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ABSTRACT 

X-ray imaging was used to monitor the deformation and water transport in MX80 bentonite samples during wetting experiments. The samples were held in an aluminum tube and wetted from 

the top end (Fig. 1). Both ends of the samples were fixed in constant volume experiments whereas in free swelling experiments the samples were let to swell freely upwards in the tube. A mic-

rotomographic device was used to take X-ray images of the samples and a calibration block during the wetting process. The calibration X-ray images were used to correct the beam hardening ar-

tifact and its spatial and temporal variation. The corrected X-ray images were used to calculate the linear attenuation coefficient (µ) of the sample which depends on the partial densities of the 

bentonite and water and can be expressed as µ = µm,b · ρb + µm,w · ρw (1). The mass attenuation coefficients µm,b and µm,w were determined from the unwetted state and from the water layer on 

the top of the sample. The deformation of the sample was measured by tracking the motion of added tracer particles between the X-ray images (Fig. 2). The partial density of the bentonite was 

calculated using the initial density and displacement field, and then the partial density of the water was calculated from Eq. 1. Examples of results from the free swelling and constant volume 

experiments are shown in Figures 3 and 4. 

CONCLUSIONS 

A non-destructive method based on X-ray imaging was depeloped and used to study wetting of MX80 bentonite. The method yields the axial displacement and the bentonite 

and water content as a function of time. The results obtained by the method seem plausible and are in close agreement with the validation data. The accuracy of the method 

depends heavily on the X-ray beam stability and the success of the deformation measurement. The results are useful in developing and validating hydro-mechanical models for 

the bentonite buffer used in nuclear waste repository concepts. 

Figure 2: The measured axial deformation in the sample at four instants of 

time during a free swelling experiment. 

Figure 1: A microtomographic device (SkyScan 1172) was used to take X-ray images of a sample holder con-

taining a wetting bentonite sample. 
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Figure 4: The measured axial bentonite and water content in the sample at four instants 

of time during a constant volume experiment. Validation data, measured by slicing and 

oven drying the sample, is plotted in the last image. 

Figure 3: The measured axial bentonite and water content in the sample at four instants of time during a free swel-

ling experiment. Validation data, measured by slicing and oven drying the sample, is plotted in the last image. 


