIE
B7) WHUT, MRS TIX9.38+£0.25) X 107 m? sYREECT) & EWEDE
SENizo

T MAIBBET VICE SO CREOBTES 2R Uiz MILikEcE
FIVTIE A F VB EPOERNICHELET 2KFR2ERENRD SHBT
SCLIEDBITTBLEELTED, COLERPITORBBFRED, 3RO &
SICEERINB[5]0

D e D

D - __D. 3-
“ e+pK, e+pK, D

T T T Dy 28R BUR B (m? )
£ 1 ZERRIE()
0 BIREE (Mg m”)
K;: SERES U 3SR EMg m?)
D, : LR @ ")
THdo
REHEZHED HTO 2 CI' 4 A2 D L 3 REA 4 DBA. Mt DB RE
HTED K=0) DT, LHhiL.
D,=D,=D.f (3-8)
D,=D,e=D,fe (-9

Yirdo
T T Dy BEKTOBEOIBIREm? s?)
f o BEOBRETS U RSAZHEFO
THO. FRUTORTCEINS,
B
=2 . (3-10)

T
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L, OBIT TRZNZNNREDS K CEME & FEdi, ERRERR 0%
FHBEZREOIT /15 A—FTH b,

Z ZC, HTO O HBEKPFOMBRE L LT 227x10° m® s'21], CI'4 4> @
HEAKROIEREE LT 203X10° m?*s™[22), £~ NaBEVE)OF S bOD
BEEE L LT 288 Mg m> 2V, HTO BL U ClI A & > D BT OILEURED
BEVEVES A MNABOERETF f22h2hRdiE. BohEERE2E 34
R BONEEREAF X EREE 10 BLU1.8Mgm® OlAIZBWT,
MR RO A RN L D D REGEL ROz, TCIE 23H TR LS
. TTTHWEEYEYR TS PaElbHE, BEDBER>TWTH, Z0ORHF
BERTAEVEYD A POBEMY— MIIFHEELREDNRVY, Thbb, =
CTHRINEZLDIC HTO BLU A1 4 ORI OB REICKBEORE
PROONEZ I, ErEVO A MAHRIEBEETH > THEENOKT
FREHIEERLTVWAARERZTREBL TS,

—F. BEEE 10 BXU 18 Mg m® DMAIZBWT, CI4 A DREIPIOD
IR D 5RO EFIRAF £id. HTO » 5RO =S DI HEARTEWEI 2>
Fzo THUE. FERODBHETNVICINE, BAT U THB ALV PACHES
LTWBEVEVOTFA MR OBENRERAZRT. ZhICL o THERE
DRREING, TEA L VHERFRE (anion exclusion) X33 DEHBAINT
W3,

PAED HTO % CI' A # 2 7x EDIENEEDOHIEIC N L, Cs'f AR EDEHA
U HEOBEIE. VLA FPRANOREFERATERNILDIE,
R OHBIREBIITRE - X 2 BIENRORE L2215, 2L &, BEGER
3. LToRTeRENS,

D PK,

R=—"F*=1+
D £

a

(3-11)

T T, Cs*'A A VD EHEKHOILEREZ 2.04X10° m? s[22]& UC. HTO
DORPTOLBREDP HRKDET TV R4 VilHOEREF f 2HNW T,
Cs* 1 Z V DEBIEMRBR L INERE K, 2 Cs*1 A > ORI ORI D 5 R
2o MONEEERE 35 KM T, SHETRDENBERBIZ. 2L ORPT
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DHBIFHADEEDHEH HTO O LM RN T L 2 RMLT, FRHR
BE DN TASREL R ke CORBE LT, AIAR. HEREHE
S5¥FEVEYRFA by — ORI LB, MR TR L DB
Ze. BEUERMICEN TORERONTRROBEIEELTED, 20
SR, RN LN ORI BN R REROBSFE LD L, REN
ZiFohz, LPL, BZHARZHRIZ, 5 LENEE 5B PRI NS
SMIERUREIC BV CORTY A XORBHERD NI L b, 25 LER
HED T, 2 TRES NEREERETE R,

3. 3. 2 EHEEHREK
HTO B LU Cs DEBHERERICBNTELSNE P L — —BBEOER_RE
(L 2K 3.9~ 3.14 IZR T EEELEEIZBNT,

A 2
C(t,x)=0, t=0, 0=<x=<1L (3-12)
BRE R
Cit,x)y=C,, t>0, x=0 (3-13)
95 &, HENSY VIVARBEO b L —0—BEE.
c,-AC.[Dy 2 2{( ) exp( %%‘—]H (3-14)

TERIND, 2T, BEOHBEPEBRREBIC L > 215G, BEIEIIERTE,
RAEBF D60

I 6

AL, (3-15)

CCC G REtCBITREMY >V BEHEFO ML —Y—EE (kgm®)
Co: ML —Y—@% Y I BEHOEE (kg m?)
V: BEAE ()
L:EYEVDFS PRABOEX (m)
A EVEVOFA MABOWERE (m?)
TH5bo
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AFE TR, BFRECBIT 5. BEAS » 7BRO L —Y—REDER
b 5 (3-15)K 2 AW CESIRBIREE RD 2.5 b = BRI RR B E R 3.6
[ o

HTO O E 3 BUREIL. BEBE 1.0Mg m> I BW T HRER ¢ 1.2X10" m?
s MREER T 20X 10 m? 5T &b, MREBRICBWTETRWESESH
7o E 77, BIREE 1.8MgmP I2 BT H RO 73X 10" m? sTIZH LT
SR 82X 10 m?sT ki b, bERICHINT 2ERLBRD Shiz.

Z 2T, FENEMHOZEOEDBBFREIL. G)RBLUGEHADI S

D, =¢fD, =eD, (3-16)
TRENB I DS, EEE e & HTO O RDIT OILERE D, DEBRE, S
(3-16)RZ AT, HTO OEIRERE D, ca DEIEEZ R 2. BOIERERE
£ 3.6 IR o KR D, & 3HEME D, culd. BIEEE 1.0Mgm® TREL L
fed, EIREE 1.8 Mg m” TIXEERE D, O A PETEEIC AR T 2.7~38 fFIFE L
KEEEZTRL. fHABEETNVEESWE ERXOB@BBEm D > TN g
EB¥odz. Thid. XEREHT. HREBRAES LCSKEREOHRPSE
BELEEYEVRSA MNP OARERRE (ZRY A X) 2#HETZ L. &
B 1.8 Mg m®° TIIFIFEREMCELWI L 238 Fk, BTV BT A
FHOKOBAFHNREEZRSTHEOERED SR T2 LEREEE 12 Mg
m> Y ETiR, EVEYV A PRIZESIEPHILKD LS 2ERBKIIEEL
RWEEZSBNBI L[UAREEFE LRV,

—75. BIREE 1.0 Mgm> IZBIT 5 Cst A 4 v OFIEEREIL. RrT 0%
BBEEOERERIC LS, RO 2.6x10" m? sTIZHANT, #EREEIC
BNT15X10M n? sT L EVWEE o e F2. RO OHBERBOBELH
B2, HTO BL U QA A OBE LI EOMERETR Uk, Bifi €3 clcil~iz
I, WEC K IREDPHRI NS EHHERBICB VT HRFY 1 XOR
ZHPROoNET LE G F 2 OIREUL. HTO BXT i1 2> LiZER-
EEREFEEOD, HEIVEHETOLIAZ0HOBER>TVEIPOLED
LPTHAILEBELRLTWS,

T BREFZ. P =Y =50 o ERBEBITT RO
RO LPTIBRTHOTCHD, M- —DREIOEEESIT S, C'4
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AVBLECA A YDR b= LRI, 22O EBEKPOESEGEE (Cst
A4 1 211%x10° m?s?, CI' A A : 2.03%X10° m*s!) 7 Stokes-Finstein D=
ZAWCEHE T2, MELHIFIIFALE (W120pm) 0k b, —4., 1%
NIBA T UVERBIRPSHZD. EVEVOFA MR FRCHH A VIFYEE
CBHTET. APITE120pm KO KRERAF L ELTRAES 2EZ 505,
2T HTO, CGS' A AV BLRUTAA A VDEVEYVF A FRORMT EOKX
ZXEHIO < G Ay < A AV DNEICIR D, A THE O WERE
FIICSA AV EXDNIVWHTO BL U CGHA A LD RENC A AL BT,
MRER O G PHENEAB L D B REREL ok, 2O LD, ZRLDH
MORZESTH D Cs*A 7 OFRRAFS. fiREHOA P EERBE LD RS
RELRDZ2BOEFEIND, COZ LR, C'A Z 2 OEFIEFGHICHD S
niz. HIOBIL U AA F > EEB R RFV A XOEE X, BREATOEN
L TCRHATACLETERWIL2EBHRLTE Y., TEERIC, MALBE
EFNTEBATERD, HIOBR 70 IDEELTWEI EERELTY
%o
DEDRIIONWTIE, I TRDEEDLEZRED, HEN 1EOATH S
ZE&, EEML—YP—lF I ABED Cs'1 4 VBED 1mM & HBIE <.
C' 1A DEENVDFS PADOREBEILZLZEVEVOFA NEBEEBOEE
&, HIOEFHERTHILENHZLEDNS, LI L, 20—HT. Cs'A
A2 OB LB ERZ 70 ZADNESE L TWAZ L2 RRT 23S
OB 5o PIZIE. Cs'M F VORI OHBBBBOBEKRES XL b RO EHKED
BT RV EREEED 14Mgm™> M CHBEBEOMINE L HilokS
CHEMUTEY, HREEOEMCES XROREE 70 0B {B TR X
NTWB[13]e £/ Na BLU Ca BAEBEVEYIF A bHTR, G2
O ZPU OILERE & R OFE A= RNV X —Dm A 55, BRI BRNICELE
T2 CMAVOEEEFEZECZIA2 s, BEESROEEIEREIAT
WB[16]c 29 LEMALETFNVERERSZ, FLWBEHEFVE. 22 B 5
EREBEREIFBET2HOTERVWD, S8, EUHHEERKO BSOS
2D E LT, N F R L ZPEBERBARLEOERT -y DREER D, 5
WODZELEITDNTE SIZEEMICRE T2 LEND 3,
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#31 EETVEVOFA POEKEB LW HTO ORPT OILBIRE
B : 298K)

EREEe RNESM SHERA: SKEW APTOBERE THEBIT

D, A=
Mg m? mesh hr Wit% m?s?! m’s?t
1.0 100-200 19.4 — 1.90% 101
1.0 100200 19.7 — 200X 10
1.0 100-200 6.33 — 1.94 %1070 (2.0710.25)
1.0 100-200 6.63 - 222% 1010 % 101°
1.0 100-200 6.88 - 1.90x 101°
1.0 100-200 7.25 ~ 2.46 X 10"
I ey S IR IR :.';__';3._.55% 1071'0;"'.j.{'= el L

 3dex10®

1.8 100-200 . . 5.07x10"

1.8 100-200 46.5 19.8 5.34x 10

1.8 100-200 48.5 18.9 527%x10™ (5.09£0.44)
1.8 100-200 49.3 19.8 430% 101 x 10"
1.8 100-200 46.5 20.6 5.25% 101

100-200

Cagxiot L
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#£32 EEEVEVOFA POEKEBIVCAA 2 ORPITOIEGRE
(I8 : 298K)

WREE o MNELT WERE ¢ SKE W HPTOEERE ENEBLT

D,

Mg m>

mesh Hr Wit%

-1
m’s

m?s?

1.0
1.0
1.0
1.0

1.0
1.0

1060-200 6.0 40.6
100-200 6.3 40.4
160-200 6.0 42.4
100-200 6.3 40.6
100-200 6.6 39.0
100-200 7.0 39.9
100-200 7.0 -

100-200 7.2

1.39x107°
1.59x107°
1.80x101°
1.94 x107°
1.70x 107
1.72x107°
1.44 X 10°

1.63>_<10'1°_ .

(1.650.16)
X101

0 s 4L
S0 60 4L

B

o30xige L

100-200

100-200
100-200
100-200
100-200
100-200
100-200
100-200

1,96 X 10
1.86 X 101
1.87x 10™M
1.96 % 10
1.82x 10"
2.18x 10
2.07x 10™
1.52x10™

(1.90+0.16)
x 101

Coamxaet
2.75X10%
237X 10"

| esotosy
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£33 EETYTIOFA POFKEB LV CS 1 F 2 ORMIT OIERE
(IR : 298K)

GRRE e KNESE WERE: Sk W ADPTOnLERE FHEBIT
D, B
Mg m? mesh hr Wt% m’s? m’s™
1.0 100-200 186.9 44.0 9,31 x 10"
1.0 100-200 187.3 38.8 9.01 X102
1.0 100-200 187.8 41.7 7.24 X102
1.0 100-200 188.2 41.5 7.65 %10 (8.04%0.67)
1.0 100-200 214.2 41.3 7.28X10™ X 1012
1.0 100-200 214.5 42.1 8.21x 101
100-200 214.9 41.5 7.78 X 1012
100-200 7.82%x10"?
a0 — —

CeeaXA0E
1.38 X102
9.86 X 107
1.76 X 1072
1.69x 1072 (1.381£0.32)
1.58x 10" X 1012
1.39 X102
9.11><10'13‘ | -
112><10:z o
e _1._1_2f><.1o"12_'.: T e
CTXI0T L (9.384023)
TaAX10 B RN (1 L
- 843x107"

100-200
100-200
100-200
100-200
100-200
100-200
100-200
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% 3.4 HTO ORNMIDOHLEBZREDPORDETVEYRFA FRABOD

FEREFB X R E
HIRER Wi A HTODORPIF O ZEfEE  BEREF EehE
0 {R¥ D, & f T
Mg m? mesh m?s™? - - -
1.0 100-200 2.07x10™ 0.653 0.091 3.3
1.0 <330 2,94 %107 0.653 0.130 2.8
1.8 100-200 5.09x 10" 0.375 0.022 6.7
1.8 <330 7.91 X101 0.375 0.035 5.4

£35 MAMETINVCESWTEELE
Cs* 4 A 2 DBERED & BRI

VIREE WES COAPTOHER TR CTOMIImE EBIERE  IWERK

o il ® D, & R¥ D, R Ky
_Mg m>® mesh m’s” - m’s™ - m’ Mg
1.0 100-200 8.04 X 10 0.653 1.92x 1070 23.9 14.9
1.0 <330 6.72% 107 0.653 273X 10 40.6 25.9
1.8 100-200 1.38 X 10°% 0.375 473 % 10" 343 6.9
1.8 <330 '9.38x 107 0.375 7.35x 107 78.4 16.1

3.6 HTO B L Cs* A A > ORISR L

EIRIEE e HTODEFILE Cs'OEMLEL — HTODSEIN L EHAN
o) #¥# D, BR¥ D, (FI&EME) D.ca
Mg m? mesh m’s™ ms™” m?s?
1.0 100-200 1.2x107° 2.6x 101 1.3x101°
1.0 <330 2.0x107%° 1.5x 101 1.9x 10"
1.8 100-200 73% 10 - 1.9x10™
1.8 <330 8.2x10™ — 3.0x10™
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Montmorillonite

-_'Di_stﬂle_d water

Filter

3.1 EEAvV

' ‘*Moﬁtmori]loni_te :

X 32 iLEAEENV
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Knife

Montmorlllomte Mierometer

Diffusion cell

33 ET2EY nyL?f b%‘ﬂﬂ@tbya:yﬁéﬁ

Sintered metal filter

O-ri Filter holder
ring

i

Compacted montmorillonite
20 mmx 20 mm ¢ for HTO
5 mmX 20 mm ¢ for Cs*

Sample holder

34 SSEhEERURECAIE ARV
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In{dpm)

0 20 40 60 80 100

2 2
X/ mm

3.5 EETOT 74 LG
ML —¥— : HTO. B/RTE : 1.0Mgm>, EVEVOF 4 FRE -
YHKT, B : 298K, YLHEUEERS : 6.6h. RO OIEEURE : 1.94% 10 m? s

In (cpm)

L 1 L a 1 1
0 20 40 60 80

2 2
X /mm

3.6 EETOT7 7AW
kL —Y— Q1 EREE 1.0Mgm>, EUEDOFS MR MR
B 208K, WAEEERS - 720 AT OILEURE : 1.63%X109 m?s?
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In(cpm)

O

4 M 1 L L i 1 i 1 1 L 2
0 5 10 15 20 25 30

2 2
X /mm

3.7 EE7O7 746
b ——: PiCs, BIRIEE 18 Mgm>, EVEUDF A FER  HE.
BE : 208K, IHEHERE : 477.1h, BT OIBUEET ; 1.38 X102 m? s

T T T T o™ i T T T
% HTO Cl | i ; Cs*
=12 . 1]
g L
E
2
& .10 -10
=100 1 W r 7]
g 9
g
-5 E
£
%
*E‘ 4
g‘ % 10" N N
& ] I ]
2 4
10-1! | ] 10-11 I ] | 1
1.0 18 1.0 18 1.0 18
Dry density (Mg m ) Dry density (Mg m) Dry density (Mg m )

3.8 EEBETEVIFA PHROHTO, CIBLYCHO
B O8RS (BE : 298K, OAD : Mikiste. @AB - ML)
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a
o

L Tracer: HTO
Montmorillonite: coarse d

| Dry density: 1.0 Mg m*

102 -1

D;:1.2x10 "' m' s .

Y
o

Q/A / mmol m*®
(@S]
o
-]

N
o

—
-
1

-
o
—

0®®
®
._._. .’. ] L ) ' 1 N
0 500 1000 1500 2000
Time /h

3.9 EEWHBEICBITS M~ —HTOZEROERELI(EYEY DS
A MERRE KL, BREE 10 Mg, SERMEERAL : 12X10 m? s, HEE
298 K)

- Tracer: HTO
| Montmorillonite: fine ©®

| Dry density: 1.0 Mg m*® o
L D,: 2.0x10"°m° s™ ]

Q/A / mmol m?
) [#h] .Y [4)]
Q o [wn] (=]
[ -]
[ ]

-
o
T -
1

0._‘ 1 1 1 . 1 N
0 500 1000 1500 2000
Time /h

310 ERHEEICSBIT 2 LU —HTO)BERORRE( I (EVEY D
T bEGE MR, SEARETEE 1.0 Mg m EWPAEUREL : 2.0x100 m? s, B
B : 298K)
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N
(411

1 M I N [l

L Tracer: HTO
| Montmorillonite: coarse i
| Dry density: 1.8 Mg m*

D,: 7.3x10"'m’ §™ 'Y -

Q/A / mmol m™
- - N
[ew] o (]
°

]

(4
T
[
I

0 500 1000 1500 2000

Time / h
3.11 E%ﬂﬁ%{%czﬁb‘% b L —Y—HTOEEEOERZ(L MI(E TV O
F4 ekl Mk, EHIREE 1.8 Mg m®, EHHEURE : 73x10M m? sl B
JE :298K)

N
(9}

L Tracer: HTO
| Montmorillonite: fine i

N
o

L Dry density: 1.8 Mg m”®

-11. 2 -1

D.82x10 m's e .

Q/A / mmol m®
> o
[ ]
°

87}
T
o
o
t

m .‘ 1 N 1 N ] )
0 500 1000 1500 2000
Time/h

® 3.12 EEHEEICBITS ML~V —HTOEERDEREL IV (£ EY
OF4 bER AR, EAREEE : 1.8 Mg m>, EIHABUREL : 82% 10" m? s,
B : 298K)
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N
o
T

Tracer: "¥Cs
" Montmorillonite: coarse

Dry density: 1.0 Mg mi°
- D, 2.6x10"'m®s” °

-
(&
T

“Q/A / mmol m*
=)
@

5 .0 ]
-]

._‘_Q_ﬂ.. 1 \ ) ; ) N
0 500 1000 1500 2000
Time/h

313 EEBEEBHEICBTS -0 —FC)EBEROEBREN (EVEV D
F PEUR K. SRR 1.0 Mg mP, SEAREURE 1 2.6x10M m? s, B
E 1298 K)

N
o
1

| Tracer: "'Cs
" Montmorillonite: fine
Dry density: 1.0 Mg mi°

F D, 1.5x10"'m® §” ®

—_
14)}
T

Q/A / mmol m*
)
PS

0._._0_‘.0 1 : | N 1 .
0 500 1000 1500 2000
Time /h
3.14 EEBBHEIEBITZ P - C)BBROEREL I (EVEY

O34 bk MR, EREE 1 1.0 Mg m> SESHIEURE : 15X 10" m? s,
RE :298K)
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mAE W W

=L ARV EEYO MBS BT B R b4 MEEM OMEREFEE O
—BRE LT, REOERZ2DO0TEEIRFA MABEHEE U, Z2ORMT
ffiziTo7. Eiz. FHOHEME2RAWEHRBERZTV. HIO, Q448
LU Cs™ & 2 DRI OIFREB L UERMILHRE 2. SEEE 1.0Mg m?
& 18MgmP IZBNWTHE L &,

BET¥kIC X 2 LERERIE MRS DS MRS T IE R TR E R ER R U DS
ImME%?K@tﬁiﬁﬁﬁﬁﬁﬂa%ﬁbﬁ&%btqit\v—ﬁ~@ﬁ-
BARMEATAEEEL X > TROEREAFIBNT S, HEKIC SR
ZHMUTHAAEETEEREBTCE,. BANEICERBRD SN > =0 H
LT, &8/ —)VIZHBS R ERETE,. RELFORBVDENE S50
Zel BEVEYDFA FEME, RERRRSOTHVT D, FOMFRERT
2EEVOFS POEAY— MNIREERENRNILEZFTRTIHOLEE
A5NB.SEMIZEZEEV TS MRBMOBE TR AR TR0,
. MRERTCIET V- RoRFHRD Sh, HEERED L HES7H
RFERE—BLE. —A. EVEVOFA MRBBEE~ORFRENEMEDE
HAzil#alk. ZOHER. RESHEKTIZBWT. 7/ A— MV T O
BERBRPTE, SBOEBMIHFIN,

ILEIRER T, HTO, CI' 1 A VB LU Cs' 1 4 0 D R)IT OBEIRE S L U=
MIEREIC N T 2BV 0T PRROEZEZ RN L. HTO BLU CT
A XV CRAEPTB X OCESEHREE D ICHERE TEWERS N, X
o, ZEREERE B OIABIRE & EHE TR = IR ER L, BBEE 1.0
Mg m> CIZB < —B LD, LEREE 1.8 Mg m™° CIRREREOH DK S ES
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