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1.0 INTRODUCTION

Three-dimensional (3-D) seismic is being used extensively worldwide to provide a more detailed
structural and stratigraphic image of subsurface reservoirs to improve efficiency in exploration,
development, and management of petroleum resources. 3-D seismic work began as an
expensive, large-scale tool that was used almost exclusively on complex seismic prospects by
major oil companies, but it is now used also on smaller prospects and by large independent oil
companies. Acceptance of 3-D seismic has accelerated during the last 5 years based on its proven
track record, a record that continues to grow. Increased 3-D expenditure has been justified during
this period when budget cuts were made throughout the oil industry. 3-D is being used as an
exploration tool to reduce drilling risk in structurally complex areas and to predict reservoir
quality in undrilled areas. The 3-D payout has been measured by increased reserve estimates,
cost savings from more accurate positioning of delineation and development wells, improved
reservoir characterization leading to better simulation models, and the ability to predict more
accurately future opportunities and problems during the production history of a field. These
benefits can be applied to all operating areas, including remote exploration regions and mature
producing areas, to improve efficiency and reduce risk and cost.

Many seismic operators believe that current costs for 3-D work have dropped to the point where
3-D surveys can now be run efficiently and cost-effectively by small operators in areas where the
land is relatively open and where there are few permitting problems. In rough terrain and
thickly vegetated areas, any seismic acquisition program becomes much more expensive,
making it more difficult to justify for smaller, thinner reservoirs. The BDM/NIPER program is
being designed to search for thin, shallow targets in a typical open country environment, to
determine actual operating costs, and to identify areas of potential cost savings in program
design.

To determine current acquisition procedures and costs and to further the goals of the President’s
Initiative for Native Tribes, a seismic-survey project is to be conducted on Osage tribal lands. The
goals of the program are to demonstrate the capabilities, costs, and effectiveness of 3-D seismic
work in a small-operator setting and to determine the economics of such a survey. For these
purposes, typical small-scale independent-operator practices are being followed and a shallow
target chosen in an area with a high concentration of independent operators. The results will be
analyzed in detail to determine if there are improvements and/or innovations which can be
easily introduced in field-acquisition procedures, in processing, or in data manipulation and
interpretation to further reduce operating costs and to make the system still more attractive to
the small-scale operator.



INTRODUCTION

1.1 Project Description

The work will focus upon the development of practical and efficient technologies which could be
used, cost-effectively, by independent operators. Several work elements will be required to
achieve the objectives of the project:

A review of the geology of the Osage reservation for prospect development.

The development of a comprehensive plan to test and evaluate 3-D seismic technology
for use in identifying shallow exploration targets.

A 3-D seismic pilot test.

An evaluation of the survey design and test results and a determination of the
technology’s usefulness for shallow-formation prospecting from several aspects,
including economics, suitability for small operators, exploration appropriateness, and
success of the field test.

Technology transfer to operators, including representatives of the Osage Tribe.



2.1 DEVELOPMENT OF THE 3-D SEISMIC FIELD TEST PLAN

2.0 3-D SEISMIC FIELD TEST PLAN

2.1 Development of the 3-D Seismic Field Test Plan

The plan develops the procedures and methodologies required to delineate subtle stratigraphic
and structural traps in relatively shallow reservoirs which are the primary targets for
independent operators and native tribes. The critical work segment in planning a 3-D survey is
the selection of the site where hydrocarbon traps are expected to be present, and where
structural and stratigraphic information is available for identifying the traps. Principal elements
of the strategy include the following:

Compliance with environmental regulations (including generation of assessments and
impacts).

Obtaining of permits from state agencies, Indian councils, and other agencies for the
survey.

The development of survey procedures and methodologies, including energy sources,
recording equipment, pattern design, and data processing.

Each phase of the survey will be planned in detail, based on the availability of geologic
information, previous 2-D surveys, the availability of equipment, and economics.

2.2 Implementation of the 3-D Seismic Field Test

A determination will be made of the required environmental tests and documentation which
will be necessary to conduct the field test. The required environmental documentation,
assessments, impacts, and reporting requirements will be developed and submitted. Generally,
conventional vibroseis sources cause little environmental damage but, when shear-wave
vibroseis is employed, the damage produced can increase. In shear-wave vibroseis, transverse
seismic waves are generated. Damage can increase in this type of survey because extra coupling
is needed between the vibrating plate and the ground to generate the transverse waves.

Survey specifications have been developed for a 9-mi’ test, and procurements drafted for a
seismic contractor to perform the survey and to record the data. Many seismic contractors have
high-fidelity data recording equipment that can record more than 1000 channels of data
simultaneously. Additional channels allow closer spacing of receiver stations. Closer spacing
helps preserve the continuity of reflections and accommodates longer spreads, which help to
distinguish between primary reflections and multiples. Considering that the designed depth-of-
investigation will be about 4,500 ft. and that the survey area will cover 9-mi’, the optimum
number of channels for data acquisition will be decided after careful consideration of the density
of data points required, the availability of equipment, etc.
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Tentatively, a 9-mi” field layout plan for data acquisition using the so-called swath method will
be used. Instead of shooting along individual lines (as in a 2-D survey) data in a 3-D survey are
collected over a broad area. In the swath method, several parallel geophone lines (commonly
four or six) are laid out simultaneously. Multiple parallel shot sources or vibroseis energy input
stations (commonly six or eight) are located at one end of these geophone lines. After moving 2,
3 or 4 geophone groups, the series of shots is repeated. The number of geophone groups which
are moved between the sets of shots will establish the fold of multiple coverage. Tentatively, a
geophone group interval of 82.5 ft. and shotpoint or vibroseis source-point interval of 330 ft. will
give the desired multiplicity of coverage. Each geophone group will consist of about 12
geophones deployed in a pattern (an array) to provide attenuation of noise waves. The output of
all geophones in a group is fed into one data channel, that is, one recording trace. The geophone
group interval of 82.5 ft. should scan subsurface points at every 41.25 ft. It is imperative in the
collection of high resolution seismic data that all unnecessary noise is minimized or that this
noise is cancelled out.

Accurate surveying is critical in collecting usable 3-D data. The purpose of surveying is to
determine X-Y coordinates and elevations for each source and receiver station, and to tie this
information to the corresponding CMP (common-midpoint) seismic trace. Although the
contractor conducting the seismic survey will conduct the survey, it is very important to monitor
and maintain proper quality control in this phase of the work.

The raw data collected on magnetic tapes in the field will be processed, and various corrections
will be applied in order for the recorded data to actually represent reflection times from
subsurface points. Various types of noise present in the raw seismic data be suppressed. This
suppression requires sophisticated data-processing software. “Noise” is anything in the data not
related to subsurface structure. The object of data processing is to accurately identify the true
seismic-reflection signal in the presence of noise, and to maximize the S/N (signal-to-noise)
ratio.

‘The final result of data processing will be magnetic tapes containing the seismic data. The data
on these tapes will be in several formats, so that analysis and interpretation can be conducted on
different workstations.

2.3 Analysis and Interpretation of Data

After the tape containing the seismic data has been formatted and downloaded for processing on
a workstation, the analysis and interpretation phase of work will begin. Synthetic seismic traces
(seismograms) will be generated from available sonic and density log data. Next, model studies
of different trap geometries will be conducted to determine if field data indicate the presence of
structural or stratigraphic traps of interest. Time slices will be obtained at various orientations to
highlight the presence of structural features of interest. Research will be conducted with the
combined interpretation of compressional and shear wave data for the identification of fractured
and faulted zones, lithologic variations, etc.



2.4 TECHNOLOGY TRANSFER

Detailed structural mapping will be conducted on reflectors of interest. Isopach mapping of
formations of interest will commence after integrating available geological, wireline-log, and
production information.

24 Technology Transfer

The survey design will be evaluated in a comparative study for technical and economic
efficiency. The program and results will be compared to other tests published in the literature.

Workshops and meetings will be conducted and reports will be submitted as requests are
received. Also, producers on Osage leases will have access to the results and will serve to
transfer technology to other independents.






3.1 TOPOGRAPHICAL DESCRIPTION

3.0 PROSPECT DEVELOPMENT

Prospects in Osage County for the seismic field test required a thorough background study of the
geology and geophysics of the Osage Mineral Estate. Several publications were reviewed to
develop a better insight into the topography, stratigraphy, and structural aspects of the area.

3.1 Topographical Description

Osage County is located on the Northeast Oklahoma platform in the “Cherokee basin” of
northeastern Oklahoma. The county is immediately east of the Nemaha anticline and north of
the McAlester basin, an extension of the Arkoma basin. The Anadarko basin to the southwest,
Seminole arch to the south, and Chautauqua arch to the northeast are tectonic features which
have influenced the development of the structures and strata of Osage County throughout the
Paleozoic (Figure 3-1).
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Figure3-1  Map showing major structural features and provinces of Oklahoma (from
Krumme, 1981).
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Two major physiographic provinces are represented in Osage County: the Northern Limestone
Cuesta plains in the western half of the county, and the Eastern Sandstone hills in the eastern half
(Jones, 1960). Both provinces are dominated by surface exposures of Pennsylvanian rocks that
dip westward 40-50 ft./mi. Differential weathering and dendritic drainage have developed a
rough topography of ledges and hills etched into the relatively flat prairie. These ledges are
formed in sandstone on the east which grades westward into limestone. Surface rocks in the
eastern half of the county have been deformed by numerous low-offset normal faults, small
domes, anticlines, and synclines that are expressed topographically as low wooded ridges. The
terrain in the west appears less structurally deformed on the surface, preserving open rolling
prairie. Irregularly wooded and agricultural vegetative cover in the eastern portion of the county
grades to the west into low scrub and grassland. Surface elevations across the county generally
range around 1000 ft., with little regional riation.

3.2 Geological Analysis of the Osage Reservation

3.21  Stratigraphy

Middle and upper Pennsylvanian (Desmoinesian, Missourian, and Virgilian) rocks are exposed
throughout Osage County, except for a limited exposure of Permian red beds in the western part
of the county. The oldest Pennsylvanian rocks are exposed in the southeast, with the exposures
becoming younger to the northwest.

Subsurface rocks are dominated by Desmoinesian rocks deposited unconformably above a
deformed sub-Pennsylvanian section. The entire Paleozoic section, with two major
unconformities, lies on top of a severely eroded basement. The total sedimentary thickness
ranges from around 2,000 ft., over basement highs, in the southeast part of the county to around
5,000 ft. in the west. Approximately half of this section was deposited in the Pennsylvanian.
Individual units, with emphasis on petroleum productive formations, are discussed later. A
generalized stratigraphic column of the Northeast Oklahoma platform is shown in Figure 3-2.

3.22 Late Precambrian Geology and Geomorphologic Features

The Osage County area formed a portion of a broad lowland which extended cross much of the
southern Mid-Continent region at the end of the Precambrian era. A few deep test wells in this
area have reached basement. All of these wells in or around Osage County have cut a reddish or
pink granite at total depth. No upper Proterozoic sediments have been reported from this
immediate area.

Upper Proterozoic sediments have been reported in wells to the north, in northern Kansas,
where thick clastic accumulations formed in the Mid-Continent rift, but this feature apparently
did not extend into the immediate Osage County region. Organic-rich sediments have been
identified in several portions of the Mid-Continent rift. Some of these sediments have been
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PROSPECT DEVELOPMENT

identified as potential hydrocarbon source beds. Precambrian-age hydrocarbon shows and oil
seeps have been documented at various locations along the length of the Mid-Continent rift, but
the rift was apparently located to the north and west of the Osage County region.

The granite which underlies much of northern Oklahoma had been deeply weathered in the
lowland areas by the end of the Precambrian, and a thick layer of rotten debris apparently
covered the barren Late Precambrian lowlands. A thick granite wash is known from several
wells around the region. There are no remnants of eroded or reworked sedimentary debris
reported in these detrital granite washes, supporting the concept that the Mid-Continent rift did
not extend into this area and that there were no significant nearby Precambrian sedimentary
troughs or basins near the Osage County region.

The granite washes are often highly porous but, without any local source materials for
hydrocarbon generation, the washes generally have proven to be barren where they can be
shown to be of late Precambrian origin.

Although much of the late Precambrian landscape was a low-relief surface, occasional
monadnocks apparently rose several tens to hundreds of ft. above the regional surface. Some
wells have encountered granite at much shallower depths than would be expected if the late
Precambrian erosion surface had really been peneplained. These wells show very thin to absent
lowermost Cambrian-Ordovician sedimentary sections. In some cases, Devonian and,
occasionally, Mississippian or Pennsylvanian sediments were deposited directly on the granite.

These highs apparently are ancient hills which rose above the surrounding Precambrian plains.
These hills would have formed islands in the early Paleozoic seas. As the islands slowly eroded
away, they contributed sandy material into the carbonates which dominate many of the lower
Paleozoic sedimentary sequences.

Erosion of the Precambrian hilltops during the Paleozoic era produced localized younger granite
wash deposits. These washes occur in structurally high positions, such as on the flanks or crests
of the ancient Precambrian hilltops. These beds are surrounded by Paleozoic sediments, and
frequently are charged with hydrocarbons. The source beds for these reservoir wash deposits are
lower Paleozoic sediments which occupy the valleys surrounding the ancient monadnocks.

Neither the basement nor the ancient, deeper granite washes hold much potential for oil
production in the prospect area, although any younger granite washes encountered on the
structurally higher monadnocks should be tested thoroughly.

3.23 Lower Paleozoic Setting

The Osage County region formed part of the Cherokee shelf, a broad area, generally with very
low relief during the early Paleozoic, except for scattered Precambrian granite monadnocks or
islands. A succession of quartose sandstone and carbonate sediments accumulated in a shallow
sea or on a lowland plain which covered this shelf during much of the early Paleozoic. Tectonic

10



3.2 GEOLOGICAL ANALYSIS OF THE OSAGE RESERVATION

activity was minimal until a series of regional disturbances warped the shelf area during the
Mississippian period. The majority of the lower Paleozoic formations are widespread across the
region. There are few fine-grained or organic-rich sediments in the lowermost Paleozoic section.

Basal Cambrian. A basal Upper Cambrian clastic unit, the Reagan Sandstone, spread across the
topographically lowest portions of the ancient Precambrian erosional surface. Across the
southern Kansas—-northern Oklahoma region, this unit includes quartose, dolomitic, feldspathic,
arkosic, and quartz-glauconite sandstones at various locations and in different parts of the
formation. Accessory minerals are found in greater quantities in the direction of the Mid-
Continent rift, where a greater variety of Precambrian rock types was available for erosion. The
Reagan either is absent or is very thin in several of the deep holes in Osage County. Thin Reagan
beds have been reported in a few Osage County wells. The unit thickens in many of the
surrounding areas and is several tens of ft. thick in some of the deep wells in nearby counties in
Oklahoma and Kansas.

The Reagan Sandstone is petroliferous in many places in Kansas, but its oil-reservoir potential
has not been demonstrated in Osage County. The Reagan sandstones generally have high
porosity and permeability values and possess excellent reservoir parameters in many parts of the
south-central Mid-Continent, but they are quite thin across most of Osage County. More
importantly, no lowermost Paleozoic source rocks have yet been identified which could have
produced hydrocarbons to charge the deepest Paleozoic sediments in the Osage County region.
No shales or other potential source beds are known in the region above or below the Reagan in
the deeper Cambrian or in the Precambrian section around the area of the Kansas-Oklahoma
border.

Lowermost Paleozoic rocks have not produced large quantities of hydrocarbons in the south-
central Mid-Continent region. The open, shallow Reagan sea may have supported abundant life
forms; however, if early Cambrian life-forms were prolific, conditions in the southern Mid-
Continent obviously were not favorable for the preservation of organic material or kerogens and
the formation of hydrocarbon reserves.

Cambrian oil production is known from the Reagan several tens of miles to the north, in Kansas.
Studies of these beds suggest that the oil found there has migrated downward through fractures
from overlying shaly source beds. The same process of migration could have occurred in the
Osage County region, but the Paleozoic section above the Reagan Sandstone in the study area
contains very little to no shaly sediments.

Cambrian-Ordovician. The period of Reagan deposition ended with the retreat of the early
Cambrian sea and the formation of an unconformity surface above the Reagan Sandstone. The
shelf was soon submerged again, however, and a thick carbonate sequence began to accumulate
across the region. Deposition continued through the Late Cambrian and into the Early
Ordovician.

11
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The sedimentary section laid down in Osage County at this time was dominated by dolomites.
The rocks making up these units are known as the Arbuckle Formation. The section typically
begins with a basal unit that consists mostly of dolomite, sandstone, and sandy dolomite. In
many cases, the lowermost Arbuckle beds, which were deposited on the shores of the
Precambrian islands, are feldspar- and quartz-rich. These units contain large quantities of granite
detritus, derived form the old monadnocks. The basal beds range from find to coarse in texture.

The basal dolomites/sandy dolomites are overlain by vuggy dolomites that range in color from
light tones, generally whites or grays, to buff and light browns. These units range from fine- to
coarse-grained. In the region around Osage County, the Arbuckle sediments are about 1000 ft.
thick. The uppermost Arbuckle beds are generally sandier than the middle section and often
contain chert. The Arbuckle sequence contains almost no shale in the region along the northern
Oklahoma border. There is no obvious potential source for hydrocarbons in the Arbuckle in this
area.

Early Ordovician deposition ended with the retreat of the shallow sea and the exposure of the
Arbuckle to subareal erosion. An unconformity developed at the top of the dolomite. A broad,
gentle warping of the south-central Mid-Continent produced large, regional-scale ripples across
northern Oklahoma and southern Kansas, and large quantities of dolomite were eroded from
high-standing areas like the Central Kansas uplift. As the topographically higher areas were
eroded, some minor shales were deposited in depressions on the top of the Arbuckle dolomites
across northern Oklahoma and southern Kansas.

As the period of mild tectonism and flexure ended, seas once again advanced across northern
Oklahoma. Following the deposition of the minor shale section just above the Arbuckle,
carbonates once again began to accumulate. These Middle Ordovician rocks are known as the
Simpson Group.

The Simpson rocks in Osage County are primarily dolomites, although many sandstones and
shales are scattered through the section in surrounding areas. The Simpson shales are generally
considered to be good source rocks. Compared to Reagan and Arbuckle fields, Simpson oil
production is relatively widespread throughout the area of Oklahoma and Kansas.

Analysis of Osage County well logs shows that there is little contrast in rock densities or sonic
velocities within the Cambrian-Ordovician section. The density and sonic curves tend to be
relatively straight and featureless from the top of the Simpson to the top of the basement. This
featureless geophysical character will make it difficult to identify individual units on even the
best-quality seismic section in Osage County.

Following the deposition of the Simpson, the sea retreated once again, there was another period
of erosion, and another unconformity developed. There is no known Silurian section in Osage
County.

Devonian. During the late Middle and Late Devonian, a sea once again advanced into Osage
County. Waters spread across the region from the east, and a shale unit, the Woodford, was laid
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down. The Woodford Shale varies greatly in thickness from one area to another across northern
Oklahoma and southern Kansas. Even in a small, localized area, like Osage County, the thickness
is highly variable over short distances.

The Woodford Shale forms a distinctive marker on most logs, although it is quite thin in some
places in southern portions of the county, and it can be hard to recognize in a few holes in that
area. Total thickness generally ranges from a few ft., in places where little Woodford was
originally deposited or at locations where it was later eroded, to low-lying areas, where the
Woodford is several tens of ft. thick. The Woodford is usually dark to black in color and rich in
organic material. It is believed that the Woodford forms an excellent petroleum source rock in
many areas of the southern Mid-Continent region.

Mississippian. The shallow-water shelf environment persisted across northern Oklahoma well
into the Mississippian period. During the Mississippian, however, a number of continental-scale
sags and shoal areas developed on the south-central margin of North America as the shelf began
to warp. Positive structural features formed in the region of the Ozarks and in central Texas at
this time.

The Mississippian section is typified by quiet, shallow-water sediments and by shore deposits.
At the end of the Mississippian period, there was a major retreat of the seas from the southern
Mid-Continent region, and a significant unconformity developed across Oklahoma.

3.3 SURFACE FRACTURE ANALYSIS

Surface fracture analysis has been used to develop exploration leads in Osage County as a part of
the prospect development for the 3-D seismic survey. The objective of this analysis was to
identify priority locations for potential subsurface oil and gas traps. The validity of surface
fracture analysis rests on the assumption that fractures at depth are propagated upward to the
surface, either at the time of their formation or at a later time, and that these sites form the loci of
major folding and, frequently, of facies changes, the fractures have exerted some control on the
entrapment of oil and gas.

It is generally assumed that the primary fracture orientations at depth correspond to those
mapped at the surface. This has been documented in some areas by mapping fractures in
vertically exposed sections. It has also been observed during hydraulic fracturing that fractures
at depth are often parallel to certain surface fractures. Orientation analysis did show that the
surface lineaments, fracture traces, anticlines, and domes are strikingly consistent and on trend
with mapped subsurface structures in Osage County, Oklahoma. It is this observation, as well as
other geological considerations, that made it attractive to use surface fracture analysis as a tool
for inferring potential locations of subsurface oil and gas traps.

Factors considered during the selection of fractures for exploration leads included:

Similarity to features associated with established production in Osage County.

13
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Figure 3-3 The 56 Surface Lineaments in Osage County, Oklahoma

Strength of the features on the imagery and conformance to postulated exploration
models.

Proximity to established production, location with respect to known reservoir, source,
and seal lithologies, or general geological location.

Supporting evidence from the literature or from regional maps.

Size and clarity of the area on the imagery.

The surface fracture analysis technique used consisted of mapping and digitizing surface and
subsurface features, investigating the correlation between surface and subsurface features,
identifying subsurface-structure indicators, and delineating priority locations for the 3-D seismic
program.

Landsat images were used to map the regional-scale surface lineaments, whereas the small-scale
surface fracture traces and the circular and arcuate features were interpreted from color-infrared
high-altitude aerial photographs. In addition, the subsurface producing structures from the
Mississippian Chat Formation were mapped from existing geological maps, as were surface
anticlines and domes in the county. The orientations and extent of these surface and subsurface
features were subsequently digitized. They are graphically displayed in Figures 3-3-3-8.

14
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Figure 34 The 3,368 Surface Fracture Traces in Osage County, Oklahoma

An orientation analysis was performed by generating rose diagrams of the surface lineaments,
fracture traces, anticlinal axes, and the strikes of subsurface structures. Figure 3-9 displays these
data as rose diagrams. Figure 3-9 shows that surface and subsurface features in Osage County
can be grouped into two sets (one oriented northwest-southeast, the other northeast-southwest),
clearly demonstrating a consistency in trends between the surface and subsurface features.

Further analysis showed that the correlation between surface and subsurface features in Osage
County exists not only in orientation, but also in position. Figure 3-10 shows the overlap of
major surface lineaments and subsurface structures, whereas that of surface lineaments and
subsurface stratigraphic traps is shown in Figure 3-11. One can see from Figure 3-10 that
subsurface structures are closely associated in position with the surface lineaments, especially in
the south-central, east-central, and southeastern parts of the county. In Figure 3-11, pools in the
Burbank Sandstone are approximately aligned with the northwest-trending surface lineaments
in the western half of the county. The major part of Burbank field appears to lie between two
northwest-trending surface lineaments, perhaps as a result of a graben in the basement. Oil and
gas pools in the Bartlesville Sandstone appear to be associated with both northwest- and
northeast-trending surface lineaments in the eastern half of the county. However, a closer
association was found between surface lineaments and structural traps than between surface
lineaments and stratigraphic traps in the county.

15



PROSPECT DEVELOPMENT

The alignment of subsurface structures and stratigraphic traps along the surface lineaments, as
well as the consistency in orientation, strongly suggests that the major surface lineaments in
Osage County closely follow regional-scale fractures above basement weakness zones or fault
zones, and that these faults, during their propagation to the surface, controlled the formation of
oil and gas traps in the county.

A mathematical analysis was performed to investigate the association between subsurface
structures and the characteristics of surface-fracture traces and circular and arcuate anomalies.
The objective was to identify additional criteria for inferring subsurface traps. The study showed
that surface-fracture orientation, frequency, and density, as well as circular and arcuate features
could be used as indicators of subsurface structural complications.

In total, five quantitative subsurface-structure indicators were identified in this study. They are:
(1) major surface lineaments, (2) analyses of the complexity of surface-fracture orientation (rose
diagrams), (3) local residual surface-fracture frequencies, (4) local residual surface-fracture
densities, and (5) the presence and density of surface circular and arcuate features. Potential
subsurface oil and gas traps in Osage County were then identified using these indicators.

Figure 3-10 shows the correspondence between the surface lineaments and the known
subsurface producing structures in Osage County. Any section along and/or adjacent to the
surface lineaments was considered as anomalous. Any of those anomalous sections not

AN
9
30

Figure 3-5 The 156 Surface Circular Features in Osage County, Oklahoma
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Figure3-7  Crests of 207 Surface Anticlines and Domes in 16 Townships in Osage
County, Oklahoma
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Figure 3-8  The 499 Subsurface Structures from the Mississippian Chat Formation in
Osage County, Oklahoma

associated with the subsurface producing structures should be considered as priority locations
for potential, previously unidentified oil and gas traps.

The anomalous sections defined by the complexity of surface-fracture orientation and their
relationship to the existing subsurface structures are displayed in Figure 3-12. Similarly, the
anomalous sections defined by the other three indicators (local residual surface-fracture
frequency, local residual surface-fracture density, and surface circular and arcuate features), as
well as their corresponding relationship to the existing subsurface structures, are shown in
Figures 3-13-3-15. Any of those anomalous sections which were not associated with existing
subsurface structures were also considered as priority locations for potential, unidentified oil
and gas traps. Priority locations which correspond to and are identified by all five indicators
should be considered the most favorable for subsurface oil and gas entrapment and additional
exploration work and drilling.

The identification of priority locations through this surface fracture analysis procedure provided
several candidate location areas for the site of the 3-D seismic program. Subsurface geological
mapping and producing-trend analysis were used to further pinpoint the final site.
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Figure 3-9  Rose Diagrams of Surface and Subsurface features in Osage County,
Oklahoma: (a) The 56 Surface Lineaments, (b) the 3,368 Surface-Fracture
Traces, (c) the 207 Surface Anticlines and Domes, (d) the 499 Subsurface
Structures.
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Figure 3-10 Overlap of Surface Lineaments (Lines) and Subsurface Structures
(Rectangles) in Osage County, Oklahoma.

3.4 Producing Trend Analysis

Hydrocarbon exploration sites were identified for the 3-D seismic test program a through the
identification of shallow structures, stratigraphic traps, and/or combination structural/
stratigraphic traps that have the potential for accumulations of producible hydrocarbons.
Shallow potential hydrocarbon-bearing formations which fall along established trends and trend
extensions have been targets for identification with these seismic surveys. All of the trapping
mechanisms mentioned above are associated with economic hydrocarbon-producing
accumulations in Osage County. It is possible that all of the three prospect areas identified by
subsurface control and 2-D seismic data will be the selected locations for detailed high-
resolution 3-D seismic surveys.
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Figure 3-11 Overlap of Surface Lineaments (Lines) and Subsurface Stratigraphic
traps (Shaded Areas) in Osage County, Oklahoma.
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Figure 3-12 Overlap of Subsurface Structures (Rectangles) and Anomalous Sections
(Shaded Areas) in Osage County, Oklahoma, Indicated by Irregular Rose
Diagrams.
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Figure 3-13 Overlap of Subsurface Structures (Rectangles) and Anomalous Sections
(Shaded Areas) in Osage County, Oklahoma, Indicated by the Local
Residual Surface-Fracture Frequency Distribution.
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Figure 3-14 Overlap of Subsurface Structures (Rectangles) and Anomalous Sections
(Shaded Areas) in Osage County, Oklahoma, Indicated by the Local

Residual Surface-Fracture Density Distribution.
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Overlap of Subsurface Structures (Rectangles) and Anomalous Sections
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3.4 PRODUCING TREND ANALYSIS

4.0 GENERATION OF PROSPECTS

BDM-Oklahoma staff generated subsurface structural prospects in four areas of Osage County
for selection of a 9-mi” area for a 3-D seismic field test and data acquisition. Before mapping was
started, 2-D seismic maps and records, subsurface-structure maps, producing-sand maps,
stratigraphic trends, surface-fracture analyses, production records by field, and producing trends
were reviewed and evaluated. These records and maps were obtained from several sources,
including the Bureau of Indian Affairs (BIA) at the Osage Agency Branch of Minerals, in
Pawhuska, Oklahoma. The process of prospect generation began with exploration leads
developed from a fracture and lineament analysis performed on Landsat data purchased from
the BIA. Structure maps from the BIA were analyzed for indications of structural trends that
matched the results of the fracture-lineament Landsat study. The BIA maps were constructed
without benefit of the Landsat data and do not reflect the structural orientation of older
Paleozoic structures as identified in the BDM-Oklahoma study.

Producing trends were analyzed throughout the county by fields. Producing formations,
cumulative production, and other field data were tabulated and graphed (Figure 4-1; Table 4-1).
Figure 4-2 is a map of Osage County showing the location of all of the hydrocarbon-producing
fields, corresponding to the tabulation of production data in Figure 4-1. These figures and the
table provide an analysis of producing trends and production data for the county. Cumulative
hydrocarbon production data by lease, was taken into consideration in analyzing the production
trends in the county.

There are 367 hydrocarbon reservoirs in the county that produce from Pennsylvanian, Simpson,
and/or Arbuckle sediments. The Pennsylvanian (Cherokee Group) Bartlesville Sandstone is
productive in 80 fields in the county and is the most productive Pennsylvanian sandstone
reservoir, out of a total of 367 Pennsylvanian-sandstone reservoirs. There are 134 Mississippian
reservoirs, with 77 of these in the Mississippian Chat and 57 in Mississippian limestones. There
are a total of 266 older Paleozoic reservoirs in Mississippian, Simpson, and Arbuckle sediments.

Analysis of the fracture system in Osage County led to the conclusion that the northwest-
southeast fracture orientation is older than the northeast-southwest fracture orientation. There is
an exception in western Osage County, along the Pennsylvanian (Cherokee Group) Burbank
Sandstone trend, where the major fracture pattern has a northwest-southeast orientation.
Northwest-southeast fractures probably bounded the stream valley and floodplain when the
Cherokee Group sediments were deposited in the western part of Osage County. Elsewhere in
the county, Pennsylvanian sediments, which accumulated as stream valley-fill deposits, show a
northeast-southwest orientation, the major direction of the primary fracture trend.

Structural trends were also investigated and analyzed for the older Paleozoic reservoirs (the
Mississippian Sands, Simpson, and Arbuckle) in Osage County, Oklahoma, and adjoining
Chautauqua County, Kansas. The older structural trend in this region also runs northwest-
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Figure4-1  Producing Trends in Osage County, Oklahoma, by Numbers of
Reservoirs.

28

Figure 4-1 Producing Trends in Osage County, Oklahoma, by Numbers of Reservoirs.



3.4 PRODUCING TREND ANALYSIS

jeyD uerddississiy

A 195  89/8
§g JouuRS Gl €T 89/8
appPnary 082 TP6L
(uosdung 1) gg Aunuoy 37 8T
§7 uerddississtjy
§g JPUUDIS "] 9 98€2
§103amsO 02 8412
surjdig ¢ §50T
s uolke 6 0191 A8-N¥eT
uenIquIB) AL-NVT
uBIIAOPIQ A8-NET
06L0F1 G08°6ET9 9¢ 291 §S 'uud] ¢ 6201  T€/1  HAL-NET g LA
§7 uerddississi 002
24 . S§ "uua 0502
692'876 SO1°6ST TT6'566'S 20T . 00 1261 46-N¥T [2aympueg €41
§71 uerddississty 0041
S8 aMiasapIeg 00ST
£T€'196 e sz SS apishepm 0501 6161 snppeg
sgssadmg 6 P81 ALI-NET
§S a[nasapieg I 1691 F01-NE€T
8S1°65C VSSIIT  LE9  698'189'F (4 1SS awrydig o1 2911 S06T ATI-NTT Mmiueay 9p[
ggssading (g1 0S¥1 AT1-NPTWET
81E/¥6 1£6'698 SPEPPI60L  9€ 0¥ SS d[[Iasapieg 69 00¥1 061 ALI-NVZWET jueay  gpI
04T 9 ey uerddississiy - ZT 78T 9S/L  HB-NST Nouuepy /g1
16562 962'F 1 vT61 q onuepy
(3pPnqry) g7 snoping 61 0542
appnqry o¥92
g1 ueiddississyn 1 617C
jeyD uerddississiy 46-N9T
S Jauumg 0012 q8-N9T
S5 ssadinig 000T 46-NST
SS a[[IAsapreg 0581 A8-NST
9 S6b Sgapisfem 01 0091 3261 H4-NST onuepy  9z1
8€9'626'1  0TE'6LT $08°9€0°LY (474 571 uerddississyn ¥9/L
19211 ge sguoife] g1 TUET  9P/8  HS-N9T Ms uosiaddy 68
ss apisfepm 01 0€8 86/1 MN epaury
(seo) appnqiy ¢ w6l SL/1 )
(sen) g7 verddississyN  0g 0041
§g ssagdang
$08'80% S8E'05H 642'T6LT €€ 931 SS dasapteg Q1 00ST €161  HATIWII-NIT epawily g6
I SS Pue[aA3]D 8261 0S/L  H6°NET oIy 1¥
(1om) ow)  (1a4) (199) Ae1D  S[[9M uoijeutog Supnpoigy  (3j) (65) areq (2817"dm) dweN plald  "ON
.EﬂU mmO .~==U .—uGcU Go_uuzﬁo.—h IdV .Oz %NQ hah .ummm :oﬂcucﬂ .—u?w
‘pySs) sen fig wn) o ‘wm) 19N jodog,
spuaa ], 3upnpoad ‘ewoyepQ ‘Ayuno) adesQ 1-b d1qe L

N

29



GENERATION OF PROSPECTS

reyD uerddississn - 3¢ 00T Si/1
s SSa[[iasapteg 9 woz  Su/1
G SS PUBPRAID O 0S61
571 uerddississtiy
gg ssading
694791 602201 G88°656'C 9¢ 18 SS a[Iasapeg 0z61 A01-N¥T P LR RTRRT B2 74
0S9'6¥€ 924'66 978'€€9 16 89/%  HII-NL AN 9sioydig
ZI€06€ 4 89/%  HTI-NLT ANosIog Sig 162
ssapisfem 0z 0501
s1ueiddississin - 01 0061
650°0€6 Ly 8 SS9[[IAsafiIRg O 0041  £T61 qTI-NLT as1oH 3ig
187 jeyD uerddssissyy 61 818¢  99/¢
646'€0T oy 9 ssuoifeqadesg 71 6€4C  SS/¥  HIT-NST Mpusg Sig /e
80011 1]4 12 ano19 adenod ¥ 96T T9/¢ ge-NST S puag 3ig
55 uojhe
. (uosdunig) sgx0oIM 01 95TF  09/11
£68'S6T 508765 6€ 1 reyD uerddississyN ¢z T€8€  09/S  HE-NST N puag 3ig 97z
169'70€ 8 ssuoihe] (g 6b9¢  69/01  HE-NST Fpusgdig gz
L6V'9V 489700V 132 Ve ssuoife1 1 sz 0S8  €¥/¥  HE-NST puag S1ig  TT
s1uerddississiq o 059¢ ‘
1] reyD uerddississyn  p1 90S€
SSIBUUNS T € 9z€€
ssduuNsS' N g 6¥E
reyD uerddississtiy - 0z 182
SsemeyuoLn 9 VOVT 4S/1
9755zl ¥92'S6. 6458911 w ST (uosdung) ggxooM €1 0T4E 9S/%  AP-NIT MN PiojJl3g 50T
(seo) appndry 04/2
s1ueiddssissiN 61 WL 0L/T
ggssading g 00ST
SgIAUURS 6T 0501
§108amsQ 08 006
SRR T 00
sun 3ig  0s 059
ssfhemag 6 09¢ ACI-NLT
V16748 9¢ 4 SSalAsapaeg /1 €0E€T  /681/% HII-N9Z aiasapIeg /g1
su 8ig 0z 0sp1
618°£0T S60°ETLY 9¢ evl SS d[[IAsapIeg (9 0061  TT6T d01-N¥T MIepsuieg 981
(seo) sppnqiy ¥ 0T £9/L
S5 ssading ATT-NVRET
60E VY LOT'P9¥ SEC'T  48T'9TTT Ve 6¥C SSa|[iAsapIeg Qg 008T 1261 d01-NVTWET Slepsuieg 681
appPnQIy 0061
571 uerddississia
SSuusg (g 00ZT HI1-N¥T
8LT'THO'T  SST'0EV'T YIETEL'S €€ zee SSa[IAsapIeg 6/ 0011 9161 F01-N¥T llepsuteq  $81
(IOW) @DOW) (199 (199) AvID  S[PM uonjeuio] Jupnpoiy  (3j) [tH) aeq (P81 "dmy) JwreN pPId  ‘ON
.ESU mmo .EﬁU .ﬂGQU GOZUS@OH& ~a~.< .Qz %ﬂnw %cnm .ume Gomuauo‘.— —u—nm
‘pyussd sen L1 um) 1O "wmn) 19N jodog,
spua. ], upnpo.ad ‘ewoyep|Q ‘Ajuno) agesQ I-¥ dqel

30



3.4 PRODUCING TREND ANALYSIS

SSIuuns g 88vC  94/8
(uosdung) sg 18uAy, £ 1062 29/¥
(uosdung) gs xooIM 6 9eLC  09/¥
11 54:157 8¢ 44 (uosdwig 1) 55 Aunwo] ¥z TE0E  IP/01  HL-NTT Muoisog 80
(uosduug )
S5 Autwog] 1181 ¥ 867  69/6
9¢ apPNqIy o Ge6l q8-NTT
69t SLY'OVL SI (uosdung) xooppm 1261 H4-NTT N uoisog £0€
TeL'L 9 ssnidg €1 (11T 6C/8  H8-NTT g uojsog  90€
uerquie) ASNTT
appPnqry 0961 q8-NT¢
g1 uerddississyn q4-NTC
VSL'69TT  64T9 025601 L8 80€ S5 "uuaq 00ST  ¥061 q4-NT1C uojsog  S0€E
¢ ELOVE 6TV'8T1 8¢ 61 SS J8UUniS €5/01  H6-NTT iseq 321D 1e0g 76T
SG oa1d wer)
08529 L10°8LT 6€ ssesMO 11 01S 6€61 46-NTT ¥991D 1v0g  16¢
LL1'S 8¢ 1 sgiueqng 1 16C  9S/L  HLNLT MS pueppelg 79
685°08¢'T €9192T'1 w yeyD uerddississyn 01 045 1¥/01  H8-NSTWLT AN pueppelg €92
g1 uerddssissy - 91 $0ST
yeyD uerddississyn 01 68¥%C
048°L1¢€ TCTL'ETS'E £ 6 sgssadmg o1 8VC  SP/6  HLNLT pueppelg 29z
(&) sen SL/¥
8¢ ssssadmg 9 wse €9/t
099'65¢ ¥28'S04 6¢ ST aPPNAIY 07 66T SS/L  HL-NTT AN wWngpe|g 957
(seo)ssnidg 9 SL/S
(uosdung) 5 x0dIM 0T 9¥8C  89/§
£60°9 G89'601 VEV'L8L 47 141 apPNAY /81 €06 S5/L  HLNTT N umgyoelg 66z
(uosdunis) gg xooIM. ¥ 018  Z961
LT6'T1 65V'99€ L€ 8 (uosdwiig) sg 18udy, g 606  £9/v  HLNTT umaydelg €57
() ro 6L61
(uosdung 1) g5 Aunwoy /g 8167 S/61
SSMOI P 9€¢ v6tT  SL6l
SSIuUuUDS 1] 8 T SL6l
sgnidd g €0C  SL/1
g1039mMs0 9T 0s61  SL/1
PPNy 6T 8787
62205 S¥9'84 V81 SIT'6¥8 ov 74 ggssadmng 91 166 S¥/9  H8-NTT MSBoa el 09z
SSNI0I P 0T 0622
875'16€ L9T'SPL PAS appPnqIy 0S/T  65/T1  H8-NIT s3oqg el 192
986501 € 64/8  d8-NeT g 30 yeig
$S9°011 111'98¢€ 91 (uosdung 1) S5 Aunwopy €09 1561 A8-NTT Soaspelg 65T
LV'65% 6¥201 LL1'8T 9 SS puepAID 4 09€1  €5/%  FOI-N¥C MARRID YPIIG 67T
(JON) @OW)  (149) (1a9) Ae19  S[IM vofjeuno upnpoigy  (33) 3 aeq (981 "dmy) duleN pPRld  'ON
‘um)) seo wn) ‘puod  uondnpoIg 1av ‘ON Aeg Aeg 281 uone’o] PLII
‘py8sD seo L1 wmn) 1o "wn) 19N jodog,
spuda], Surdnpoad ‘ewoyepQ ‘Ajuno) 3gesQ I-¥ d1qe L

31



GENERATION OF PROSPECTS

SS puePAdD) 81 9G11
segeyadol, zp 00€ ¥9/9
sgeqasapeg 01 veee  ss/e
g108msO Gy 8981  0S/8
ssesMO 11 105 0S/¢
9pE'18¢ (¢) prezzng g £8¥ 0s/1 48-N12 q puepAsD  1€9
866'ST 6€ 1 SsalasapIeg ¢l Gelc  65/11  HOI-NET yinog yaa1d uokue) 14y
appPnqry €961
. GG ssadmig
6¥0'941 VE6'E 6£9°€60'S 6¢ 95 Ssaqiasapeg Q1 €261 q01-NE€T 391D uokued  OLp
oury31ig 01 G601  09/01  HATI-N6T MN 4dued 99
§19umeJ g 6¥11 AEICI-N6T
842'19¢€ £TS'S10'1 1%9'68Z 201 SSISIM BT 0901  29/8  HACIWTI-NST fsued g9y
(seD) appnqry 01 0442
£82'969 608'11 €€7'800'C 9 1721 SSalIasapIeg 0T 0041 0Z61 ATI-NVT y9a1D Apued 9%
: S1L - . 1 sgyueqmg ¢ $00€  19/6  ASNYT JISUMO], Yueqing  €0p
\TAAARS 9 yeyD uerddississyn 01 880€  4S/€  HS-NST MSueqing  zop
G Jauunig
8¢ S5 jjueqing §ueqing
A979G-NLT
H.%9'S-N9T
S5 3jueqing 447%9-NGC queqing  10¥%
g1 uerddssissyn 01 86¥¢  95/v  H6-NST
veLLL [adAat 91 66/01  H6-N¥C N oping  oo¥
o1 uerddississiy
seg oiasapIeg 61 002
§103amsQ 61 081
LS8'SY 112'S22T e LS SS uuag 08 SLL1 0T6l 16-N¥T Soping  66€
SSalAsapteq g 60T
auoispueg JBuuDg QT 8061  4L/1
ssesMO Tl 0g€
g1 uerddississin
929'256 6£L'THL £ o7 SS "uuag 000 26l 46-N€T 1eng  68€
601 (¢) eyauey, 0561 audaig
g1 ueiddississin
S5 ss931ng Ge/1
019'911 8T'TeT 642205 8¢ 8¢ SS a[[IAsapiTeg 8261 q11-NTT 1)3PISURIg 67
$09°2LT 86765 6% SSaiasapiIeg g 9661  S4/8  HAII-NLT as Suumog  ¢ig
0S¥V LVE 0£C'y z gsuuag €1 G9L 8v/11  HATII-NST g 8uumog  zig
s1uerddssissiN - 0z 0081
61 08amsQO
i ssnd 07 (VrAl
9£6'€6 64T'TEE 6¥ (seD) sg uojhe1 09 008 1261 AT1-N8T Bunmog
(seo) yeyD uerddississyN 9 9861  89/L  HOI-N6T MN 98uemog  60¢
(IDOW) @W) (199 (199) ARID  S[PM uofjeurio upnpoiyl  (3)) an aeQ (-ad1 “dmy) dweN PP 'ON
‘wn) sen umpH ‘puo)d uondINporg IdVv ‘ON %ch .Amau s1d uorjedo] ‘P
"pys8s) sen fxg  wm) 10 ‘ump BN jodog,
spuai], supnpoad ‘ewoyep{Q ‘Ayuno)) IdesQ I-¥ d1qe L

32



3.4 PRODUCING TREND ANALYSIS

33

. SsafjIasapiteq Q1 941
6£0°S0¥ €SHYLL 002'96€ 9¢ L s uerddississyn g 2961  9S/L  HOT-N9T MSsawoq 78
£62°967 8¢ S eyD uerddississyn 1 9gee  TS/L  HAV-NIT msedoq /18
oy 1eyD uerddississyn g 1eee 19/8  HS-N¥T MNedog 718
8€5'85¢€ 890°1£9 L€ ST 51 uerddississAl 0 €91€  15/71  AS-N¥T Nedog €18
: 6VE'SL ov € SsIauun{S 71 6T 1S/¥ AS-NIT gedoq zIs
800°6L1'T 906'9% L 95/  H8-N8T mxeeD80a 118
a8-N8¢
STI'SL €VT'PIE L¥6 182'8€ S 08/v  H/-NSt Ms¥1030q 018
0€ 1 18/6  H8-NST asyea1Dd oq 608
EETPST'E 780°L6V'Y 18 G/01  H8-NST sy9a1d oa 808
94L'0L SPL'EVL €€ ¥ 1eyD uerddississyn 6 866 09/¢1  d8-NST AN Yea1D 30q  £08
0T T I yeyD uerddississyy - 81 8cbT  95/8  HA8-NST N>ea1D 30q 908
1£E°291 621722 €1 yeyD uerddississtiy - 01 oWe  95/S yea1D 80q
(uosdung 1) s Autwoy 1 967 9¥/Tl
6GL'LVY S1 (pPPNqIY) §7sN0VIIS  0F 068T  €€/L  HLNWT Muoied 85/
$99'10C € appPngIy 00sc  1¥61 s uoifeg
29 7 1 yeyD uerddississin 6 €6bc  85/1  H8-NST AN voled  /SL
w gsIaUUPS T €1 ¥8€T
£ ssuoihe1 1 0OI 0091
(uosdunig 1) sg Aunwo 9 7€8¢
reyD uerddississin 8 60SC
182 appPNa1y €9 $18¢C
8¢ ggsseding 1 8T
9¢ . gguosdung V6.2
Cm_u_>0ﬁuo 0¢
g1 uerddississyn 02
ssssamg  0p (11574 H8-N¥T .
115681 PEC'SEV'T 8¢ 4 SS a[[iasafiteg 9261 HL-NVT uoieq 954
(uosdung) gg uadreg ¢ 800  09/8
g1 ueiddississig
UeDRIAOPIO
GS uua J
6S0°L12T'1 €€ T S50 pay €261 qniD Anuno)
(IDW) @OW  (199) (1g9) ARI9  S[PM uoneuiog upnpoiy  (3j) an ajeq (981 "dm)) swieN PP ON
‘ump seH ‘ump) ‘puod uondnpoIg IdVv ‘ON %mnw hmm— s1d uorne’o] PII
.—usme seH huﬁ— ‘um)H "o wny 19N Jjo &o.m.

spua.a], Surdonpoad ‘ewoyep{Q ‘Ajuno) adesQ I-p dqeL



GENERATION OF PROSPECTS

e ssueqing 6 8e9z  89/11
1574 appPnqIy 01 780 89/¥
862'60C w i ssuosdung 9 ¥0€  89/%  HL-NET asudiaug  Gl6
STEY z 08/%  dL-NLT MOdSyUT €16
suerddississyn ¥ 0€5C
57 03ams0O 96/11  HL-NLT
S19V6V 6LE'LS L1001 9¢ 8 ssuuag Aeng o1 1261 q4-N9T oosyug  Z16
998'¢E TSL'L6 It SSH0I Py 01 Se0c  SL/S  d6-N6¢ MSu3E 68
1eyD uerddississyn 0012
g1 08aMsQO
mm Eﬁmm
$OT'SE00T  THS 195'98€°E €€ 9€T s Aaswiey g161 46-N6¢ swdg €68
SS puepRA’[D 09/2
TEV'TET 1€ SS aiasapIeg ¥Z61 qTI-NTIZ S poomadpg 188
g1 uerddississyp
s ssading q11-NTC
SEV'86 866°10C 052'sS ge 11 SSa[liAsapiIeg £ 000 1261 ATI-NTZ poomadpg 088
956°095'T  0T0'810°T 196'181 8¢ ov reyD uerddississty 6 91%¢  8S/v  H8-N9T N ‘Youey puowwniq  6€8
1€ I ssn1d  §7 00€C  Sp/Tl  H8-N9T youey puowuniq  geg
12L'8v1 4 i yeyD uerddssissyn 9 €05 65/4  AP-NST MN “Pa1D wnig /€8
1€9'11 T90°LV6'T v 0¥ g7 uerddississyN 8¢ € 1S/01 HAP-NST N>PaID wnig 98
reyD uerddyssissiN - 61 0L¥E
9ZE'756 A2 €€ S pue[pAdD g7 T8¢ 9¥/6  HAV-NST NP1 wnI  GEg
appnqry ¢ 1681  €L/L
mm —\Emnw
yeyD uerddississyn dT1-N6T
ggssadmg g 0081 HIT-N6T
SS ueWIEsSNA - GT 005 H0T-N6Z
57 03ams0 00ST ATI-N8T
Sssnidd (g szl ATT-N8T
ssuoke] (9 008 H01-N8¢
Ss apisAept 0501 qATT-NLT
uepIAopI0  §T SL1T ATI-NLT
g1 uerddssissn - G 0881 A01-NLT
Ssaqasepted 00T 0891 ATT-N9T
966'799'8  PIF9SGT  PBI'VL  9I8P6C'ST 9¢ Gevl ssheng /9 01ST /16T q01-N9T 3931D puoJ-sawoq €78
(IO (MOW)  (149) (199) ARID  S[[PM uoneuog upnpoigd  (1j) 5 ajeq (-adx “dmy) aweN pPRL  ON
.ESU m&uu .ESU .ﬁ:oU ﬁoﬁu:ﬁo.um— ~n~< ‘ON %mm %mnu .ume Gcﬁﬁuo:— vﬁm
‘pydsd sen Ai1q ‘um) 1o "wm) 19N jodog,
spuda, duronpo.ad ‘ewoyepiQ ‘Ajuno) agesQ I-¥ d1qelL



3.4 PRODUCING TREND ANALYSIS

9¢ gganid 0f a8-N€T
(seD) 5703ams0 09 H4-NET
010'8€C ST6IIE'S €51 (seD) ssuoihe] 07 008¢  61/6  FLNIT PueHIO 9601
LTL'SLS 81 SNy 8r ¥09T  Sp/TT 0[] D
081 11 g1uerddssissy g 9987  £9/S  H9-N6C Suopuel] 2ol
UL 1 €8/0T  9-N6T T uopjuer] €201
s1uerddississ - 0p S06T
6TV'PIY 9 nsd 0§ 0v0z 0261 Mopuer]
: (seo) eppnqry ¥ G661 VL/9
Ssaasspieg  Ge 00ST
S Jauunig 00¥T qTI-N9T
6¥9°THY 795959 058 997'€16'C Ve 47 §103ams0 9161 HZ1-NST aalg-A0d 1101
SSE9T z qL-NLT MSIqeIod 766
LEL'S6S 967'8C 9 AL-NLT gaeI0d 166
780°01 $88°01Z 9TL  T9 € L-N6T AN I9YeI0] 966
656'ST S jeyD uerddississyy 01 G087  14/1  HL-NST N Jaxe10d 686
€€ s1uerddississin - 01 004T
SS yueqing 0081  T¥61
51 03amsQ 0sZ1 el
$86'L6C 986'€9 GPL'S86'T 99 SS pueaasd 0011  0T61 q4-N8T 110 886
apPNQIY 01 szve  vE/S
LVS'LE 8¢ i s1uerddssissyn 97 g€z 16/1  HOI-Nze FI9ysald 146
g7 uerddisstssiy S5/01
066'661 Ge o1 SSalasapteg O 6161 F01796-NZT Ioysald 046
(uosduuig )
LS6'T1T 6V£'985 0¥ 44 S8 X0o[IM-AUluIo] 9 S0z 15/€  HATI-NIZ®O0T MDA 996
appPNAIY By %10 8S/%  HII-NIT
Ssssedmg 0z SPEL ATI-NI1T
098'9€6 09€'%29 GGG'L68'E 9¢ 6111 SsalAsapIed 66 0TIl 9061 qZ1-N0Z MOA I G596
gs ssadng 00€T
SS a[[1asspeg
9 §103ams0 0S81  0Z61 awo sfied
14 1 64/6  dS-N¥VT MN xejired /g6
(uosdung) g5 x01IM
S8 yueqng
8¢ §7103ams0 ST61 xejare]
190'% 4 yeyD uerddississiy - ¢ 0L €5/8  HL-NET N osudiajug 916
(IOW) @DW (199D (199 ABID  S[[OM uoneuuo] upnpoil  (3)) ! (991 ~dmy) JwEN PRI ON
‘ump sen littly} ‘puod uondnporg IdVv ‘ON %mh %ch s1a uonedo] ‘P
‘pussd sen Liq ‘wmnp) 110 ‘wn) 19N jodog,
spuad.a], 3urdnpoad ‘ewoyep{Q ‘Ajuno)) 3gesQ I-¥ dqeL

35



$09'5L€ 6€ €9 uerddississyN - 91 920¢ ¥s/01 : MS PISH

602°LST'1 q8 sgssadmg ¢ 0081  €5/01 MN p1H
65419 ¥l yeyD uerddississiy - g 9041  SS61 N P39H
ey uerddississyn 01 0502
LSS'960'T €47°98 s 91 gsnidg 71 9IFT  0S/6 q p1eH
ssapiskepm 61 0011
SGuBWIESSN]N ST 005 6161 psiq pIsH
il 8¢ 1 S5 I3UUDIS (7 89F¢  95/1 MS ApieH
$99%0C (112 S ssuohe1-aesy  z1 66T ¥S/11 as Apreyg
(47 eyD uerddississiyy £ 1€ ¥9/T
9% SSIBUUDIS 9T 96 79/§
(seo) A113g g 6G€T
611'685C:  S09'% 618°L66E v ssuoike] (g £9SC  ve6l AE-NST ApieH  peTI
829'111 € 64/€  d8-NST aN moqoy Addey  ozzl
1eyD uerddississynl - 01 91T
appPnary g 9¢Lc  85/01
ggssadng 9 T6€T
ssalasapIeg  0Z 002T
$SE'T86'T 9¢ S6 oamsQ - 61 SH6T 6161 mojjoy Addey
66€°0€ 081'9 294'26C oy 9 (uosdung) xooppm - 81 8zLc  09/v  HLNTT N dnusain o911
08281 152 z yeyD uerddississyy - 31 9887  95/8  HI-N¥T Mesoyher  Gp1l
(uosduig 1)

VLLL 1€ z Ss Autwoy 1 9 LPIE  94/11 H9-NET gsesioyher  ppIT
66781 I ssaoRyYD 01 S04 0S/9  H9-N¥T N astoyfers  gp11
ssueqmg /1 1897 89/6
€81°65 9¢ 9 yeyD uerddississyy 01 658¢  85/9  H9-N¥#T astoyfern  9p11
009 e 1 yeyD uerddississyn  p GH0E  95/S  HI-NST MS ejouters  6¢11
0LL £ T BRUUBS 9 T 95/L  HLNET M PURID 60T

appPnNqry
81€'G5F 9z (uosdwis 1) s Aurwoy 01 0067  S¥61 S puepio
(vosdung) sg 18Uy ¢ 16T 0461
(uosduuig )
SS Autwol ‘I 1 14T 0L61

(uosduuig 1)

S5 AutwoR] ' 0ussN | 1vc  0L61
appnqly  y S18¢
SS IPuUuUDG T g oeee
ov ssanid ¥ ceee
appnqry
g1 uerddississig
SSa[Iasapreq g1
(ION) OW) (149 (144) A1)  S[PM uonewiog upnpoly (1)) (¢3)] aed (931 "dmy) duwreN pdId  'ON
wn) seo ‘wn) ‘pue)  uondINpoIJ 1av ‘ON Keg Keg 281 uoned’o] PId
‘Pyds) sen f1q  um) 10 "wn) 19N jodog

GENERATION OF PROSPECTS

spuaa ], urnpoad ‘ewoyepiQ ‘Ayuno) agesQ I-¥ d1qeL

36



3.4 PRODUCING TREND ANALYSIS

811 L8 I SSIBUUDS £ ¥61€  85/01 MS mex
ssuofet 01 0S€T H5-N9T®ST
1657659 132 W g1ueiddississyn 1 VOEE  LV/T  AP-NST smey  €ppl
. 1eyD uerddississty - Gz 06T
appPnqly 01 088¢
ST (vosduns 1) ss Autwo] g9 918C  SZ/11 S Mysisey
ueIAOPIO 01 008 9561
1eyD uerddississyN 01 08T
VIE9EY oy S jjueqing 1261 aysisex]
' (seo) appnary g e €L/l
116°LEV L1S'TT 9 SS UBWIASSNA  €F 998 69/8  d01-N9Z M uosuyo £zl
ssIpny, 9p/7  HII-NTT
T8LT6LT 9¢ 65 sgssading  Z1 0S.T1 6161 ATT-NZZ autae[ PIHT
g1 99umeJ ¢ 6V11  29/8
1801 z SSIasIM - P11 0901  79/8  HII-N6T N UenH  Z9¢t
89575V z 6L61 ATI-N8T yenH 19¢1
T¥6°05 1€ A SSallasapiteg 91 89/1  €9/8 MS w104
665°6Z¢€ 119°21¢C Ty $GE6EE L1 7861 a8-NTZ M Aunwoy  zzet
1588 LE L §108amsO 0¥/9  I6-NTT g Aunwop]  9zeT
PPNy €7 vL6T
(uosdung 1) s Aunwoy /¢ 798¢
E9°TH [ 18877 oy w SSYI0Ipay 8 168 TS/L  H8-NTT g ae Autwoy  6Z€T
PPNy 7 81T SL/1
g1uerddississin 0z HZI-NTT
sgssadng 01 qATI-NTT
SS eyauel, GG HTI-NIT
656 PPE'S91 aaaszs 9 w SSapAsapIeg 0T 6161 ATI-NIZ s[red AunwoH  gzel
8¢ (uosdwg) x0o1IM 15T 8% gesc  sZ/01
wiu-..n_._x\
(uosdung ") gg Aurnwoyy
g1 uerddississiy Vi 247
187759 ¥ € Ssa[piasapieg  Og 8161 46-NCT q Autwoy  6zeT
ov PPNy 99 9%%S¢  $9/01
CmﬁDEMU
UeIAOpPIO
uerddississyn q6-NT
991°/9 £PSTIE Ve ¥ SS uud 9161 a8-N¢Z Aupwoyy  yzer
EPY09T'T 9¢ 16 ssapiskem 0z 0S0T  6€61 § 331D A10IH
(IDW) @OW)  (199) (199) AeID  S[]PM uoyjeuiog 3upnpoid  (3)) [} aeq (-338x “dmy) dweN plald  'ON
‘ump sen ‘wun) ‘puod uodnporg 1dV ‘ON %ah hch os1d uone’o0] PId
‘puds) sen L1q wmn) 1o "wmn) 19N jodog,
spua.a], 3urnpoad ‘ewoyep|Q ‘Ajuno) 3gesQ I-¥ d1qe L

37



GENERATION OF PROSPECTS

I reyD werddississty - 01 €€ 85/t  HAS-NST N 1D Aon /591
g1 ueiddississtAl 9 8cze  £9/6
L6€'69T 6 SSueAY € 1681 99/8  HS-NST g 3981 hon 9591
L€ ey uerddississin 9 e 69/1
902°C o€ 1 ssuoife-a8es0 9 9.1z [S/1 HS-NST 39213 fonT G591
080°6€ 9/5'50C 02’991 £ L1 SS puepas)Dd "1 81 L9ST  GS/0T  d6-NE€T N 8uudgauot 291
997'¢1 0¢ 1 apPnqIy 91 685 TS/1 7 Sundg suor
SS jueqing . €5/6 M JBD Al
€661 ov ssyueqing Gz 1182 €5/01 S JaND 3]
¥S/S MN JBIyD arg
' yeyD uerddississyn 01 788¢
ssueqIng  0g 18T
6€ SSMHI0I P ¥1 1042 T6/¥ AN JaND 2]
ueprAopin Gl Leraera
gsssadmng oz 02T
9¢ SSaqasapteg  of 002C
§1038msO  0¢ ov6T 9261 awo(g 997
7€6'6L SPI'101 Ge e sgapishem  Z1 0661  95/9  d6-N8T M uopue]  0pST
LT €10’ 1€0'1E 6€ L g1 verddsstissy - 6€ 982z 95/S  H6-NST MS uopueT  6gST
(seD) 1eyD uerddississyy VL1
€66'198 SLTLETT 6 sgapiskepm 61 0291  €5/L  H6-NST MN uopueT  gegT
1 yeyD verddississtiy - z¢ 9161  €4/€  H6-NST AN uopueT /gGT
129y e € ssapishem €1 S09T  19/%  H6-N6C N uopueT 9ggT
sgapishem ¥ 8T€1  SL/S
yeyD uerddississyN 41 €00  G4/8
. STUd S 1661  SL/T
TIvZE1 €28'6€ z jeyD uerddississtyl 8 120¢  ¥L/L  H6-NST g uopue] Gegl
Ss apishepm
SS a[IIAsapTeg
§103amsQ 6161
$28'109 e 601 anig P61 q6-N8T uopue]  HESI
8¢ g uosduuig pig
SLY'TTT v (uosdurrg 1) g5 Aunuoy €197 €561 gs auoishay
(uosduig )
8¢ S5 AUTWOH 1T ¥ 0€57  ¥L/9 N auojshap
sSSP 6 Ge6r €L/t
S aIAsafied  (F 0961  S4/6  NOI-NOT
950'09 €1 (uosdunig) g x0d;IM 0 0SsC  8¥6l H0T-N61 gouoishay 1/pl
DN @W) (149 (199 ABID  S[[PM uoneunog Jupnpory (1) on ajeq (P91 "dmy) sureN pPHd  ON
ump mao wun) .ﬁGOU :QSUSUOuAH HQ< .OZ %mnm %ﬂh .ume ﬁoﬁmuc..— ﬁﬂm
‘pyssD sen A1q  wn) 10 "wn) 19N Jodog,
spuda ], surnpoad ‘ewoyepiQ ‘Ayuno)) agesQ I-¥ dqeL

38



3.4 PRODUCING TREND ANALYSIS

(uosdumg) xoom G 800
$81°€08 1112 [ yeyD uerddississyn - g¢ 90T S5/9 M 3A1959Y [eARN
SSueqIng
(uosdwrig ) 55 Aurwiol] 96 L86T
080°8€S°1 8¢ 91 SS XOd[IM PUZ 8T vw6r  8€/T  HL-NET S 9A195Y [eABN  €£61
€61°€01°Z 6€ 01 sgueqng 61 §69C  15/S MN 241959 [eAEN
9TH'8v1 o1 1eyD uerddississiy g 045 TS/8  HL-N¥T q aAIasY [eABN  ZE61
yeyD uerddississiy
sgueqing oy 0492 £799-NST
appPnary 01 000€ H9-N¥T
61L'EVE 888781 £02'88€'09 8¢ Gee ssaqAsapaeg 011 ov6c  8T/F L NVIWET 2AI3S3Y [BABN €61
_ reyD uerddississyy $9€C
JBuunjg 0112
82L'L16 apiskepm 01 0091  8Z61 A6N9T gs1AN  TT61
¥26'TT €€ ¥ yeyD uerddississyn  z1 ¥OEZ  S5/6  H6-NLT AN SN 1T61
s uosdung 004C
SS Jauunis
| (seD) gguolhe 01 00¥1
s1uerddississyn ¢ 082
9/G'VVE 9LL' (L TELLVS 95 yeyD uerddisstissiy 9 101C 9161 a8-N9T s1okN  0Z61
SS uuag 86¢ 15/¥
$62'9€ u ssIdPNL 6T 051z €¥61 H0T-NOT dS %331D PN $681
661 BIO-0L-e1D-3
099°Z LE z appPNqry €1 €60  9SII q4-NST M SWUPIN £441
9G1'sS 011'20% 6 w appnqry €187 /S/9  H8-NST SIIUPN 9241
0TV P9ET 0€ Ss uoihe1 93esQ IS H1 8b/T  $9/T1  HEWT-NSC MS PIODIN  TLLT
69T TV 16261 8¢ €1 eyD uerddississyn  1g 966€  £S/01  HPO-NTT MN weyse  ze/1
(uosdurnig )
98%'SZ1 1§72 S S5 AUTwoH] XooIM 129 §6/9  d6-NIT S uouR 691
(uosdung) g5 xod1M
8¢ 18 SsalasapIeg  Op 00z 0Z61 N uoep
eSO
ggssading (g
Ssaasepeg /1
8¢ g1 03ams0 LT61 q6-NET
0€G'PET 1607 LIE696T L S5 uoihe] 81/1  d8-NE€T uorueN €691
780051 626 6440911 g 9%¥ SS 3[1asapaeg €261 F0I-NTT T dualepeN 0891
SgaIAsapIIeg  GE
e g103amsO g9
9674 0S€E'569 7 ssanid 61 T9ST  0T61 A01-N1Z aud[epeN  6/91
(IO @O (199) (199) ARID  S[PM uoneuno upnpoigy  (3j) [tE)) aeq (-38x ~dmy) sureN ppI  'ON
uny mﬁo .ESU .ﬁ:oU Soﬁuﬁﬁoh& ~AH< "ON %dam %mnm .ume ﬁoﬂcuo)— w:.m
‘pussd sen) A1q wn) 1o "wn) 19N jodoy,

spua.a], dunpoad ‘ewoyep[Q ‘A)uno)) IdesQ

I-¥ ?1qE.L

39



GENERATION OF PROSPECTS

648 6€ € reyD uerddississiy - g ¥0TT  95/1  H6-N9IT M uiddeq  gziz
¥88'1 V96’701 S1L'LY 9 9 yeyD uerddississyn 01 90z 99/8  d6-NLT MN uidded 21T
SS 13 68T
SS a[[1asajiteg 961
1497 r4 g1uerddississyN /g 000c  95/T  d6-N9T uiddeg ¢z17
Cuﬁn—EmU
€€ uepIAOPIO
STY'SLT $06'S88'T  T9¢  SPE'SILL 06 SS uuag 8161 HIT-NOT a8eq 111
appPNqIy g €19z 95/t
ssading
SS qiaspIeg
(seD) 57 03amsQ a8-N¥e
065°890'T 18€'S09'ET £ ¥5T S5 uoike] L161 a8-NET Kunwopy-a8es0  $807
appnqiy 81 £65T
8¢ S ANIASaIIRg  OF 052C q6-NTT
008°2€C U6 TETT LE G8 SS PuUeRAdD ST 0z91  0Z61 q46-NTT g4 a8eso  z80z
m—.vﬂUBD.n<
. 6 ssadmg q46%98-NTT
929192 $81'S1T €€ 9ILWTES A5 €52 SS Jueqing $0/11  H6798-NIT fpadeso 1807
SSa[asapeg. GI €691  61/T1
150°cy i (se0) g1 uerddississyN 3¢ 9z61  L1/€  HOI-N9T M eSO £20T
SS a[[1asapiIeg G791
¥E6'EC Yis i ssndd 61 SHEL N es0
S1ueiddississyn 0T 0041
feto SgaIAsaIeg  GE SL6T
SITZ10'T 9% gganig $061 eSO
ssisuhl gz 88/  65/9
S5 uoife] 96/¥
SG 9M1AsaIRg
61ET6E 2l SS PUeRAI[D ze6l 46-N1T a8esQ-oO 10T
SsaqasspIed  OF 0591
1ZV'8E0°Y A4 gsenig ¥SIT 0161 HCI-NST N ®1eRY0 6002
yeyD uerddississiy
wzuﬂﬁ.ﬁi
§g ssaing
i S8 3[[iasafiteg 0Z61 puej3ug maN
(seo) appnqry 0562
e Ssaqasspieg Gl 00FT  £4/8  ATI-NST
789°111 20V'6VL £90°6VE 157 gg IUUS  GT 00z1 161 A01-NSC KauoBepN  Ov61
(IO @OW)  (199) (199) ABID  S[[PM uoneuuo] upnpoid (1) [t5) aeq (891 "dmy) wEeN PPl ON
‘uny mmU .ESU .vﬂoU GCZUSGOHQ —n~< ‘ON %ﬁnm hmam .ummo —noﬁmuo..— v—.-.m
‘pyS3s) seg f3xg  'wm) 10 ‘winp 19N jodog,
spudl], 3uronpoad ‘ewoyep[Q ‘Ayuno)) 3desQ 1-¥ d1qel



3.4 PRODUCING TREND ANALYSIS

§1038msO 01 0041
aun8ig o1 0zst J01-NSC
ssapiskem 01 00¥1 H6-NST
sgssading  ¥1 70T /S/1 HOI-NW¥T
800'STZ'T  8€8'99C 96V 0¥£-826'S ge oy SSa[iAsapeg Qg €60z L1/€  H6-N¥IT Buysiag  102Z
ssdueqing g1 o LS/11
&1 uerddississin
9¥¥'901 12’98y g ¥4 SS MIasepeg Te6l d8-N€T ¥991D uudd €81¢
£60°0ST 8¢ €1 sgssadng O 08%¢  S9/%  HS-NLT dS eruosiedd 8917
aurydig 1 ¥z ¥L/S
S%/01 S e1U0SILd]
6T9LIT'S - €€8°TTT $£8°018 e 1 eyD uerddississyy 1 vsee  69/4 H6-NLT AN eluosIedd /£91¢
g1 ueiddississyAl  Op [1)874
ssading
. 03amsQ a8-N4T
0211 5018 £09'€€6'S 9¢ L9 S5 uo)fer] 61/8  HL-NLT eIUOSIEd] GIIT
(vosdung) s Aurwol] ‘W 81 6¥6C  £9/01
(se9) 55104 pay
L0218 474 LA 6¥4'921 |52 8 SSIauung 91 qtbe  tS/v A8-NTT S uoxed (0912
6€ SS 3104 pay
205°69€ $86'691 8V'STL 0¢€ (seo) anig 0zsc  0S/vy  H8-NTT g uoixed 6GIT
g1 uerddississtn
appnqry
(uosduuig) sg usBing
ssading (g 00¥¢C
S66'€9L 9 09 ssaasapIeg Q1 002C 6161 M Bisnymed
RuUURS ] £ 707 8S/1
A 0v6'21T 9¢ 6 Sgssadmg 9 102 4S/11 H6-N9T MN »isnmymed  6v1T
171'878°1 697615 A yeyD uerddississtN - 79 060z  8%/9  HOI®6-N9IT AN wisnymed  8y1T
g1 ueiddississAl 97 8%0c  €4/6
ggssedmg ¢ 810  €4/6
(sen) ss heng  1¢ 879 /01
s Aeng AsuoBelaN v 80€ /9
(seo) uojfeadesp g1 086 /9
162849 SILTHVT LGT'18 81 (seo) appnqiy 6 9/£¢  TL/S  H6-N9IT N »isnymeJ  /plg
(seo) appnqry 01 [Araé
mzuzﬂ.;\
(vosdunig) gg ualing
sgssadng oz 000C d46-N9T
924112 G8T'61T G91'59¢'E G Vel SSa[Iasapteg 07 0681  61/01  H6-NST wisnymed  9yIg
(IO @HDOW (199 (1a9) Ae1D  S[[OM uoneuLio SUPNpoIy (1)) [th) ?eq (P81 ~dmy) sureN plPl]  ON
‘wmnp) sen wny ‘puo) uopNporg IdVv ‘ON %ﬁk %mh 81 uoned0] ‘P
‘pydsD sen Aiq Rtitile) 10 "‘um) 19N jodog,
spuda ], duronpouagd ‘ewoyep[O ‘Ajuno) 3desQ I d1qe],

41



GENERATION OF PROSPECTS

ssapny, 01 9681  09/8  HII-NIC AN g PR LiEL
¥92°C 646801 8 SSa[[IAsapteg ¢ €981  ¥T6I d11-NIT N Jinig pay  8bee
(uosdunig) gg Aurwopy
g1 uerddississip
9£6'601 9 1 g ssadmng ¥061  0S/L  HII-NTI Jnig payd  9vET
ggssadmg 07 €641
SSanasaeg 07 4891
6€T'FST 187°187°¢  1e¢ 072’804’ €e ST aun8ig 001 €6 1161 HCI-NIT euowRy  HZET
049'%S e z SgIaUUDS [ [98T  95/6  HI-N¥T AN voIs[eY  0Z€T
appPnqry 01 S0TC  £961/9
SSay[IAsafiteg  0S 0€91 ATT-NST
. SSIaUUBS 0T 0091 H0T-NST
060'€9T'T  €£€'82T'T 165'100°C e 69T s103ams0 01 0Z¥T V6L ATT-N¥C medend  /0gT
ssuosduns (g 0S¥¢
§103amMsO 07 G6¥1
(seo) anig 0 8v91
S01°ZT 912'LTh SLLLIT 9¢ 62 Ssaasspeg  G¢ 0661  0T6T A01-N1Z anId  /46TT
GZs1 985CT 986'0%1 61 6L/8  H8-N6T98T M sSuudg amery 6872
(seD) 1eyD uerddssissin - €€ 0S0c  €4/8
T18°061 0£9°98¢€ ¥ o€ ssapisfep 8 65T  85/9  H6-N6T Ms s3uudg aurery 887z
8€C'18 2 64/11  H8-N6T MN s3undg aurery /827
820'7¢C yeyD uerddississyn 0941  95/1 MS 931D puod
809'26C'T €€ L yeyD uerddississtnl - £z 0081  95/€  HOI-N6C MN 831D puogd  £GeT
g1 uerddississyn
989'152'C 8L ssuuag 01 0091  TI6L 3321 puod
[8V'TT 91595 ov € yeyD uerddississt - ¥ Gese  69/4  HI-NST g5 A11D wouod  $57T
6€61 1ed
s1ueddississyN g 661
ggssadng o1 181¢
98¢'c I Ssaqasspreg 91 180T 1S61 q11-N0T SI99U0l]  £TTT
appnqry g1 6¥€C ATI-NIT
6¥8'L21 6€ T (uosdung) g5 Aunwiory gz 65CC  6¥W/€  HAII-NOT g 199uold 97T
s uosdung q11-NTC
SL1'80€ e 9 SS aiasapieg 0261 q11-N0T 199Uol]  STTT
9L'6 Sg sseding V6l 10831g
LLE' LT 1§72 (uosdung) gg uaBing Tiee  8s/€  H9-NTT gaxersdypud  Z0ze
9€0°1 1 ggsapdoad 9 89¢l 19/l  d8-Ne€T gS 1Rd  90TT
296 1 Ssa[iasapeg /g 9061 0561 H01-NSC AN Suwysiad  €0TT
LTS [TS6  S6T'S9T 8z SSal[iasapIeg  1g 861  6V/L  HOI-NST g 3uwsiad  70ze
(IDW) @OW)  (149) (149) AwID  S[IIM uonewIog Jupnporl (1) an EXTel (981 dmy) JweN PP ON
.EﬁU sen .EﬂU .—uﬁcU ﬁcﬁu-—ﬁ_oh.‘u uaH< ‘ON %mh— %mh .ume Gom_muo’— w:n—
‘pyssd sen L1 Riitile} 10 ‘wn) 19N jodog,
spuaa ], sunpo.ad ‘ewoyepiQ ‘Ajuno)) 3agesQ I d1qel



3.4 PRODUCING TREND ANALYSIS

GET € H0T-NTZZ MS umopung  p1/z
€88°1 Z (¢)awrraqry g 880€  ¥9/T  H4-N9T MN Uyons 69z
jeyD uerddississ 01 029¢
uepIAopIO 010€
1£9'65T ov 11 SS1BUUBS 91 0S6¢  ¥S/S  H/L-NST N WYons 697
€0E'FE 6€ € ey uerddississyn g SP9T  65/9  HL-NST qwyons €69z
£00'16C oF 9 reyD uerddississyN - €1 €69  95/8  HL-NST wyons 769z
jueqing 99 1897  TS/9 M suyofis
S84/ L i SgIaUUBS 9 99%C  SS/8  HL-NST N suyo[ 1S €9
086'81 0¢ 1 SSIBUUDS /€ W 6861 991D UOWo[og
S uerddississtn
gg ssading
£18'99T LLV'SSE T20'6LY e 9% S Iasaeg 07 0461  11/T  HCI-NEIWTT Yooyenis 7092
appPnqry
(uosdung) gg Aurwoy
SS pueRA3[D
029049 9.1'678 9%€'90¢ €2 SsesO 0T 0y /v d6-NET TSI eUSIS  78ST
¥20'%C ¥16'7C 6€ ¥ yeyD werddississty - 01 6687  TL/€  HLNLT dSBIPNS  ¥/ST
99T'8 z 08/¢1 MN J3[pIS
0S¥'91 9¢ 1 ssanig Z1 VILZ  SS/1 H9-NLT TBIPNS  TLST
(uosdwiis) 55 xooiM  0€ 055¢
SSaasaIeg 0T 0961
SSMOI P 6 Ge61
€LT'TTY €1 ssapny 07 €617 L¥/01  HOT-NOZ MN eTIBUS  045T
152°591 SST'6L 6¢ z ggssadmg 91 6¥¢¢ 05/t ALI-NOZ N ®ETIRUS  69SC
ey uerddississyn 91 ¥se  LL/11
sgyueqng 17 SOFE  £L/01  AP-NIT MS Keq ssoy  L¥T
ey uerddississin - ¥ 0€ze  LL/9 APNIT A5 ke ssoy  9pHT
04601 w € 1eyD uerddississin ¥ 01SE€  8S/S  AP-N¥T sheqssoy G
52861 1 ssuoike11 I e 9/t AP-NST AN Aeq ssoy  p9¥T
1eyD uerddississyn ¥ v8¥e  €4/9  dF-N¥C N Aeq ssoy  €p¥e
298°266 T yeyD uerddississyn g G/€E  95/S  AP-N¥IT gheqssoy  TiiT
LLLS o T g1 ueiddississtyl 01 viEE  15/6 Keq ssoy
88€'66 8¢ 8 yeyD uerddississyn 01 0FSC  95/9  H8-N9T MS 1931aqInT  £0%T
68€ 6€ 1 Ss1auunis 01 00z 85/6  H8-N9T g5 19319qIn]  90¥%C
878’14 8¢ S reyD uerddississyn € whe  65/L  H8-N9T H10819qI  S0PT
The'se 8¢ 6 Ssa[asapteg 71 091 /S/T S paeady
902'Z qe 1 ssuoide1-a8esg 9 9.1z LS/1 MS uoj3unuay
yeyD uerddississiiy - g v60E  9S/1 MN uoj3unuay
1£0'988'1 z ssueqing g $00E  19/8 N jueqing
gs ssading
Ssueqnig Gy 0282
$09°0£6°C 152 0¥ 1eyD uerddrssissN - 01 06 6v/1  H9MSG-NST uodunuay /967
(OW) @OW) (199 (1a9) ARID  S[IIM uoneulo JupNpoiy  (3j) [tH)] areq (P81 "dmy) sweN PP ON
‘ump) seH ‘ump) ‘puod uondNpoIg IdV ‘ON %NQ hﬁ& s1d uoned’o] ‘PId
‘pussd sen f1q ‘wmn) 1o "wn) 19N jodog,
spud.], durnpoad ‘ewoyepQ ‘A)uno) 3gesQ I-¥ d1qe L



GENERATION OF PROSPECTS

(uosduurg) g5 x0d[ip AUTwoR] 000 S¥/6
G (uosdurnig) sg 18Uy, ST Syhe  Sh/8
999°97 Y61'€89'T TLV'881 9 (seD) S5 qMrasaiteg 7€61  8€/9  HLNIT IBH 182[PIM  £00€E
€9£/20€ 984'T  S0T'S 9¢ L reyD uerddssissyn  ¥1 0907  6S/T1  A6-NLT M [TERIUM  100E
g1uerddssissyn g (ALT4
99881 1} Al yeyD uerddississynl - 61 61 ¥S/9 S TeIRIYM
1ST'9p 8¢ S sgapishepm 1 9561  09/%  H6-NST MN [1e1YM  000€
$89°€S 6€ ¥ yeyD uerddississyN - §Z 901z  S€/9 N [eRym
(seo) uoikey g1 088 95/T1
aur g €1 9zsT 95/t
PPNy ¢ €60 95/1
g1ueddississn 0z 0521 F01-NLT
: 1eyD uerddississin O¢ (VA 46-NLT
SS A[IasapIeg T0T-N9Z
VTL'8LT 1£49'¢LT THLV6E'S 81z ss Aeng 6161 146-N9T [TeIRIM 6662
¥ sunjiepm
LVT'S9TT 89€'/C v 9./¢ adesQ paweuun)
978655 ¥ ssalasapaeg £z 120 8¢/11  HOIW6-NIZ Y1) uIM], 618
9LV 6T LS ssapiskepm 07 0011  ZI6L M a1 Adyng,
gs Aeng
g1 uerddississyn
ssssadng 01 0ZLT  TS/T
685741 616°0LF €€ 201 ssopisfepm ST 0801  ZI6I A0T-N6T 3oa1D Ayan, 808z
g1 uerddssissyn 61 891 09/4
gsssadmg g1 052
Ssaqasapieg  Op 0S1T
§108amsO 0 0081
ssn1dg Gl 0041
aunr8ig 07 0091
SsesMO 07 09%
L0T'TH6 €96'078'CT 9¢ 6T uepIAopIo 01 0svc 9161 16728-N¥FT adesQ-[epll  §9/C
£68'9¢ i4 LL/8 16-NTT M IBSUNg 614z
Sga[IAsapteg g 0€1C  SS/4 .
SHI'T 18¥'%CC 6€ 8 gsuosdung ¢ vese  8¢/9  H6-NET gN 195ung  81/T
w§u3ﬁ_.~<
(uosdung) gg Aunwiogy
0€L'8 L18'11€ 9¢ 6 SS a[[Iasapeg 6161  H6-NEIWIT PsuUNG  £14T
v (uosdung) gg x0oIM S T61e 85/9  H9-NETWICT Ms adojs Auung 9147
(uosdung) g5 xooIM 1T 8€1E
Sg IUUDS  (F 9T LS/
9€1's 875765 6€ 1 gguosduns 11 041 4S/8  d9-Nf€t gN adojs Auung 614z
(IONW) oW (199) (199 AeID  S[[PM uoyeunog Jupnpoiy () ) areq (931 "dmy) dweN pPRId  ON
.E:U sen .ESU .UﬁcU ﬁomuu—avcu& Hau< ‘ON hmm hﬂm .ummﬁ— Gcmumuo‘.— .ﬁ~n~
‘py8sd seo Liq wn) 10 "wn) 13N jodog,
spuaa], duronpoad ‘ewoyepiQ ‘Ajuno) IgesQ I-¥ d1qeL



GENERATION OF PROSPECTS

9/7'9€C 9 (uosdung) g5 Autuoyy ST sv/1l 989-X
9LT'TT 9¢ €1 sgaf[asapeg Gl 621Z  1S/11  F0I-NET geuoukpm  $90€
yeyD uerddississinl g 92T 69/1
UeDIAOPIO (T 9052
s1uerddississyN - 0z 1822
aury3ig o€ 0zsT 6161
ssapiskem 0T SLET
ssuolfe] 0g 0501
67103aMsO-SSTN 09 0091 161 H0T-N¥T
LEL'THS L61'TE $€2'106'0C e 1741 ssaqasapIeg 001 050z S061 26-N¥C euoudpM  €90€
S aIAsaIeg  OF 0081 AT1-NST
06L'926 099'742'T 162652 9 €02 S Jauumyg 0zLT L161 ATT-NSTHHT J012j00M  GS0€E
TUE'SVL 9¥5'L6 1 apPnqIy 0¥/8  H6-NTT M OSIOUPIIM  ZTOE
TLE'SYT 95’46 1 68/t1 S 9SI0YpPIIM
w_v—uﬁﬁ._<
(uosdung) g5 18uf],
0E¥'019 $00'€0Z e Y SS uuag €261 H0T-NTC gesIoypiiM  110€
ov apPnqry 9 oz 99/¢
8TV'8VE €1 S aIAsapiIeg  GT €041 TL/S  HOI-NTT AN 3sI0UPIIM 010
Ssaasapeg  F¢ SL/6
CEU«>O~P—O
601'9Z 66€'LTE 8/8°08 qe 174 Ss uuag 6161 F01-NZZ N 3sIOUPIM  600€
S5 10g pay
yeyD uerddississipg
mm m&wcm.ﬁ
m=_>mm=umm
Sg ssadng §./9  HII-NTT
UeRIA0IO q01-NTZT
$0L'T9 7829011 9 6€9 SS uudg 0sse  TI/8  HOI-NIC 9SIOYPIIM  800€
(D) @W (199 (1a9) ABID  S[OM uoneuitog Jupnpory  (3) a9 areq (81 "dmy) oureN pleld  ON
‘wn) sen jlitily} ‘puod uondINporg Idv ‘ON %cﬁm hch 81 uoyedo0] ‘PId
‘py3sD sen A1 ‘um) 10 "wn) 19N Jodog,
spuaa], Surdnpoad ‘ewoyep{Q ‘A3uno)) AgesQ I-¥ d1qeL



GENERATION OF PROSPECTS

Figure4-2 Map of Osage County, Oklahoma, Showing the Locations of All
Hydrocarbon-Producing Fields.

southeast. The orientation of the older producing units in this region strengthens the conclusion
that the northwest-southeast fracture orientation is the older set of structures and most likely to
be associated with older trends in the region.

Regional stratigraphic trends were investigated and analyzed by examination of electric logs,
driller’s logs, and production data. Cross sections were constructed from the electric logs and
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driller’s log data to show regional and local stratigraphy and trends. Pennsylvanian sediments
make up approximately 60% of the stratigraphic section in the study area, with Mississippian,
Ordovician (Simpson), Ordovician-Cambrian (Arbuckle), and granite wash sediments making
up the rest.

The regional cross sections show that Pennsylvanian sandstones vary rapidly in thickness across
the county and that individual beds are largely discontinuous (Figures 4-3—4—4). Pennsylvanian
sandstones generally produce hydrocarbons from stratigraphic traps in Osage County. These
sandstones are largely valley-fill, channel sandstones deposited by streams. Reservoirs in these
sandstones are commonly multiple-stacked point-bar units which were deposited in a fluvial-
dominated deltaic environment. Continuity in these sands can be variable because they are
point-bar deposits.

Local cross sections (e.g., Figure 4-5) were constructed using driller’s logs and electric logs. The
cross sections that extend across the prospect areas show that Pennsylvanian sandstones thin
onto high structures and thicken off the flanks of these structures. This is to be expected because
valley-fill, channel sandstones attempt to fill the low areas between structures or on the flanks of
structures. In a similar manner, older Paleozoic sediments thin over basement structures.
Precambrian granite hills and ridges form the core of the older structures in this region. The
granite was highly eroded, but had not been fully peneplained, leaving a series of hills and
ridges at the end of the Precambrian. Further erosion occurred during the Cambrian, forming a
highly variable cover of granite wash which lapped up on the erosional hills and became thickest
in the valley areas adjacent to the hills. Arbuckle and Simpson carbonates and clastics, as well as
Mississippian carbonates and cherts, thin over the granite hills. These sediments also thicken off
structure. Pinch-outs in the older Paleozoic sediments and in structures formed over eroded
granite hills commonly trap hydrocarbons, creating prolific petroleum producing reservoirs.

Ten potential study areas were preliminarily selected for review and analysis prior to subsurface
mapping. Four final areas were then selected for mapping and prospect development based on
the initial review and analysis of the data, combined with requirements for lease availability,
sufficient well control, availability of electric and driller’s logs, and the presence of hydrocarbon
shows in older Paleozoic sediments (Mississippian Sands, Simpson, and Arbuckle units). The six
areas not selected will be re-evaluated for 3-D seismic data acquisition in the future because they
still have potential for having older structures. Of the four final study areas, one has well control
that includes penetration of the Precambrian granite basement. This area was mapped on three
horizons (the top of Mississippian, Simpson, and Arbuckle). Two study areas has enough well
control for mapping the top of the Mississippian and the Simpson formation, and the final area
had sparse Simpson control, but excellent information of the Mississippian and may
hydrocarbon shows. This area was mapped on top of the Mississippian.

Electric logs were correlated, and the tops of the older Paleozoic sediments (Mississippian,
Simpson, and Arbuckle) were selected for mapping. Driller’s logs were used in conjunction with
electric logs to pick tops of the older Paleozoic units. It was sometimes difficult to pick the
contact between the base of the Simpson carbonates and the top of the Arbuckle carbonates on
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Figure 44 Southern West-East Stratigraphic Cross Section, Osage County, Oklahoma.
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electric logs because they have approximately the same sonic velocity and electric log signature,
and both are dolomite. In these cases, driller’s logs were used along with the electric logs to pick
tops. In some cases, the operators of the wells mistakenly identified the first dolomite below the
Woodford Shale as the top of the Arbuckle, when the unit should have been identified as
Simpson. The Woodford Shale, immediately overlying the Simpson, has a distinct signature on a
gamma ray log and is made up of black shale. In most cases, the Woodford Shale was an easily
recognizable log marker.

The top of the Mississippian Chat is used as the mapping marker for the top of the
Mississippian. The Chat is made up of limestone and chert. When the Chat is encountered by a
drillbit, the drillpipe bounces and shakes, and the rig can rattle and shake because the brecciated
chert and limestone present an irregular drilling surface made up of both soft and hard rock. It is
this “chatter” which gives the formation its name. The contact between the base of the Chat and
the top of the main body of the Mississippian limestone can also be difficult to distinguish.
Driller’s logs used in conjunction with electric logs make correlations and picking the contact
between the Chat and the main body of the Mississippian limestone much easier.

Sub-sea formation tops for the mapping horizons were posted on base maps of each area,
fractures and lineaments from the previously discussed BDM-Oklahoma analysis were plotted
on the same base maps, and structure maps were constructed by BDM-Oklahoma staff. The
structure maps are an interpretation of all of these data, including the results of the fracture/
lineament analysis.

BIA maps of the four final study areas show some structure on top of the Mississippian, but are
based on out-of-date information and concepts and do not show the structural trends developed
by the fracture and production analyses of the region. For this reason, new structure maps
(Figures 4-6-4-8) were constructed on top of the Mississippian, Simpson, and Arbuckle in the
selected areas where sufficient subsurface control was available. Fractures in each of the selected
areas were plotted on the structure maps based on the fracture/lineament study and analysis
performed by BDM-Oklahoma staff. Lineaments and fractures in the selected areas generally
demonstrate multiple intersections of northwest-southeast fractures with other fractures of
varying orientations. Hydrocarbon shows and production in Pennsylvanian, Mississippian,
Simpson, and/or Arbuckle sediments were noted by wells on the maps.

After the completion of the mapping of the four selected areas (Figures 4-9-4-13), an analysis
was performed to select the area with the highest potential for having multiple structures that
may contain commercial quantities of hydrocarbons in older Paleozoic sediments, structures that
can be mapped by a 3-D seismic survey, over the structures, topography that allows easy access
by vehicles used in 3-D and a relatively unwooded area. A 9-mi” area in the Gray Horse area
(Sect. 22-27, 34-36, T25N, R6E) was selected for the 3-D seismic data acquisition based on the
selection criteria. The three lower-ranked prospect areas not selected for 3-D seismic data
acquisition in the FY-95 program will be re-evaluated at a later date for data acquisition in future
3-D seismic data research programs.
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Figure 4-13 Structure Map of the Top Mississippian, Osage Prospect Four, Osage
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5.0 SEISMIC SURVEY DESIGN

The clastic and carbonate producing reservoirs in the Mississippian in Osage County are similar
to those typically encountered in the highly productive Pennsylvanian cyclic sedimentation. 3-D
seismic data will be used for the identification of subtle structural and stratigraphic traps
(including sand pinch-outs, unconformities, and channel sandstones) expected to be present in
the prospect area. The shallow lithology in the study area will be predominately a mix of
sandstone, limestone, and shale. Depths to the shallowest targets, in the Mississippian section,
will be about 1,500 ft. The deepest targets will be pinch-outs of granite wash and basal Cambrian
sandstones against highs on the Precambrian basement at various depths down to
approximately 3,900 ft.

Fracture studies from aerial photographs indicate two dominant directions of fracture
alignment: one extending northeast-southwest and the other northwest-southeast. The later
direction correlates with the alignment of deeper structures that are the primary exploration
targets. The seismic lines will be aligned at right angles to this direction (i.e., northeast-
southwest). The target formations generally have low dips (less than 5°).

Critical components in the recording of high-resolution seismic data include:

Amplifiers with low system noise and a large dynamic range (around 120 dB and a
precision of 12 or more bits)

Filters which condition the signal (such as the preemphasis filter for suppression of
high-amplitude, low-frequency noise to boost low-amplitude, high-frequency signals)

A good A/D converter and digital data storage devices

An adequate number of recording channels for a high resolution, intensive survey

A critical element of the data recording system is the seismometer system. The seismometers
must be capable of recording high-frequency, broad-band data with integrity. Detectors for this
survey should have high natural frequencies to aid suppression of low frequencies, so that
recorded ground roll can be reduced and the relative amount of high-frequency information
increased.

Expected signal frequencies for the survey will be in the range of 20-100 Hz. Two important
objectives will be to record a broad band of frequencies and to preserve very high frequencies for
this investigation of subtle stratigraphic traps.

In order to record a broad band of frequencies with a very high frequency content, special
attention must be given to certain critical aspects of field survey operations (such as geophone-
ground coupling, accurate location surveying, etc.) that are crucial for the acquisition of high-
resolution data. A short noise test will be carried out at the onset of the survey to determine the
noise characteristics of the soil, shallow rock, and ambient environment in the area for designing
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geophone and shot arrays for noise attenuation. Twelve geophones per group, with geophones
laid out 6 ft. apart, achieved reasonable ground roll attenuation in one of the past seismic
surveys in this area.

The primary survey parameters which have been selected thus far are:
The bin size for the survey should be approximately 110 x 110 ft.
The fold will be approximately 30.

The target depths for the survey will range from a minimum of 1500 ft. to a maximum
of 4000 ft.

The sample rate will be 2 ms.
The record length will be 3s.
The offset ranges will be minimum of 75 ft. and a maximum of 5000 ft.

The energy source will be vibroseis with a sweep frequency of 120-128 Hz (nonlinear
downsweep 9 dB) and sweep length of 10s. The contractor should consider employing
more than one vibrator to improve survey efficiency.

Design of geophone and shot arrays will be done after completion of the noise test, for noise
attenuation and to maximize the signal-to-noise ratio.

The shot and receiver spacings will be approximately 300 ft., but other combinations of shot and
receiver spacings are acceptable for the desired coverage if they can be used without sacrificing
the details of coverage.

The source and receiver line spacings will vary, depending upon the number of channels
available for recording. Since a system with a large number of channels will considerably reduce
the number of shots per square mile, the availability of a larger number of channels will reduce
the necessary survey time and the overall cost of survey. Therefore, at least 240 recording
channels will be desirable.

A swath or a full-range 3-D template design or some variation is recommended, although this
may be modified to have several source traverses in the true 3-D manner if this is necessary to
get more azimuths and higher fold. However, other survey designs may be acceptable if they
satisfy the data-resolution specifications mentioned previously.
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6.0 SUMMARY

Many seismic operators believe that the current costs for 3-D seismic operations have dropped to
the point where 3-D surveys can be run efficiently and cost-effectively by small operators in
certain areas. To determine current acquisition procedures and costs and to further the goals of
the President’s Initiative for Native Tribes, a seismic-survey project is to be conducted on Osage
tribal lands in Osage County, Oklahoma. The project will take place in five steps: (1) geological
review, (2) development of a comprehensive plan to test and evaluate 3-D seismic, (3) the 3-D
seismic pilot test, (4) evaluation of the survey design, test results, and usefulness (including
economic usefulness), and (5) technology transfer to operators.

The geology of Osage County has been reviewed both in terms of structure and sedimentary
history in order to guide the 3-D seismic program to favorable locations for unidentified
hydrocarbon deposits.

An analysis of surface fractures and lineaments also was performed to see if surface fracture
patterns could give an indication of subsurface trends and especially of the location of
hydrocarbon deposits. The surface-fracture analysis consisted of mapping and digitizing surface
and subsurface features, investigating the correlation between surface and subsurface features,
identifying subsurface-structure indicators, and delineating priority locations for the 3-D seismic
program. Regional-scale surface lineaments were mapped from Landsat images, whereas aerial
photographs were used to map smaller-scale fracture traces. Rose diagrams of the surface
lineaments, fracture traces, anticlinal axes, and the strikes of subsurface structures were then
generated for the purpose of orientation analysis. This analysis and analysis of the lineament
maps indicated a correlation between surface and subsurface features in Osage County. There
also seems to be a correlation between these features and location of known hydrocarbon
deposits. Priority indicators were then identified and used to select initial candidates for the site
of the 3-D seismic program.

Using the information provided by the geological study and the surface fracture analysis, BDM-
Oklahoma staff generated a series of maps and subsurface structural prospects in four areas of
Osage County. The goal was the selection of a 9-mi? area for a 3-D seismic survey. Various maps
and previous analyses were reviewed for indications of structural and producing trends. BDM-
Oklahoma staff prepared maps showing the structure of producing formations and the outline of
hydrocarbon-producing fields. Electric logs, driller’s logs, and production data also were
analyzed in order to produce cross sections showing regional and local stratigraphy.

Ten potential areas were selected for review and analysis prior to subsurface mapping. The final
four areas selected for mapping and prospect development were chosen on the basis of the
review and analysis of the data, unleased acreage in a 9-mi2 area, good well control, the
availability of electric and driller’s logs, and hydrocarbon shows in older Paleozoic rocks
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(including the Mississippian Sands, Simpson, and Arbuckle). A 9-mi2 area near Gray Horse was
" selected for the first 3-D seismic acquisition based on the selection criteria.

Design of the 3-D seismic survey has begun. Survey parameters such as bin size, fold number,
sampling rate, record length, offset ranges, and energy source are being established. A swath or a
full-range 3-D template design or some variation of it, has been recommended. The final
parameters will be selected once a contractor is chosen and initial field tests are performed.






