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Integrating outcrop analogs and geomechanical modeling — Insights into induced hydraulic
fractures

Alan P. Morris, Kevin J. Smart, Ronald N. McGinnis, David A. Ferrill'
1Department of Earth, Material, and Planetary Sciences, Southwest Research Institute®, 6220 Culebra
Road, San Antonio, TX 78238, USA

The success of the Eagle Ford shale play in south Texas depends, as do other unconventional resource
plays, primarily on our ability to stimulate the source-reservoir by hydraulic fracturing. But not all
stimulation programs are equally successful at generating economic production from a well. Apart from
the variables inherent in hydraulic fracturing itself, rock properties such as natural fracture intensities and
orientations, mechanical stratigraphy, and in situ stress state strongly affect the outcome of induced
fracture completion programs. In the spirit of H. H. Read — “the best geologist is the one who has seen the
most rocks” — we conducted an outcrop analog investigation of the Cretaceous Boquillas Formation
(equivalent to the Eagle Ford) and we are using our field observations to inform geomechanical models of
the hydraulic fracturing process.

Model results illustrate that mechanical stratigraphy strongly influences the extent and pattern of hydraulic
fracture growth. While long, nearly planar, fractures are possible in mechanically homogeneous systems,
our analyses suggest that inclusion of the layering that is typical of most geologic systems leads to
complicated and not easily predicted deformation patterns. In general, weak intervals tend to retard
fracture propagation and, if sufficiently thick, may cause fractures to terminate well short of classical
predictions that rely on simple elastic behavior. Contrasts in rock stiffness and strength across layer
boundaries can lead to substantial layer-parallel fracture growth that would not be predicted from classic
stress theory (i.e., that fractures should propagate in the 61/62 plane). Our modeling results also suggest
that the anisotropy of the initial stress state can significantly affect the induced fracture pattern. Higher
stress anisotropy (o1 » 63) tends to produce more discrete zones of plastic strain that are interpreted to
reflect longer, planar fractures whereas more isotropic stress states tend to result in broad zones of damage
that do not propagate as far.
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