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Abstract

In Sweden the encapsulated nuclear waste will be surrounded by compacted
bentonite in the granitic host rock. In contact with water-bearing fractures the
bentonite barrier may release montmorillonite colloids that may be further
transported in groundwater. If large amounts of material are eroded from
the barrier, the buffer functionality can be compromised. Furthermore, in
the scenario of a leaking canister, strongly sorbing radionuclides, can be
transported by montmorillonite colloids towards the biosphere. This thesis
addresses the effects of groundwater chemistry on the generation, stability,
sorption and transport of montmorillonite colloids in water bearing rock
fractures.

To be able to predict quantities of montmorillonite colloids released
from the bentonite barrier in contact with groundwater of varying salinity,
generation and sedimentation test were performed. The aim is first to
gain understanding on the processes involved in colloid generation from
the bentonite barrier. Secondly it is to test if concentration gradients
of montmorillonite colloids outside the barrier determined by simple
sedimentation experiments are comparable to generation tests. Identical final
concentrations and colloid size distributions were achieved in both types of
tests.

Colloid stability is strongly correlated to the groundwater chemistry.
The impact of pH, ionic strength and temperature was studied. Aggregation
kinetics experiments revealed that for colloid aggregation rate increased with
increasing ionic strength. The aggregation rate decreased with increasing
pH. The temperature effect on montmorillonite colloid stability is pH-
dependent. At pH≤4, the rate constant for colloid aggregation increased
with increasing temperature, regardless of ionic strength. At pH≥10, the
aggregation rate constant decreased with increasing temperature. In the
intermediate pH interval, the aggregation rate constant decreased with
increasing temperature except at the highest ionic strength, where it increased.
The relationship between the rate constant and the ionic strength allowed the
critical coagulation concentration (CCC) for Na- and Ca-montmorillonite to be
determined.

In order to distinguish the contribution of physical filtration and sorption
to colloid retention in transport, the different retention mechanisms were
quantified. Sorption on different representative minerals in granite fractures
was measured for latex colloids (50, 100, 200 nm) and montmorillonite
colloids as a function of ionic strength and pH. Despite of the negative
charge in mineral surfaces and colloids, sorption was detected. The sorption
is correlated to the mineral point of zero charge and the zeta potential of
the colloids, and increases with increasing ionic strength and decreasing
pH. In transport experiments with latex colloids in columns packed with
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fracture filling material, the retention by sorption could clearly be seen. In
particular at low flow rates, when the contact time for colloids with the mineral
surfaces were the longest, sorption contributed to retention of the transport
significantly. The retention of latex colloids appeared to be irreversible in
contrary to the reversible montmorillonite colloid retention.

Generation, stability and sorption of the montmorillonite colloids are
controlled by electrostatic forces; hence, the results were in qualitative
agreement with DLVO.
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