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CONTEXT 

 

 

 

 

 

 

 

> Lack of reliable information at temperatures 

beyond 130°C regarding hydraulic, mechanical 

and mineralogical changes 
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Mineralogical transformation: Illitisation? 
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Modified from Srodon et Eberl (1994) 

“However this treatment overestimates the amount of illite 

layers because of the presence of smectitic non-expandable 

layers. This was revealed by calcium exchange of the 

products, which causes re-expansion of the apparent illite 

layers” 



Are only clay concerned by the temperature issue? 

> In some concept, the canister is not 

surrounded by bentonite but by 

cementitious materials in order to 

reduce the corrosion rate. Hydraulic 

and mineralogical changes of these 

cementitious materials at elevated 

temperatures could be detrimental to 

the safety of radioactive waste 

disposal, and they certainly need to 

be investigated 
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Overpressure development 
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Modified from Nadeau Clays Minerals V46 (2011) 



Burial of a sediment leading to porosity 

decrease and temperature increase 
Diagenetic evolution including smectite 

deshydration (5 to 135°C) 

Coupled effect 

on pore pressure 



Modelling the thermo-hydro-mechanical evolution of a 

clayrock together with smectite deshydratation 

> An example of clayey sediment burial and 

diagenesis (smectite deshydration and 

smectite to illite transformation) with 

feedback on the pore pressure in a passive 

margin 

> Smectite deshydration through a solid 

solution model, leading to fluid expulsion in 

the porosity 

> Fully coupled with the porosity evolution 

due to compaction and the related fluid 

circulations (Python-Phreeqc program 

developped @ BRGM) 

> Such modelling can be applied to the near-

field evolution of a nuclear waste storage, 

during the thermal transient phase 
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How much thermo-osmosis flow is contributing to the 

pressure regime and the water flow in a nuclear waste 

storage? 

> Thermo-osmosis is a water flow under a temperature gradient. 

It is due to modifications of the properties of water sorbed on 

the clay surfaces 

> Possible effect of thermo-osmosis on the flow in a clay-rock 

formation (Gonçalvès et al., 2012) or in an exothermal radioactive 

waste disposal (Soler, 2001) 

> But, it remains a poorly characterized process: thermo-osmotic 

permeability can be predicted (Gonçalvès et al., 2012), but very few 

experiments (Tremosa et al., 2010) 



An illustration of the effect of thermo-osmosis on flow 

and pressure under a thermal gradient (Tremosa et al., 2010) 

 

> In-situ experiment at 

Tournemire URL 

> Thermal pulse in a borehole 

interval filled with water 

> THM evolution inversion by 

a numerical model 

Pressure decrease due to water 

thermal expansion effect 

Pressure decrease due to thermo-

osmotic flow and water thermal 

expansion effect 
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Impact of temperature on swelling pressure? 
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Impact of temperature on swelling pressure? 
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Several assumptions have been made to describe the 

nonmonotonic swelling behavior of smectite-rich material: 

 

• Pusch (1982) related the swelling pressure peak to the 

formation of gel structures upon wetting that modify the 

mechanical characteristics of aggregates/particles (shear 

strength) and decrease the swelling pressure.  

 

• This has been integrated in the Barcelona Expansive Model 

(BExM, Alonso; with the progressive reorganisation of the 

internal structureof samples upon wetting. Progressive filling of 

the macrostructure(inter-aggregate void ratio decrease) 

occurred. 



Development of an oedometer cell transparent to X-

Ray to follow inter-aggregate porosity 
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Tomography cell gives consistent results 
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Inter-aggregate porosity evolution upon hydration 
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Insights given by other fluid 
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• The osmotic pressure can be derived by applying 

the Gouy–Chapman theory according to the 

following equation issued from Liu (2013) : 

 

• ym is the scaled midplane potential at the midpoint 

between unit layers. 

• Depends on the Debye length which is square root 

dependent on the relative dielectric constant of the 

pore solution.  

• MMA's relative dielectric constant is about 12 times 

lower than water's (6.32 versus 78.54, see Table 

2),  

• The osmotic pressure developed with MMA is one 

order of magnitude lower than that obtained with 

water (NaCl, both 10−4 and 10−1 M) 

> NaCl : both crystalline and osmotic swelling 

> MMA : crystalline swelling only  

 
 

 

The main processes that generally operate in concert to 

control bentonite swelling in aqueous systems are 

crystalline (interlayer) swelling and osmotic swelling (both 

double-layer at the inter-particle and the inter-aggregate 

level);the second process leading to break-up the initial 

dry particles into thinner ones 



To sum up 

> Hydration of Kunipia-G specimens by saline solutions 

induces particle breakup due to osmotic component 

with major aggregate reorganisation. This could 

explain partly the inter-aggregate porosity reduction 

seen by μCT (also confirmed by SEM and TEM).  

> In contrast, for specimens hydrated by MMA, only 

crystalline swelling occurs which does not lead to 

particle breakup, probably explaining the slighter 

inter-aggregate porosity decrease observed by μCT 
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RELEVANCE OF SUCH A DEVICE @ High T? 

> Very preliminary design & discussion give us a 

good confidence in the fact that such a device 

can be used in temperature (e.g. micro 

cracking pathway) 

> Cell design should also allow gas sampling 

> Complementary technique can be used (e.g. 

XRD-tomography) 
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(a) and (b): Details of a single diffraction image (the same image contrast levels have been set) from the 

cement paste showing the effect of the filtering procedure. (a): Original image; (b): “Filtering” image.  (c): 

Average XRD diffraction pattern. (d): Reconstruction of the distribution of (some) minerals phases in red 

C-S-H, in green Ettringite, in blue AFm. (Claret et al. in prep) 



OTHERS PERSPECTIVES 

> In 2018, an experimental plateform MIMA’ROC will be 

available @ BRGM  
• THMC cell coupled to Geophysical tomography (useful for upscaling) 
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THANK YOU 


