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X-ray computed microtomography was used to investigate why gels reduce permeability to water more than that 
to oil in porous media. This disproportionate permeability reduction is critical to reducing excess salt water 
production from oil wells. Although many water-based gels show this property, the magnitude of the effect has 
been unpredictable from one application to the next. Presumably, the effect would be more predictable and 
controllable if we understood why the phenomenon occurs. Although many mechanisms have been considered, 
the underlying cause of the disproportionate permeability reduction remains elusive. We performed imaging 
experiments using high-resolution computed X-ray microtomography (at NSLS Beamline X2B) to compare the oil 
and water pathways and fluid distributions before and after gel treatment of two porous media. One investigation 
was performed in strongly water-wet Berea sandstone cores, while the second was conducted in an oil-wet 
porous polyethylene core. The following conclusions were reached during this study: 
 
1. Although the two porous media had very different porosities (22% versus 40%), the distributions of pore sizes 

and aspect ratios were similar. 
2. A Cr(III)-acetate-HPAM gel caused comparable oil and water permeability reductions in both porous media. In 

both cores, the gel reduced permeability to water by a factor 80 to 90 times more than that to oil. 
3. The distributions of water and oil saturations (versus pore size) were substantially different before, during, and 

after gel placement.  
4. The disproportionate permeability reduction appeared to occur by different mechanisms in the two porous 

media. In Berea, gel caused disproportionate permeability reduction by trapping substantial volumes of oil that 
remained immobile during water flooding. With this high trapped oil saturation, water was forced to flow 
through thin films, through the smallest pores, and through the gel itself. In contrast, during oil flooding, oil 
pathways remained relatively free from constriction by the gel.  

5. In the polyethylene core, oil trapping did not contribute significantly to the disproportionate permeability 
reduction. Instead, oil films and a relatively small number of pore pathways provided conduits for the oil. For 
reasons yet to be understood, the small pore pathways appeared largely unavailable for water flow.  

 


