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Summary 

 

We investigate the effect that fluid flow in a porous medium 

has on seismic reflection data.  By using a mesoscopic-scale 

heterogeneity model for the attenuation effects in the porous 

layer, we are able to construct a seismic traces which exhibit 

the effects of visco-elastic or poroelastic layers.  The results 

are seismic data which show changes in frequency and phase 

due to the presence of the mesoscopic-scale heterogeneities.   

 

Introduction 

 

Research into mesoscopic-scale heterogeneities and the 

associated fluid flow have indicated a possible mechanism 

for attenuation within the seismic bandwidth.  This 

attenuation is due to a pressure gradient on the 

subwavelength scale as the fluids are pushed through the 

pores (Muller and Gurevich, 2005, Muller et al. 2010). 

In addition, the attenuation has an associated dispersion.  

This combination will lead to a frequency dependent effect 

at the interface of a porous zone with a non-porous zone and 

within the porous zone.  Several authors have proposed 

effective-medium models for studying these mesoscopic-

scale systems.   

Silin & Goloshubin, (2010) demonstrated that parameters 

such as tortuosity and pore size becomes negligibly small at 

seismic frequencies and proposed an asymptotic solutions 

to seismic wave propagation in porous layers.  White et al. 

(1975) and White (1975) developed a patchy saturation 

model which included a low-frequency approximation of 

the effective P-wave in a medium with spherical inclusions.  

Several studies have been derived from this work.  These 

include Dutta and Seriff, 1979 and Johnson 2001.  Carcione 

et al. 2003 and Carcione and Picotti, 2006 derived the 

equations for a visco-elastic effective-medium model from 

White (1975) and recently, Kudarova et al. 2013 and 

Kudarova et al. 2014 have proposed a poroelastic model for 

wave propagation in periodically layered media.  The 

attenuation and dispersion effects in these various models 

result in a frequency dependent velocity (FDV) in the 

porous layer. 

Considering the possibility of a frequency dependent 

velocity due to fluid effects in a porous/permeable layer, 

raises the question of what is the effect on seismic data.  How 

does it alter the frequency content and the phase of the 

reflected wave and what effect does it have on the amplitude.  

To investigate these questions, we developed a simple 

modeling algorithm which includes Shuey’s approximation 

to Zoeppretz’s reflection coefficients and FDV in selected 

layers. 

 

Method 

 

The simplest approach to the modeling question is to ray 

trace a flat layer model.  However, a FDV layer requires that 

the ray path is different with each frequency.  This will also 

alter the reflection coefficient because the medium velocity 

changes with each frequency and, for rays that penetrate the 

FDV layer, the angle of incidence will change as well.  To 

address these issues, a different model is used for each 

frequency.  The travel times are used to compute a phase 

shift in the frequency domain and the amplitudes for each 

frequency is computed using Shuey’s equation.  The 

parameters used in Shuey’s equation vary with each 

frequency necessitating that Shuey’s equation be applied in 

the frequency domain. 

To test the overall approach, a simple three layer model with 

constant velocities was used.  These results should match the 

amplitudes computed from a straight application of Shuey’s 

equation and simple travel-time calculation.  The model that 

was used was: 

VP (m/s) VS (m/s) RHO (g/cc) Depth (m) 

4200 2190 2.190 1800 

4100 2100 2.200 3400 

4200 2190 2.190 10000 

Table 1. Model of a three layer constant velocity model 

The seismic gather from this model exhibited AVO that 

corresponded to the curves from Shuey’s equation for the 

same parameters.  The shot record for this model is shown 

in Figure 1.  The reflection from the deepest interface is not 

shown in the seismic section. 

 

Example 

 

Next a three layer model was constructed with a FDV for the 

second layer.  The FDV for this layer was derived using 

Carcione and Picotti, 2006.  The velocity vs. frequency curve



Effects of mesoscopic heterogeneities 

 

for this layer is shown in Figure 2.  Of particular interest is 

the rapid change in velocity between 5 and 20 hertz.  

Although the velocity change across the entire range of 

seismic frequencies is reasonably small, from 4030 to 4125 

m/sec, it can have an effect on the reflection coefficients.  

The shot record for this model is shown in Figure 3.  Only 

the reflections from the upper two interfaces are shown.  

These are the interfaces above and below the FDV zone.  The 

reflection from the top of the FDV layer shows a change in 

frequency with offset as well as a change in the reflection 

amplitude.  The AVO differs from what would be expected 

from Shuey’s equation alone.  The reflection amplitudes for 

the troughs are plotted against offset in Figure 4 along with 

the reflection coefficients from Shuey’s equation for a 

medium with a constant compressional velocity of 4100 m/s 

in the second layer.  The reflections from the base of the 

FDV layer exhibits a similar change in frequency with offset 

and the amplitudes are also different from Shuey’s equation 

as shown in Figure 5.  Of special interest is the change in the 

phase of the reflection coefficient with offset.  Figure 6 is a 

spectral decomposition of traces 1 and 100 from this shot.  

The dominant frequency of the reflections from both the top 

and the base of the FDV layer are lower than the dominant 

frequency of the source wavelet which was a 30 hertz Ricker 

wavelet. 

 

Conclusions 

 

The presence of a porous layer may cause a shift in the 

dominant frequency of the reflection and a narrowing of the 

frequency spectrum.  This effect can change with offset and, 

in this example, is more pronounced with offset.  Further, 

depending upon the thickness of the porous zone, there could 

be a noticeable change in the phase of the reflected wavelet 

from the base of the FDV layer.  The first two effects should 

be measurable in seismic data.  It might be possible, with 

careful processing to measure a phase change in the seismic 

data as well. 

 

Future Work 

 

We intend to continue our research using a variety of models 

which will include other forms of the FDV layer based upon 

alternative theories for the attenuation.  We also will develop 

a modeling algorithm using an FK approach with either a 

finite-difference algorithm or a boundary element scheme 

for the modeling.   

Figure 1.  Shot record from the constant velocity model from 

Table 1. 

Figure 2. Graph of velocity vs. frequency based upon 

equations from Carcione and Picotti, 2006. 
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Figure 3.  The shot record for the top and base of the FDV. 

 

Figure 4. Comparison of amplitudes from the first reflector.  

The FDV model is the upper curve in red and the constant 

velocity model is the lower curve in green. 

 

Figure 5. Comparison of amplitudes from the second 

reflector.  The FDV model is the lower curve in red and the 

constant velocity model is upper curve in green. 
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Figure 6.  Spectral decomposition of traces 1 and 100 for the 3 layer FDV model.  The deeper reflection on trace 100 shows an 

obvious phase shift. 

 


