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Laboratory experiments – stress and porewater 
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Each temperature increment induced a sharp increase in total 

stress that gradually relaxed to a well-defined asymptote.  
 

Up to ~120°C, there was a positive correlation between the 
maximum total stress value and the temperature step.  

 

In test 1 the asymptotic average radial stress value decreased 
for each temperature increase up to 120°C.  

 

In test 2 above 150°C both axial and radial load cells showed a 
decrease in total stress value.   

 

Bentonite experienced a thermally induced consolidation, 
reducing the ease with which fluid migrated through the sample. 
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Analysis is limited to the final steady averaged flow rate in each 
step. The steady flow rate under a given pressure gradient can be 
written as:- 

𝑄 =
𝐴𝑘∆𝑃

𝜇𝐿
  Q is the flow rate, A is the sample cross 

sectional area, k is the permeability, ΔP is the 
pressure difference across the sample, µ is the 
viscosity of the water, and L is the sample length 

Laboratory experiments – thermal influence on 
permeability 

 Flow rate data gives an initial 
general trend of increasing 
permeability with increasing 
temperature 

 
 For the ISO tests above 80oC, the 

perms start to decrease again 

 Correcting for fluid viscosity and 
density decrease with 
temperature 

 Above 60-80oC, the 
permeability decreases as 
the temperature increases 

 Effect more pronounced in 
the isotropic tests 

 Complicated by thermal 
compliance of the constant 
volume pressure vessel  

 Isotropic testing allows 
the sample volume to 
change through the test 

 Confining pressure 
applied by a fluid 

 Isotropic test flowrate data 
 Spikes in outflow 

accompany increases in 
temperature, that decay to 
a constant outflow value  

 Decreases in temperature 
correspond with spikes in 
inflow 
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Chemical changes 

 Undertaken a number of ‘long-term’ tests from ambient to 200oC to assess the 
impact of thermal load on: 

 intrinsic permeability stress  pore water pressure 

 Permeability, total stress, swelling pressure and porewater pressure are strongly 
sensitive to changes in thermal load 

 

 Thermal loading up to 150°C has minimal impact on the hydraulic permeability of 
the bentonite using DI, but flow through the system increases substantially 
primarily due to the viscosity. Without DI, changes could be significant!  

Summary 

Steel corrosion 

Backscattered electron micrograph and 
corresponding element distribution maps for 
Fe and Ca in MX-80 bentonite matrix around 
corroding steel wire from bentonite-steel 
corrosion experiments 

• Alteration of bentonite induced by the corrosion of 
steel produces chemical heterogeneity  in 
exchangeable cation distribution 

• Potential for heterogeneity in distribution of physical 
properties related to cation exchange capacity and 
exchangeable cation chemistry: e.g. swelling, 
shrinkage, microfracturing 

SAFE Barriers experiments – Newcastle University 

Possible feldspar dissolution observed  by XRD from a suite of experiments where fluid 
was pumped into bentonite towards a steel coupon. Bentonite subjected to: 

 High temperature (90oC) Hydraulic gradient      Saline fluid 

Fluid dominated by Na 

Strong albite peak in XRD where fluid enters bentonite 

• Strong coupling between the bentonite and the THM behaviour 

• Expect this to be exacerbated for gas flow 

• Cation exchange facilitated through corrosion of steel or alteration of the 
bentonite affects the bentonite behaviour 

• De-ionised water is used in the experiments to date. The use of synthetic 
ground water may demonstrate a stronger THMC coupling  

 At 200oC, large changes in permeability have been observed.  
 

 Further work is required to both deconvolve the competing processes (thermal 
contraction and expansion, compliance, temporal behaviour) and to differentiate 
the effects of the boundary conditions (constant stress and constant volume).  
 

 These experiments have shown that permeability of compact Mx80 bentonite is 
sensitive to both the thermal loading and the nature of the boundary condition 
imposed. 

 The effect of temperature on gas permeability is an important consideration  
• Preliminary gas flow testing started 
• Too early to draw conclusions 
• Gas is likely to be strongly THM sensitive 
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