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Multiphase fluid flow is a common process in geological systems and has important applications such 

as aquifer remediation and Carbon Capture and Storage (CSS). Understanding how pore-scale fluid 

displacements link to the macroscopic descriptions of multiphase flow forms an important gap in our 

current understanding of this process. At the mesoscale, between the pore and the continuum scale, 

the distribution of the fluids in the pore network develops into different patterns depending on e.g. flow 

regime, pore geometry and surface chemistry. Over the years, significant effort has been put into 

identifying the underlying pore-scale displacement mechanisms [e.g. 1] and classifying these 

displacement patterns in model porous media based on e.g. the capillary number, viscosity ratio and 

wettability[2]–[4]. However, subsurface rocks tend to be far more complex in terms of pore structure and 

wettability than the model materials on which these classifications are based. We hypothesize that pore-

scale complexities might induce local variations in the viscous-capillary force balance which could 

translate in qualitatively new multiphase flow behavior. 

To test this hypothesis, we use fast laboratory based X-ray microtomography to image n-decane-brine 

drainage and imbibition experiments performed on two medium-grained calcareous sandstone samples 

of the Luxembourg Sandstone Formation (lower Jurassic) at slow flow rates (Ca 10-9). One of these 

samples was treated using octadecyltrichlorosilane (OTS) to induce an mixed wettability distribution. 

The experiments were imaged continuously at 60s per 360° rotation using a laboratory based X-ray 

microtomography scanner optimized for fast image acquisition to generate a time series of images with 

a reconstructed voxel size of 8µm/vx. We quantify fluid displacements on a pore-by-pore basis to 

investigate the times scales associated with the fluid displacements. We identify a previously 

undescribed type of filling event that occurred during water-flooding under mixed-wet conditions, where 

certain large pores fill at a time scale that is four orders of magnitude slower than the Haines jumps that 

occur in neighboring pores. This displacement type is responsible for about 20% of the total 

displacement of the n-decane phase in our sample during water-flooding. The rate-limited behavior of 

these events can be explained by the fact that under mixed-wet conditions the persistent connectivity of 

the fluid phases allows the invasion of poorly connected, large pores through low-conductivity pore 

regions which locally control the flow rates. 
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