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Introduction

The success of a geothermal project depends strongly on the temperature of the formation water and
the flow rate within the reservoir. To get the high flow rates needed for a commercial successful
geothermal project it is necessary to place the wells in the right spots of the license area of our client.
These right spots might be faults, heavily fractured zones or areas with special facies. These are the
parameters that divide a geothermal project from success and failure. But how can we determine all
those parameters when we have only a few wells or sometimes no wells inside the license area or
nearby. One way to estimate many of these parameters is with the support of seismic attributes while
interpreting a 3D seismic cube. Seismic attributes are used in the oil and gas industry for many years
and have a huge range of application. They can support a conventional seismic interpretation for
delineation of faults, prediction of fractures, estimation of porosity and permeability and many other
things. Commercial software packages allow us to compute numerous seismic attributes. It is no
problem to compute all of them, the problem is to get the best out of them and the question is when to
use which attribute. If geophysicists are asked to compute an attribute for fault delineation, they will
most certainly come up with a coherence attribute. But what kind of coherence will they deliver?
There are a lot of different algorithms to calculate the similarity of the waveform between adjacent
traces. Is the algorithm used even capable in the specific situation? The following paper should give a
principle overview on different calculation algorithms using the example of coherence. This should be
representative for all other attributes.

Theory

Seismic attributes might be a huge support for the interpretation of structural and stratigraphic
features as well as for the estimation of reservoir parameters. The interpretation of faults and fractures
can be supported with volumetric dip and azimuth, coherence or volumetric curvature. These
attributes can also be used for the interpretation of fractured zones. For the interpretation of facies,
porosity and permeability we can use spectral decomposition, inversion and neural nets in addition.
For each of this attributes several calculation algorithms exist.
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Figure 1 Overview on common seismic attributes used for interpretation of faults, fractures and
facies. The yellow boxes indicate the common name of these attributes. The green boxes show the
different calculation algorithms for each seismic attribute.
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In figure 1 an overview of the most common calculation algorithms for four seismic attributes
(volumetric dip and azimuth, coherence, volumetric curvature and spectral decomposition) is
displayed. Commercial available software packages often use the same name for different algorithms.
In the following part a brief description of the different coherence algorithms are described and their
limitations are given.

The coherence attribute is a measure of the similarity between neighboring traces. In general this
measurement compares the waveform and the amplitude of the traces. Incoherent events, evoked by
abrupt changes in waveform and amplitude, might indicate faults or fractured zones. For the
calculation several algorithms exist. The most common algorithms are the crosscorrelation-based, the
semblance-based, the variance-based, and the eigenstructure-based coherence calculations. For all of
them, except the crosscorrelation-based method, it is advised to calculate dip and azimuth beforehand
(Chopra, 2007). These parameters are used to define the search window.

The crosscorrelation-based coherence (Bahorich & Farmer, 1995) is the simplest method for
calculating coherence. It operates only on three neighboring traces. In principal, this method is the
calculation of a normalized crosscorrelation coefficient between a master trace and the target traces in
the inline and crossline direction. This method is sensitive to the waveform. Due to the small spatial
search window the results of this calculation method might be strongly influenced by noisy data noise.

The semblance-based coherence (Marfurt et al., 1998) operates on more than three traces. Thus, the
calculation method is less sensitive to noisy data. In principal, the semblance is the ratio of the energy
of an average trace (derived from the traces within the search window) to the energy of the original
traces within the search window. For this method it is necessary to calculate the dip and azimuth of
the data and use this information for the spatial search window. If no dip information is used in the
calculation, then stratigraphic layering might be misinterpreted as faults or fractured zones (see figure
2B and 2D). This method is sensitive to the amplitude and the waveform of the seismic traces. This
means that the waveform and the amplitude must be the same on the traces within the spatial window
to get a coherent event.

The variance-based coherence uses in principal the same mathematical algorithm as the semblance-
based coherence. The result of this calculation is an estimation of how well each trace fits to the mean
trace of a spatial search window. Generally, the variance-based coherence is one minus the
semblance-based coherence. This method is, like the semblance-based coherence, sensitive to the
amplitude and the waveform of the traces.

The computationally most intensive algorithm is the eigenstructure-based coherence. Eigenstructure-
based coherence (Gersztenkorn and Marfurt, 1999) is the ratio of the energy of the coherent
component of the data to the energy of the original traces. The coherent component is a scaled
wavelet that best represents the waveform of the original traces. Thus, this calculation method is only
sensitive to the waveform but not to the amplitude. Like for the semblance-based and for the variance-
based method it is necessary to calculate volumetric dip and azimuth beforehand.

There are additional possibilities to calculate the coherence, but they are not yet implemented in
commercial software packages. These methods include the gradient structure tensor-based coherence
(Bakker, 2003), the least-squares-based coherence (Bednar, 1998), high-order statistics (Lu et al.,
2003), and entropy measures (Cohen and Coifman, 2002).
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Figure 2 The upper pictures show a coherence depth-slice using the semblance-based algorithm with
(A) and without (B) structural oriented filtering (SOF). The semblance algorithm with SOF gives
clear and sharp edge of faults (red arrows) and show some features which are interpreted as karst
features (vellow circle). In picture (B) also structural layering is displayed as non-coherent events.
These features might be misinterpreted as faults. In the lower pictures the same depth-slice is
displayed, but in this case the variance-based algorithm with (C) and without (D) SOF is used. Again,
the picture is much clearer with SOF (C), but the fault edges are not as distinct as in the semblance
algorithm. All of the pictures are calculated with the same vertical search window of £24ms.

For the calculation of coherence it is also important to determine the vertical and lateral search
window suitable for our interrogation. In the case of a thin channel a smaller lateral search window
might be suitable, whereas a broader channel might be better seen by a wider search window. Bigger
lateral search windows result in lower resolution, but the signal to noise ratio might be better. The
same is valid for the vertical search window. Small vertical search windows tend to have higher noise
ratio (see figure 3A), but are better for the illumination of thin features. Larger vertical search
windows tend to blur the image (see figure 3C).
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Figure 3 Semblance based coherence computed with different vertical search windows. In (A) a
search window of £12ms is used, (B) uses a vertical search window of £24ms and (C) uses a vertical
search window of +48ms. In picture (A) structural layering appears as non-coherent events (red
arrows). When using a long vertical search window the picture tends to blur (C).

Conclusion

Seismic attributes are helpful tools for the interpretation of geologic features. But the interpreter needs
to be careful when using by our software packages predefined attributes. For each seismic attribute
several calculation algorithms exist and it is important to choose the right attribute suitable for the
geological situation in question. Another important aspect of seismic attributes is seismic
conditioning. For example coherence reveals only good results if we apply structure oriented filtering
beforehand. So, in general it is important to question the geophysicists what kind of algorithm and
what parameters (e.g. search window) are they using and if an appropriate data conditioning was
applied beforehand.
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