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Seismic reservoir characterization of Utica-Point Pleasant Shale with
efforts at quantitative interpretation — A case study: Part 1

Satinder Chopra', Ritesh Kumar Sharma’', Hossein Nemati?, and James Keay?

Abstract

The Utica Shale is one of the major source rocks in Ohio, and it extends across much of the eastern United
States. Its organic richness, high content of calcite, and development of extensive organic porosity make it a perfect
unconventional play, and it has gained the attention of the oil and gas industry. The primary target zone in the Utica
Play includes the Utica Formation, Point Pleasant Formation, and Trenton Formation intervals. We attempt to
identify the sweet spots within the Point Pleasant interval using 3D seismic data, available well data, and other
relevant data. This has been done by way of organic richness and brittleness estimation in the rock intervals. The
organic richness is determined by weight % of total organic carbon content, which is derived by transforming
the inverted density volume. Core-log petrophysical modeling provides the necessary relationship for doing so.
The brittleness is derived using rock-physics parameters such as the Young’s modulus and Poisson’s ratio. Deter-
ministic simultaneous inversion along with a neural network approach are followed to compute the rock-physics
parameters and density using seismic data. The correlation of sweet spots identified based on the seismic data with
the available production data emphasizes the significance of integration of seismic data with all other relevant data.

Introduction

The Marcellus Shale, which has become widely
known as a source of natural gas in the eastern United
States, is a thick formation that covers 95,000 mi2
across the Appalachian Basin. The first well that used
horizontal fracturing technology for completion in the
Marcellus shale was drilled in 2006 by Range Resources
(Pickett, 2015). The formation contains 500 Tcf of esti-
mated recoverable gas reserves. Approximately 2000—
7000 ft below the Marcellus sits the geographically even
more massive formation, the Utica Shale (Figure 1). Its
areal extent is larger in that it spans over 170,000 mi?
over portions of seven U.S. states (Pennsylvania, Ohio,
West Virginia, New York, Virginia, Kentucky, and Ten-
nessee) and across the border into Canada (Ontario)
(EIA Report, 2017). The Utica Shale is considered a
source rock for oil and natural gas, and it has been
produced by conventional means in the overlying rock
formations. According to a 2012 USGS report, the for-
mation holds 940 million barrels of oil and approxi-
mately 38 Tcf of natural gas (Kirschbaum et al., 2012),
but with more drilling and production, these estimates
have been revised and stand at 2 billion barrels of oil
and 782 Tcf of natural gas (Cocklin, 2015).

Eastern Ohio has now become a new drilling target
and the focus of development activity in the Utica Shale
play, followed by western Pennsylvania. The main rea-

son for this is that the thermal maturity studies of the
Utica Play Shales have indicated a northeast-southwest
trend over eastern Ohio and western Pennsylvania, with
a western oil phase window, a central wet gas phase
window, and an eastern dry gas phase window (Ma-
riani, 2013). The oil and wet gas phase windows span
a large part of eastern Ohio and a small corner of
northwestern Pennsylvania (Figure 2). In this respect,
Utica is considered analogous to the Eagle Ford Shale
in Texas. The other significant reason is that the Utica
Play thins to the west in Ohio and becomes deeper
and thicker as its dips to the east and southeast of the
Appalachian Basin (Antoine and Frederic, 2016). In
eastern Ohio, therefore, the Utica Play is the preferred
target (over the Marcellus) due to its increased thick-
ness within the oil and wet gas windows and the higher
reservoir pressures present because of the extra 2000-
6000 ft of burial.

One of the key elements for a successful shale re-
source play is its thickness. The thickness of the Utica
Shale in eastern Ohio is greater than 200 ft. As men-
tioned earlier, it thins to the west and northwest, and
the thickness increases to greater than 500 ft as it dips
to the southeast.

Historically, the early vertical wells that pierced
through the Utica, and encountered natural fractures,
either showed or produced hydrocarbons. It was not
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until the first horizontal well was drilled in the Utica
that its potential for hydrocarbon production was estab-
lished. The area has drawn significant exploration
attention since then. Even though many companies en-
tered Ohio with the goal of drilling the Marcellus, gradu-
ally their strategic planning shifted to drilling the Utica
in the liquid-rich areas. Since then, these operating
companies have gradually acquired acreages in the
liquid-rich areas in eastern Ohio, and they have been
producing the liquid-rich gas and primary oil.

In this case study, we present our attempts at reser-
voir characterization of the Utica — Point Pleasant
package in eastern Ohio. Beginning with the geologic

Figure 1. Map of eastern United States showing Ohio and the adjoining states.
(Image generated using Google Earth.) The spread of Utica and Marcellus shales
are shown in the blowout. (Data source for Utica and Marcellus: EIA.) The out-
line in green is the extent of Point Pleasant. (Data source: Jefferies, 2013.)

Figure 2. Outline map of Ohio State showing the location of
the 3D seismic survey used in the study. The numbers 1-7 show
the individual counties discussed in the text over which the 3D
seismic survey was shot. The different hydrocarbon phase win-
dows are overlaid on the outline, showing that the survey falls
in the wet gas/light oil window. The data for the hydrocarbon
phase ribbons were adapted from Mariani (2013).
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setting of the area, we go on to discuss the data that are
available for the exercise and then describe the work-
flow followed. The goal of seismic reservoir characteri-
zation is essentially the identification of sweet spots
that represent the most favorable drilling areas. Such
an exercise entails understanding the elastic properties
of the reservoir intervals, lithology, fluid content, and
their areal distribution. A good starting point for doing
this is to use the available well data and understand the
parameters that populate the reservoir intervals at
the location of the wells. The sonic, density, gamma
ray, resistivity, and porosity log curves were sought for
the available wells within the 3D seismic volume. Core
analysis results, geochemical as well as
geomechanical data, were available for
one well. The outcome of this technique
should be supplemented with an under-
standing of faults and fractures in the
area and the zone of interest, which in
our case is the interval between the
Trenton Limestone and Utica Shale. We
make use of coherence and curvature
attributes for achieving this objective.

Geologic setting

Because the Utica and the Marcellus
Formations are geographically present
over large areas, it is difficult to present
a representative stratigraphic column
that would be correct everywhere. In
Figure 3, we show one that is represen-
tative of eastern Ohio and focus on the
stratigraphic column from the Black
River Group upward (the dark blue ar-
row in Figure 3), which is primarily
fine-grained limestone that was depos-
ited in subtidal environments (Hansen, 1997). Overlying
the Black River Group is the Trenton Limestone (the
green arrow). Its equivalent to the south is referred to
as the Lexington Limestone of Kentucky, which was de-
posited in an open-shelf marine environment deeper
than those of the Black River Group (Hansen, 1997).
The Trenton Limestone is dark-gray to brown fossilifer-
ous limestone that includes thin gray to black beds of
shale and also has abundant zones of secondary dolo-
mitization.

Above the Trenton Limestone sits the Point Pleasant
Formation, which is a black organic-rich crystalline
limestone interlayered with black organicrich shale.
The relative amount of limestone in the Point Pleasant
Formation decreases toward the top of the formation,
and the shale becomes light to dark gray. It is so named
because this formation is exposed near the Clermont
County town of Point Pleasant in southern Ohio. The
Utica shale overlies the Point Pleasant (purple arrow),
which is also organic rich. It is light gray to black calca-
reous shale with lesser limestone layers, and it is denser
than Point Pleasant. The Point Pleasant has gradational



contacts between the underlying Trenton Limestone and
the overlying Utica Shale.

The interlayering within the Point Pleasant is again a
result of Upper Ordovician (open marine) deposition in
varying sea levels. The Point Pleasant Formation is shal-
lower and thinner in central Ohio and becomes deeper
and thicker in the southeast direction. The oil, conden-
sate, and gas window ribbons trending in the northeast—
southwest direction (Figure 2) span through the Point
Pleasant and Utica Formations in eastern Ohio, and
therefore, it has been the center of drilling activity over
the past five years. By 2015, more than 1000 wells had
been drilled with greater than 50% of them producing,
the remaining waiting on production facilities and gather
lines (Downing and Livingston, 2015).

The Utica is overlain by a thick unit of interbedded
limestones and shales called the Cincinnati series that
appears monotonous. This unit represents a transgres-
sive sequence wherein the shale-dominated subunits
reflect deposition in deeper, quieter waters, and the
limestone-dominated subunits represent deposition in
clearer, shallower waters. The Cincinnati group is over-
lain by the “Clinton” sandstone (yellow arrow), Salina
group, and the Onondaga limestone units.

The Clinton Sandstone Formation of Early Silurian
age is present under 25 counties in eastern Ohio, and
large quantities of oil and gas have been produced from
it. The depth of the Clinton Sandstone increases from
the northwest to the southeast. The regional structure
is monoclonal dipping S60°E at approximately 50 ft per
mile. Its color varies from light gray to reddish (due to
the presence of hematite), it may have a thickness of as
much as 85 ft, and it becomes more calcareous to the
south. It thins to the west and is a shale beyond central
Ohio. Horizontal wells with 2000 ft laterals are com-
monly drilled into the Clinton Sandstone. Although
they are more expensive than vertical wells, they yield
greater production.

The Bass Islands and Salina Group were deposited in
a shallow-water environment during continental eleva-
tion, accompanied by a regressing sea in the Late Silu-
rian. Shallow basins at the time experienced salt and
gypsum deposition due to the solar evaporation of sea-
water. The Salina Group consists of basal red and green
shales and interbedded salt, anhydrite, dolomite, shale,
and upper layers of shale, dolomite, and gypsum. This
unit is close to 800 ft thick in places.

Overlying these Silurian rocks are the rocks of Dev-
onian age that are of marine origin. These are the Ohio
Shale, Olentangy Shale, the Marcellus Shale (the light
blue arrow in Figure 3), Onandaga Limestone, and Or-
iskany Sandstone. The thickness of this section is up to
4000 ft in western Pennsylvania. Overlying the Devon-
ian system are the Mississippian rocks of shallow water
deposition, wholly marine in origin and up to 300 ft in
thickness. This includes the Maxwell Limestone, Berea
Sandstone, and the Bedford. The shallow marine Berea
sandstone is well-known in Ohio. Its average thickness
is approximately 45 ft, it is seen as outcrops in quarries

in many places, and it is used as building stone. It has
produced oil from shallow wells drilled down to 2000 ft.

A significant clarification may be made here. Be-
cause Point Pleasant has lower clay content (clay con-
tent in Utica is between 30% and 40% but is between 5%
and 20% in the Point Pleasant), higher organic content
(total organic carbon [TOC] 1%-4%), and better porosity
(2%-12%) (Murphy et al., 2013), it has become a more
attractive drilling target. The Ohio Department of Natu-
ral Resources has carried out various regional studies in
the state, and one of them is the TOC content distribu-
tion within the Utica, Point Pleasant, and other intervals
(Wickstrom, 2013). It is interesting to note that the area
covered by the different hydrocarbon phase ribbons
shown in Figure 2 fall in the “very good” (2-4 TOC
max-wt%) to “excellent” (> 4 TOC max-wt%) pockets
of TOC. The Utica serves as a cap rock that helps main-
tain fluid pressure within Point Pleasant, and it limits
fracture propagation within it.

The composite Utica/Point Pleasant package is
present over most of Ohio, western Pennsylvania, and
the northern part of Western Virginia, but the area in
eastern Ohio spans the oil to dry gas window. This is
the reason that it is mapped as Utica-Point Pleasant
combo over eastern Ohio.

3D seismic data acquisition and processing

The acquisition of a 702 mi2 (1818 km?) 3D seismic
survey spread over (1) Carroll, (2) Tuscarawas,
(3) Guernsey, (4) Noble, (5) Belmont, (6) Harrison, and

Figure 3. Stratigraphic column for eastern Ohio.
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Figure 4. Picked horizon at the Point Pleasant level indicat-
ing the dipping reflections from northwest to southeast. The
locations of the available wells 1-7 are also indicated.

Figure 5. Correlation of well W-3 P-wave velocity, density, and gamma ray
curves with seismic data. Notice the sharp impedance contrast seen at the Onon-
daga Limestone and Trenton Formation levels giving rise to strong reflections.
The horizons corresponding to Onondaga Limestone, “Clinton” Sandstone and
Point Pleasant and Trenton levels are pickable and seen clearly on the seismic.

(Data courtesy TGS, Houston.)

T316 Interpretation / May 2018

(7) Jefferson counties of eastern Ohio, was completed in
late 2015. The location of the survey is shown in Figure 2
(with the counties marked counterclockwise as 1 to 7)
and falls in the wet gas and light oil windows of the
Utica-Point Pleasant. The acquisition parameters in-
cluded 220 ft (67.1 m) for source and receiver intervals,
660 ft (201.2 m) for receiver line spacing, 1320 ft (402 m)
source line spacing, maximum offset as 19,186 ft
(5847.9 m), 2 ms sample interval, 5 s record length, which
yielded a bin size of 110 x 110 ft (33.5 X 33.5 m). Two vi-
brator sweeps of 16 s were used as the seismic source.
The processing of this large data volume was completed
in June 2016, with anisotropic prestack time migration
gathers and stacked volume with 5D interpolation made
available for reservoir characterization and quantitative
interpretation.

Well-log correlation

Correlation of well-log information with 3D surface
seismic data is a convenient way to extend the mea-
sured rock properties at well locations spatially over
the 3D volume.

As we started compiling well data for our study, we
realized that the wells with density logs were located in
a cluster to the northern part of the survey, and very few
wells had sonic and density curves. A frequently en-
countered situation is when not many wells have shear
sonic log curves available. It is always
desirable to have a uniform distribution
of wells with sonic, density, and other
curves (gamma ray, porosity, and resis-
tivity) although sparse because it helps
with the generation of a reliable low-fre-
quency impedance model for impedance
inversion, as well as for carrying out any
neural network analysis for computa-
tion of a reservoir property. Besides,
any crossplotting carried out on well
data located sparsely on a 3D volume
and in localized clusters may not be a
true representation of relationships be-
tween the crossplotted variables. We,
therefore, selected wells that had an op-
timum distribution as shown in Figure 4.
Some of the wells located at the edge of
the 3D survey were projected a little bit
inside because the seismic data close to
the edges of the survey are not very
trustworthy.

Once the final seismic data were
loaded on the workstation, we assessed
its quality and frequency content. The
data were preconditioned for random
noise attenuation by applying struc-
ture-oriented filtering (Marfurt, 2006;
Chopra and Marfurt, 2007).

In Figure 5, we show the correlation
of the sonic, density, and gamma ray log
curves and synthetic seismograms for



well W-3 with the seismic data. Five horizons corre-
sponding to the Trenton Limestone, Point Pleasant,
and “Above-Utica” in our zone of interest, as well as
the Clinton Sandstone and Onondaga Limestone above
it were picked and are indicated in Figure 5. Although
the Trenton and Onondaga Limestones show good con-
trast at their levels on the log curves (and thus promi-
nent reflections on seismic), reflections corresponding
to Point Pleasant and Clinton Sandstone were also pick-
able. But no individual reflection corresponding to the
Utica Shale could be picked, and so the closest pickable
reflection was considered and called “Above-Utica.” A
zero-phase wavelet was extracted from

the seismic data using a statistical proc-

ess (shown on the top) and was used for

generating the synthetic seismogram.

An overall good correlation is seen be-

tween the two. A representative seismic

section from the 3D seismic volume

passing through two wells is shown in

Figure 6. A good correlation is seen be-

tween the impedance curves and the

seismic.

Coherence/curvature attribute
application

The preconditioned stacked data
were used for horizon picking and also
for generating the coherence and curva-
ture attributes. The coherence attribute
was generated using the energy-ratio al-
gorithm (Chopra and Marfurt, 2008),
and the volumetric multispectral curva-
ture attribute was generated using the
algorithm described by Al-Dossary and
Marfurt (2006). Horizon slice displays
from the most-positive and most-nega-
tive curvature volumes are shown in Fig-
ure 7. The main faults on the displays,
mostly seen north—south, with a promi-
nent one running northwest-southeast,
are noticed and indicated with green
arrows. In addition to these, there are
many smaller lineaments that could be
associated with fractures. Such informa-
tion on networks of naturally occurring
fractures is helpful when the results are
being compiled, and decisions on drill-
ing targets are made.

Low-frequency trend determination
for impedance inversion

The addition of a low-frequency trend
forms an important component of the
impedance inversion workflow for
obtaining absolute values of impedance.
Usually, one or more impedance curves
are low-pass filtered (<10 Hz) and are
used for the generation of a low-fre-

quency impedance model, using interpolation and
extrapolation and guided by horizon boundaries. When
more than one well is used for the generation of the low-
frequency trend, usually an inverse-distance weighted
scheme or a process called kriging is used to merge
the values across the seismic volume. Such techniques
need to be used with care because they can produce ar-
tifacts. We instead make use of a relatively new approach
for this low-frequency trend generation which considers
well-log data and seismic data to establish a relationship
between seismic attributes and the available well-log
curves. Using the low-frequency model generated with

Figure 6. A representative inline running east-west from the 3D seismic volume
with P-wave velocity curves (increasing to the right) overlaid on it. The quality of
the seismic data is good. The horizons picked on the line show the Onondaga
Limestone, “Clinton” Sandstone, Above-Utica, Point Pleasant, and the Trenton
to the right. (Data courtesy of TGS, Houston.)

Figure 7. Horizon slice displays midway between the Above-Utica and Point
Pleasant markers drawn from the (a) most-positive and (b) most-negative cur-
vature volumes. The lineaments seen in the north-south and northwest—south-
east indicate the faults at that level, whereas the many smaller lineaments are
suspected to be fractures. (Data courtesy of TGS, Houston.)
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a single well as one of the inputs, along with some other
seismic data attributes (relative acoustic impedance, in-
stantaneous amplitude, dominant frequency, frequency-
filtered seismic data (at 10-20-30-40 and 10-20-50—
60 Hz), a multiregression approach (Ray and Chopra,
2015, 2016) is used, wherein a target log is modeled
as a linear combination of several input attributes at each
sample point. This results in a series of linear equations
that are solved by obtaining a linear-weighted sum of the
input seismic attributes in such a way that the error be-
tween the predicted and the target log is minimized. The
choice of the different seismic attributes used could
vary, but for the case at hand, we have used the relative
acoustic impedance, some instantaneous attributes, and

Figure 8. Crossplot of P-wave impedance versus S-wave
impedance using well-log data from three wells 1, 4, and 7.
A high correlation coefficient is seen for the linear trend ob-
served.

Figure 9. Angle of incidence information overlaid on condi-
tioned gathers. The zone of interest is indicated with yellow
arrows. The angle range selected for inversion is 34°. (Data
courtesy of TGS, Houston.)
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different versions of the filtered seismic data as inputs.
Cross-validation of the predicted attributes forms part of
the workflow in which one well is withdrawn and is es-
timated by using the other wells and compared. If the
correlation coefficient between the existing and pre-
dicted curves is high, which was found to be the case,
it lends more confidence to the analysis. This approach
results in more accurate low-frequency impedance mod-
els. More details can be found in the cited references.

Because shear log curves were available in only three
of the eight wells over the 3D survey that had sonic
and density logs, we crossplotted the P- and S-impedance
for these three wells as shown in Figure 8. The linear
relationship seen therein was used to generate the shear
curves for five wells that did not have the shear curves,
and then we used those seven shear impedance curves
(three measured and four predicted using the relation-
ship) for the generation of the low-frequency S-imped-
ance model for inversion. Having determined the low-
frequency models for P-wave and S-wave impedance,
the next step is to carry out preconditioning of the pre-
stack data for enhancing its signal-to-noise ratio.

Preconditioning of prestack seismic data and
simultaneous inversion

The prestack seismic data were preconditioned care-
fully, making sure that amplitudes were preserved. The
preconditioning entailed supergathering (3 x 3), band-
pass filtering, random noise attenuation, and trim statics
processes, with difference plots taken at each step to
ensure that no useful signal leaked through any of the
processes.

The angle of incidence information was extracted
from the velocity model generated for carrying out si-
multaneous inversion and overlaid on the offset gathers
as shown in Figure 9. Such a plot helps quality control
the range of angles that can be meaningfully used in the

Figure 10. (a) Zero-phase wavelets estimated from near-, mid-
, and far-angle stacks, which are to be used in the simultaneous
inversion. Their frequency spectra are shown in (b). Notice the
variation in the frequency content of these wavelets.



inversion process. We found that the usable angle range
for simultaneous inversion was 34°.

In simultaneous prestack impedance inversion, multi-
ple partial angle substacks are inverted simultaneously.
For each angle stack, a unique wavelet is estimated (as
shown in Figure 10). Subsurface low-frequency models
for P-impedance, S-impedance, and density constrained
with appropriate horizons in the broad zone of interest,
are constructed using the approach explained above.
The models, wavelets, and partial stacks were used as
input in the inversion, and the output was P-impedance
and S-impedance. Because the usable angle range was
only 34°, the density attribute could not be determined
with simultaneous inversion, which requires angles be-
yond 40°.

Sweet-spot determination

The main goal for shale resource characterization is
usually the identification of sweet spots that represent
the most favorable drilling targets. Such sweet spots
can be described as those pockets in the target forma-
tion that exhibit high TOC content, high porosity, as
well as high brittleness. The organic richness in the
shale rocks influences properties such as P-wave and
S-wave velocities, and density (Chopra
et al., 2012). Therefore, attempts have
been made to detect changes in TOC
from the surface seismic response using
impedance and other attributes such as
the Vp-Vg ratio, lambda-rho, and mu-rho.
(Sharma and Chopra, 2016). In this study,
we have tried to bring in data from core
analysis, as well as geochemical and geo-
mechanical analysis, and integrate that
with surface seismic data. The density
and TOC measurements made on the
core samples in the Point Pleasant inter-
val were crossplotted as shown in Fig-
ure 11. A strong linear relationship is
seen between them. This suggests that
the density attribute would be required if
the organic-rich zones in the Point Pleas-
ant interval are to be determined from
seismic data.

In addition as stated above, as the an-
gle range was not favorable for comput-
ing density from seismic data through
simultaneous inversion, we turned to
neural network analysis for its determi-
nation. There are two aspects to our mo-
tivation for the use of neural networks
here. The first is that there were more
wells located in the 3D survey that had
density logs available than those with
density and sonic logs, and so could
be used in the neural network analysis.
The second aspect has to do with the si-
multaneous inversion process itself. The
simultaneous inversion is based on an

incrementally linearized approach in finding the solu-
tion (model-based inversion) and is dependent on the
choice of the starting impedance model (Ray and Cho-
pra, 2015, 2016). Even though other methods exist that
could possibly use a nonlinear minimization of error

Figure 11. Crossplot of density and weight percent of TOC
as determined from core data in the Point Pleasant interval.
A good linear relationship is seen between the crossplotted
variables.

Figure 12. (a) The density trace predicted with neural network application
compared with the measured density log curve at the location of well W-7.
The two curves overlay well and thus enhance our confidence in neural network
density prediction. (b) The derived TOC (wt%) curve shown correlated with the
TOC values from the core samples. The good correlation is encouraging.
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approach, their applications are still not common. There-
fore, we decided to determine density with probabilistic
neural network analysis, using among others, some of
the attributes determined from simultaneous inversion.
The details of the neural network approach followed,
as well as some other work with regard to the integration
of core, geochemical and geomechanical data, and seis-
mic data are being presented in a companion paper. But
in Figure 12, we show how the predicted density com-
pares with the measured density at the location of well
W-7. The good match between the curves enhanced our
confidence in this approach.

Once the density volume was determined from neu-
ral network analysis, the linear relationship shown in
Figure 11 was used to transform it to a TOC volume.
An arbitrary cross section passing through the different
wells as well as a horizon slice at the Point Pleasant
level is shown in Figure 13. High TOC content is noticed
in the northern part of the survey, which is consistent
with TOC trend observed in the Utica-Point Pleasant
play (Wickstrom, 2013).

Besides the organic richness consideration, it is vital
that reservoir zones are sufficiently brittle because the
fracturing potential of a shale reservoir is a fundamental
function of its brittleness. Attempts are usually made to

identify the brittle zones with the help of Poisson’s ratio
and Young’s modulus as a rock’s ability to fail under
stress is represented by the former, whereas the ability
of sustaining fractures is reflected by the latter (Rickman
et al.,, 2008).

In Figure 14a, we show a crossplot between Young’s
modulus and Poisson’s ratio from well data for wells
W-1 and W-7 from the Utica through Point Pleasant to
the Trenton interval. We notice a positive correlation be-
tween the two parameters. The data points correspond-
ing to low Young’s modulus and Poisson’s ratio and high
Young’s modulus and Poisson’s ratio are enclosed in the
different polygons and back projected onto the log
curves (Figure 14b). We notice that the Point Pleasant
interval exhibits low Young’s modulus (Ep) and low Pois-
son’s ratio relative to the Utica interval. As is seen in
many other shale formations, brittleness is found to in-
crease as Poisson’s ratio decreases and Young’s modulus
increases (Rickman et al., 2008). Going by this observa-
tion, Point Pleasant does not seem to follow this behav-
ior, even though the production from the multistage
fracking in this interval has been established (Patchen
and Carter, 2015). Within the Point Pleasant interval
(highlighted by the red polygon), we also see a variation
in these two parameters. To study the variation of these

Figure 13. (a) An arbitrary line from the TOC volume and passing through wells W-1 and W-7. (b) A horizon slice at the PP level
from the TOC volume. The path followed by the arbitrary line through the different wells is also indicated. The overlaid curves are
the density logs. The TOC content appears to be more on the northern side of the line and gradually decreases to the southern side.

(Data courtesy of TGS, Houston.)
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Figure 14. (a) Crossplot between Young’s modulus and Poisson’s ratio for wells W-1 and W-7 for the Utica to Trenton interval.
(b) Back projection of the cluster points in different polygons on log curves. Note the positive correlation between the crossplotted
parameters. In addition, we see a variation in the values of both parameters for the points in the red polygon, most of which are
coming from the Point Pleasant interval.

Figure 15. (a) Crossplot between Young’s modulus and Poisson’s ratio for wells W-1 and W-7 for the Point Pleasant interval to
study the variation of the parameters within this interval. (b) The projection of the points enclosed in red and blue polygons shows
that the Young’s modulus and Poisson’s ratio decrease going from well W-1 (north) to well W-7 (south).
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parameters within this interval, we restrict the data
points coming into the crossplot to just the Point Pleas-
ant interval as shown in Figure 15, and we see the cluster
of points enclosed in the red polygon coming from W-7
(to the south) and the ones in the blue polygon coming
from W-1 (to the north). Poisson’s ratio and Young’s
modulus decrease going from north to south.

Grieser and Bray (2007) propose computing the brit-
tleness average from the Young’s modulus and Poisson’s
ratio and correctly predict brittle and ductile shale pock-
ets within the Barnett shale by considering all values of
Poisson’s ratio less than 0.25 as the brittleness threshold
and all values of Young’s modulus greater than 3.1 x 10°
psi as prone to fracturing under stress.

We follow a similar approach and demonstrate its ap-
plication to the Utica-Point Pleasant play. Realizing that
the Point Pleasant interval has high calcite content
(Patchen and Carter, 2012), and therefore its ability to
fail under stress and sustain fractures must be high, we
extracted the P-wave impedance and S-wave imped-
ance derived from simultaneous inversion and density
derived from probabilistic neural network analysis to
compute the Young’s modulus and Poisson’s ratio attrib-
utes for the seismic volume. These were then crossplot-
ted just for the Utica to Trenton interval as shown in
Figure 16. Note that most points below a Poisson’s ratio

value of 0.23 (enclosed in red and green polygons) come
from the Point Pleasant interval. Thus, we interpret this
interval to be prone to get fractured under stress. The
ability of this interval to sustain fractures in a relative
sense can be examined based on the Young’s modulus
attribute. It can be seen from Figure 16a that the points
enclosed by the green polygon correspond to higher val-
ues of the Young’s modulus, than of the points enclosed
by the red polygon. When we project these points on the
vertical arbitrary line passing through the wells (shown
in Figure 13a) as exhibited in Figure 16b, we notice that
the northern side of this line exhibits higher brittleness
than the southern side.

To examine the lateral variation in the Young’s modu-
lus, we extract a horizon slice from the Young’s modulus
volume that is shown in Figure 17a. The northern part of
the display shows higher values of the Young’s modulus.
This is consistent with our observation from wells W-1
and W-7 in Figures 14 and 15.

Thus, by restricting the values of the Poisson’s ratio
and examining the variation of the Young’s modulus, we
have been able to determine the variation in the brittle-
ness of the Point Pleasant interval. In addition to brit-
tleness, organic richness was also explored for through
the TOC volume. For doing this, we draw an equivalent
horizon slice from the TOC volume, which is shown in

Figure 16. (a) Crossplot between the Young’s modulus and Poisson’s ratio as derived from seismic data for the Utica to Trenton
interval. Notice a similar positive correlation between the crossplotted parameters as seen in Figure 15. (b) The cluster points in
different polygons on the crossplot when projected on the vertical show higher brittleness on the northern side of the survey. (Data

courtesy of TGS, Houston.)
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Figure 17. Horizon slices from (a) Young’s modulus and (b) TOC volumes, aver-
aged in a 10 ms window in the Point Pleasant interval. The highlighted portions
indicate the sweet spots corresponding to high Young’s modulus and high TOC.
(Data courtesy of TGS, Houston.) The production data are overlaid on the TOC
display. It may be mentioned here that the production data have been obtained
from the online open database, and we are not sure about its accuracy. However,

the match seems convincing.

Figure 17b. We notice relatively higher TOC values in
the northern part, even though most of the displayed
TOC values are between 2 and 3 wt% (which suggests
that more or less the whole survey is rich in TOC val-
ues). The areas highlighted in the black polygons are
thus the sweet spots that have been determined from
the above analysis. This seems accurate enough as con-
firmed by the available production data overlaid on the
TOC display.

We have shown the sweet spots for the Point Pleasant
interval within the 3D survey area, but a similar analysis
can be carried out for the Utica and the Trenton intervals,
which we will try and cover in a companion paper.

Conclusion

We have characterized the Point Pleasant formation
in eastern Ohio using 3D surface seismic and its integra-
tion with core, geochemical, and geomechanical data.
This has been done by deriving rock-physics parame-
ters (Young’s modulus and Poisson’s ratio) through
deterministic simultaneous inversion and neural net-
work analysis. We find that the Point Pleasant Formation
does not seem to follow the commonly followed varia-
tion in terms of low Poisson’s ratio and high Young’s
modulus for brittle pockets. Instead, by restricting the
values of the Poisson’s ratio and examining the variation
of the Young’s modulus, we could determine the brittle-
ness behavior within the Point Pleasant interval. Com-
bining the brittleness behavior with the organic
richness determined through the TOC content, we could
pick sweet spots in the Point Pleasant interval that match
the production data.

Through this case study, we emphasize the integra-
tion of 3D surface seismic data with all other relevant

data to accurately characterize the Point
Pleasant Formation.
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