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Abstract

The Stratton Field 3-D seismic survey has been publicly available and widely distributed and studied for many years. The primary reservoir
in this prolific gas play is the Frio Formation, a thin-bedded reservoir of fluvial origin. The two-mile by one-mile survey area has good well
control with twenty one wells with well-logs; however, the correlation of fluvial reservoirs found in the wells to time-slices of the 3-D
seismic has been enigmatic.

Using an interval of the upper-middle Frio formation that has good well coverage, good stratigraphic control and minimal tectonic
deformation, a 3-dimensional statistical model was developed to search the 3-D seismic for correlation. The correlation of the well-logs to
the VSP time-depth chart was very good; however, the positions of the targeted fluvial objects in the 3-dimensional search showed that the
VSP time-depth chart was much faster than the time-depth positions in the 3-D seismic. The noted shifts between VSP and 3-D seismic were
on the order of 18mS TWT (two-way time) shift in 500 feet; this translates to approximately a 90-foot targeting error. This is a very
significant error when targeting the thin fluvial reservoir sands that are typically 30 to 60 feet thick.

The seismic velocities, wavelengths and bed distributions appear scalable to velocity dispersion described by forward modeling and
experimental results. To test this hypothesis, a classifier was developed to identify beds based on three predominant facies: reservoir sands,
tight sands and floodplain mudstones using the well log data. The bed-thickness distributions for the wells show a thin-layered reservoir with
geometric scales where velocity dispersion is predicted.

These results have significant impacts in the proper handling and targeting of seismic data in reservoirs such as the Frio Formation:
1. Thin-bed velocity-dispersion is a potent effect in these types of reservoirs;
2. Lateral heterogeneity in dispersive parameters may require special consideration when targeting thin fluvial members.
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3. Synthetic seismogram techniques, such as Weiner-Levinson wavelets, rely on linear statistical models and do not account for dispersion.
4. An improved time-depth chart is published for this section of the survey based on a linear relation to the target positions.

Introduction

A public domain seismic data set that covers the Frio formation in the Stratton field is available from The University of Texas Bureau of
Economic Geology. The Stratton field is part of the prolific FR-4 gas play; the field is in Nueces County, near the city of Corpus Christi,
Texas (Figure 1--location map).

At the location of the Stratton field, the Frio is part of the Gueydan fluvial system characterized by floodplains, channels and splay sands
deposited at the ancient Rio Grande embayment. The Frio formed a thick progradational wedge deposited during a time with plentiful
sediment supply and continued subsidence along the Gulf Coast; in the Stratton field the Frio deposits are approximately 3300 feet thick.
Along with plentiful sediment, the river system was not well bounded by the coastal plain; this is expressed in the stratigraphic record by
long periods of floodplain aggradation cyclically interrupted by river channels and splays wandering through the field.

The depositional model was originally drafted by Galloway (1982) and later updated by Kerr (1990) and Ambrose (2000). The channel-fill
sands are typically 30 feet thick, often stacked and amalgamated laterally. These sands are bounded by silt and mud-rich floodplain deposits.
Kerr (1990) describes the channel-fill facies as relatively straight pathways with low sinuosity that are typically 30+/- 15 feet thick and 2500
+500 feet wide. A single splay is modeled as fan-shaped, but, because the splays are stacked, the changing depositional energy,
accommodation space and crevasse location generate irregular shapes. Reservoir sands in the splay facies are thin and proximal to the
channel; the splay complexes can be 20 +/- 10 feet thick and can extend 2 to 3 miles from the channel.

The data set covers a 1-mile by 2-mile area with 3-D seismic, also there are 21 wellbores with logs, and one well has a Vertical Seismic
Profile (VSP). The project is supplied with a time-depth chart derived from the VSP survey. A section of the upper middle Frio from 5000 to
5800 depth was selected for this study. As discussed below, this section has minimal tectonic deformation and very tight stratigraphic
controls; so, given the dense well spacing it is fairly straightforward to correlate the fluvial sequences from the well log data. Initial efforts in
processing this data set by Hardage (1994) suggested a recipe of looking at seismic amplitude slices, but the correlation to well-to-well log
correlations is poor.

Analysis of the synthetic seismic suggests problems with the time-depth chart. So, the initial research involved 3-dimensional searches for
correlation over a broad window of time slices. The results from 3 different searches for reservoir targets demonstrate that the VSP time-
depth chart is faster than the target locations in the 3-D seismic. The different frequency components of the 3-D seismic and the VSP lead to
the hypothesis: There is significant velocity dispersion causing errors in the time-depth chart.



Stratigraphic Control

The stratigraphic column is bound by regional surfaces that are interpreted as erosional unconformities; at the base is the unconformity
above the E41 sand; at the top is the unconformity below the C18 sand. This section can be identified by the gamma-ray log since the
sediments contain 15 to 20% volcanic ash and glass (Kerr, 1991). The volcanic sediment raises the baseline on the gamma-ray log; also,
depositional artifacts, possibly acolian/lacustrine deposits, have created gamma-ray markers that can be used for well-to-well correlation.

The stratigraphic column builds at the rate of floodplain aggradation. The river channel incises the floodplain, and the channel fill is laterally
accreted so the base and top of the channel roughly tie in time to the floodplain at the top of a specific channel. The timing of deposition gets
convoluted as the channel stacks and amalgamates laterally, and the splays are interleaved with paleosols of the floodplains. The
chronostratigraphic markers are the continuous floodplains; these layers of flooding surfaces mark the fluvial parasequence boundaries. The
floodplains can be identified on the well logs using the resistivity response.

Armed with the chronostratigraphic markers from the gamma ray and the parasequence boundaries from the floodplains, the well-log data
can be tightly constrained and flattened in depth. Figure 2 is an isopach of the column thickness; we can note the study area is basically flat,
with extremes of 17 feet of sediment growth in the western and south-eastern edges of the survey.

Correlation of Seismic to Well-Log Data

The synthetic seismogram from the well logs using a zero-phased wavelet did not have a good match to the 3-D trace. You could force a
match with a Wiener-Levinson filter, but this does not add accuracy to our time-depth targeting problem. However, it is analytic on the
quality of the depth match. The matching filter is shown in Figure 3; the response shows energy smeared over a broad interval (i.e., more
than 80 milliseconds).

Figure 4 is a log plot of the seismic trace, the VSP, and open-hole logs. There is a good correlation of the VSP and the open-hole logs. There
were no sonic logs in the data set. In the 3rd track is an overlay of Delta Time from the VSP and Delta Time correlated from the open-hole
logs using neural network analysis (IPNNL 2004b). In the 5th track is the seismic trace, the big peak at 5040 is a prominent reflector that can
be tracked across the study volume. Given the Wiener-Levinson Wavelet, the rocks, and the VSP response, it seems logical to tie this
reflector to the c18 sand at 4940. Thus the well logs were flattened to c18 and the seismic was flattened to this reflector, the original time-
depth values of well 9 are still intact.

Fluvial Target Search

Given a flat and consistent study volume, a scoring model was developed based on the fluvial members noted in a specific parasequence
(i.e., river channel sands, tight-layered splays and levees, floodplains) on the well logs. The wells were divided into 12 training wells and 6



testing wells and seismic traces over a 50-millisecond window near the wellbores were used as training data for a neural network. The
trained network was used to process a classification map of the entire survey. The seismic slice that scored most like the successful network
was selected as “most potent”.

Given successful network training we can dissect the training data for potency using a sub-setting algorithm. The GIGO software (Li, 2006a,
2006b) from the Image Processing and Neural Networks Lab at University of Texas at Arlington performs the sub-setting and evaluations of
the training data automatically. The training data is segregated into clusters, and the error calculation for a given subset uses the
corresponding rows and columns of the auto- and cross-correlation matrices for each cluster. The output from GIGO ranks which points on
the trace (i.e., time-slice intersections) are the most important in correctly classifying the fluvial element.

The results from search scoring and GIGO sub-setting were fairly consistent on the pick of “most potent slice” for the three target hunts; the
most potent slice is plotted versus time offset in Figure 5. More information on the search recipe and results can be found in Odom (2009).
Of importance in this work is establishing the time-depth error; indeed, we would not need this elaborate search process if we could target
the seismic slice that is most credible in describing the fluvial architectural element.

Dispersion Hypothesis

Perusal of Figure 5 leads to the conclusion that the velocity of the 3-D seismic signal is much slower than the velocity of the VSP signal.
Figure 6, from Rio (1996), diagrams the effects of velocity dispersion on laboratory experiments using stacked layers. Similar results can be
found in the literature on forward modeling of layered media. Given that the 3-D wavelength will be longer than the VSP, we are led to the
hypothesis that the targeting error is related to velocity dispersion.

To test the hypothesis, bed-thickness counts were generated from the well logs. Using a neural network classifier (IPNNL 2004b) as
diagrammed in Figure 7, the formations were sorted into three classes:

* Floodplain deposits: fine grained with paleosols, loess and lacustrine layers. 1
* Tight sandstones: feldspathic litharenites, fine-grained, lithic glass fragments, clay cement. 1
* Reservoir sandstones: feldspathic litharenites, coarser grained; lithic fragments are glass and carbonates, leached calcite cement.

The mineralogical composition is similar in all three classes, the main distinctions between the facies are grain size and diagenetic alteration
(Grigsby, 1991). For example, the reservoir sands are coarser grained and the porosity/permeability of the reservoir sands has been enhanced
by secondary leaching (Loucks, 1977).

Figure 8 shows the bed thickness count as a percentage of the interval (i.e., linear feet of a specific thickness). Using the bed count, nominal
ranges for parameters, and the graph from Rio (1996) would generate an estimate that the 3-D velocity is 20 to 30% slower than the VSP;



Figure 5 shows more than 40% was observed. This is of course a very naive analysis, but, of note, the observed error scales well with
forward modeling.

Conclusions

A coupled petrophysical-geophysical model demonstrates that velocity dispersion is significant error in targeting thinly layered reservoirs
such as the Frio formation of south Texas. In Figure 9 is a table of time to depth over the study volume. Of note in these types of reservoirs:

¢ Targeting thin fluvial reservoirs requires that the time-depth accuracy be tightly constrained;

* Inreservoirs similar to the Frio, the VSP may not be an accurate time-depth benchmark;

e Lateral heterogeneity requires localized flattening to maintain depth accuracy; 1

*  Wiener-Levinson wavelets or other linear statistical models are good with multiples and mixed-phase additive noise but are not
structured for dispersion between the data sets.
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Figure 1. Location map of Stratton field in south Texas.
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Figure 5. The locations of targets: depth versus offset time.
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