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Development of Equivalent Permeability Calculation and Iteratively 

Coupled Fluid Flow & Geomechanics Simulation Codes by Using Fractal 

and Statistical Methods 

 

Permeability and porosity are two of the key parameters for reservoir simulation. Porosity is 

essential for estimating original oil/gas in place and for calculating saturation and permeability. For 

naturally fractured reservoir (NFR) simulation, when matrix porosity is negligible, it is important to 

estimate proper fracture porosity and permeability in order to obtain more accurate simulation 

results. However, it is difficult to measure and estimate these parameters because of numerous 

factors, such as high heterogeneity of fluid and fracture properties, a scale difference between 

sampling window and real reservoir domain, and so on.  

In a previous study (Kim and Schechter 2009), a fractal discrete fracture network (FDFN) codes were 

developed to generate discrete fracture network distributions and to calculate fracture porosity 

based on outcrop map, core sample and/or image log data. I developed codes to estimate the 

equivalent permeability distributions of large numbers of fractures using a modified Oda’s algorithm. 

A modified Oda’s algorithm reflected the heterogeneous nature of fracture networks using the full 

tensor permeability scheme. Simulated FDFN data were passed to a modified Oda’s algorithm, and x 

and y directional equivalent permeability distributions were calculated.  

I also developed iteratively coupled fluid flow and geomechanics codes, and simulated the fluid flow 

in porous media and estimated the interaction effects between two models. With calculated 

equivalent permeability data, two-phase fluid flow in porous media was first solved by finite 

difference methods (FDM), and then the calculated pore pressure data were passed to an elasto-

plastic geomechanics model to calculate stress/volumetric strain of each element using finite 

element methods (FEM). The iteration was repeated until the convergence level was below the 

desired tolerance level and we estimated the interaction effects between fluid flow and geomechanics 

on reservoir simulation. All codes were written in Matlab®. 

 

Research Activities: 
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 Develop equivalent permeability calculation code 

and calculate equivalent permeability using 

generated fracture network data by FDFN code 

 Develop iteratively coupled fluid flow-

geomechanics simulation code  

 Sensitivity study of property effect on the 

production performance 

In most cases, fracture porosity and permeability are 

considered to be static or pressure dependent variables, 

and are not incorporated with the stress/strain change of 

the solid matrix during simulations. However, because 

effective stress change of the solid matrix and pore 

pressure change of fluid affects each other 

simultaneously and this interaction is ongoing process, a 

coupled analysis of fluid flow and geomechanics is 

required for more accurate simulation results.  

Through Simulation results from case studies indicated that understanding the interaction 

between fluid flow and geomechanics was important for predicting proper production 

performance. And sensitivity simulation results of cumulative oil production with different 

properties showed that production performance depended on the property types and their values.  

The sensitivity index of each property was calculated in order to find the critical property with the 

most significant effect on cumulative oil production in this study.  

 

Figure 1. Simulation results of cumulative oil 

production by FDM and by coupling 

simulation 

Figure 2. Sensitivity index calculation results by FDM and by iterative coupling simulation 


