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Summary

The Duvernay formation is a major zone of interest for unconventional oil production. It is the
stratigraphic equivalent of the lower Leduc, and is commonly believed to be the source rock for
most of the Devonian age production in Alberta. We propose a method of using prestack seismic
attributes is to derive rock properties from the Duvernay Formation. Rock properties such as
Poisson’s Ratio, Young’'s Modulus, and brittleness are useful in defining areas suitable for
hydraulic fracturing. In this study, prestack seismic attributes are derived from a 2-D seismic
line over an area in Alberta where the Duvernay is in the mature oil window. The technique
used here is simultaneous inversion, where Vp, Vs, and p are calculated from prestack CMP
seismic data. Parameters such as Young’'s modules, shear modulus, brittleness, and Poisson’s
ratio are in turn calculated from Vp, Vs, and p. ldeally, the lithology most suitable has a low
Poisson Ratio, and a high Young’s Modulus. A common assumption made in horizontal well
planning is that the lithology is uniform and homogeneous, which we do not believe is correct.
Significant changes in Duvernay rock properties are observed in seismic data over relatively
short distances. These changes can have a significant impact on planning horizontal well bores,
and subsequent well performance. Wells can be placed in areas that are more suitable for
hydraulic fracturing; the rocks that are brittle, and will stay open after proppant and sand is
injected are the best candidates for stimulation. Seismic derived attributes can provide valuable
information with respect to well placement, and what facies in the Duvernay formation are
favorable to hydraulic fracture stimulation. Historically some completions perform well, others
fail, and the fracture patterns and induced seismicity vary in a non-uniform manner. This calls
into question the homogeneous reservoir assumption commonly used today in well planning.
Hydraulic fracture induced seismicity may preferentially follow geological zones of weakness.

Introduction

The Duvernay is commonly believed to be the source rock for the Leduc reef, Nisku, and
Wabamun carbonate plays. With the development of horizontal drilling, and multi stage hydraulic
fracturing, the Duvernay has become a desired exploration target. The rock type varies in
accordance with its position in the basin. Near Leduc reef buildups, there is reef debris, away
from the reef, it is an organic carbonate bank. The Duvernay is rich in organic matter and,
depending where it is situated in the basin, produces gas, natural gas liquids, or oil. Vertical
wells and cores were evaluated for rock properties, total organic hydrocarbon content, and
suitability for further development. Common production practice has been to drill a pattern of
horizontal wells, and hydraulically fracture these wells in a number of stages. The lithology is
often assumed to be uniform, affected only by the overall stress regime and pre-existing
fractures.

Recent work by Soltanzadeh (2016), and Cho (2014), indicate that there are significant
variances in the Duvernay formation properties. Figure 1. Shows the results of modeling the
rock properties on, clay, quartz, limestone and the resulting Poison Ratio, and Young’s Modulus.
The upper left hand area are rock properties that are believed to be brittle, and can hold a
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fracture open. Prestack seismic inversion allows us to calculate these same parameters from
seismic data
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FIG 1 Poisson ratio vs. Young’s modulus. The area of this cross plot to the upper left are areas
suited to fracture stimulation.

Theory

The PP reflectivity from a boundary of two isotropic layers can be expressed as a function of the
incident angle source receiver, or more conveniently as a function of #, where & is the incident angle.
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Inverting the prestack seismic amplitudes using the above equation gives values for Vp, Vs, and p.
Once these values are known, the Poisson ratio is calculated using this equation:
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and Young’s modulus using:

2+ ZI «(1+ PR)
Young's Modulus: E =

Density

These are the attributes cross plotted in model data, Figure 1, and derived from seismic data,
Figure 2.

Seismic Analysis

The prestack inversion was processed using the Hampsen-Russel software on a single 2-D
seismic line in the mature Duvernay oil trend, adjacent to a Leduc Reef. The Poison Ratio vs.
Young’'s modulus in the Duvernay interval is shown in figure 2. A linear data trend is evident in
the Poisson Ratio/Young’'s Modulus cross plot. The majority of the points are aligned on a lower
right to upper left trend, interpreted to reflect variations in the Duvernay rock brittleness.
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Figure 2. Histogram of Duvernay cross Plot; Poisson’s Ratio vs. Young’s Modulus This is
equivalent to the model cross plot displayed in figure 1.
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Figure 3. Cross plot of Poisson’s ratio (x) vs Young’s Modulus (y)
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Figure 3 is a summation of all the Poisson’s data points inside the seismically defined
Duvernay interval. The seismic plot in figure 4 show all points on the seismic line that meet
these conditions in the enclosed red and blue polygons. The data points highlighted in red are
less brittle, the data points highlighted in blue are more brittle and capable of holding a fracture
open. The boundaries between red and blue are user defined. Note the variance from NE to
SW in the Duvernay interval. The Blue zone indicates more brittle rock, the red, less. According
to this, a hydraulic fracture at the Precambrian well tie (red triangle figure 4) would perform well,
induced fractures further to the West, (red color) would perform poorly.

The colors in figure 4 are derived from the E (Young’s Modulus) vs. Poison Ration Cross Plot
in Figure 3. The zone of interest in the Duvernay is marked with the black arrow. This may
explain why there are often unpredictable behaviors in hydraulic fracture patterns in formations
that are often assumed to be homogeneous. The 2-D seismic line in figure 4 shows significant
variation in the Duvernay Formation over the eight km. (the displayed) line length.

Figure 4. Seismic stack displays overlain with the polygon defined attributes from figure 3.

Conclusions

In order to prove the concept of lithologic controlled fracture patterns, a 3-D seismic survey
should be acquired over an existing Duvernay pool in conjunction with a Microseismic survey.
Young’'s modulus and the Poisson’s Ratio (and several other attributes) can be derived from the
data and displayed on a 3-D seismic interpretation system. Seismic inversion data can also
identify areas with rock properties that likely would hold the fracture open, and not collapse. The
seismic inversion suggests that there are significant variations in lithology in the Duvernay in
Rangeland. This is consistent with the findings by Fox et al using core analysis in NW Alberta.
Prestack inversion can identify these variations. To prove this concept, a 3-D survey would be
processed over a known hydraulic fracture program, and Microseismic events observed to follow
seismically mapped brittleness trends.
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