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Summary
The development of unconventional energy resources requires an in-depth understanding of various
subsurface conditions to properly characterize the reservoir. As hydraulic fracturing is required to maximize
reservoir contact and increase permeability, the reservoir quality as well as its susceptibility to fracturing
upon stimulation needs to be assessed. Properties of interest then include elastic or geomechanical
properties to determine the rock’s behaviour upon loading and petrophysical properties such as porosity
and mineral fractions to assess the reservoir quality. Seismic methods can be useful to address these
challenges but require a more quantitative description that goes beyond the interpretation of subsurface
structure. The ultimate goal therefore, is to estimate reservoir parameters that will directly indicate the
economic value of the asset. In this study, we demonstrate a rock physics inversion workflow through a
case study in the Montney in NE British Columbia, Canada. We preform an AVO inversion to estimate
elastic properties from seismic data followed by a rock physics inversion to estimate porosity and mineral
fractions in the reservoir to assist in the identification of optimal zones for production.

Introduction
The characterization of the reservoir potential for unconventional plays lies in the identification of
petrophysical properties such as porosity and mineralogy. Furthermore, elastic or geomechanical
properties are important in completions design for hydraulic fracturing, where they are used as a proxy for
a rock’s susceptibility to undergo brittle failure (e.g. Rickman et al., 2008). Moreover, reservoir properties
such as porosity and mineral fractions can be used to provide an indication of improved conditions for
hydraulic fracturing, where an increase in porosity will reduce a rock’s overall strength (Cho and Perez,
2014) and the clay content can be used to identify the brittle-ductile transition zone (e.g. Soldo, 2015).
These reservoir parameters can be linked to seismically derivable properties such as acoustic impedance
and VpVs ratio through the use of rock physics. Therefore, an AVO inversion for elastic properties followed
by a rock physics inversion using a calibrated rock physics model can be performed to estimate the
petrophysical properties of interest.
In the following, we derive a calibrated rock physics model to obtain a relationship between elastic and
petrophysical parameters. Subsequently, we discuss the various aspects of the inversion workflow to
optimize the estimates of the elastic and petrophysical properties.

Rock physics modelling
The first step in the workflow is to derive a relationship between elastic and petrophysical parameters.
Here, we use a regression-based model to estimate the effective bulk and shear moduli for a three mineral
mixture of quartz, clay and limestone with varying porosity and fluid saturation values. Any variable that
potentially influences the rock matrix is used as a regression variable (e.g. effective pressure or stress),
which allows for calibration to log data capturing local trends of the field as well as enforcing theoretical
models.
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Figure 1: Cross-plot of observed and modelled data for a) porosity and b) volume of clay. The rock physics model was
generated using a three mineral model and regressed to the log data to capture the local trends of the field.

Figure 1 shows cross-plots of the observed and modelled data for porosity and volume of clay. This
calibrated rock physics model then provides the complete relationship between the elastic properties
derivable from seismic data and the petrophysical properties of interest including porosity and the various
mineral fractions.

AVO and rock physics inversion
To derive the elastic properties, we performed an AVO inversion to obtain estimates of the acoustic
impedance, VpVs ratio and density. Figure 2 shows a QC of the inversion results at a well location where
the red curves represent the log data and the blue curves represent the inversion. A good match is
observed between the measured log data and the inversion results, however, it should be noted that it is
only the higher frequencies in the seismic bandwidth that exhibit a good match. The low frequency trend
was used as a priori information and creates a biased solution.

Figure 2: Log QC of the AVO inversion results for acoustic impedance, VpVs ratio and density.

Analysis of the low frequency log trends within the seismic survey demonstrates much variability below the
seismic bandwidth. To account for these low frequency variations, we implemented a residual moveout
correction technique (Swan, 2001) to iteratively update the stacking interval velocity field that was
subsequently used as a guide for low frequency model building. Figure 3 shows the velocity field before
and after the updates. Furthermore, a depth trend was computed to account for compaction related effects.
Figure 4 shows the effect of the velocity and depth constrained low frequency model (LFM) for the acoustic
impedance at three well locations. Three different LFMs are shown in each panel along with the well log.
The static LFM represents one well log extrapolated throughout the seismic volume, the Velocity Guide
represents the static LFM guided by the velocity model and the Vel+Trend Guide represents the static LFM
guided by both the velocity model and depth trend. An improved match is observed at the wells using the
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Figure 3: Stacking interval velocities a) before and b) after residual moveout correction updates.

Figure 4: Comparison of acoustic impedance LFMs using velocity and depth trend constraints at three well locations.

Figure 5: Map view of the acoustic impedance LFM using a) multi-well extrapolation and b) single well extrapolation
with velocity and depth trend guide.

velocity and depth constraints. It should also be noted that the velocity and depth constraints imposed on
the LFM are completely data driven. Figure 5 shows maps of the LFM generated using a standard multi-
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well extrapolation technique (a) and a single well extrapolated and guided by the velocity field and depth
trend (b).
Using the AVO inversion results as input, we further perform a rock physics inversion using our calibrated
rock physics model. Figure 6 shows the log QC of the rock physics inversion for porosity, volume of clay
and volume of quartz. The left panels show the inverted trace in blue and the petrophysics logs in red.
The right panels show variable density displays of the inversion with log inserts. Figure 7 shows horizon
slices of the porosity (a), volume of clay (b) volume of quartz (c) and volume of limestone over the
stimulated interval for three horizontal wells with the microseismic monitoring events overlaid.

Figure 6: Log QC of the rock physics inversion results for porosity, volume of clay and volume of limestone.

Figure 7: Horizon slices of a) porosity, b) volume of clay, c) volume of quartz and d) volume of limestone with
microseismic events overlaid.

Conclusions
We demonstrated a rock physics inversion workflow to access the reservoir potential in the Montney. A rock
physics study was first performed to investigate the relationship between seismically derived elastic
properties and petrophysical parameters. Subsequently, we performed an AVO inversion followed by a rock
physics inversion to obtain estimates of porosity and mineral fractures to aid in the identification of optimal
areas for development. Using these properties, a more in-depth understanding of the subsurface conditions
can be obtained to ultimately improve the productivity of unconventional energy resources.
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