Analysis of microseismicity using fuzzy logic and fractals for fracture network characterization
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Here, we use fuzzy clustering to locate the fracture networks

specific location also demonstrates the fracture network
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A viable geothermal reservoir, requires a large aerial
distribution of fracture network. Clusters of the MEQs could
represents a connected fracture network (Figure 1). Cluster
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We are hopeful that our new findings can be tested by
actual drilling. Once confirmed, hopefully such new
applications of soft computing will find their use in the
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Figure 1 - 3D Distribution of microseismic events at The Geysers for the years 2006 to 2009

movements may be related to a faulting mechanism.
Consequently, as it is shown in Figure 10, we have created
a recommended drilling program for the injection and
production wells, corresponding to the arrows with
acceptable size and direction.
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Seismicity has fractal structures in space and magnitude
distributions, as articulated by the fractal dimension D, and
the b value. The fractal dimensions are calculated using the
correlation integral. And b-value is the slope of the
frequency-magnitude relationship, and predicted by the
maximum curvature method.

The results illustrate that the relation D=2b between the b
value and the fractal dimension D of fracture planes, is valid
In the seismicity distribution at The Geysers geothermal
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Figure 2 - Fuzzy cluster centers for all the years at the HTZ zone.
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Figure 3 - Fuzzy cluster center movement from 2006 to 2009
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Figure 5 — The Geysers map and locations of the study areas. The map is modified from original one
which is provided by Joseph Beall from Calpine

opposed to a tectonic event where fractal with fractal
dimension of 2.

This result is further proof for our hypothesis that cluster of
the MEQs represents a connected fracture network at The
Geysers.
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