
 

  

Introduction 
Electro osmosis process is important for groundwater 

contaminant remediation, water and salt extraction. It 

combines hydraulic, concentration, and electric field 

effects (Figure 1), so it is a multiphysic coupling 

problem.  In this study, we analyze the transient 

behavior of the pressure distribution, the 

concentration distribution and the electrical potential 

distribution in a homogeneous clay sample. The 

research consist of two parts: 

1) Darcy scale numerical modeling of the fully 

coupled equations 

2) A laboratory  experiment for model validation 

 

 

 

 

   

 

Conclusions 
In the modeling result, we clearly  observe the effects 

of the interaction between the ion migration and the 

electrical field. Initially the concentration front 

movement is dominated by diffusion and at later 

times by electric effects.       

       The minimum pressure across the sample goes 

down first and move up later. The potential 

distribution also have same trend. 

      In the lab, we investigate the distribution of pH 

value and monitor the variable continuous, which will 

validate the numerical result. 

 

 

 

 

 

 

 

 

 

 

 

Li Shuai, Ruud Schotting 

Environmental Hydrogeology Group, Utrecht University 

References 
Lima, S. A., Murad, M. A., Moyne, C., Stemmelen, 

D. & Boutin, C. A Three-Scale Model of pH-

Dependent Flows and Ion Transport with 

Equilibrium Adsorption in Kaolinite Clays: II 

Effective-Medium Behavior. Transport in Porous 

Media 85, 45–78 (2010). 

Wu, M. Z., Reynolds, D. A., Prommer, H., Fourie, A. 

& Thomas, D. G. Numerical evaluation of voltage 

gradient constraints on electrokinetic injection of 

amendments. Advances in Water Resources 38, 

60–69 (2012).  

Roshan, H. & Aghighi, M. Analysis of Pore Pressure 

Distribution in Shale Formations under Hydraulic, 

Chemical, Thermal and Electrical Interactions. 

Transport in Porous Media 92, 61–81 (2012). 
 

 

 

 

 

 

Figure 2.Photograph of  Electrokinetic experiment. 

Results 
Figures 3 shows distribution of pressure, concentration 

and electric field across the sample as a function of time. 

In Figure 3a, there is negative pressure predicted, note 

that the minimum in the distribution move towards to the 

cathode side. 

    The solute transport is shows in the Figure 3b. At 

early time, the profile is dominated by diffusion. When it 

approaches the cathode, the electric field mainly affect  

solute transport process. 
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Please contact S.Li1@uu.nl Figure 3.  Evolution of pressure, concentration and  potential 

across the sample 

Electro-kinetic processes in low permeable porous media: A Numerical approach 

Figure 1. Schematic map of Electro-kinetic process 

       

The  ultimate goal of the research is to determine the 

dependence of electro-osmotic parameters on e.g. ion 

concentration, pressure and potential. 

      This will be achieved by using a pore scale 

network model to obtain the aforementioned function 

relationships. The experiment  displays in Figure 2. 

 

 

 

   

 

Length 0.025[m] 

Density 1110[kg/m3] 

Dynamic viscosity 1e-3[Pa*s] 

Porosity 0.5[1] 

Permeability  7.895e-16[m2] 

Electric 
conductivity 

1e-1[S/m] 

Electro osmotic 
conductivity 

4.5e-9[m2/(V*s)] 

Figure 3b. Concentration distribution 

Figure 3c. Electric Potential distribution 

Figure 3a. Pressure distribution 

The electric field gradient is close to constant as can be 

observed in  Figure 3c, and increases slightly with  

concentration change.  When the ions diffuse into the 

column, the apparent electric conductivity decreases a 

little close to the anode. The potential will reach 

equilibrium when the  solute is uniformly distributed 

inside sample. 
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