
 

ABSTRACT 
 
In 1996 the Backfill and Plug Test Project started at the Äspö Hard Rock Laboratory (Sweden) 
managed by SKB (the Swedish Radioactive Waste Agency). The Backfill and Plug Test Project makes 
up an important part of SKB’s research in order to store nuclear waste in a deep geological repository 
in safe conditions. ENRESA (the Spanish Radioactive Waste Agency) collaborates in this project with 
SKB and with the Swedish company Clay Technology in estimating and determining the hydraulic 
conductivity of the backfill material used to backfill a gallery, numerical simulations of soil behaviour or 
soil testing characterisation. 
 
The backfill, obtained by mixing 30% of sodium bentonite MX-80 and 70% of crushed granite rock by 
weight, which had maximum grain size of 20 mm, has been experimentally characterised. The 
experimental campaign has also taken into account salt water effects (up to 16 g/L) on its hydro-
mechanical behaviour. Because of the bentonite content, the activity of this soil is quite large if 
compared to natural clay soils as kaolinites or illites. Therefore, effects on changes in the pore fluid 
chemistry on the hydro-mechanical behaviour of this mixture were investigated. Due to the current 
application of the mixture, as candidate for sealing galleries in a future repository for nuclear waste, 
interest was focused on the variation of permeability related to variation of salt concentration in pore 
fluid.  
 
This degree thesis has followed the previous research work of the backfill experimental 
characterisation developed at the Department of Soil Mechanics of Technical University of Catalonia 
which often collaborates with ENRESA. Two degree thesis and a PhD thesis have been produced 
within this Project in this Department by now. 
 
From the experimental results, it was clearly shown that backfill permeability increases as salt 
concentration in the water used to hydrate the backfill also increases. Backfill compressibility was not 
dependent on salinity variations within the salt concentration range or backfill density considered in 
these experimental studies.  
 
It is very important to point out that the experimental characterisation of such a soil is very complicated 
because of the following problems: 
 
1) The maximum grain size of crushed granite particles is up to 20 mm. Therefore, the size of the 

backfill specimens to be used in laboratory is large. 
2) The huge size of backfill specimens is not usual in a normal soil mechanics practice. Therefore, 

the necessary equipment available in a laboratory to test such soil is very limited. The 
experimental characterisation of the backfill needs of new and expensive tools that are difficult to 
accommodate on time within the planning of the research. 

3) Content of bentonite MX-80 in the backfill is high enough to make backfill a low permeability 
media. Thus, backfill saturation is very slow as consolidation steps are also slow. Consequently, 
repeatability is almost impossible in such conditions. 

 
The tests performed within this degree thesis met the following criteria: 
 
• Backfill compaction was studied by taking into account the salinity influence. Proctor tests at two 

energy levels were carried out on specimens hydrated with distilled water and salt water (16 g/L, 
50/50 NaCl and CaCl2). 

• Backfill volume change (swelling and settlement) was investigated in similar conditions as the 
compaction tests. However, the backfill specimens were prepared by means of dynamic 
compaction instead of static compaction as done before in previous tests in similar conditions. 

• Micro and macrostructure was investigated by means of two techniques not commonly used in soil 
mechanics practice: Mercury Intrusion Porosimeter (MIP) and Environmental Scanning Electronic 
Microscope (ESEM). Both techniques provided with information on the changes produced at this 
small level when backfill is hydrated with distilled water or salt water which is responsible of the 
differences of macroscopic hydro-mechanic behaviour. 

 
Finally, results concluded that backfill behaviour changed depending on the salinity of water used to 
hydrate it. However, backfill is a very difficult soil to characterise experimentally and, doubtless, the 
greatest difficulty of this degree thesis was to obtain good and reliable results in such a soil. 
 


