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ABSTRACT

Badger Basin Field was discovered in 1931. It produces at stripper rates from low-
permeability fractured sandstones of the Upper Cretaceous Frontier Formation. Only 15% of
the estimated 25 million barrels of oil originally in-place will be produced from the twenty-two
attempted vertical completions. This project will increase recoverable reserves through a
better understanding of the reservoir and factors which control production.

Characterization of the reservoir has been accomplished through an integrated
engineering, geological and geophysical approach. Production data, drilling and completion
techniques, and relative location of wells on the anticline were reviewed and related to
productivity. Literature was reviewed for interpretations on preferred flow directions on
anticlinal structures. A structure map of the producing Frontier reservoir was constructed.
Porosity development and its relationship to fracture networks was examined
petrographically. Fractures in core were described and oriented using paleomagnetic
techniques. Azimuths of fractures in outcrop were compared to fracture azimuths measured
in the core. A 17 square-mile 3D seismic survey was designed, acquired and processed.
Interpretation is being performed on a Sun workstation using Landmark Graphics software.
Time-structure and amplitude-distribution maps will be constructed on three Frontier
horizons. A location for a high-angle well will be chosen. The slant/horizontal test will be
drilled and completed to increase recovery of reserves. Transfer of successful technologies
will be accomplished by technical publications and presentations, and access to project
materials, data, and field facilities.

Five significant accomplishments have been achieved. First, we successfully oriented
core from the Frontier using paleomagnetic techniques, thus orienting the coring-induced and
natural fractures. We found that the predominant azimuth of the natural fractures in this core
is NNW, subparallel to the crest line of the anticline. A second set of natural fractures trends
ENE. Two sets of coring-induced fractures were discovered, with azimuths comparable to
the natural fractures. Secondly, petrographic study of thin sections through known fracture
sets has increased our understanding of the porosity system and its relationship to well
productivity. The secondary porosity found in the Frontier sandstones appears to be both
better developed and interconnected adjacent to fractures, providing localized volumes in the
reservoir with higher recovery factors. Thirdly, using production records, we were able to
show a clear relationship between location of a well relative to the anticlinal crest line and the
well's productivity. The better wells are located on or adjacent to the primary or secondary
crest line. Fourthly, we verified that the highest productivity came from a well in the
downthrown block immediately adjacent to the main normal fault. Finally, we were able to
acquire high-quality seismic data using the low-cost sign-bit recording system. This economic
benefit can only help to increase the use of 3D seismic by independents.
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EXECUTIVE SUMMARY

Badger Basin Field, located 28 miles north of Cody, Wyoming, was discovered in
1931. Sixty-three years later, it produces at stripper rates from low-permeability fractured
sandstones of the Upper Cretaceous Frontier Formation. Only 15% of the estimated 25
million barrels of oil originally in-place will be produced from this reservoir by the 22
attempted vertical completions, leaving over 21 million barrels of oil in the ground. The
purpose of this project to increase the recoverable reserves from the Frontier Formation
through a better understanding of the reservoir and factors which control production.
Characterization and analysis of the reservoir will be accomplished through an integrated
geological, geophysical and engineering approach. The investigation into the depositional,
diagenetic, and fracture heterogeneities of the reservoir has been followed by a 3D seismic
survey to gain a more accurate picture of the structural configuration of the producing
anticline. A slant/horizontal test will be drilled and completed in an attempt to overcome
reservoir conditions associated with low recovery of hydrocarbons, resulting in increased
productivity and recovery of additional reserves. Transfer of successfill technologies tested in
this demonstration to other interested parties will be accomplished by technical publications
and presentations, and access to project materials, data, and field facilities.

The Frontier reservoir has been characterized using engineering, core and outcrop
data, and through the analysis of the producing structure's geometry. A structure map of the
producing reservoir was constructed from subsurface well control and two 2D seismic lines.
Individual well production data, completion techniques and relative location of wells on the
anticline were reviewed to determine any relationship between these factors and level of
productivity. Though the better producers are predominately located along the crest line of
the structure, this alone does not guarantee an economic level of production. Core from a
well located on the gentler dipping southwest flank was described macroscopically and
petrographically, and its fractures oriented using paleomagnetic techniques. Numerous
mineralized fractures are present in vertical to subvertical and diagonal shear orientations, as
well as coring-induced petal and centerline fractures. Predominant azimuth trend, based on
paleomagnetic orientation, of the natural fractures is NNW, subparallel to the crest line of the
anticline. A second set of natural fractures trends ENE. Surprisingly, two sets of coring-
induced fractures were found. Sixty-two percent of the induced fractures trend NNW, while
38% trend ENE. Measurement of fracture direction in outcrop coincided with the two sets of
fracture azimuth recorded in the core. Published work analyzing pressure-interference tests at
six fields in the Bighorn Basin indicates preferred flow direction is northeast, perpendicular to
the axial trace. Petrographic analysis of thin sections suggests that the distribution of the
secondary porosity network in the Frontier sandstones may be the result of the fractures and
localized stress field controlling the flow paths of corrosive organic acids formed in and
expelled from the source rocks just prior to the generation and migration of hydrocarbons.

A design was developed for a 17 square-mile 3D seismic survey, based on the areal
extent, desired bin size, fold and offset distribution. A routine processing flow was chosen
with the addition of 3D refraction statics and one-pass finite difference migration.
Interpretation of the data would include mapping of three horizons to determine the faulting
pattern on the anticline, and analysis of various seismic attributes, such as amplitude or
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frequency distribution, as a tool to map fracturing. Bids to acquire the field data were
solicited from eight contractors. Geophysical Systems Corporation's bid of $202,664 was
selected from four bids ranging from $202,664 to $446,693. Acquisition of the 3D seismic
required 25 shooting days during the Spring of 1993. The crew averaged 46 vibrating points
per day. Vector Seismic Data Processing, Inc.'s processing bid for $37,560 was chosen from
a total of four bids received ranging from $37,560 to $57,556. The 3D survey was processed
during the summer of 1993. The processing flow occurred as planned, substituting a 2-pass
finite difference migration for the planned 1-pass. Interpretation is being performed on a Sun
Sparcstation10 workstation (UNIX based) using Landmark Graphics latest version of
Seisworks 3D software. Time-structure and amplitude-distribution maps will be constructed
on the three Frontier horizons.
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