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Abstract

Sorption properties and the migration of I25I, 60Co, 85Sr and lj7Cs have been studied in Boda Claystone. The
experiments were performed at ambient conditions using equilibrated groundwater and at in situ conditions with
pore water underl 00 bar. I was the most mobile element (D = 10"9 to 10"'' m2 s"1). Cations migrate slower by one
order of magnitude for Sr, and even more for Co and Cs. In order to extrapolate the data the retardation of
isotopes relatively to the groundwater was estimated from sorption (Kd) data. Under diffusively controlled
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transport conditions the elements considered are able to migrate only a few hundred meters within a period of 10
years from a repository.

SCIENTIFIC BACKGROUND AND SCOPE OF PROJECT

The aim of this contributing research was set to characterise a particular claystone from the
aspect of the sorption and migration properties shown for certain characteristic radioisotopes.
This characterization may contribute to a later evaluation in concern for disposal of high level
nuclear waste into this geological formation in a far future. The study of the claystone may
serve as a case study as well, and it is supposed that certain results of this particular study may
provide more general conclusions which can be transferred for evaluating other geological
media as well.

In claystone strong sorption of cations is expected since this media contains several cationic
exchange sites. In contrast — as it is foreseen — sorption of anions could be less expressed,
due to the lack of bonding sites.

In a simple approximation, spreading of radionuclides in a geological medium can be
described so that the isotopes are transported primarily by the hydraulic flow of groundwater,
and the isotope transport is retarded by sorption-desorption processes in comparison to the
flow of groundwater.

vrad/vgw = 1 / { 1 + Kd p [(1-s) / s]} (1)

where vra(j and VgW are the transport rates of isotopes and groundwater, respectively p is the

density, and e is the porosity of the rock.

As it is seen, here the extent of retention is primarily determined by the K^ values. It should
be mentioned that the specific hydraulic circumstances of the final repository are not known
yet (location is not selected). Thus, only the relative retention (wra(j/woW) values can be
determined by means of K^ values at the present stage.

In the case of absence of the filtration (in equilibrium conditions, Vgw « 0) the previous

approximation cannot be used. However, the effective diffusion coefficient values can be
applied for the estimation of migration distances in this second instance.
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In correspondence with these considerations, the scope of project covers sorption studies in
one hand, and determination of diffusion coefficients in the other hand.

Sorption studies were performed on each isotopes studied (60Co, 85Sr, 137Cs and 125I). Kd value
of iodine was found to be the smallest one by far, thus diffusion measurements were
performed primarily by studying the migration of this anion in flow-less cases.

By determining the diffusion constant of iodine a minimal migration distance can be estimated
which will probably be exceeded in real instances. Since this value is important, the diffusion
constant of iodine was estimated by three different procedures: (i) from breakthrough across
13 mm thick slices of borecores equilibrated with groundwater, (ii) by determining the amount
of iodine in solid bore cores (equilibrated with groundwater), and (iii) from distribution of
iodine in "dry" borecores kept under conditions, similar to the geological ones (100 bar,
50°C).

EXPERIMENTAL METHOD

Experiments at ambient conditions

Distribution coefficient values (Kd) were determined at 1:10 solid to liquid ratio.

Sorption capacity was also determined by isotope dilution.

Migration studies were performed on borecores (with diameter of 46 mm, and thicknesses of
13 and 70 mm) in two-compartment migration cells. In the case of the 13 mm thick samples
the activity concentrations were measured in the equilibrated solutions, and corresponding
breakthrough curves were plotted. From the rate of the breakthrough [(c" - c') / (t" - t'), c is
the concentration of iodine, t is time elapsed] the apparent diffusion coefficient can be
determined:

Dapp = (V • d) / (A • c0) • (c" - c') / (f' - f) (2)

(V is the volume of the inactive solution, d is the thickness, A is the cross section of the
sample disk, Co is the concentration of iodine in the active compartment, and the slope is the
rate of the increase of concentration of iodine after the breakthrough.)

In experiments with 70 mm samples the migration depth was determined directly, by
measuring the activity in 3-4 mm thin slices cut from the end of the cores equilibrated with
the solutions for c.a. one year. Determination of the apparent diffusion constant of iodine is
more simple in this case (constant source, semi-infinite diffusion):

Dapp = s • 1 / (q • t • c) (3)

(s is the amount of iodine migrating, 1 is the characteristic length, q is the cross section, t is the
time elapsed, c is the surface concentration at the end of the core).

Influence of microcracks and macroscopic fractures on the migration of isotopes were also
investigated in separate experiments.
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Experiments under in situ ("dry") conditions

These experiments were performed under high pressure (100 bar) on samples containing only
the pore water present originally in the samples (ca 1 wt%). The respective isotopes were put
in small volume (200 ?1) droplets to the end of borecore. After drying of the droplets the
samples were placed to the high pressure cells and had been kept for different length (100—
300 days) in them. After removal slices were cut and the migration distances were determined
by direct activity measurements applying the appropriate (point source, semi-spherical
diffusion) equation:

c = s (4 % Dapp t)-3/2 exp (-r2 / 4 Dapp-t) (4)

(c is the actual concentration at distance r, s is the total amount of iodine).

The Boda Claystone and the groundwater related

At the end of the Experimental section a short description of the geological medium studied is
appropriate. The investigated Boda Claystone is a typical metamorphosed sedimentary rock.
The main mineral constituents are: quartz (ca. 10%), albite (20—40%), illite-muscovite (20-
40%), chlorite (ca. 10%), calcite (<10%) and hematite (<10%). Typical values for the
chemical constituents are: SiO2 (« 50%), A12O3 (15-20%), Fe2O3 (5-8%), CaO, MgO, Na2O,
K2O (each 1-6%). The weight loss during firing is 1-4%. The pore volume is 0.5-2.3%, with
pore diameters 10~3-10~5 mm.

The claystone is a compact formation, no considerable filtration of water was detected in it
(permeability [K]: 10~I9-10~15 m2). The groundwater used in our experiments was obtained
from the streams at the boundaries of the formation. A typical groundwater contains mainly

Na+ cation (250-350 mg/1), and HCO3- (500-700 mg/1), SO4
2~ (~ 100 mg/1) anions. The pH is

ca. 8.5, the electric conductivity is «1 mS/cm.

RESULTS OBTAINED

Experiments under ambient conditions

Distribution coefficient (K^) values

Fifteen samples were investigated, Kd values were determined after 32 h contact time, the
carrier-free isotopes were dissolved in groundwater.

Table 1. Sorption of isotopes on claystone (Kd values)

Isotope

Maximum

Minimum

Mean

Cs-137

4900

526

1554

Co-60

5700

1240

3273

Sr-85

142

63

91

1-125

2.2

0.17

1.2
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Sorption capacity measurements

Sorption capacity was determined by isotope dilution in groundwater. This value was
determined only for Cs, since SO4 and CO3 precipitates are formed with Sr and Co
respectively. In an average, 1 g powder of rock is able to sorb 1 mg Cs.

Migration studies: breakthrough in 13 mm thick samples

Breakthrough of iodine was followed in two-compartment cells for 350 days, by determining
the increase of the activity concentration in the (originally inactive) solution opposite to the
one, containing 1-125.

From the slope of increase of the activity concentration Deff = 5-1CT12 m2 s"1 was estimated.

Breakthrough for cations was hardly observed (their count rate was close to the background,
thus numerical values were not determined). This proves that the respective diffusion
constants for cations are significantly smaller than for iodine.

Migration studies: slices from 70 mm long borecore

70 mm long borecore cylinders were placed to migration cells; their end-planes were
equilibrated with solutions containing the respective isotopes. After 60-120 days of storage 2 -
3 mm thin slices were cut from their ends, and the activities were determined directly in the
slices. Radiation from the respective cations was observed only in the first slice, the 35.5 keV
radiation of 1-125 was detected in 3-4 slices. From the decrease of activity in depth, the
apparent diffusion constant can be determined by assuming simple, one-dimension, uni-
directional diffusion with constant strength of source. In average, Dapp = 10"9 m2 s"1 was

calculated. (This value is apparently larger than that determined from the analysis of
breakthrough curves of 13 mm thick samples. The increase can probably be attributed to the
filling up of pores during the experiment: these samples were not equilibrated with
groundwater prior to the measurements, and partial evaporation of pore water might have
taken place during the preliminary storage. Thus, the previous, smaller values seem to be more
reliable.)

Influence of fractures and cracks on the migration rate

In certain samples the effect of presence of (macroscopic) fractures and (microscopic) cracks
was also studied on the filtration and migration rate of isotopes. In general, no significant
increase was observed in the migration rate. (As an interpretation, it can be mentioned that the
1-3% pore volume present originally in the sample provides probably ample space for the
migration, the additional contribution from the cracks to this free volume is comparatively
small.)

Experiments under in situ ("dry") conditions

200 ul droplets of solutions containing the respective isotopes were put to the ends of the
sample borecore cylinders in patches of ca. 5 mm. After drying (and without any further
wetting) borecores were put to the high pressure cells. After 118 days storage under 100 bar at
50°C slices were cut from the ends and the activities were determined. In this case, with
certain neglections, semi-spherical diffusion was assumed with a constant amount of the
diffusing substance starting from a point source. By these assumptions, Dapp = 6-10"1 m2 s"1
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was estimated from the measurements. This is almost the same value as was obtained from the
breakthrough measurements. (Here empty pores were probably not present, due to the high
applied confining pressure, thus the accelerating effect of pore filling on the migration of
iodine was not observed.)

CONCLUSIONS

Sorption properties and migration of selected radionuclides (125I, 60Co, 8DSr and I37Cs) have
been studied in Boda Claystone (in a prospective geological formation for spent fuel disposal).
Sorption properties were characterised by K^ (distribution coefficient) values. For migration

studies two types of experiments were performed: (i) at ambient conditions, samples were
equilibrated with groundwater, and (ii) at in situ ("dry") conditions: with samples containing
only pore water and kept under high pressure (100 bar). Effective diffusion constants were
determined; the most mobile isotope is the iodine, with diffusion constants of 10~9 m2 s~[, and
10~" m2 s~\ found in aqueous and "dry" experiments, respectively. Migration of cations is
slower, (with ca. one order of magnitude for Sr, and even more for Co and Cs), and is affected
also by the limited solubility of carbonates and sulphates formed with the anions present in the
groundwater. With the presumption of filtration of groundwater, the retardation of isotopes
can be estimated from sorption (K^) data. Under steady conditions (without any transport of

groundwater) the migration distance can be estimated from the effective diffusion constant
values; a few hundred meter migration distance can be estimated for iodine (the fastest
migrating isotope) during an expected operation time (104 year) of a spent fuel repository.
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