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Software Delineates Stratigraphic Traps

By Daniel R. Cook
and John M. Warn

BOUNTIFUL, UT.—The search for gas
in stratigraphic traps in the Green River
Basin has been difficult over the basin’s
lengthy exploration history. The reservoir
sandstones and their encasing rocks tend
to be dense and of high velocity. Litholo-
gy changes that create stratigraphic traps
commonly lack corresponding impedence
changes, and therefore, do not generate
mappable reflections. These reservoirs,
even when gas-filled, do not lend them-
selves to direct hydrocarbon detection.

Numerous high-tech approaches,
such as applying amplitude-versus-off-
set (AVO), azimuthal velocity analysis,
and three-component seismic acquisition
for shear data, have not proved to be sig-
nificant risk reducers in exploring for
gas. However, a breakthrough technolo-
gy—event resolution imaging (ERI)-has
been successfully applied to delineate
Green River Basin stratigraphic traps.

In 2003, Tom Brown Inc. used the
technology on a test case involving seis-
mic data from the proprietary Lookout
Wash 3-D data set, a 58 square-mile sur-
vey shot in July 1999 by Western Geo-
physical and reprocessed by Tricon Geo-
physics in 2002.

The Lookout Wash Gas Field is locat-
ed in T14N-R93W in Carbon County,
Wy., on the eastern flank of the Washakie
Basin portion of the Greater Green River
Basin. A handful of excellent gas wells
produce from thick, porous Almond Sand-
stone on trend with prolific Almond pro-
duction in Standard Draw-Echo Springs
gas fields to the north.

This good Almond production has
been interpreted to be from Almond bars
deposited in a long linear north-to-south
trend. The bar system has subsequently

been tilted up to the east. In this system,
dry holes are encountered east of the bar
edge line, because the reservoir is miss-
ing. Poor wells (low rate and low recov-
ery) are encountered in the bar system
downdip to the west where Almond bar
sandstone is present, but where gas satu-
ration is too low to make for good pro-
duction. Excellent wells are encountered
in the updip edge of the bar system.

Learning Wells

In the test case, seismic traces relat-
ing to five wells representing three con-
ditions were used for learning. The wells,
and their corresponding conditions, were:

e Well Nos. 12 and 14, where no sand
was penetrated (the wells are located too

far updip and east of the bar edge line);

e Well No. 6 with a subeconomic
sand volume (the well is located too far
downdip and low in the bar with poor gas
saturation); and

e Well Nos. 1 and 3 with economic
sands (10 billion cubic-foot wells posi-
tioned high in the bar system).

In addition, the locations for another
12 drill sites (four representing no sand,
four with subeconomic sand, two with
economic sand, and two locations not
drilled at the time) were also made avail-
able for the Green River Basin study.

The objective of the study was to de-
termine the feasibility of applying event
resolution imaging software technology
to use the Lookout Wash 3-D seismic data
to separate drill sites into two categories:
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“sand wells” and “no sand wells.” A fur-
ther aim was to determine whether ERI
could be employed to separate economic
gas wells from uneconomic gas wells by
analyzing 3-D seismic data.

In event resolution imaging, the seis-
mic traces in the vicinity of existing bore
holes are analyzed to discover useful pat-
terns in the seismic data that robustly dis-
criminate between any two states (states
A and B). State A might represent sand
while State B represents no sand, or State
A could represent an economic gas well
while State B could represent an uneco-
nomic gas well. As another example, State
A could represent a high-production oil
well and State B could represent a low-
production oil well, or a dry hole. In this
manner, event resolution imaging technol-
ogy employs mathematical information
found in 3-D seismic data to separate two
distinct states based on the known charac-
teristics and the known production levels
of existing wells.

In some ways, ERI behaves like a neu-
ral network in that it learns from the seis-
mic traces around existing wells. How-
ever, strictly speaking, ERI does not
employ neural network technology to do
its learning because it does not use back
propagation or gradient descent. As a
matter of fact, ERI does not use tradition-
al discriminate analysis, linear regres-
sion, non-linear regression, or any type
of algorithm that attempts to minimize a

FIGURE 2

least squares equation in order to mini-
mize the metric distance between target
values and actual values.

Counting And Sorting

What event resolution imaging does do
is rely on a computationally intensive
method of simple counting and sorting,
thereby employing the awesome power of
the modern computer to simply step into,
and sort through, a large number of sepa-
ration landscapes, with each landscape be-
ing spanned by a number of features, char-
acteristics or mathematical attributes of
the 3-D seismic signal. Attributes such as
amplitude, frequency and phase relation-
ships are encoded in signal features that
are composed utilizing appropriate feature
weights to generate a composite attribute
value or activation value that is plotted on
a key activation plot (KAP), as shown in
Figures 1 and 2.

The seismic traces in the vicinity of
the good wells, such as sand-bearing
wells or gas producing wells, are consid-
ered to be “sheep” and take on positive
values between zero and positive infini-
ty. The individual seismic traces in the
vicinity of bad wells, such as nonsand
wells or dry holes, are considered to be
“goats” and take on negative values be-
tween zero and minus infinity.

A threshold is determined by laying
down a separation fence in each distinct
attribute space to separate the sheep from
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the goats over the separation landscape.
The software searches for a separation
space or attribute landscape where most
of the sheep are on the right side of the
separation fence and most of the goats
are on the left side of the separation fence.
No preference is given to whether the
sheep come right up close to the fence or
are scattered out toward infinity. For the
purposes of counting and sorting, all that
is important is that the sheep are on the
right side of the fence and the goats are
on the left side. In this way, no artificial
statistical mixing pressures are intro-
duced into the separation problem.

Once the best separation landscape
(having the highest number of animals
each positioned on their correct side of the
fence) has been found, a separation key,
which encodes those attributes and feature
weightings necessary to effect the separa-
tion of the seismic traces (animals), is then
recorded. A natural distribution function
is composed of the learning data to map
the sheep that naturally scatter from zero
to positive infinity onto a 0.0 to +1.0 scale.
Likewise, the goats, which naturally scat-
ter from zero to minus infinity, are mapped
onto a 0.0 to -1.0 scale. Following this ap-
proach, a KAP is generated with values
ranging from -1.0 to +1.0, with a zero axis
playing the role of the separation fence.

Sand Analysis

Figure 1 shows a key activation plot
for wells labeled Nos. 1-17. Each column
contains a number of data points repre-
senting 160-441 seismic traces in the
vicinity of each bore hole. Each data point
represents a single seismic trace. A time
window of 100 milliseconds, centered on
the pay zone, was used to analyze each
seismic trace.

Tom Brown provided cutouts around
each well for analysis of two 3-D vol-
umes: a dip moveout (DMO) migration
volume and an XFREQ volume (XFREQ
is a high-frequency analysis package pro-
prietary to Tricon Geophysics). It was
found that the wells separated more eas-
ily into their correct categories using the
XFREQ data volume from Tricon, pre-
sumably because some of the features
used in the separation key encoded fre-
quencies in the higher ranges.

In the key activation plot of Figure 1,
three wells were used for learning: the No.
1, 12 and 13 wells. Well No. 1 was used
as an example sand well, with 156 of the
traces in the vicinity of this well bore used
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for learning. Well Nos. 12 and 14 were
used as examples of no sand wells, or
wells drilled in locations where no sand
was found. In the vicinity of Well No. 12,
100 traces were used for learning, while
56 traces were used from the vicinity of
Well No. 14. A collection of features was
found in the data, which accurately sepa-
rated the nine wells containing sand (Well
Nos. 1-9, with an average sand thickness
of 17 feet) from the five wells that con-
tain no sand (Well Nos. 11-15). Well Nos.
16 and 17 were undrilled prospects.

As can be seen in Figure 1, the first
nine wells (the sand wells) have nearly
all of their data points (traces) in the range
from -0.7 to +1.0, with very few data
points in the range between -0.7 and -1.0.
In contrast, the wells that contain no sand
(Nos. 11-15) have most of their data
points at values less than 0.0, and only
have a very small number of data points
close to 1.0.

As this example illustrates, using only
three wells it is possible to learn to accu-
rately separate a significantly larger num-
ber of wells into their correct categories
of sand verses no sand.

The colored images below each col-
umn of Figure 1 indicate a map view of
the SEGY data corresponding to the data
points in the KAP, with the value of each
data point, or trace, being recorded in
SEGY format according to its X-Y loca-
tion in the survey. Also, the location of
each well bore is indicated in the colored
map view plot.

GasAnalysis

In applying the ERI method to sepa-
rate economic from uneconomic gas
wells, only two wells were used for learn-
ing: Nos. 3 and 6. In the vicinity of both
wells, 140 seismic traces were used as
State A (economic gas, Well No. 3), and
State B (uneconomic, Well No. 6). In this
economic-verses-uneconomic gas well
study, the XFREQ data set from Tricon
Geophysics again separated better than
the standard DMO migration data.

The separation key used to generate the
KAP shown in Figure 2 encoded features
in the data that separated the four good gas
wells (Nos. 1-4, averaging an estimated 5
billion cubic feet in ultimate recovery from
the Almond bar) from the five uneconom-
ic wells (Nos. 5-9, averaging less than 1
Bcef'in estimated ultimate recovery from
the Almond bar). All nine of these wells
contained sand, but only the first four con-

tained economic quantities of gas. Well
No. 17 was an undrilled prospect, and Well
No. 16 was a prospect in the process of be-
ing completed during the study (No. 16
turned out to be a good well, producing
economic quantities of gas).

The No. 1 and 2 wells were partially
depleted prior to shooting the 3-D seismic
data. This may account for the reason the
data points for these two wells seem to be
evenly distributed between -1.0 and +1.0,
whereas the majority of the data points for
Well Nos. 3 and 4 are between 0.0 and
+1.0.

Notice that the dry holes (Nos. 5-9)
contain very few data points close to +1.0.
All of the uneconomic wells have the ma-
jority of their data points between 0.0 and
-1.0. Therefore, even though this separa-
tion is by no means perfect, it does show
that it is possible to separate a number of
wells—in this case, four good gas produc-
ing wells from five uneconomic wells—by
learning on only two example wells.

In the colored map view cutouts below
each well at the bottom of Figures 1 and
2, the data points with positive activation
values between 0.0 and +1.0 are shown

in red, and the negative activation values
are shown in blue. The location of each
bore hole is also indicated in the map view
cutouts.

3-D Contrast Volume

Separation keys, like the ones used to
generate the key activation plots in Fig-
ures 1 and 2, can also be applied to a
picked pay horizon to generate a map
view of an entire 3-D seismic survey fol-
lowing a particular pay horizon to gener-
ate a 3-D contrast volume. Such 3-D con-
trast volumes, which separate between a
State A and a State B, can be generated
and viewed on 3-D visualization work-
stations to identify new prospects. There-
fore, event resolution imaging is often
called a contrast volume method, in that
it can be used to generate a 3-D volume
comprising contrast information between
any two states. The pair of states can be
sand versus no sand, gas versus no gas,
oil versus no oil, high porosity versus
low porosity, etc. One particularly use-
ful application of this method may be to
separate high producing wells (State A)
from low producing wells (State B) over
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a given 3-D seismic survey.

For the Green River Basin test case,
ERI would have been a significant risk
reducer had the technology had been ap-
plied before a large number of wells had
been drilled. The “no sand” wells may
not have ever been drilled. Many of the
uneconomic wells may not have been
drilled either. Two of the economic wells
would probably have been relocated
(with unknown results). Certainly, the
rate of return would have been signifi-
cantly higher for a program involving
these locations.

It appears possible to use seismic trace
separation techniques, such as ERI, to
learn on a few wells and then to separate

a large number of wells in a given sur-
vey, into one of two binary states, A or B
(i.e., separating sand from no sand wells,
or economic from uneconomic gas
wells).

This technology has been applied to a
wide variety of other 3-D seismic surveys
recorded from various locations around
the world to separate gas from no gas,
sand from no sand, high porosity from
low porosity, oil from dry holes, and high
production from low production wells.
The binary separation method of ERI has
been used for both onshore and offshore
data and can be applied to substacks, such
as near-stacks, mid-stacks and far stacks,
as well as specialty stacks corresponding

to particular attribute volumes.

With the emergence of this technolo-
gy, a new tool can be placed in the explo-
rationist’s toolbox to aid in the delineation
of stratigraphic traps. The ERI tool has
the potential to significantly reduce risk
and greatly enhance return on investment
in plays and prospects where 3-D seis-
mic data exist or where their acquisition
is being considered. a

Editor’s Note: The authors acknowl-
edge Tom Brown Inc. for constructing the
test case and for providing the seismic
data, and Tricon Geophysics Inc. for cre-
ating the seismic cutouts and helping with
the analysis of the XFREQ processing.



