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Abstract Caesium sorption on Wyoming bentonite 
MX-80 has been studied in solutions of NaCI, KCI, 
MgCI2, CaCh, NaN03 and Ca(N03h of concentra
tions varying between 0.025 and 1 mol/L, as well as in 
a weakly saline (I = 0.004 ml/L) and a strongly saline 
(I = 0.46 mol/L) natural groundwater. These experi
ments have been used to derive a thermodynamic 
model for the interaction of caesium with the bentonite 
surface in accordance with a surface chemical model, 
including acid/base reactions developed recently for 
montmorillonite. The sorption behaviour of caesium 
on bentonite can be described, within the experimental 
and model uncertainties, in terms of a one-site ion 
exchange model. The ion exchange constant obtained 
for the reaction NaX + cs+ ~ CsX + Na+ (where X 
represents the ion exchange sites on montmorillonite) is 
log1o K~. = 1.6. Impurities in the bentonite, influencing 
the concentrations of competing cations, such as Na +, 
K +, Mg2 + and Ca 2+, have a crucial impact on the 
sorption of caesium. This impact can be adequately 
quantified with the present model. The model predic
tions compare well with sorption data published in the 
open literature on both Wyoming bentonite MX-80 and 
other types of bentonite. Distribution coefficients from 
the literature obtained from both batch and diffusion 
experiments and varying over four orders of magnitude 
are reproduced and explained successfully by the model. 

Introduction 

The understanding of the surface reactions of heavy 
metals in bentonite is essential for predicting their 
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migration behaviour and deriving site-specific distribu
tion coefficients. Bentonite is used as a barrier material 
for landfills and final repositories of hazardous waste, 
and it is envisaged to be used in a highly compacted 
form in the geological isolation of high-level radioac
tive waste. The aim of the present study is to provide, 
by using caesium as a reference element, a quantitative 
and applicable basis for ion exchange modelling on 
montmorillonite as the active component of bentonites. 
The present study has been performed in the frame
work of performance assessment of radioactive waste 
disposal. However, we believe that its results will be 
useful for modelling migration of heavy metals in 
bentonite-containing materials in general. 

Experimental 

Materials. The chemical properties of the Wyoming MX-80 benton
ite used in the experiments are summarised in Table I. The main 
impurities, which have an important impact on the porewater chem
istry, especially at high bentonite/water ratios, are CaC03 , CaS04 
and NaCl. The latter two were derived from leaching experiments 
in which sulfate and chloride ions were measured in the elutriat [3]. 
It was assumed that these anions stern from the dissolution of 
soluble impurilies present in the bentonite, such as CaS04 and 
NaCI. 

Method. The Kd values for Cs+ sorption were determined in batch
type experiments conducted in poly-carbonate tubes (15 rnl). 
A weighed amount of untreated Wyoming MX-80 bentonite {0.1 or 
I g) was equilibrated with 10 rnl of a solution containing 0.2 ml 
137Cs stock solution and a known concentration of the background 
electrolyte. In some experiments, synthetic Allard (low saline) 
and Aspo (high saline) groundwaters (compositions listed in 
Table 2) were used as background electrolyte. The activity of the 
137Cs stock solution was 3.3 x 107 BqfL. The total concentration of 
137Cs used in the experiments ranged from 10-9 to 10· 8 moi/L. 
After an equilibrium time of 3 and 8 days, aliquots of the super
natant were analysed for 137Cs using a Nai(Tl)-detector. Each 
Kd value was calculated as average value from three individual 
samples. 
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Table l Data and composition 
of the Wyoming MX-80 Property Value Reference 
bentonite ---------------------------------

Cation exchange capacity (CEC): 
Exchangeable cations: 

CaCO, impurity in the bentonite 
CaS04 impurity in the bentonite 
NaCI impurity in the bentonite 

85 meq/lOOg 
81.7% Na+ 

0.3% K + 

3.9% Mg 2 + 

14.1% Cal+ 
1.4% (wt) 
0.34% (wt) 
0.007% (wt) 

Wieland et al [1] 
Mi.iller-Vonmoos and Kahr [2] 
Miiller-Vonmoos and Kahr [2] 
Miiller-Vonmoos and Kahr (2] 
calculated' 
Miiller-Vonmoos and Kahr [2] 
Wanner, Wersin and Sierra [3] 
Wanner, Wersin and Sierra [3] 

'The value used for ca>+ represents the complementary value to the measured CEC 

Table 2 Compositions of the synthetic groundwaters used. These 
groundwaters are simplifications of the Swedish granitic reference 
groundwater (Allard water) and of a highly saline groundwater 
sampled at the Aspo site in southern Sweden. 

Parameter 

Na+ 
K+ 
Mg>+ 
Cal+ 
CI
Mg2+ 
so~
sio, 
Alkalinity [eqJL] 
pH 
Ionic strength 

Model development 

Allard groundwater, 
simplified [rnol/L] 

2.26x 10- 3 

1.00 X 10" 4 

1.90 x w- 4 

4.64x 10- 4 

1.48 x w- 3 

1.90 X 10" 4 

1.00 x w- 4 

1.39x 10- 4 

1.80 X 10· 3 

8.12 
4.26xl0- 3 

Aspo groundwater, 
simplified [moi/L] 

1.31 X 10" 1 

1.87 X 10- 4 

2.06 x to-J 
1.10x 10- 1 

3.40x 10- 1 

2.06 X 10" 3 

7.40xl0- 3 

1.80x 10- 4 

738 
4.55 x w-l 

Surface chemical model used for montmorillonite 

Ion exchange reactions on fixed-charge surface sites, 
denoted "X sites", can be described in general terms in 
the following way: 

(1) 

where A and B are exchangeable cations and zA and 
z8 their charges, respectively. The conditional exchange 
constant is then expressed as: 

tion approaches are thermodynamically valid. 
Dzombak and Hudson [7] have recently commented 
on the different model approaches. 

The investigation of the acid/base chemistry of mont
morillonite resulted in the identification of variable
charge surface sites, denoted "SOH sites", whose 
protonation and deprotonation constants have been 
evaluated by using the diffuse double layer model 
[1, 8]. The SOH sites were found to be a factor of about 
30 less abundant than the cation exchange sites. 

Determination of the exchange constant of caesium 

The batch experiments carried out to determine the 
distribution coefficient, Kd, for Cs-+ on Wyoming MX-
80 bentonite are summarised in Table 3. NaCl, NaN0 3 

and KCl solutions were used as electrolyte. Satisfactory 
agreement between predicted and experimental Kd 
values is obtained by using log 10 K~x = 1.6 for 
Reaction (3}, cf. Table 3 and Fig. 1. 

(3) 

The value of log 10 K~. = 1.6 is in good agreement 
with values found in the literature [5, 6]. A summary of 
the surface chemical reactions included in the bentonite 
model is given in Table 4. 

Testing the model 

(2) Testing of the Cs + exchange constant 

where xA and Xn are the mole fractions of A and B, 
respectively, on the solid phase, and aA and a8 are the 
activities of the ions A and B, respectively, in solution. 
Kex is also called Vanselow selectivity coefficient. The 
activity coefficients of the ions adsorbed on the solid 
phase are set equal to unity. By using the mole fraction 
approach according to Eq. (2) we follow the recom
mendations of Fletcher and Sposito [ 4]. It should be 
noted, however, that several authors [5, 6] prefer the 
equivalent fraction approach which facilitates speci
ation calculations. Both the mole and equivalent frac-

against experiments in 1 : 2 electrolyte solutions 

Table 5 shows a comparison of the Kd values for Cs+ 
sorption measured in 1: 2 electrolyte solutions and 
calculated with the help of the model. The results are in 
some cases less satisfactory than those in 1 : 1 electro
lyte solutions, especially at very low bentonite/water 
ratios. Our model tends to underestimate the extent of 
Cs + sorption. An explantation may be that the mole 
fraction model used here overrates the affinities of 
Ca 2 + and Mg2 + to the surface sites and thus their 
competition with Cs + under certain conditions. 
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Table 3 Measured and 
calculated Kd values for Cs+ in bjw• s/wb Solution Kd~meas) pH• Kd\ix)4 

I : 1 electrolyte solutions on pure [g/cm 3] [g/cm3
] [m /kg] [m /kg] 

Wyoming MX-80 bentonite and 
Pure bentonite mixtures of 10% bentonite and 

90% silica sand, respectively 0.102 0.102 1 moi/L NaCl 0.034 7.38 0.022 
0.104 0.104 0.5 mol/L NaCl 0.056 7.41 0.054 
0.104 0.104 0.5 moi/L NaN03 0.054 7.55 0.066 
O.oJ1 0.011 0.5 moi/L NaCI 0.080 8.81 0.055 
0.104 0.104 0.05 molfL NaCI 0.310 8.12 0.344 
0.1 0.1 1 mol/L KCl O.Q15 8.07 0.013 
0.1 0.1 0.5 mol/L KCI 0.036 8.03 0.033 
0.1 0.1 0.05 moi/L KCl 0.342 8.66 0.364 
0.01 0.01 I mol/L KCl 0.015 9.43 0.013 
O.Dl 0.01 0.5 mol/L KCI 0.028 9.34 0.031 
0.01 0.01 0.05 moljL KCI 0.280 9.33 0.329 

10% bentonite and 90% silica sand: 
0.01 0.1 1 mol/L KCl 0.001 9.30 0.001 
0.01 0.1 0.5 moi/L KCl 0.003 9.10 0.003 
0.01 0.1 0.05 mol/L KCl 0.020 9.30 0.033 
0.0012 0.010 0.5 molfL NaCl 0.033 9.13 0006 

• bjw denotes the bentonite-to-water ratio [f(cm3] 

b s/w denotes the solid-to-water ratio [g/cm ] 
• pH is calculated from model computation 
d Kd(ix) is modelled with log K~, = 1.6 as the exchange constant for Cs + (Na + 
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Fig. 1 Comparison of measured Kd values of Cs + in 1: 1 electrolyte 
solutions on Wyoming bentonite MX-80 (cf. Table 2) and benton
ite/sand mixtures. The experiments are carried out in NaCl and 
NaN03 (0) and in KCl (ll) solutions 

Modelling batch type experiments as a function 
of Cs + concentration 

In order to verify the validity of a one-site ion exchange 
model for Cs +, we carried out batch sorption experi
ments at Cs + concentrations varying between 10- 9 

and 10- 1 molfL. Figure 2 shows the sorption isotherm 
obtained in this experiment, and Table 6 presents 
a comparison of measured and calculated Kd values. 
This experiment shows that the sorption isotherm 
(log[Csf-]. vs. log[Cs+],tn) is linear and has a slope 

of 0.95. Predicted and measured Kd values agree 
within a factor of two indicating that the present 
one-site model is adequate to describe cs+ sorption 
on montmorillonite. Site saturation is also predicted 
correctly by the model. It is seen from Table 6 that 
both the measured and predicted Kd values decrease 
significantly above a Cs + concentration of about 
3 X 10- 3 mol/L. This is explained by the CEC due to 
which 8.5 x 10- 3 mol of surface sites are available per 
litre of water here. It should be noted that bentonite 
may contain up to 0.8 ppm Cs [9] which corresponds 
to 6 x 10- 8 mol/L cs+ at the current bentonite/water 
ratio. It is thus probable that the lowest possible con
centration of Cs + under the present conditions is 
6 x to-s mol/Land that the three or four lowest con
centrations in Table 6 do not represent total Cs + in 
solution. The results of the comparison, however, are 
not influenced by this apparent discrepancy. 

Testing of the Cs + sorption model 
against batch sorption measurements from the literature 

The vast majority of batch sorption experiments of Cs + 

from the literature cannot be simulated with a predic
tive model, because the solid phases and the water 
compositions are insufficiently characterised. In order 
to test our model, only those experiments are con
sidered for which sufficient information is provided on 
the type of solution used and the bentonite composi
tion. Soluble impurities play an important role, 
especially if the solution is poorly mineralised. Table 7 
presents a selection of published Kd values obtained 
from batch experiments for montmorillonite and for 
various bentonites. Significant deviations between the 
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Table 4 Reactions and 
parameters of the surface 
chemical model for bentonite 

Surface reaction 

SOHt ~SOH+ H+ 

K+ + NaX~KX + Na+ 

Cs+ + NaX~CsX + Na+ 

Mass law equation 

K'"' _ (SOH){W} ( -- F'l') 
'' - (SOHt) exp RT 

K'"' _ (so-)(H+} (- F'l') 
' 2 - (SOH) exp RT 

K~, = (xKx)(a,..,) 
(x,..,x)(a,c) 

K:, = (xc.xHaN,) 
(XNax)(ac,) 

K~, = (x~1x 2)(a~.) 
(x,...x)(a,.,,) 

K. _ (xc.x,)(a~.) 
•• - (x~.x)(ac,) 

- 5.4 [I, 8] 

- 6.7 [1, 8] 

0.26 [4) 

1.6 

(this study] 

0.13 [3) 

0.21 [3) 

Site density TOT-SOH: 2.8 X w- s mol/g 
Site density TOT-X: 85.0 meq/100 g 

Table 5 Measured and 
calculated Kd values for Cs + in bjw' sjwb Solution Kd~meas) pH• Kd~ix)d 
I : 2 electrolyte solutions on pure [gjcm3] [gjcm3

] (m jkg] [m /kg] 
Wyoming MX-80 bentonite and 

Pure bentonite mixtures of 10% bentonite and 
90% silica sand, respectively 0.104 0.104 0.25 mol/L CaCb 0.053 6.61 0.033 

0.103 0.103 0.25 moljL Ca(N03h 0.047 6.61 0.052 
0.103 0.103 0.025 mol/L CaCI2 0.183 7.39 0.205 
0.010 0.010 0.25 mol/L CaCiz 0.148 7.15 0.031 
0.1 01 I molfL MgCl2 0.036 6.96 0.021 
0.1 0.1 0.5 moljL MgCh 0.045 7.05 0.030 
0.1 0.1 0.05 mol/L MgCiz 0.117 7.72 0.113 
0.01 0.01 l moi/L MgC1 2 0.084 7.54 0.021 
O.ot 0.01 0.5 moi/L MgClz 0.089 7.62 0.029 
0.01 O.ot 0.05 mol(L MgCl2 0150 8.09 0.085 
0.01 0.01 Allard water 1.0 9.53 2.03 
0.18 0.18 Aspii water 0.172 7.16 0.076 

10% bentonite and 90% silica sand: 
0.01 0.1 
0.01 0.1 
O.ot 0.1 
0.0011 0.010 
0.018 0.20 

•, b, •, d as in Table 3 

predicted and measured Kd values are observed for the 
experiments reported by Wahlberg and Fishman [10]. 
It should be mentioned, however, that the composition 
of the solid phase in these experiments is not well 
known. 

Testing of the Cs + sorption model 
against diffusion measurements 

The extent of retardation of Cs + in compacted benton
ite, a material envisaged to isolate high-level nuclear 
waste repositories from the surrounding geosphere, can 
only be measured indirectly via diffusion measure
ments. The interpretation of measured values of the 

1 mol(L MgC12 O.ot5 7.00 0.0003 
0.5 mol/L MgCI2 0.018 7.31 0.0014 
0.05 moljL MgCI2 0.025 8.01 0.008 
0.25 mol/L CaCI, 0.093 7.90 0.003 
Aspii water 0.030 7.45 0.008 

apparent diffusivity, D., in terms of Kd is possible if the 
pore diffusivity, Dp, which represents the hypothetical 
case of zero sorption, is known: 

(4) 

e is the porosity and pd the dry density of the bentonite. 
The Kd value in Eq. (4) depends on the chemical condi
tions in the compound bentonite. Prediction of Kd 
is possible using the ion exchange model of Table 4. 
The verification of Eq. (4) then requires certain as
sumptions: It is assumed that e can be calculated 
from the dry density, pd, and the specific density 
( Ps = 2700 kg/m3 ), e = 1 - pd/ p., and that Dp of Cs + 
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Fig. 2 Sorption isotherm of 137Cs on Wyoming MX-80 bentonite. 
Background electrolyte is 0.1 moljL NaC!, bentonite/water 
ratio = 0.01 g/mL 

can be set equal to Da of HTO (assuming unretarded 
diffusion of tritiated water [25]). The assumption of 
unretarded diffusion of HTO may be questioned, be
cause water, and hence HTO, always interacts with 

Table 7 Batch Kd values for 
Solid phase CEC" Cs' on bentonite from the 

litemture, compared with [meq/100 g) 
Kd values predicted with the 
present ion exchange model 

Montmorillonite n.r. 
No. II n.r. 

n.r. 
n.r. 
n.r. 
n.r. 
n.r. 
n.r. 

Montmorillonite n.r. 
No. 21 n.r. 

n.r. 
n.r. 
n.r. 
n.r. 
n.r. 
n.r. 

Montmorillonite 87 
87 
87 

Bentonite 72 
72 

Resadiye clay n.r. 

Kunipia-F 108 
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Table 6 Measured and calculated I<.! values on Wyoming MX-go 
bentonite as a function of 13 7Cs concentration; bentonite/water 
ratio== 0.01 g/mL, background electrolyte: 0.1 molfL (Cs, Na)Cl 

cs+ concentration 
[mol/L] 

lE-t 
3E-2 
IE-2 
3E-3 
1E-3 
3E-4 
IE-4 
3E-S 
IE-5 
JE-6 
IE-6 
3E-7 
IE-7 
JE-8 
lE-8 
IE-9• 

Kd (measured) 
[m 3/kg] 

0.010 
0.030 
0.072 
0.124 
0.133 
0.133 
0.140 
0.152 
0.158 
0.167 
0.188 
0.200 
0.222 
0.224 
0.231 
0.309 

pH• 

9.15 
9.08 
9.09 
9.14 
9.17 
9.18 
9.18 
9.18 
9.18 
9.18 
9.18 
9.18 
9.18 
9.18 
9.18 
9.37 

0.009 
0.035 
0.116 
0.220 
0.262 
0.277 
0.281 
0.283 
0.284 
0.284 
0.284 
0.284 
0.284 
0.284 
0.284 
0.511 

• The background electrolyte is 0.05 mol/L NaCI here, rather than 
0.1 moi/L NaCI 
', d As in Table 3 

mineral surfaces. However, HTO is the least retarded of 
the radionuclides measured in diffusion experiments in 
bentonite [20], and this observation was the basis for 
our assumption. In addition, interactions not taken 

Solid/water Water typeb Kd~repj< Kd\ixl Ref. 
ratio [m /kg] [m /kg] 
[g/cm3

] 

0.010 0.2M NaCI 0.8 0.180 [!OJ 
0.010 0.2M KCl 0.2 0.106 
0.010 0.2 M MgC)z 1 0.036 
0.010 0.2 M CaC)z 0.9 0.034 
0.010 0.002M NaCI 20 4.01 
0.010 0.002M KCJ 20 4.20 
0.010 0.002 M MgC1 2 8 2.79 
0.010 0.002 M CaCI 2 4 2.55 

0.010 0.2M NaCJ 0.3 0.180 (10] 
0.010 0.2M KCI 0.2 0.106 
0.010 0.2M MgCl, 0.2 0.036 
0.010 0.2M CaCh 0.3 0.034 
0.010 0.002M NaCl 10 4.01 
0.010 0.002M KCJ 20 4.20 
0.010 0.002M MgCh 1 2.29 
0.010 0.002 M CaCI 2 2 2.55 

0.033 0.03N CaCh 0.22 0.117 [11] 
0.033 0.03 N NaHCOJ 1.56 0.919 
0.033 0.03N NaCI 1.12 0.79 

0.05 nat.GW !.57 1.75 [12] 
0.10 nat.GW 1.42 1.27 

0.010 nat. ow· 3.5 2.75 (13] 

0.001 distilled water 3.4 3.31 [14] 

•cation exchange capacity, "n.r." =not reported 
b M = mol/L, N = eq/L, nat. GW =natural groundwater 
'Kd values reported by the authors 
d Kd (ix) is modelled with log K~. = 1.6 for the Cs + jNa + exchange 
'The charge is not balanced in the composition of the groundwater reported 
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Table 8 Results of diffusion experiments of Cs + from the literature and comparison of derived Kd values with predicted Kd values using the 
ion exchange model of the present study 

Solid phase Pd Water type Da Kd~rep)• Db Kd• Kd\ix)d Ref. 
[kg/m 3] [m2fs] [m /kg] cn';z;s]" 10-10 [m3/kg) [m /kg] 

MX-80 2000 Allard water 1.4 to 2·10- 12 0.13 to 0.19 2.5 0.019 to 0.027 0.024 [15] 

MX-80 2000 Allard water 2.4. w-12 2.5 0.015 0.024 [16) 

MX-80 2030 !.2M NaCI 6.5·10-13 0.05 2.4 0.055 0.004 [17] 
1980 0.6 M NaCI 6.9·10- 13 0.09 2.6 0.056 0.007 
1870 0.2 M NaCI 8.5 ·10-13 0.21 2.9 0.055 0.015 
1910 O.Q2M NaCI 3.5·J0-13 0.85 2.8 0.125 0.025 
1940 0.003 M NaCI 2.5·10- 13 1.80 2.7 0.166 0.026 

MX-80 2105• Allard water 5·10- 13 2.2 0.052 0.021 [18] 

MX-80 2000 Allard water 3·10-12 2.5 0.012 0.024 [19] 

Kunigel-V1 400 distilled water 1.8·10- 11 17 0.204 0.574 [20] 
800 1.4·10-11 II 0.066 0.205 

1400 7.8 ·10-12 5.2 0.024 0.073 
2000 5.2·10"" 12 2.5 0.007 O.ot8 

MX-80 2000 Allard water 2.5 ·J0-12 2.5 0.015 0.024 [21] 
10/90 MX-80/ 2000 Allard water 5·10-12 2.5 0.007 0.005 [22] 
silica sand 

MX-80 2000 Aspo water 3.2·10- 12 2.5 0.012 0.009 [21] 
10/90 MX-80/ 2000 Aspo water 6.5·10- 12 2.5 0.006 0.0008 [21] 

silica sand 

A von lea clay' 1250 high salinity 4.5·10-11 6.2 0001 0.038 [23] 
to 2.5 ·10- 10 to 0.008 

1750 low salinity 2·10-12 3.4 0.034 0.051 

Kunipia-F 200 distilled water 1.5·10-11 0.430 22 0.680 0.954 [14] 
400 I.I·J0-11 0.158 17 0.332 0.461 
600 7.9·10- 12 0.098 14 0.222 0.263 
800 5.9· w- 12 0.057 11 0.157 0.154 

1000 4.4 w-12 0.041 8.4 0.120 0.136 
1200 3.7·10-12 0.025 6.6 0.083 0.110 
1400 2.2. 10- 12 0.022 5.1 0.080 0.080 
1600 1.4·10-12 0.018 4.1 0.074 0.069 
1800 7.9·10- 13 0.016 3.2 0.074 0.035 
2000 3.9·10- 13 0.016 2.5 0.083 0.017 

• K. values reported by the authors as derived from the diffusivities 
b Pore diffusivity, D0 , of Cs + estimated by analogy with the diffusivity of HTO 
c Derived from measured D. and from the estimated D 0 (referred to as "log K. measured" in Fig. 3). 
• Kd(ix) is modelled with log K~. = 1.6 for the Cs+ jNa+ exchange 
• This is the correct dry density of the solid used in the experiments, as remeasured recently [24]. The porosity is estimated to 0.25 
£For the calculation of Dp it is assumed that the solid behaves like p~re bentonite with porosities of 50% for P• = 1250 kg/m 3 and 35% for 
Pd""' 1750 kgjm3. "High salinity" is assumed to be represented by Aspo groundwater and "low salinity" by Allard groundwater 

into account for HTO can be expected to occur also for 
Cs and other species, and they therefore cancel out to 
some extent. The approach requires a further adjust
ment: Agreement between the parameters in Eq. (4) can 
only be obtained by reducing the CEC from 85 to 
10 meq/100 g in the ion exchange model [24], other
wise the predicted Kd values turn out too high. This 
effect has been observed by other authors, but there is 
no agreement in the mechanistic interpretations. Some 
authors propose a surface diffusion mechanism for ca
tions explaining the higher D. values than expected 
from Kd prediction [25], others [26] apply a surface 
interaction model affecting in essence the value of DP 
(increase for cations, decrease for anions), or even 
others [27] apply an empirical scaling factor for 

Kd depending essentially on the value of the dry den
sity. Table 8 shows that, in the light of our simplifying 
assumptions, the result of the comparison is encourag
ing. The Kd values predicted with the present ion ex
change model agree well with those derived from the 
diffusion experiments. 

Conclusions 

The sorption behaviour of caesium in bentonite and 
related clay minerals is described successfully by the use 
of a one-site ion exchange model using log K~. = 1.6 for 
the Cs + /Na + exchange. The Kd values from diffusion 
experiments can be simulated with the same model 
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Fig. 3 Comparison of measured and predicted values of all the data 
reported in Table 3, 5, 6, 7 and 8. The full line indicates coincidence 
between model and experiment, and the range within the dotted 
lines contains 90% of the points. 6.: batch K/s (this study) on 
MX-80; 0: batch Kd's (this study) on 10/90 bentonite/sand; 0: batch 
Kd 's from the literature; 0: Kd's from diffusion experiments 

by assuming that the available CEC of compacted 
bentonite is reduced to 10 meq/100 g, and by using the 
apparent diffusivity of tritiated water as pore diffusivity 
of Cs +. Figure 3 presents an overview of the measure
ments vs. predictions of all Kd's (more than 100 values) 
considered in the present study. 90% of the Kd values 
are predicted correctly within a factor of ± 5 (cf. dotted 
lines in Fig. 3). Significant deviations are noted for 
10/90 bentonite/sand mixtures with MgC12 and CaCh 
as background electrolyte. They may be due to experi
mental uncertainties or modelling errors, e.g., the mole 
fraction appraoch using a dependence of the ion ex
change constants on the level of exchange. 

Uncertainties exist in the amounts of soluble impu
rities in the bentonite and in the evaluation of the 
diffusion parameters. Future investigations should 
therefore focus on a complete chemical characterisa
tion of the solid phases and the chemically active impu
rities. For modelling purposes in compacted bentonite 
it is recommended to develop an integrated sorption/ 
diffusion database system containing both surface 
chemical mechanisms and diffusion mechanisms. 
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