
NEA/RWM/R(2012)3/REV 

APPENDIX D: WORKSHOP POSTERS 

239 

21 - THERMAL AND HYDRAULIC PROPERTIES OF THE CONCRETE 
USED IN THE ILW REPOSITORY OF EL CABRIL (SPAIN).  

PRELIMINARY LABORATORY TESTS 

María Victoria VILLAR (CIEMAT, Spain) 

Introduction 

In most countries the final disposal of low and intermediate-level radioactive waste is 
performed on surface or near-surface facilities, in which concrete is frequently used as a barrier. 
This work is a contribution to the understanding of the behaviour of concrete barriers in surface 
disposal facilities, in particular in the Spanish disposal facility of El Cabril, where the waste 
containers are placed inside concrete cells. The durability of concrete and its mechanical 
properties are intrinsically bound to moisture transport effects, especially when it is subjected to 
repeated wetting and drying regimes, and that is why a detailed thermo-hydraulic 
characterisation is necessary to model its behaviour. 

The concrete used in this experimental work has been cast in El Cabril following the 
procedures used to manufacture the disposal cells. It has a characteristic strength of 350 kp/cm2 
and uses ordinary Portland cement, resistant to sulphates and seawater, with a water/cement 
ratio of 0.43. Its average pore size is 0.03 µm (Zuloaga 2008). 

In addition to the determination of the thermal conductivity of concrete as a function of 
water content, a hydraulic characterisation –including determination of saturated permeability, 
permeability to gas for different degrees of saturation and water retention curves– is being 
performed in the laboratory and the results obtained so far are presented below. 

Thermal conductivity 

The superficial thermal conductivity of several saturated concrete blocks has been 
measured at room temperature using the hot wire transient method. The average value obtained 
is 2.7±0.3 W/m·K. 

Also, the thermal conductivity of a 4-kg concrete block was periodically measured as it 
dried at laboratory conditions from an initial water content of 4.6 percent. It took nine months 
for the water content of the block to stabilise. This final water content, as determined by oven-
drying at 110°C, was 2.3 percent, which would be the equilibrium water content for a suction of 
116 MPa, corresponding to the average relative humidity and temperature in the laboratory. The 
thermal conductivity of the oven dried concrete was on average 2.3 W/m·K. Afterwards, the 
block was left to stabilise again under laboratory conditions and its thermal conductivity was 
also periodically measured. The water content reached during air drying before drying in the 
oven was not recovered, nor was the thermal conductivity (Figure 1), which highlights the 
hysteretic behaviour of concrete thermal and hydraulic properties. 
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Figure 1: Evolution of water content and thermal conductivity of a concrete block under 
laboratory conditions (wetting took place after oven drying) 
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Water permeability 

The saturated hydraulic conductivity of cylindrical concrete samples of diameters 3.5 or 5.0 
cm and heights between 4 and 6 cm has been measured in a constant head permeameter by 
applying an average hydraulic gradient of 187. The specimens were previously saturated with 
deionised water. It has been observed that it takes several days for the value of permeability to 
stabilise, as shown in Figure 2. The average preliminary value obtained so far is 4.1·10-11 m/s, for 
an average concrete dry density of 2.28±0.02 g/cm3 and a water content of 6.0±0.2 percent. Some 
samples were tested after being air dried and later saturated, and they have higher 
permeabilities, the average value being 1.3·10-9 m/s, for an average concrete dry density of 
2.29±0.02 g/cm3 and a water content of 6.3±0.4 percent. 
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Figure 2: Preliminary saturated water permeability of several concrete specimens 
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Gas permeability 

The permeability of concrete specimens of different water content has been measured 
using as fluid nitrogen gas injected at a pressure of about 0.1 MPa in a variable head 
permeameter. The preliminary results obtained are shown in Figure 3. As expected, the 
permeability decreases with water content, since the effective porosity also decreases due to the 
blocking caused by water. In addition, the specimens that had been previously saturated have 
lower permeabilities. 

Figure 3: Preliminary values of permeability to gas measured in concrete samples  
under low pressure 
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Water retention curves 

The water retention curves of specimens of concrete and of the mortar used to prepare it 
have been determined with two different methods: axis translation technique and control of 
relative humidity. In the first method matric suction is imposed to the sample by increasing the 
air pressure in the membrane cell in which the sample is placed (thus in the concrete pores) 
while water pressure is kept atmospheric. In the second one, the total suction of the atmosphere 
in which the sample is placed (a desiccator) is controlled by using sulphuric acid solutions of 
different concentrations. In both cases the samples are kept under a given suction until 
stabilisation of their water content, which is checked by drying at 110°C. All the tests have been 
performed at 20°C and the stabilisation times for each suction have been very long (several 
months), despite the small size of the specimens (diameter 4.3-4.5 cm, height 1.1-1.4 cm). The 
results obtained are plotted in Figure 4. 

Despite the fact that with the membrane cell method the osmotic suction is not controlled 
and only matric suction is applied, the results obtained with both techniques are quite coherent, 
which would point to a minor contribution of osmotic suction to the water retention capacity of 
concrete. As expected, the water retention capacity of the mortar, whose porosity is higher and 
in which no inert components are present, is higher than that of concrete. 

Figure 4: Preliminary water retention curves obtained in concrete and mortar (matric suction 
in membrane cells and total suction in desiccators) 
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Conclusions 

Some hydraulic properties of the concrete used to manufacture the disposal cells of an 
intermediate-level radioactive waste disposal facility have been tested in the laboratory, as well 
as its thermal conductivity. Reaching hydraulic equilibrium takes long periods of time and the 
behaviour of concrete concerning permeability and water retention capacity is highly hysteretic, 
for which reason these properties are affected by the hydraulic history of the material, which 
suggests that important changes in porosity and microstructure are caused by hydraulic 
interaction. Distributed microcracking produced by shrinkage of the gel on partial dehydration 
could be one of the reasons for the changes in dried concrete. This drying shrinkage is not fully 
reversible on wetting (Hall & Hoff 2002). 
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