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TAB: background

• in the case of thermal alteration of 

bentonite, e.g. cementation, caused 

by smectite/illite conversion where 

silica is released at higher 

temperature (and later reprecipitated) 

can occur 

• currently, in many national 

programmes, the requirements for 

maximum bentonite temperatures are 

set around 100°C to avoid potential 

cementation (and other issues)

• in many cases, there would be 

interest in increasing this limit, so 

allowing, for example, the placement 

of waste packages more closely than 

is currently planned

Source:Villar et al., (2020) - HITEC.
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• but this would require more stringent justification than 

currently exists (NB EURAD-HITEC 2019-2024 project is 

currently examining this)

• although a significant number of NA papers on this theme are 

available, critical re-analysis of the data (Posiva, 2013, 2023) 

showed that most examples suffer from the same problem: the 

conditions are not truly representative of a repository

• As such, the conclusions reached in such NA studies to date 

are misleading



TAB: background

The degree of saturation 

of the EBS affects the 

thermal conductivity of 

the bentonite, the highest 

temperatures being met 

in the “dry” case, i.e. 

bentonite water contents 

being as installed (e.g. in 

Posiva’s reference 

design, the initial water 

content of the buffer is 

assumed to be 17%)  



TAB: previous work (Busachi)

• numerous studies 

where smectite-bearing 

clays which had been 

penetrated by 

dykes/sills have been 

reported 

• mineralogical changes 

were generally 

associated with 

subsequent fracturing 

of the cemented clays 

as the interstitial waters 

were driven out



TAB: previous work

• While these mechanisms are of 

relevance to various repository 

designs (e.g. disruption of the 

bentonite by the movement of 

interstitial waters), in most cases 

of contact metamorphism studied, 

the temperatures have been much 

too high (800-900°C) 



TAB: previous work

• In a few rare cases, attempts have 

been made to sample far enough 

away as to be in a more 

appropriate temperature field



TAB: previous work

• unfortunately, even these observations cannot be applied 

directly to the safety case because the full thermal, chemical 

and pressure histories experienced by these clays were not 

adequately characterised (if examined at all) 

• no information on the degree of saturation is available in any 

of the reported studies



TAB: previous work

• the Ishrini bentonite body (Libya) 

has been examined and the 

impact of a basalt dome and 

dykes on the bentonite was 

assessed 

• minimum temperature 

experienced by the bentonite was 

probably >190°C but bentonite 

from outwith this zone (i.e. in the 

lower temperature area) was not 

sampled, so the original condition 

of the bentonite is not known 
 



TAB: previous work

•  In the case of diagenetic illitisation, a number of natural analogue studies 

have been carried out in the Gulf of Mexico (and elsewhere)

• However, these studies do not really represent the repository environment 

because the duration of heating is several orders of magnitude longer than 

would be the case in most repositories

• Nevertheless, these studies suggest the illitisation rate in the natural 

environment is considerably slower than that predicted by kinetic models, 

but this is often due to the fact that the process depends on the rate of 

supply of potassium, which may often be limited 



TAB: conclusions on existing work

NA studies of thermal alteration of bentonite are legion (and only a 

few are noted above), but critical reviews (e.g. Laine & Karttunen, 

2010, Posiva 2013, 2023) of the work carried out to date indicates 

that they are of little value in supporting the safety case because:

 

• either the conditions are non-repository relevant

• the backgroundinformation obtained was too limited

• inappropriate temperature range examined (e.g. Ishrini)



TAB: previous work

• in conclusion, while the probable impact of raised 

temperatures is minimal (i.e. some local cementation occurs, 

but the majority of the bentonite remains unaltered), a truly 

repository-representative analogy has not yet been 

examined



TAB: conclusions on existing work

• inappropriate timescales for heating of the bentonite, they are usually 

way too long (e.g. Gulf of Mexico)

• ill-defined (e.g. 1999 EU study; Pellegrini et al., 1999) or assumed (e.g. 

Busachi; Pusch & Karnland, 1988) boundary conditions

• under-characterised physico-chemical parameters of the bentonite

• use of modern analytical techniques can better define temperature 

zonation before assessing changes in the smectite 

• define more than just the smectite content (e.g. swelling pressure, 

saturation state etc)



TAB: what should we do now?

Certain aspects have never been 

properly addressed, for example:

• as surface/near-surface sites are 

normally studied, bentonite under a 

repository-relevant lithostatic 

load/hydralulic pressure has not been 

examined

• the saturation state of a deep bentonite 

has never been assessed in detail

Zoopigi bentonite quarry, Cyprus



TAB: what next? Coupled projects

URL

• to date, bentonite 

saturation studies have 

been highly artificial, with 

induced (relatively high) 

groundwater flow

• what is required is an 

approach where 

resaturation is studied 

under appropriate 

conditions, only then can 

we be sure that the 

scenarios (e.g. dry thermal 

pulse) are 

realistic/reasonable 

Large-scale tests considered relevant in EURAD-HITEC:

Source:Villar et al., (2020) - HITEC.



TAB: what next? Coupled projects

NA

• no more surface sites, time to 

look at bentonite mines or deep 

borehole samples where the 

bentonite is under appropriate 

hydrostatic loads 

• and is under repository-relevant 

saturation states

• fully characterise the material 

using modern methods
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