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Introduction 

Two spent fuel management organisations, SKB in Sweden and Posiva in Finland, have 
selected the KBS-3 method for the final disposal of spent nuclear fuel. The KBS-3 method is 
based on achieving long-term safety by isolating the spent fuel using multiple barriers: the spent 
nuclear fuel is encapsulated in a copper canister containing a cast-iron insert. The canister is 
surrounded by a bentonite buffer and emplaced in crystalline rock at sufficient depth to ensure 
effective isolation from the surface and favourable thermal, hydraulic, mechanical and chemical 
conditions. The selected repository sites are Olkiluoto in Finland and Forsmark in Sweden. Both 
sites feature a granitic host rock and reducing conditions at the planned repository depth 
(between 400 and 500 m).  

SKB and Posiva are currently preparing to submit a construction license application for a 
KBS-3 type repository in 2011 and 2012, respectively. According to present plans the operational 
license application is scheduled for around 2018 and beginning of operations around 2020. 

Cementitious materials are needed during repository construction and operation to limit 
the hydrogeochemical disturbances to the site and for operational safety reasons. Posiva 
estimated that there will be approximately 5 000 tons of cement in the KBS-3V repository at the 
time of closure (see J. Hansen’s presentation). The inventory of cement used so far in Posiva’s 
rock characterisation facility (ONKALO) is constantly monitored and reported and estimates of 
types of residual material and their inventories are regularly updated and reported (see J. 
Hansen’s presentation). 

Grouting is necessary to ensure that the main natural hydraulic pathways are not perturbed 
by the construction of the repository. Based on numerical modelling (Ahokas et al. 2006), it was 
determined that the risks of not using grout are greater (and the consequences more deleterious) 
than the risks of using it because of the effect of cement on the multi-barrier system (see below).  

Safety case approach in Finland 

The safety case approach in Finland has been described in the Safety Case Plan 2008 (Posiva 
2008). The approach can be summarised in different steps:  

• a description of the hazard presented by spent fuel, the need for safe disposal of spent 
fuel and the safety concept for disposal, which is a conceptual description of how safe 
disposal of spent fuel is achieved with the KBS-3 method and the characteristics of the 
Olkiluoto site.  
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• a description of the main components of the disposal system for which a safety case is to 
be made, and of how the repository will be implemented. The inventory of cement and 
location in the repository are taken into account in the system description. 

• a description of the assessment bases, which are the scientific and technological 
information, understanding, models and data on which the safety assessment and safety 
case are based, and the methodology for carrying out safety assessment. One of the main 
assumptions concerning cement in the assessment bases is that the water control 
measures (i.e. grouting) perform as designed, that is, the main hydraulic paths of the 
host rock remain unchanged.  

• a description of the base scenario for the evolution of a KBS-3 repository at the Olkiluoto 
site. In the base scenario, the cement has no impact on the system and grouting 
performs as designed.  

• the formulation of disturbance scenarios, which include repository assessment scenarios, 
biosphere scenarios and human intrusion scenarios. In some of these scenarios, cement 
affects the performance of the buffer. 

• analyses of disturbance scenarios; in reality the a perturbed buffer is modelled using 
modified transport parameters (e.g. distribution coefficients). 

• a discussion of compliance with Finnish regulatory guidance on the long-term safety of 
geological disposal of spent fuel.  

• a summary of the main evidence, arguments and analyses that lead to confidence in 
Posiva’s part in the safety of a KBS-3 repository at the Olkiluoto site. 

• a statement of compliance will be issued to proceed either to the submittal of the license 
application or to more research, including that on cement-related issues, to resolve the 
outstanding issues. 

SKB has a similar safety case approach but there are differences mostly due to the different 
regulatory systems in the two countries. 

Potential effects of cement on the repository’s performance 

According to the Finnish and Swedish approaches, long-term safety is ensured by a multi-
barrier system. The main barriers to radionuclide release and transport are the canister, the 
buffer, the backfill and the host rock.  

The central question concerning cementitious materials is to understand if and how it 
affects the performance of the main barriers and the transport of radionuclides. The main effect 
of a cementitious material is to progressively release a high-pH plume (up to pH ≈ 12) in 
groundwater. The duration of the alkaline plume release is not fully known, especially with the 
new types of cement admixtures. High pH has a strong influence on the speciation and solubility 
of some elements, either decreasing (e.g. Am) or increasing (e.g. U in non-saline bentonite water) 
their solubility. Copper corrosion is not affected in alkaline solutions. Superplasticisers and other 
organic admixtures of cement as well as alternative grouting materials (e.g. colloidal silica) may 
also enhance radionuclide transport. Sharp pH gradients at the edge of the plume may give rise 
to the formation of silica colloids. The effect of cement on the host rock is to buffer the pH with 
minerals on the fracture surfaces as well as to seal fractures due to the formation of secondary 
minerals; however, both effects cannot be taken into account in the safety case because they 
cannot be quantified. In fact, recent modelling results show that the buffering capacity of the 
host rock at Olkiluoto is not as high as previously thought (Montori et al. 2008).  

The most significant effects of cement are on the bentonite buffer (and to some extent 
backfill) with a potential change in swelling pressure due to mass loss (SiO2 and montmorillonite) 
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and decrease in clay density, precipitation of secondary minerals, potential fissuring due to 
cementing processes, potential increase of hydraulic conductivity and increase of cation 
exchange capacity (CEC) due to the decrease of silica in the montmorillonite structure (leading to 
vermiculitization). 

Addressing the main challenges 

The main challenges are linked to the complexity of the cement/bentonite interaction 
mechanism and the paucity of experimental data available due to the fact that the bentonite 
alteration processes can be remarkably slow. Posiva and SKB are addressing the main challenges 
through experimental studies, modelling studies and other studies concerning the general 
understanding of the system’s evolution in the presence of cement and also studies concerning 
radionuclide transport in the presence of cements or its additives. 

Experimental studies on cement/bentonite interaction 

The diffusion of a high pH (pH ≈ 12) solution into bentonite porewater was studied by 
Karnland et al. (2007) and further studies are ongoing in Finland (Muurinen & Carlsson 2007). 
Karnland (2007) showed that the swelling pressure of compacted bentonite decreases at high 
ionic strength and high pH (Figure 1).  

Muurinen and Carlsson (2007) are studying the diffusion of alkaline plume in compacted 
bentonite in saline groundwater (Figure 2). Although the experiment is still ongoing, Figure 2 
shows that the hydroxyl ions diffuse into the bentonite and react simultaneously with the 
bentonite down to 10 mm from the contact solution. The capacity of the hydroxyl sites in a 10 
mm layer of bentonite is too low to explain the pH change in the external solution. The probable 
explanation is that the silicate minerals react and consume the hydroxyl ions. The silica 
concentration in the external solution is low (1 – 2 mg/L), however. This indicates that the 
reaction products have not leached from the bentonite.  

Modelling studies on cement/bentonite interaction 

Modelling studies of cement-bentonite interactions have been performed by several groups 
(Gaucher and Blanc 2006; Trotignon et al 2006; Yamaguchi et al 2008) and references therein. In 
Finland modelling efforts are ongoing using the code TOUGHREACT and preliminary results have 
been published (Lehikoinen 2009). 
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Figure 1: Swelling pressure vs. density in pure montmorillonite exposed to 1 M NaCl/NaOH 
solutions. Effect of high ionic strength and high pH on swelling pressure.  

Source: Karnland et al. 2007 
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Figure 2: pH measurements at different distances in the bentonite from the high pH solution. 
Source: Results up to 700 days are published in Muurinen & Carlsson (2007),  

the experiment is ongoing 
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The modelling results show that the porosity in bentonite is expected to decrease in the 

proximity (few mm) to the interface between the buffer and a fracture filled with a high pH 
solution (Figure 3). The model shows void volume clogging but the clogs may redissolve with 
time. Furthermore, the time of clogging varies greatly with pH – the lower the pH, the longer the 
clogging takes. The model shows that the pore-fluid pH is effectively buffered at the fracture-
buffer interface, but as mentioned in the previous section, experiments with pH 11.7 solutions 
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show diffusion of OH− through bentonite and some buffering effect. There are several 
uncertainties with the current model because of the simplifications used (e.g. no temperature 
effect) and because of the limited knowledge about reactions and their products. 

Other studies concerning the systems evolution and radionuclide transport 

Posiva and SKB collaborate on several other studies concerning the understanding of the 
system’s evolution in the presence of cement. For example the effect of superplasticisers on 
radionuclide transport was studied also in collaboration with NUMO (Japan). Natural analogue 
studies (see Alexander’s presentation) and international projects concerning the effect of cement 
on hard rock are under way. SKB is also modelling colloid-assisted radionuclide transport.  

Conclusions  

The main concern that cementitious materials pose for a nuclear waste repository in 
crystalline rock is the potential degradation of bentonite buffer around the canisters. Both 
experimental and modelling studies have been performed to evaluate this. Alternative “low-pH” 
materials to be used in the vicinity of deposition drifts have been developed and they are being 
tested. Because the effects on bentonite are expected to develop only over periods of several tens 
of thousands of years, definite conclusions are difficult to be drawn from laboratory experiments 
only. 

Figure 3: Chemical composition (vol. fraction) of MX-80 bentonite in contact with a fracture 
containing a high pH solution (pH 11.60) as a function of distance from the fracture-buffer 

interface (normalization to the total volume, incl. porosity). Left: composition at the time of 
pore clogging (18 years). Right: composition after 1,000 years of interaction omitting the 
initially supersaturated secondary phases. Notice the truncated extension of the spatial  

x-dimension to 5 cm (left) and 10 cm (right). Source: Lehikoinen (2009) 

 

Future efforts on the issue consist mainly in continuing the current experimental and 
modelling studies. The material performance of low-pH cement will also continue to be 
investigated. The monitoring of the pH of groundwater in the vicinity of cement sources 
continues and natural analogue studies are under way. A list of relevant Posiva cement-related 
reports is provided below. 



NEA/RWM/R(2012)3/REV 

APPENDIX C: WORKSHOP PAPERS 

120 

References 

Ahokas et al., 2006. Control of water inflow and use of cement in ONKALO after penetration of 
fracture zone R19. Posiva Oy, Olkiluoto, Finland. Posiva Working Report 2006-45. 

Gaucher E C, Blanc P, 2006. Cement/clay interactions - A review: Experiments, natural analogues, 
and modelling. Waste Management, 26: 776-788. 

Karnland et al., 2007. Experimentally determined swelling pressures and geochemical 
interactions of compacted Wyoming bentonite with highly alkaline solutions. Phys. Chem. Earth, 
32: 275-286. 

Lehikoinen, J., 2009. Bentonite-cement interaction - Preliminary results from model calculations. 
Posiva WR 2009-37. 

Montori et al., 2008. Reactive transport modeling of the effect of hyperalkaline solutions along a 
fracture at the ONKALO site. Posiva WR 2008-14. 

Muurinen A, Carlsson T, 2007. Eh and pH in compacted MX-80 bentonite. NF-PRO Project Report 
DNo 2.2.14. 

Posiva, 2008. Safety case plan 2008. POSIVA 2008-05. 

Trotignon et al., 2006. Comparison of performance of concrete barriers in a clayey geological 
medium. Phys. Chem. Earth, 31: 610-617. 

Yamaguchi et al., 2008. Development and verification of a reactive transport model for long-term 
alteration of bentonite-cement-seawater systems. Phys. Chem. Earth, 33: S285-S294. 

.


