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Abstract 

 

A seismic interpretation workflow was developed by using well log information, rock physics modeling and seismic attenuation analysis. From 

the well log information, rock physics modeling was performed to calculate the seismic attenuation within the lithological facies of interest. 

The workflow starts by using rock physics diagnostic and template tools in order to establish the theoretical model that best represents the 

lithological facies. Moreover, the Dutta-Odé (1979) patchy saturation model is used to determine the attenuation values by changing the gas 

saturation. From this, with an equivalent viscoelastic standard model (Zener, 1965) and by the knowledge of the high and low frequency limits 

of the complex modulus, a constant Q (quality factor) can be obtained (Dvorkin-Mavko, 2006). The rock physics templates address the seismic 

relations of velocities, acoustic impedance and attenuation with respect to diagenesis, compaction and saturation trends. These elements 

constrain the seismic properties to guide for prospective hydrocarbon areas. 

 

The attenuation estimations from rock physics modeling were used to generate synthetic seismograms to assess the attenuation impact in the 

seismic response for interpreting the field seismic information. Few methods for calculating attenuation were tested in the controlled synthetic 

seismograms to find out which method could be the most stable in the real seismic data. For instance, in the seismic modeling, the bandwidth 

was varied to see the impact that high and low frequencies might generate on the seismogram and understand how that could affect the method 

for calculating attenuation in real seismic information. Seismic models with different scenarios were created to analyze what to expect when 

calculating attenuation, e.g., ranging below 1 Hz. The results of the estimated attenuation in real seismic traces around the well were compared 

to those modeled by rock physics and seismic modeling. 

 

Application of the workflow for a gas reservoir in the Gulf of Mexico is discussed. 
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Abstract
A seismic interpretation workflow was developed by using well log information, rock physics modeling and seismic attenuation analysis. From the well log information, rock physics
modeling was performed to calculate the seismic attenuation within the lithological facies of interest. The workflow starts by using rock physics diagnostics and template tools in
order to establish the theoretical model that best represen tthelithological facies. Moreover, the Dutta-Odé (1979) patchy saturation model is used to determine the attenuation
values by changing the gas saturation. From this, with an equivalent viscoelastic standard model (Zener, 1965) and by the knowledge of the high and low frequency limits of the
complex modulus, a constant Q (quality factor) can be obtained (Dvorkin-Mavko, 2006). The rock physics templates address the seismic relations of velocities, acoustic impedance
and attenuation with respect to diagenesis, compaction and saturation trends. These elements constrain the seismic properties to guide for prospective hydrocarbon areas. The
attenuation estimations from rock physics modeling were used to generate synthetic seismograms to assess the attenuation impact in the seismic response for interpreting the field
seismic information. Few methods for calculating attenuation were tested in the controlled synthetic seismograms to find out which method could be the most stable in the real
seismic data. For instance, in the seismic modeling, the bandwidth was varied to see the impact that high and low frequencies might generate on the seismogram and understand
how that could affect the method for calculating attenuation in real seismic information. Seismic models with different scenarios were created to analyze what to expect when
calculating attenuation, e.g. ranging below 1 Hz. The results of the estimated attenuation in real seismic traces around the well were compared to those modeled by rock physics
and seismic modeling. Application of the workflow for a gas reservoir in the Gulf of Mexico is discussed.



3) Calculating the inverse quality factors 

The patchy saturation model by Dutta & Ode (1979) was used to determine the seismic attenuation 
effects by changing the gas saturation. One starts using the parameters of the soft-sand model that best 
represents the reservoir with additional information needed in the poroelastic model , such as 
permeability, fluid viscosity and a "critical size" parameter, below which the patch is relaxed from the wave 
excitation. In practice, this characteristic scale of heterogeneity is difficult to establish. 

Fig. 4 Example of the patchy saturation 
model. Attenuation is frequency 
dependent. By changing the gas 
saturation, the maximum attenuation 
deviates to a higher frequency and 
reduces to a smaller value. In fact, the 
maximum attenuation value in each 
case is associated to about 87% of 
water saturation (see Fig. 5). So areas 
of larger gas will have lower 
attenuation (but yet observable) than 
areas of almost fully water saturation. 
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Fig. 5 Attenuation vs Saturation. Red line is 
water saturation against gas saturation . 
Maximum value around 87%. Blue line is water 
substituted by itself. Green is by substituting to 
oil. How can we relate frequency dependent 
attenuation to gas saturation? 

The frequency dependent modulus dispersion is characterized by a relaxed low frequency limit, by an 
unrelaxed high frequency limit and by a characteristic frequency at maximum inflection where attenuation 
is at maximum. So according to the standard linear solid (SLS; Zener, 1965), the maximum inverse 
quality factor is at the critical frequency, taking the corresponding relaxation limits into account. In order to 
obtain the attenuation logs, the Dvorkin & Mavko (2006) theory was used for calculating the P and S 
inverse quality factors at partial and full saturation that is based on the SLS model. 
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Fig. 6 Attenuation results for the 2800-
3220 m depth interval. Notice in the gas 
saturated that for higher gas saturation 
smaller the attenuation IS, however 
perceptible. 

0 '" -~ 
o 

.. 

" . .: ':,. . . . :'; . .. . . . -
. :' . w · 

.. 

.. 

.. 
Hydrocarbon trend 

: 

.. . . 

" . . ' , ' " . . 
Brine trend 

'. . . <r---------' 
, . . . ... , . " ... 

•. ~, ----~, ----~--~----.~--~.~--~--~~--~. 
(Vp / VS )2 

" 

" 

.. 

" 

, 

Fig. 7 Crossplot of the quality factor ratio vs. the squared 
velocity ratio. Light color represents small amount of gas 
saturation (linear brine trend) whereas darker color is higher 
gas saturation showing an "hydrocarbon trend" where the 
higher the gas saturation, larger is the value of the quality 
factor ratio. Could this trend be observed in the seismic 
information? 
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