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• Fast compressional or shear waves travelling through a 

fluid-saturated porous material (a Biot medium) containing 

heterogeneities on the order of centimeters (mesoscopic 

scale) suffer attenuation and dispersion observed in seismic 

data. 

• Since extremely fine meshes are needed to represent these 

type of mesoscopic-scale heterogeneities, numerical 

simulations are very expensive or not feasible. 

Introduction.I 



• Alternative: In the context of Numerical Rock Physics, 

perform compressibility and shear time-harmonic 

experiments to determine a long-wave equivalent 

viscoelastic medium to a highly heterogeneous Biot 

medium. 

• This viscoelastic medium has in the average the same 

attenuation and velocity dispersion than the highly 

heterogeneous Biot medium. 

 

Introduction.II 



• Each experiment is associated with a Boundary Value 

Problem (BVP) that is solved using the Finite Element 

Method (FEM). 

 

Introduction.III 

The basic concepts and ideas used in this presentation  

can be found in the book   

Numerical Simulation in Applied Geophysics  

by Juan Santos and Patricia Gauzellino, Birkhauser, 2016 



Biot’s Equations in the Diffusive Range of 

Frequencies.I 



Biot’s Equations in the Diffusive Range of 

Frequencies.II 



Boundary Conditions at a Fracture within a 

Biot Medium.I 



Boundary Conditions at a Fracture within a 

Biot Medium.II 
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Boundary Conditions at a Fracture within a 

Biot Medium.III 



Boundary Conditions at a Fracture within a 

Biot Medium.IV 



Boundary Conditions at a Fracture within a 

Biot Medium.V 

compliances 



Boundary Conditions at a Fracture within a 

Biot Medium.VI 



Boundary Conditions at a Fracture within a 

Biot Medium.VII 



The Equivalent TIV Medium.I 

solid displacement vector at the macroscale 



The Equivalent TIV Medium.II 



The Equivalent TIV Medium.III 



The Equivalent TIV Medium.IV 



The Equivalent TIV Medium.V 



The Equivalent TIV Medium.VI 



The Equivalent TIV Medium.VII 



Numerical Experiments.I 

• In all the experiments we used square 

samples of side length 2 m, with 9 

fractures at equal distance of 20 cm. 

• In the first two experiments, the 

samples contain Material 1 in the 

background and Material 2 in the 

fractures. In the last experiment, both 

background and fractures contain 

different proportions of Material 3. 

 

 



Numerical Experiments.II 



Numerical Experiments.III 



Numerical Experiments.IV 

Dissipation Factor Energy Velocity 



Numerical Experiments.V 



Numerical Experiments.VI 

Energy Velocity qP-waves Energy Velocity qSV-waves 

Energy velocity anisotropy increases as fracture aperture increases. Also, 

velocity decreases for waves arriving normally to the fracture layering 

 



Energy Velocity SH-waves 

Numerical Experiments.VII 



Numerical Experiments.VIII 

•  Fracture aperture        = 1 mm, frequency 60 Hz. 



Numerical Experiments.IX 

• Porosity spatial distribution in 

the background of the fractal 

sample for the case of 10% 

volumen fraction of Material 3. 

• In this sample both background 

and fracture properties vary in 

fractal form. 

 



Numerical Experiments.X 

Energy Velocity qP-waves Energy Velocity qSV-waves 

Energy velocity anisotropy decreases as proportion of Material 3 

increases. 

 



Energy Velocity SH-waves 

Numerical Experiments.XI 

Energy velocity of SH waves remains large even for large proportions of 

Material 3. 

 



• The procedure was first validated comparing the results with 

those obtained for fractures modeled as fine layers.  

• In all cases, the experiments show that fractures induce 

strong velocity anisotropy. 

• Larges increase in anisotropy was observed for large 

increases in the openings of the fractures.  

 

Conclusions.I 



• Energy velocities for qP and qSV waves were observed to 

decrease as the volume fraction of the fractal 

heterogeneities increase, with these two waves tending to 

behave isotropically.  

•  SH energy velocities remained anisotropic even for large 

volume fractions of fractal heterogeneities.  

 

Conclusions.II 



• The results of the last two experiments suggest that this FE 

procedure may become a useful tool to study variations in 

energy velocities in hydrocarbon reservoirs subject to 

hydraulic fracturing. 

Conclusions.III 
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