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4. RESULTS AND DISCUSSION

4.1 Batch measurements

The measured distribution coefficients for cesium and iodide are
given in Table 4 and Figure 3. All values are derived from double
samples. Estimated maximum.systematic errors are given within

parantheses.13

The highest sorption of iodide is found for cement paste in pore
water. Very low sorption was observed in sea water. while it was
slightly higher in Baltic Sea water and groundwater. The only added ion

that seems to have any significant effect on the sorption is sulphate.

The sorption of cesium on concrete shows a similar qualitative ionic

strenght dependence as has been observed for the pure ballast mate-

1000 Cement paste (c) 1 |
|
—~——— Mortar {m) :
!
2100 R
o |
E
)
(@]
= 1 .
* | |
X 10~ : | |
! T
. I
_ |
L T '
| : 1 | l' :
L | : ' c m:_
i 1 1 | <1 B
| I ! ' I |
GW BW SW PW GW BW SW PW

I~ Cs

Figure 3. Ranges of distribution coefficients (Kd) for I and Cs
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rial , i e an increased sorption whth decreasing ionic strength. This

is however not the case for the pure cement paste, which shows prac-
tically no sorption of cesium at all (except for C3/PW, ¢ f Table 4).
Thus the sorption in the concrete seems to be largely due to the bal-
last. However in the pore water system the sorption is very low. The
already high distribution coefficients for the concrete/groundwater

systems is still increased by the addition of sulphate or magnesium

and. in particular, by carbonatization.

Thus, for iodide, the largest retention in intact concrete will
occur for a material with as low ballast content as possible. The
diffusivity will then be determined only by mechanical properties
as porosity, tortuosity and constrictivity. A leaching with ground-

water will lead to an increasing retention of cesium in the matrix

due to sorption effects.

For cesium the choice of ballast material in the concrete would

be of crucial importance for the retaining properties.
An addition of "getters" with high sorption of certain radionuclides

might be feasible for improving the properties of concrete as an en-

capsulation material for low and medium level radjoactive waste.

4.2 Diffusivity measurements

The concentration profile in the solid may be expected to féllow the

equation:
L X
c erfc (ZJEE) (6)

which 1s the solution to eq (1), assuming constant concentration of
the diffusing species in the solution and zero initial concentration

in the porous solid.

The concentration profiles of 134Cs in the concrete samples obtained
by grinding off fragments of 0.1 or 0.2 mm, were curve fitted by the

method of least squares to eq (6). The result is shown in Figure 4,
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Figure 4. Measured 134Cs concentration profiles (dots) and equation (6)

fitted to data (curve)
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The effort to measure the diffusion of 131I was not successful, due

to the low diffusivity and short half life (8.04 d) of this isotope.

The experimentally derived concentration profiles seem to follow the
theoretical curve form fairly well. A slight deviation towards too
low concentration at low values of x and too high at higher values
seem to occur. Effects of this type may be due to a sorption by a
non-linear isotherm of the type q = K cl/n (Freundlich), where

1/n >1, 1 e the sorption increases with increasing concentration
(unfavourable equilibriumls). This leads to a continous spreading of
the concentration profile. A consequence of this spreading is that

the driving force for mass transfer through the solid is decreasing

with time.

To define to what degree the sorption isotherm is unfavourable re-
quires a thorough study of the concentration dependence of the dis-
tribution coefficient, preferably in batch measurements. The method

used to evaluate the experiments gives the diffusivity with any non-
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linear effects included. At higher distribution coefficients a lower
diffusivity than calculated from eq (6) would actually be the case

if an unfavourable sorption isotherm is assumed.

The diffusivities obtained in the experiments, Table 5, are of the
same order of magnjtude as earlier reported values for Na+ and C1

in slag cement (i e 11'10»14 and 4-10_14 mz/s in ref 7). In compar-
ison with diffusivities in other porous bodies the values obtained
are very low. The main resistance to mass transfer in the cement
paste can probably be ascribed to geometric factors such as porosity,
tortousity and constrictivity, which causes few, long and narrow dif-
fusion paths through the solid. The measured Kd—values indicate that
the retention by sorption may not decrease the diffusivity by more
than about one order of magnitude in the samples (cement paste or
mortar) studied. This is a little surprising since the distribution
coefficients are several orders of magnitude higher for cesium in
mortar than in cement paste in groundwater (¢ f Table 4). On the other

hand very low distribution coefficients are obtained both for the ce-

ment paste and mortar in pore water.

One of the consequenses of weathering of the concrete in groundwater
would be a change of the composition of the water in the vicinity of
concrete surfaces (decreasing pH, decreasing ionic strenght). This
would tend to increase the sorption of cesium, as well as the presence
of Mg2+, soi_ or HCOS would increase the sorption, other effects not
considered. This increase of the sorption might decrease the dif-

fusivity by up to three orders of magnitude.

Table 5. Diffusivities (D) of Cs obtained from concentration profiles

No. DXIO“ (mz/s)
Sample 1 Sample 2

Ci 6.4 7.
c2 - 2.0
c3 2.3 1.7
M1 3.5 2.

M2 3.7 8.1
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There is no reason to expect that the diffusivity of iodide, without
taking sorption into account, should be higher than that of cesium.
Since higher distribution coefficients were observed for iodide than
for cesium in pore water, the diffusivity of iodide might initially

be one to two orders of magnitude lower than of cesjium.

5. CONCLUSIONS

The low diffusivity observed for cesium in slag cement jimplies that
the mass transport rate of cesium through intact slag cement paste or
concrete would be very low. Assuming a diffusivity of 10—13 mz/s, it
would take 3900 years before the concentration of cesium on one side
of a 0.4 m thick concrete wall would reach 1 % of the concentration
9600 years and for 50 % over 50 000 years would be required. Dif-
fusion through a water filled fractured concrete block would of course
be much faster. To reach 10 % of the inner concentration outside the

block may take less than a year, assuming one ma jor fissure.

The flux of radionuclides (mass/year) through the concrete depends
not only on the diffusivity, but also on the concentration gradientA
obtained. The maximum possible concentration gradient is in principle
the concentration inside the concrete divided by the diffusion lenght;
assuming that no mass transfer resistance will occur in the surround-
ing clay buffer. For intact concrete cubes with 1.6 m sides and 0.4 m
wall thickness containing Cs-activity of 1 Ci/m3 inside the walls

a maximum yearly leakage of 6*10~5 Ci/cube would be expected under

steady state conditions.

The choice of ballast would have a large influence on the sorption
and the mass transfer rate of cesium in concrete (an increase in re-
tention, i e water velocity/nuclide velocity, by at least one order

of magnitude seems feasible).

The addition of suitable "getters'" with high sorption of cesium,
lodide or any other radionuclide might improve the already good prop-
erties of intact concrete as an encapsulation material for low and

medium level radioactive waste further more.



Thus an intact concrete encapsulation or overpack in a waste reposi-
tory constitutes an effective barrier in preventing the release of

137Cs into the groundwater.
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