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1 Inroduction and welcome
Olle Olsson welcomed the participants to the meeting.

The agenda for the meeting was approved.

2 Introduction, summary and treatment in SR-Site
Patrik Sellin presented the background to the buffer erosion issue and how it is intended to be treated in 
SR-Site. The presentation is included as Appendix 1 to these minutes.

He summarized the results of the Bentonite Erosion Project. The scientific results from this project were 
presented at a meeting in December 2008. The focus for this meeting is the application of the results in 
the safety assessment SR-Site.

SSM/BRITE asked what effects a large loss of buffer would have on the diffusivity. SKB responded that 
a considerable part of the buffer can be lost before advective conditions will occur. A loss of buffer will 
increase porosity but the effects on diffusivity are limited. The diffusivity data needed for calculations 
are available.
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SKB informed that filtration has been studied and SKB concludes that there is currently not sufficient 
evidence to claim that a filter will form or that a filter can be engineered with sufficient long term 
performance. BRITE asked if it will be used as an argument in the assessment. SKB responded that it 
will be mentioned but not used in the quantitative assessments. SKB will consider continued research on 
this topic but no decisions have yet been made.

SSM/BRITE asked about the reasons for the change in allowable mass loss of buffer compared to SR-
Can. SKB responded that estimates in SR-Can were based on calculations made for a situation where the 
internal friction in the bentonite is high. The current estimate which allows loss of a larger buffer mass 
before advective conditions will apply are a consequence of current knowledge on internal friction in the 
bentonite and homogenization. The limit is based on the buffer density that gives a swelling pressure of 
100 kPa (see OH with diagram in Appendix 1).  This value is applicable for salinities up to 1 M.

3 The transport model 
Ivars Neretnieks presented the model used to estimate the release of bentonite colloids into fresh water. 
The presentation is included as Appendix 2 to these minutes.

SSM/BRITE asked to what extent gel formation is dependent on the CCC. Ivars responded that the value 
of the CCC only matters at the gel/water interface. Clarifying note: The transition from sol to gel 
happens at the CCC. Abend and Lagaly /2000/ writes: “A stable colloidal dispersion coagulates when a 
certain amount of salt is added. The threshold salt concentration is called critical coagulation 
concentration”. At high density montmorillonite is a repulsive gel, it expands or develops a swelling 
pressure even in contact with molar concentrations of salt. At lower densities, e.g., when a gel expands 
into a fracture it could turn into a sol if the electrolyte (salt) concentration of the water is below the CCC 
or forms an attractive gel if the concentration is above the CCC. Ivars did not make the distinction 
between attractive and repulsive gels but his modelling is always performed at concentrations below the 
CCC so he has always studied the repulsive gel/sol (water) interface. Erosion depends in his model on 
the viscosity of the repulsive gel and the water velocity.

SSM/BRITE asked about the role of groundwater chemistry. Ivars answered that groundwater 
composition only becomes important when the gel becomes dilute. An attractive gel has a yield strength 
that presumably depends on the water to solid ratio and the salt concentration. Decreasing the amount of 
clay gives a weaker attractive gel and at some point one would reach the limit where it is no longer 
practical to measure any yield strength. It is not important for compact gels. It was asked if the formation 
of a gel will occur for all swelling clays. Yes, in principle but the issue is if colloids will be released.

The concepts of gel and sol were discussed. A sol will form when the concentration is below the CCC 
and when colloidal particles are formed. There will in practice be no release of particles above the CCC.
No particles are found in the experiments when the concentration is above, neither with NMR nor with 
turbidity measurements. Any colloid release above CCC will be negligible with regards to buffer 
stability.

SSM/BRITE asked if pure clay without gypsum and other accessory minerals had been considered. Yes, 
they have been considered but many of these minerals can be dissolved and removed before a future 
intrusion of dilute glacial melt water. Hence, their presence cannot be taken credit for in this context. 
SKB pointed out that this is a sensitivity study and the conclusion is that it is difficult to show that 
engineering measures will resolve the issue. It helps to start with high Ca-contents but it is difficult to 
show that it is sufficient. 

SSM/BRITE commented that SKB needs to consider groundwater evolution also during temperate time. 
SKB responded that the chemical evolution of the groundwater is modelled in SR-Site (as it was in SR-
Can). The conclusion is that we will never get below XCa<20%. From a practical point of view a 
montmorillonite with XCa<90% behaves similar to a Na-bentonite when the concentration is below 2-4 
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meq/L. It is pessimistic to treat the system as pure Na-montmorillonite. Any amount of Ca would reduce 
swelling capability.

4 The experimental determination of CCC
Magnus Hedström presented the experimental evidence in support of the value for the CCC. The 
presentation is included as Appendix 3 to these minutes.

Magnus concluded that with Ca in the bentonite system erosion occurs below 2-4 meq/L if Cl is the 
anion. The same behaviour is expected for other “typical groundwater anions”: SO4

2-, NO3
-  and HCO3

-. 
Erosion is primarily associated with sol formation. From an attractive gel there will be no active release 
of colloids. Mechanical erosion from high shear forces could of course occur.  Present day groundwater 
at both Forsmark and Laxemar are above this value. SSM/BRITE asked what SKB’s conclusion is about 
the pH effects. Magnus said that the effect of pH on erosion is small and this is tested and for a pure Wy-
Na CCC is about 25 mM up to pH 9.1. See also figure 7-33 in the CT report.. 

5 Preliminary calculations for SR-Site
Allan Hedin presented the preliminary calculations made for SR-Site. The presentation is included as 
Appendix 4 to these minutes.

The calculations presented were based on the model presented by Ivars and site data on groundwater 
flow at Forsmark based on the results from the hydrogeological modeling that will be used in SR-Site. 
The “groundwater flow” is different compared to SR-Can.  . 

SSM/BRITE asked if variable aperture and channeling were considered in these calculations. SKB said 
that it was not included in results presented here but it will be included in the transport calculation in SR-
Site. The values of fracture aperture used in these calculations are those used in the groundwater flow 
calculations for the fractures intersecting the ensemble of deposition holes.

SSM/BRITE asked if excavation will induce changes in fracture properties. SKB responded that such 
changes are not important as erosion will only occur where the flow is high, i.e. for extensive and 
connected fractures intersecting deposition holes. The effects of spalling have not been included so far 
but Ivars is working on this. 

SKB said that the calculations presented show considerably fewer damaged canisters compared to results 
presented in SR-Can. A sensitivity study with the SR-Can model could be included in SR-Site.

The orientation of fractures is considered not important by SKB. However, Ivars stated that he did not 
consider gravity effects sufficiently well understood. Gravity effects on colloidal particles are included in 
the dynamic model. However, there are experimental observations of sedimentation that cannot be 
directly explained by the model. These effects are discussed in the project documentation. 

SSM/BRITE asked if other safety functions are affected by buffer loss. SKB said that microbial activity 
cannot be excluded when swelling pressure is lost to a value below 2 MPa, ie long before advective 
conditions are reached.. Transport will still be diffusive though. Canister sinking has to be considered at 
approximately the same swelling pressure as when advective conditions will start to occur. Eventually, 
after a sufficient amount of buffer loss, all buffer functions will of course be affected.

SSM/BRITE asked if advective conditions could occur locally due to insufficient homogenization. SKB 
said it will not occur for this type of erosion process.

SSM/BRITE asked if the model is for a general or a specific bentonite. SKB said the model is for a 
general bentonite and only small differences have been observed between the bentonites tested.
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6 Questions – discussion
SKB informed that there will be 4 top level reports that present the final results of the Buffer Erosion 
project. Of these, Ivars report is the summary report. There will be no single final report from the project. 
SKB’s conclusions will be presented in SR-Site. 

SSM/BRITE asked how SKB handles situations where there are groups of with different views. SKB’s 
aim is to have a defensible and pessimistic model that can be defended under all circumstances.

The difference between the Clay Technology model and Ivars model is that the Clay Technology model 
predicts there will be no erosion of bentonite if there is no flow, which is contrary to predictions by Ivars.

SKB plans to continue work on buffer erosion but plans are not yet finalized.

SSM/BRITE noted that the model is made for a simple Na-system. Will a model be developed for a more 
realistic system? SKB: Yes, we are looking into the effects of divalent ions. Fracture aperture variations 
will also have to be looked into.

SSM/BRITE: Have you considered additives to improve performance? SKB: Yes, we have tried to look 
at filter cakes but adding material into the bentonite may not improve the filter effect. An engineered 
solution could be possible, but there are not enough evidence claim any effect.

What about gypsum? SKB: Gypsum will be dissolved and leave the bentonite after a comparatively short 
time in this context.

SSM/BRITE: There has been a change in criteria for advective conditions and buffer loss between SR-
Can and SR-Site. What is the basis for this change? SKB: The approach suggested here would be 
consistent with how the bentonite is treated in the transport model. However, after this meeting SKB has 
decided to revert to the SR-Can mass-loss criteria for the advective case. Based on discussions with our 
experts, SKB concludes that more investigations should be undertaken before complete homogenization 
can be claimed.

SSM/BRITE: What is the experimental evidence on homogenization? SKB: We have some experimental 
data but will put more effort on this in the future.

SSM/BRITE: What is the impact of bentonite erosion on the backfill in the tunnels? SKB: We don’t see 
this as a problem as there is so much bentonite in the tunnels. The effect of bentonite loss in tunnels is 
also small compared to the deposition holes (e.g. no corrosion).

SSM/BRITE: Do you have rheological data for water ratios of 25 or more? SKB: Yes, Clay Technology 
have produced such data and there are data in the literature. 

SSM/BRITE: Do you have understanding of the situation where XCa>0.9. SKB: Yes, it is controlled by 
attractive forces between the flakes. These are correlation forces. Bo Jönsson shows in TR-09-06 (Fig 5-
6) that at X=0.9 correlation forces dominate so that the swelling pressure is negative. At X=0.8 the 
swelling pressure is always positive so the system will disperse to become a sol in deionized water. The 
mapping of the sol formation zone shows that the system behaves as pure Ca montmorillonite when X > 
0.9. The release of colloids from such system is negligible.

SSM/BRITE: What is the cause of the difference in CCC for different bentonites? SKB: The reasons are 
not well understood but it is likely that it is due to edge charges.
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7 Close of meeting
Olle Olsson closed the meeting and thanked the participants for their contributions to the meeting.
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