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From surface chemistry to multiphase flow in porous media: a DHRTC 
workflow 
 

Ali A. Eftekhari, Maria Bonto, Behzad Hosseinzadeh, Helton Magno de Araujo Ciriaco, Hamid M. 
Nick 

Core flooding experiments that are traditionally conducted for the characterization of multiphase flow in 
carbonate reservoirs (e.g. North Sea chalk) are flawed in design and interpretation: two complex fluids, i.e. 
crude oil and brine, are injected into a rock with a complex surface (i.e. calcite and other minor constituents). 
The physicochemical interactions between the crude oil/brine/calcite that determines the mobility of oleic 
and aqueous phases are not explicitly included in the analysis of the core flooding data. At the DHRTC, we 
have developed a new workflow that addresses these shortcomings. First, we tune thermodynamically 
consistent surface complexation models to electrophoretic and chromatographic experiments conducted on 
chalk-brine and crude oil-brine systems. Then, we incorporate the thermodynamic models in a reactive 
transport formulation of the flow of oil and water. We then use the model to analyse the conventional core 
flooding experiments. Our lab provides complimentary effluent analysis that helps to further tune and/or 
validate the reactive transport model. We link the available sites for the adsorption of polar organic groups 
on the carbonate surface to the mobility of oil and water that are described by relative permeability 
correlations. The diffusion-controlled wettability alteration of the rock is also included in our models to avoid 
the misinterpretation of the observed oil- and water- breakthrough times. Finally, the complex and 
computationally expensive surface complexation models are reduced to Langmuir isotherms, which leads to 
a faster yet accurate model for conducting reservoir scale simulations and sensitivity analyses. The developed 
workflow and models are also suitable for environmental applications, e.g. produced water reinjection, 
predicting the flow of pollutants in aquifers and carbon capture and storage. 

 

 

 

 

 

 

 

 

 

 

 

 


