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GEOLOGIC ASSESSMENT OF THE BURGER POWER
PLANT AND SURROUNDING VICINITY FOR
POTENTIAL INJECTION OF CARBON DIOXIDE

INTRODUCTION

This report, compiled for the Midwest Regional Carbon Seques-
tration Partnership (MRCSP), is a preliminary feasibility study of
the geological sequestration potential for a proposed carbon-cap-
ture-and-storage demonstration project at the Burger Power Plant
located in Belmont County, Ohio. The MRCSP is one of seven re-
gional partnerships funded by the U.S. Department of Energy to in-
vestigate the potential for carbon capture and storage in the United
States. This partnership, led by Battelle Memorial Institute, includes
research institutes and government agencies from the states of Indi-
ana, Kentucky, Maryland, Michigan, New York, Ohio, Pennsylvania,
and West Virginia plus several industry partners. In Phase I of the
partnership, a regional geologic assessment summarized the subsur-
face geology of the MRCSP region in terms of potential reservoirs
and seals for carbon sequestration (Wickstrom and others, 2005). For
Phase 11, three sites within the MRCSP region, including the Burger
Power Plant site, are under investigation to be used as field tests to
evaluate carbon-sequestration methodologies in geologic reservoirs.

The objective of this report is to summarize the geology and
available geologic data of the Burger site and its immediate vicin-
ity, and to provide a preliminary characterization of known geologic
reservoirs and sealing units for use in further assessment work. Fur-
ther assessment work would be used for developing the test well de-
sign and implementing various requirements for carbon capture and
storage, as well as acquiring an underground-injection permit and
developing a subsequent monitoring plan. This report was revised
to include information collected during the drilling and geophysical
well logging of the deep stratigraphic test well drilled at the Burger
site, the FEGENCO #1 Well. Further well testing and injection of
CO; are planned for this well. At the conclusion of such tests, a final
report on this project will be published by the Ohio Department of
Natural Resources, Division of Geological Survey (DGS).

The principal investigators for this feasibility study were Mark
Baranoski, Ernie Slucher, and Larry Wickstrom of the DGS. This
report was revised by Doug Mullett of the DGS. Additional con-
tributions were made by Kristen Carter of the Pennsylvania Geo-
logical Survey and Lee Avary of the West Virginia Geological and
Economic Survey.

GEOGRAPHIC SITE LOCATION

The Burger Power Plant is located at the southeastern edge of a
large flood plain on the west side of the Ohio River at Dilles Bot-
tom, Belmont County, Ohio, which is located on the Businessburg
7.5-minute U.S. Geological Survey (USGS) quadrangle (fig. 1). The
Burger Power Plant is approximately four miles south of Shadyside,
Ohio and directly across the Ohio River and southwest of Mounds-
ville, West Virginia. In this report, use of the term “site” refers to
the area in the immediate vicinity of the Burger Power Plant and
the term “Burger Well” refers to the FEGENCO #1 Well (American
Petroleum Institute number 3401320586). “AOR” as used in this
report stands for area of review and includes well and other geologic
data within approximately 20 miles of the site. The Burger Well was
drilled 3,994 ft from the north line and 374 ft from the east line of
Section 35, Mead Township, Belmont County.

PREVIOUS WORK

No previous detailed deep-subsurface investigations of prospec-
tive geologic reservoir and sealing units viable for carbon storage
have been conducted for the Burger Power Plant AOR. Several sub-
surface regional studies of shallow strata (Devonian or shallower)
using oil and gas well control have been published (Haught, 1955;
Roen and others, 1978; Cardwell, 1979, Schweitering, 1979; Gray
and others, 1982; Gas Research Institute, 1989).

Member agencies of the MRCSP team have conducted several
geologic investigations over the past 25 years that are of note for
the Burger area. The MRCSP Phase I Task Report (Wickstrom and
others, 2005) was the source for most stratigraphic data and maps
used in this analysis. The phase I report contains an assemblage
of databases and maps depicting the general distribution of the
geologic reservoirs and seals in the subsurface of the seven-state
MRCSP region.

The Rome Trough Consortium (Harris and others, 2002) inves-
tigated the subsurface stratigraphy of sub-Knox Group units within
and adjacent to the Rome Trough in eastern Kentucky, southeastern
Ohio, and northern West Virginia. Included in the final report of the
consortium is a database listing the identified tops of geologic units,
deep-core descriptions, regional maps of sub-Knox sandstone reser-
voirs, and information on known hydrocarbon geochemistry in the
Rome Trough.

The Atlas of Major Appalachian Gas Plays (Roen and Walker,
1996), a comprehensive study of known and speculative gas plays
in most portions of the Appalachian Basin, facilitated the analyses
of some geologic horizons in the eastern part of the AOR. Items
included in the atlas that may be useful for additional research at
the Burger Power Plant are databases on the average geologic and
engineering characteristics of each play.

The Eastern Gas Shales Project was a U.S. Department of Energy
(U.S. DOE)-funded study of the organic-rich Devonian shales in the
Appalachian Basin (Gray and others, 1982). In addition, this report
contains numerous maps on other geologic units, such as the Onon-
daga Limestone and Berea Sandstone, that may have relevance to
the Burger site investigation.

POTENTIAL GEOLOGIC
SEQUESTRATION RESERVOIRS

The U.S. DOE has identified several categories of geologic res-
ervoirs for potential CO, sequestration (U.S. Department of Energy,
1999, 2004, 2005). Of these categories, four are considered to have
potential application at the Burger site: (1) deep saline formations,
(2) oil-and-gas fields, (3) unmineable coal beds, and (4) carbona-
ceous shales.

DEEP SALINE FORMATIONS

Saline formations are natural salt-water-bearing intervals of po-
rous and permeable rocks that occur beneath the level of potable
ground water. Currently, a number of saline formations are used for
waste-fluid disposal in Ohio. Thus, a long history of technological
and regulatory factors exists that could be applied to CO, injection/
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Figure 1.—Location of Burger Power Plant. Figure captured from four USGS digital raster graphic (DRG) files of the 7.5-minute quadrangles surrounding the
site. A separate file containing this map, for detailed use and printing, is included on the CD submitted with this report.
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disposal. In order to maintain injected CO, in its supercritical state
(i.e., liquid), the injection horizon depth must be at or greater than
2,500 ft. Maintaining COs in its liquid phase is desirable because, as
a liquid, it takes up less volume than when it is in the gaseous phase.
One ton of CO, at surface temperature and pressure (when it is in
its gaseous phase) occupies approximately 18,000 cubic feet. The
same amount of CO, will occupy only 50 cubic feet when injected
into a formation at a depth of approximately 2,600 ft. Sequestration
depths of at least 2,500 ft also insure there is an adequate interval
of rocks (confining layers) above the potential injection zones to act
as geologic seals.

OIL-AND-GAS FIELDS

Oil-and-gas fields represent known geologic traps (structural or
stratigraphic) that contain hydrocarbons within a confined reser-
voir with a known cap or seal. In depleted or abandoned petroleum
fields, CO, can be injected into the reservoir to fill the pore volume
left by the extraction of the oil or natural gas resources (Westrich
and others, 2002).

In active oil fields, it has been demonstrated that CO, can be used
for enhanced oil recovery (EOR). In this process, some of the oil
that remains in reservoirs after primary production is recovered by
using COs to (1) repressurize the reservoir and drive the remain-
ing oil to a recovery well (immiscible flooding at shallow depths),
or (2) reduce the viscosity (via mixing/chemical interaction) of the
remaining oil and push it to a recovery well (miscible flooding of
deep reservoirs). Approximately 70 oil fields worldwide currently
inject CO, for EOR (U.S. DOE, 2004), thereby demonstrating the
effectiveness of this value-added sequestration option. Most exist-
ing CO;-assisted EOR operations are in the western United States,
especially the Permian Basin of west Texas. These fields mainly
use naturally occurring sources of CO,, but recently, anthropogenic
sources have been added to their extensive pipeline network. There
are no known large natural-CO, sources in the eastern United States.
Having CO, available for EOR operations may enable the local oil
industry to produce hundreds of millions of barrels of additional
oil. Enhanced oil recovery, while sequestering CO,, could provide
further economic incentive to develop a long-term sequestration op-
eration at a site such as the Burger Power Plant.

UNMINEABLE COAL BEDS

Unmineable coal beds offer a unique option for geologic seques-
tration because, unlike the previously described reservoir types,
CO; injected into a coal bed would not only occupy pore space, but
it would also bond, or adsorb, onto the carbon in the coal itself. The
adsorption rate for CO, in bituminous coal is approximately twice
that of methane; thus, in theory, the injected CO, would displace
methane, allowing for potential enhanced gas recovery (Reznik and
others, 1982; Gale and Freund, 2001; Schroeder and others, 2002)
while at the same time sequestering twice the volume of CO,. Be-
cause of the adsorption mechanism, concerns of miscibility that oc-
cur in oil-and-gas reservoirs are not an issue. Thus, the injection of
CO; and resulting enhanced recovery of coal bed methane could
occur at shallower depths than for depleted oil reservoirs and deep
saline formations.

CARBONACEOUS SHALES

Analogous to sequestration in coal beds, CO, injection into car-
bonaceous shale reservoirs could be used to enhance existing gas

production. Additionally, it is believed that carbonaceous shales
could adsorb CO, into the shale matrix, similar to coal adsorption,
permitting long-term CO, storage even at relatively shallow depths
(Nuttall and others, 2005). Sequestration of CO, in carbonaceous
shales has not been demonstrated and is still in the developmental
research stage.

METHODS

A geologic characterization was conducted for the 20-mile radius
AOR that includes portions of Belmont, Harrison, Jefferson, and
Monroe Counties, Ohio, Greene and Washington Counties, Penn-
sylvania, and Brooke, Marshall, Ohio, and Wetzel Counties, West
Virginia (fig. 2). Additionally, because of a paucity of data on deep
geologic units, some well data were used from as far as 30 miles
from the site.

Data used for the preliminary site assessment were acquired from
public records at the West Virginia Geological and Economic Sur-
vey (WVGES), the Pennsylvania Geological Survey (PGS), and the
Ohio Division of Geological Survey (DGS). Available geologic lit-
erature, basic geologic maps, and data on coal and coal mines, oil
and gas wells, petroleum storage fields, brine solution wells, and
core hole records were compiled and analyzed.

Wells in the text and figures are referred to by both lease name
and the American Petroleum Institute’s well-identification number
(API number). The API number is a national standardized method
for assigning unique identifiers to oil and gas wells. It is expressed as
a 10-digit number with the first 2 digits representing the state code,
the next 3 numbers representing the county code, and (in Ohio) the
next 5 numbers representing the permit number within the county.

Stratigraphic terminology used in this report is that currently ac-
cepted by the DGS and can be found in Larsen (1998), Riley and
others (1993), and Baranoski (in prep.). A stratigraphic chart for
strata underlying the Burger AOR, adapted from the MRCSP phase
I report (Wickstrom and others, 2005), is shown in figure 3.

As of June 2006, 6,257 drill holes were on file at the WVGES,
PGS, and DGS in the 20-mile radius AOR. The majority of these
wells were drilled for oil and gas (including coalbed methane). The
results of analyses using the well records were constrained because
many of the records pre-dated modern regulations that require rela-
tively more information than the records contain. For example, only
3,056 of the 6,257 wells in the AOR have a total depth (TD) listed as
part of the well record (fig. 4); thus, additional data on deeper geo-
logic units within the AOR may exist in the records of current and
historic operators of the Appalachian Basin. A listing of all wells
within the AOR, as of June 2006, is attached (Appendix A). Other
subsurface records of the AOR are from coal stratigraphic test holes
and wells drilled for brine solution operations. Very little core or
analyses of the AOR are available for rocks below the coal measures
(Appendix B).

A dip cross-section was constructed across the AOR (fig. 4) to
illustrate the regional stratigraphy, including the potential injec-
tion zones and confining units. For visual clarity, the cross section
is split into a shallow section and a deep section (figs. 5, 6). Data
used for the shallow and deep sections were derived from the top of
the Onondaga Limestone and the Dayton Formation\“Packer Shell,”
respectively.

Time budgeted for this assessment precluded using a large num-
ber of geophysical logs to interpret formation boundaries and prop-
erties and map unit depth and thickness. In addition, geophysical
logs were not run or reported when many wells in the region were
drilled. Therefore, drillers’ reported formation depths (depth below
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UPPER DEVONIAN SILTSTONES AND SANDSTONES

Hydrocarbon production from Appalachian Basin Upper Devo-
nian siltstones and sandstones, including significant volumes of oil,
began in 1859 with cumulative production estimated at approxi-
mately 20 Tcf (Boswell, 1996) (fig. 30). Fields productive from both
Devonian siltstone and sandstone reservoirs are known within the
AOR (fig. 30) by such drillers’ names as “Fifth Sand,” “Thirty-Foot,”
“Gordon,” and “Gantz” (these units are found in the Chagrin Shale
interval shown in fig. 3). The dominant productive area is more than
10 miles southeast of the Burger Power Plant in West Virginia.

The depleted Majorsville-Heard gas field of Marshall County,
West Virginia and Greene County, Pennsylvania was activated in
1943 as a natural gas storage field in the Pennsylvanian Salt sand,
Mississippian “Big Injun” sandstone and the Devonian siltstones
and sandstones (American Gas Association, 1988). The deeper
Devonian reservoirs at this site are at an average depth of 2,570 ft
(American Gas Association, 1988).

The Upper Devonian siltstone and sandstones are a complex
depositional assemblage, which are distal facies equivalents to the
carbonaceous black and gray Ohio Shale deposited to the west. The
extent, thickness, porosity and permeability of these siltstones vary
laterally and are poorly defined in the vicinity of the Burger Power
Plant site. Several Chagrin siltstone units were encountered in the
Burger Well at depths ranging from 2,250 to 2,850 ft. Twelve feet
of net siltstone with a neutron porosity greater than 6 percent was
present in the lowermost siltstone unit (2,804-2,834 ft). A total of
12 sidewall cores were collected from the Devonian shales; two of
these cores were from the Chagrin Formation.

LOWER DEVONIAN BEREA SANDSTONE

In the Appalachian Basin, 151 productive fields have been dis-
covered in the Berea Sandstone and its equivalents with an estimat-
ed cumulative production of 1.9 Tef (Tomastik, 1997). The Berea
Sandstone produces from 17 pools within the AOR (fig. 31). The
nearest reservoir data for the Berea are from a site approximately
30 miles to the north-northwest of the Burger site and indicate a
porosity range of 10.1 to 15.4 percent and permeability range of less
than 0.1 md to 2.7 md over a 6-ft interval (core analyses from API
number 341212156). Thickness, porosity, and permeability of Berea
reservoirs can vary from well to well due to channeling during de-
position. Correlation of the Berea Sandstone using geophysical logs
alone can be difficult in this portion of the Appalachian Basin due to
interfingering of the Berea with low-energy shale deposits. Hence,
confusion with younger and older sandstone/siltstone beds may
arise due to a lack of a well-developed Sunbury Shale, which is
used as a marker above the Berea.

Depth to the Berea in the Burger Well is 1,822 ft with a thickness
of 28 ft and 3 ft of net sandstone. Within the AOR, Berea sandstone
thickness ranges from less than 10 ft to 20 ft, and porosity deter-
mined from geophysical logs range from 5 to 12 percent. The Berea
is not deep enough for miscible CO, injection at this location. It is
possible that some Berea oil reservoirs may be candidates for im-
miscible CO; floods.

UPPER AND LOWER MISSISSIPPIAN
LIMESTONES AND SANDSTONES

Limited historical production and gas storage from the Lower
and Upper Mississippian limestones and sandstones is present in
the AOR (fig. 32). The Greenbrier/Newman limestones (“Big Lime”

from driller terminology in Pennsylvania and West Virginia; Max-
ville Limestone of Ohio) are prolific producers of natural gas further
to the east in West Virginia. Approximately 6,000 wells have hy-
drocarbon production from 183 fields in West Virginia and 54 wells
from three fields in Ohio (Smosna, 1969).

Although little production from the “Big Injun” sandstone is
found within the AOR, widespread and prolific hydrocarbon pro-
duction occurs from the Big Injun in central West Virginia and east-
ern Ohio, east and north of the AOR. Cumulative production for
fields in West Virginia is estimated to be 4 Tcf (Vargo and others,
1996). These reservoirs are mentioned in this report only to partially
explain the large number of shallow penetrations in the area. Depth
to the Lower and Upper Mississippian sandstones and limestones
near the Burger site is too shallow for miscible CO, injection.

LOWER AND MIDDLE PENNSYLVANIAN
SANDSTONES AND COAL BEDS

Production from the Allegheny Group was first discovered in
1860 (Hohn, 1996). Since then, isolated wells have produced gas in
scattered fields in the AOR . Much of this production was encoun-
tered while drilling for deeper targets and was commingled. Using
an average cumulative of 200 Mcf, the cumulative production for
the Allegheny Group in the Appalachian Basin is estimated at 181
Bcf (Hohn, 1996).

Pottsville Group sandstones have produced hydrocarbons since
the late 1800s in the Appalachian Basin. Of 1,136 Pottsville wells on
record in Ohio, 250 have a cumulative production of 20 Bcf, averag-
ing 8 MMcf per well (Hohn, 1996). Figure 33 shows the current and
historical production areas from both the Pennsylvanian Allegheny
and Pottsville Groups in the AOR. These reservoirs are mentioned
in this report only to explain the large number of shallow penetra-
tions in the area.

UNMINEABLE COALS

The tri-state area has had a long and proud history of coal mining,
starting in about 1800. Coal production peaked in Ohio in 1970 with
50.57 million tons produced. In 2004, the state’s coal industry pro-
duced 23.46 million tons and ranked fourteenth in the nation for pro-
duction. Coal-bearing rocks are found in 40 eastern Ohio counties.
Belmont County ranks first in the state in all-time coal-producing
counties. It is estimated that three to perhaps as many as five individ-
ual coal beds may be present beneath the Burger site that may have
sufficient thickness (greater than 12 inches) and depth (greater than
500 ft) for consideration as testing targets for enhanced recovery of
methane by CO, injection. Three of these coals, the No. 6, No. 5, and
No. 4, were encountered in the Burger Well. The No. 6 coal occurs at
a depth of 810 ft below the surface and ranges from 24 to 42 inches
thick. The No. 5 and No. 4 coals occur at 50 and 90 ft, respectively,
below the No. 6 coal and range from 12 to 36 inches thick. Additional
coals occur at depths 0f 924; 963; and 1,012 ft with thicknesses in the
12 to 48 inch range. Rapid facies changes over a lateral distance of
only a few hundred feet are typical of rocks in the Pennsylvanian in
this portion of Ohio (fig. 34), especially below the No. 4 coal. Hence,
predicting or even anticipating exact lithologic content in this part of
the geologic section, especially for coal beds only a few feet thick
(and for a single pilot-project well) is uncertain given the next near-
est control point is a core hole located six miles away.

Ohio is lacking reliable gas-content analyses on most of the coal
beds in the state; however, using conservatively low gas-content
values, the DGS estimates the state’s producible CBM reserves at
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Figure 30.—Map showing the locations of oil and gas fields producing from the Devonian Shales and upper Devonian siltstones and sandstones within the
Burger site AOR.




UNMINEABLE COALS 39

- 4 N ™

— T T—— / Brooke
Harrison ) /'\ .
¢,

—— /

/ASHINGTO —Q

EXPLANATION

* Burger Coal Power Plant
Berea Fields

— Rivers

ashinagton
5

— State Roads

25 10 Miles

I:l 20-mile radius area of review

D County boundary
y-Dé S

v

==
5 25 0 5 10 15 Kilometers

@/ ~Pleasants\7 N

Figure 31.—Map showing the locations of oil and gas fields producing from the lower Devonian Berea Sandstone within the Burger site AOR.




40 GEOLOGIC ASSESSMENT OF THE BURGER POWER PLANT AND VICINITY

f//‘/\/
Harrison

— /

/ASHINGTO —Q

EXPLANATION

* Burger Coal Power Plant
MISS Fields

— State Roads

|:|20-mile radius area of review

5 25 0 5 10 15 Kilometers D County boundary
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proximately 670 ft. The main coal mined near the site is the No. 8 (Pittsburgh), which is found at an approximate elevation of 480 ft above sea level. The base
of the Conemaugh Group (shown in illustration) is approximately 520 ft below the No. 8 coal.

2-5 trillion cubic feet of methane. Although there is very limited
coalbed methane production in Ohio (all from mine vents), rising
natural gas prices have led to growing interest in this energy re-
source nationally and within the state, and CO,-enhanced recovery
of methane may provide an economic incentive for sequestration
of CO; sources in coalfields. Coalbed methane drilling and produc-
tion has seen a sharp increase in both neighboring Pennsylvania and
West Virginia since the mid-1990s (fig. 33).

CARBONACEOUS SHALES

The Burger AOR also contains widespread, thick deposits of
carbonaceous shales. These shales are often multifunctional, act-
ing as seals for underlying reservoirs, source rocks for oil-and-gas
reservoirs, and unconventional gas reservoirs themselves. Both
the Ordovician shale and the Devonian shale intervals below the
site contain thick sequences of organic shale; however, only the
Devonian Shale interval is within the range of economic drilling
depths for this site, which is less than 9,000 ft. The suitability of the
Devonian shales for CO, injection and sequestration has not been
demonstrated but should be considered for additional research at

the facility. Analogous to sequestration in coal beds, CO, injection
into unconventional carbonaceous shale reservoirs could be used to
enhance existing gas production. As an added benefit, it is believed
the carbonaceous shales would adsorb the CO, into the shale matrix,
permitting long-term CO, storage even at relatively shallow depths
(Nuttall and others, 2005).

Hydrocarbon production from Appalachian Basin Upper Devo-
nian Shales began in 1821 with cumulative production estimated
at approximately 3 Tcf (Milici, 1996). Limited Devonian shale pro-
duction is present within the AOR (fig. 30). Most Devonian shale
wells in the area have been completed using open-hole techniques
(without casing and perforations through the pay zones) making it
very difficult to know which intervals are the most productive. Also,
many of the wells did not have geophysical logs run, thus separating
productive black from gray shale and siltstone units in this portion
of the Appalachian Basin very difficult. However, most of the pro-
duction in this portion of the Basin is from the shallower portions of
the Devonian Shale sequence, largely from the gray shales and silt-
stones. The Devonian black shales within the AOR are very lightly
drilled, primarily due to the greater drilling depth. Prospective pro-
ducing black shale units include the Rhinestreet Shale Member of
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the West Falls Formation; Middlesex Shale Member of the Sonyea
Formation; Geneseo Shale Member of the Genesee Formation; and
the Marcellus Shale Member of the Hamilton Group. Six sidewall
cores were collected from the darker organic-rich interval of the De-
vonian Shale, one core from the lower Hamilton Group, and five
cores from the West Falls and Java Formations.

Depth to top of the Devonian Shale at the Burger Power Plant is
1,850 ft. Total thickness of Devonian Shale at the Burger Power Plant
site is 4,858 ft. Depth to the base of the shale interval (top of Ononda-
ga Limestone) interval is 5,708 ft. Multiple gas shows were encoun-
tered from organic-rich, low density intervals within the Hamilton
Group (fig. 25). Based on the mudlog description, the estimated total
black shale thickness at the Burger Well is 540 ft. A total of twelve
sidewall cores were collected through the Devonian shales.

CONFINING UNITS FOR POTENTIAL
INJECTION INTERVALS

Cap rocks are abundant for all prospective injection reservoirs
in the Burger AOR and should, in the absence of well-developed
fracture and fault systems, provide adequate sealing to prevent ver-
tical migration of injected CO, (fig. 3). The assumption that tight,
impermeable rocks are present in the AOR is based on core analy-
ses and data distant from the Burger Power Plant site; projecting
core analyses for cap rocks over long distances is more reliable than
delineating prospective reservoirs. Well-developed cap rocks can
be generally verified using geophysical well logs, which show low
versus high porosity. The reader is referred to Wickstrom and others
(2005) for a discussion of deeper seal units (below the Lower Silu-
rian Cataract Group/Tuscarora Sandstone) and regional overview.

Cap rocks above the Lower Silurian “Clinton-Medina”/Tuscarora
sandstone include approximately 1,800 ft of tight shale and carbon-
ates of the Clinton Group, Lockport Dolomite and Salina Group
carbonates and evaporites (minus cavern development from nearby
solution mining). Drillers often refer to the thick carbonates above
the Clinton-Medina/Tuscarora sandstone as the “Big Lime.” The
Bass Islands Dolomite and Helderberg Limestone interval is a cap
rock of 411 ft of carbonates beneath the Oriskany Sandstone pos-
sible injection reservoir. The Onondaga Limestone, a potential cap
rock above the Oriskany, consists of 415 ft of tight to vuggy car-
bonates below the Hamilton Group interval. Potential cap rock for
the Hamilton and overlying Upper Devonian black shale intervals is
variable. Depending on the thickness and extent of Upper Devonian
siltstones and sandstones, the cap rock for the Devonian shales will
range between 1,000 and 2,000 ft of shale and tight siltstone. Cap
rocks for Devonian siltstones and sandstones is also highly variable
and dependent upon relatively unknown extent and thickness of silt-
stone and sandstone beds themselves and an overlying, increasingly
upward, complex assemblage of Mississippian and Pennsylvanian
shale, carbonates, coal, and sandstone. The approximate thickness
of these highly variable lithologies is 1,800 ft. Net effective thick-
ness, excluding the uppermost ground water reservoir zone is in
excess of 1,000 ft. Elimination of shallow speculative and possible
injection reservoirs effectively either adds reservoirs as buffer zones
or potential cap rock to the lowermost prospective injection reser-
voir. Using the Clinton-Medina as an example, as much as 8,200 ft
of potential cap rock and buffer zones exists.

A total of 25 sidewall cores were collected from both caprock and
reservoir units in the Burger Well. These cores will be analyzed for
permeability and will be petrographically described to characterize
the prospective cap rocks and buffer zones at the Burger Well site.

STRUCTURAL GEOLOGY NEAR
THE BURGER SITE

Depth to the Precambrian basement at the Burger site is estimated
to be approximately 14,000 ft; the estimate is based on very sparse
deep well control and from projecting expected thicknesses of units
from the base of the deepest wells near the site. The nearest prospec-
tive basement fault to the Burger site is likely to be deep faulting
associated with the Rome Trough to the south and east. This faulting
is likely to be normal faults down to the southeast with displacement
increasing on individual faults farther to the southeast towards the
main border fault of the Trough (fig. 11). Little data are available on
the deep structure of the area. Therefore, the acquisition and analy-
sis of seismic reflection profiles across the immediate area are of
vital importance to identify local faulting.

Structure contour and isopach maps of various coal beds and
stratigraphic profiles of specific intervals of the Monongahela group
in Belmont County by Berryhill (1963) imply a northwest-trending
structural element may exist in the subsurface of the Burger site.
This shallow structure might be indicative of deeper structural ele-
ments below the area:

Ferm and Wisenfluh (1989) developed a depositional model for
Pennsylvanian coal deposits in the Appalachian Basin that had a deep
structural component as one of the controlling mechanisms for litho-
logic spatial patterns; moreover, numerous summaries on the structural
influence in various coal-forming basins are found in Lyons and Rice
(1986). In the AOR, several indirect lines of evidence suggest that the
Burger site may occur in an area with a previously unrecognized deep
structural element. Data supporting this conclusion include:

1. A northeast-southwest-trending, easterly dipping monocline
occurs approximately 2 miles northwest of the site. The mono-
cline is parallel to and approximately 10 miles south-southeast
of a normal fault (downthrown south) mapped in the Pittsburgh
coal. Berryhill (1963) discusses another faulted area in the
Pittsburgh coal, a northeast-trending graben where the coal is
displaced and thickens within the boundaries of the structure.
This feature is located approximately 20 miles northwest of
the Burger site (see abandoned mine map BT-178 on file at the
DGS). Moreover, Berryhill (1963) notes many mine operators
in Belmont County report local faulting in the Pittsburgh coal.

2. The Burger site occurs where the south-southeasterly flowing
Ohio River makes an abrupt 130-degree deviation to the north-
west. The river then follows this northwesterly trend for about
2 miles and makes a second abrupt change in course direction
165 degrees to the southeast. This second river diversion oc-
curs where the Ohio River intersects the northeast-trending
monocline (item 1 above), a structural feature that may be
the controlling element for the second diversion of the river
course. The 2-mile, northwest-trending section of the Ohio
River that occurs between these prominent river bends is paral-
lel to several structural irregularities indicated on the structure
contour maps of the Pittsburgh coal that, when aligned, trend
northwest-southeast. Interestingly, this trend, when projected
northwestward, crosses in close proximity to the graben dis-
cussed above (item 1) and aligns with the spillway of Piedmont
Lake, a place where surface displacement of the bedrock was
reported in the engineering profiles created for construction of
the reservoir.

3. Cross and Schemel (1956) mapped a series of northeast-south-
west-trending synclines and anticlines (Proctor and Louden-
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ville synclines and Martinsville anticline) on the shallow Penn-
sylvanian strata several miles south of the Burger site. These
features parallel the monocline and faulting noted in item 1.

4. A dome structure with about 50 ft of relief exists on the Pitts-
burgh coal approximately 7 miles northwest of the site. The
dome occurs mostly in the western portion of Mead Town-
ship.

5. Changes in the thickness of the Waynesburg coal align with the
northwesterly linear trend noted above (item 3).

6. Lithologic changes occur in the vicinity of the northwest-south-
east linear trend discussed above. In some areas of Belmont
County, the percentage of sandstone in the section increases
southwestward of this lineament, whereas limestone and other
fine-grained lithologic units are prevalent northeast of the lin-
eament. This suggests subsurface faulting has occurred along
this trend and influenced the distribution of sediments during
the Upper Carboniferous.

7. Economic deposits of the Fishpot coal were found only to the
south of the linear trend discussed in item 2.

8. Locally, the interval between the Pittsburgh and Fishpot coal
expands and is dominated by sandstone south of the linear pre-
viously discussed.

The structural grain of the area is typically displayed via an or-
thogonal joint set with dominant directions being northeast-south-
west and northwest-southeast. The structural irregularities noted
above may show that shallow deposition and structure is controlled
by deep-seated faulting, perhaps the step-down faults associated
with the Rome Trough mentioned earlier, which would be expected
to be oriented northeast-southwest. Conversely, these irregularities
may simply be showing response to local compressional stress as-
sociated with a later orogenic event, such as the Alleghenian.

SEISMIC REFLECTION DATA

The nearest public domain seismic reflection data for the Burger
site is the Ohio Consortium for Continental Reflection Profiling
(COCORP) line, an east-west profile acquired in 1989. The CO-
CORP acquisition parameters were designed to look at very deep
geologic features within the earth’s crust, 10 to 30 miles deep. Thus,
the upper few seconds of data, which contain the reflection records
from the Paleozoic and shallow Precambrian, are coarse for normal
structural and stratigraphic interpretations.

Currently, no industry-acquired seismic reflection data are avail-
able for acquisition or are known to exist in the vicinity of the Burg-
er Power Plant (John Forman, personal comm. 3/21/06). The CO-
CORP line crosses Belmont County approximately 15 miles north
of the site. This seismic data was originally acquired as part of a
larger study on the deep crust of the eastern mid-continent of North
America (Pratt and others, 1989). Later, the original dataset was re-
processed using standard industry techniques commonly applied to
seismic data for hydrocarbon prospect evaluations. This reprocess-
ing resulted in the enhancement of many of the shallow reflectors
in the Paleozoic section, which may be useful in the analysis of the
Burger site. However, the distance between the COCORP line and
the site may limit the effectiveness of this data for use in modeling
the subsurface geology of the AOR.

ARTIFICIAL PENETRATIONS

As mentioned above, extensive mining of shallow coal resources
has prevented most modern oil and gas exploration within much of

the AOR. As a result, deep artificial well penetrations within several
miles of the site are rare. An inventory was made of all deep wells
in the study region and near the study site. As of June 2006, only
59 wells have been drilled into the Devonian Onondaga or deeper
within 20 miles of the site from a total of 6,257 wells drilled that
were reported in public records from Ohio, Pennsylvania, and West
Virginia. There are three deep wells drilled deeper than Ordovician
Trenton Limestone within 30 miles, one of which was drilled into
the Precambrian basement in Harrison County, Ohio (Appendix A).
The closest deep well to the study site is the Occidental No.1 Burley
well, 16 miles southeast of the site in eastern Marshall County, West
Virginia. The Burley well was drilled to a depth of 16,512 ft into
the Cambrian Knox Group. The nearest moderately deep wells are
within approximately 2.5 miles west of the site, where 13 wells were
drilled to approximately 6,600 ft for Silurian Salina halite solution
mining (West Virginia Department of Environmental Protection).
The lack of deep well data at the Burger Power Plant site illustrates
the importance of drilling the test well in order to proceed with rea-
sonable modeling of potential injection reservoirs. Appendix D is a
general list of known deep well tests by formation within 30 miles
of Burger Power Plant. The review of artificial penetrations reported
to state agencies for the AOR suggests a minimum of 1,402 wells
drilled deeper than 2,500 ft into the Devonian shale.

CLASS I AND II INJECTION WELLS

There are no Class I (hazardous and industrial waste) injection
wells within the Burger vicinity. The nearest Class I injection facil-
ity is located in Scioto County, Ohio approximately 140 miles from
the proposed site.

The locations of nearby Class II (brine) injection wells are shown
in figure 35. Two Class II injection wells are found within the AOR.
The well in Monroe County, Ohio (API number 3411121559) in-
jects brine into the Mississippian “Big Injun” sandstone (Appen-
dix E). The well in Wetzel County, West Virginia (API number
4710301415) was drilled to a total depth of 2,360 ft. Although its
record does not report the injection zone, the Devonian Gordon
Sandstone is the formation at TD.

CLASS III INJECTION WELLS

Class III injection wells are those used for the injection and with-
drawal of fluids within the salt solution mining industry. Typically
in this region, water is injected via wells into the halite beds of the
Salina Group where it acts to suspend the salt in solution, which
is then withdrawn via the same well or another well. Once at the
surface, the water is evaporated from solution to produce the con-
tained salt. Although the Salina Group does not produce hydrocar-
bons within the AOR, halite beds of this interval have been solution
mined in Marshall County, West Virginia within 2.5 miles west of
the Burger Power Plant site (figs. 4 and 35). Thirteen wells have
been drilled to about 6,500 ft to remove an uppermost halite bed
of the Salina. Very few data, other than some well locations, are
available on these wells at the West Virginia Geological Survey
(Appendix E). Reportedly, the West Virginia Department of Envi-
ronmental Protection has some additional data on these operations,
but it is not in searchable format, nor is there an inventory of the
information. It is suggested that an effort be made to assemble all
pertinent available data on these operations prior to permitting in-
jection operations at Burger.

Apparently the area was first drilled for Salina salt production in
the early 1950s. A directionally drilled well into the Salina was also
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reported in Moundsville, West Virginia (French, 1963). This well
has not been located through the current data search. The thickness
of solution-mined Salina halite beds is not known nor is a cumula-
tive volume of produced halite presently available. Thus, adequate
modeling of the extent and orientation of cavern development is not
possible. It is likely that seismic reflection data will not be able to
adequately image the solution-created void because the halite beds
are typically not thick enough to image individually. However, in
absence of further data, the combined removal of thicker lower ha-
lite beds and accompanying collapse of roof material has the poten-
tial to be imaged on seismic reflection profiles. Other Salina solution
mining operations are located along the Ohio River approximately
12 miles southwest of the Burger Power Plant in Natrium, Marshall
County, West Virginia.

Solution mining operations create large cavernous voids, as well
as rubble and breccia zones due to roof collapse. Such features
would have extraordinary porosity and permeability that would
make them potential CO, storage caverns. However, more site data
is necessary to determine the safety and potential volume of such a
consideration.

SEISMICITY

The DGS operates a statewide array of seismic monitors, with all
data reported to and collected at our central facility, the Horace R.
Collins Laboratory near Delaware, Ohio. The DGS also cooperates
closely with the USGS National Earthquake Information Center in
Colorado, and operates one of the USGS strong-motion sensors at
its Delaware facility. Lastly, in the event of a strong event within the
state, the DGS cooperates with the USGS and the Lamont-Doherty
Observatory to quickly place portable sensors around the area of
the event to closely monitor any aftershocks. Close-spaced monitor-
ing of aftershocks allows very precise placement of the epicenter
and better solutions for the geometry of the fault plane involved.
Figure 36 is a map showing all recorded earthquake locations and
their relative magnitudes in and surrounding Ohio (Hansen, 2002).
Updates to this map and detailed information on most previous seis-
mic events can be found on the OhioSeis website: <http://www.dnr.
state.oh.us/OhioSeis>.

The Burger site lies within the eastern Ohio aseismic zone, an
area that has not generated an earthquake in historic times. The near-
est significant earthquakes were the January 31, 1986, Lake County
earthquake (5.0 mbLg) at a distance of approximately 124 miles
from the site and the September 25, 1998, Pymatuning earthquake
(5.2 mbLg) at a distance of approximately 112 miles from the site.
The NCEER catalog also lists a West Virginia earthquake from 1824
at a distance of approximately 21 miles from the site. This earth-
quake was assigned a magnitude of 4.1 based upon the felt area
and a Modified Mercalli Intensity of IV. Such early earthquakes are
notoriously inaccurate as to location and magnitude due to a lack of
accurate technology and sparse documentation in newspapers. This
region of West Virginia has not experienced any seismic activity
since the unique 1824 event.

The Burger site lies in the less-than-6-percent g zone of the USGS
Peak Acceleration (% g) map, with a 2 percent probability of ex-
ceedance in 50 years (2002). The above data suggest that the site has
a very low probability of significant seismic risk.

SUMMARY

Prior to drilling the Burger Well, available literature, petroleum
well and storage field data, well and core descriptions and analy-

ses, and coal information were compiled and analyzed for the area
within 20 miles of the Burger Power Plant in Belmont County, Ohio.
A total of 6,257 records on producing oil and gas wells, dry holes,
stratigraphic core tests, and brine-solution wells are contained in
public archives of the tri-state AOR. Core tests and analyses of pro-
spective injection reservoirs and cap rocks were non-existent or not
known to be available for public use.

Other than shallow stratigraphic core hole tests, only one well
is known to contain a deeper interval (Ohio Shale) that has been
cored and only one short description of the Oriskany Sandstone is
known; both are from wells drilled in Belmont County, Ohio. In
the AOR, only 59 wells have been drilled into or deeper than the
Devonian-age Onondaga Limestone. Of these wells, only four wells
were drilled deeper than the Silurian-age “Clinton-Medina” inter-
val and just one well penetrated the Cambrian-age Knox Dolomite
within the AOR. However, in a 30-mile radius around the well site,
additional deep stratigraphic data exist that can be used to project
data about these deeper units into the site area. Many of the deeper
wells have geophysical logs available in public records. The near-
est well penetrating Precambrian rocks occurs 30 miles northwest
of the Burger Power Plant. Conventional industry-acquired seismic
data is not known within the AOR. Additional data is also lacking
on formation pressure, brine/formation fluid samples, and mineral-
ogy in the AOR.

Maps of oil and gas plays in the AOR are provided to assist in
understanding their potential impact on CO, sequestration. Ap-
proximately 67 oil-and-gas pools/fields are within the AOR (fig.
27, Appendix C)). Many of these areas produce hydrocarbons from
multiple horizons at depths that range from 800 to 7,300 ft below
the surface. However, many of these field/pool data are not cor-
rected/correlated for stratigraphic consistency. Developing geologic
analogues using existing oil, gas, and storage reservoir and solution
mining data within the AOR could be useful to evaluate prospective
saline reservoirs at the Burger Power Plant site. Usefulness of these
data is dependent on time available to create stratigraphically con-
sistent data sets. It is not likely that geologic conditions similar to the
well-developed reservoirs in current and abandoned storage fields in
West Virginia and Pennsylvania exist at the Burger Power Plant site.
The limited geophysical well log data for the few deep prospective
saline reservoirs suggest thin and tight reservoirs beneath the Devo-
nian black shales at the Burger Power Plant site. Analysis of these
reservoirs indicates seismic transparency. No actual core data for
these prospective reservoirs or cap rocks exists or is available within
the AOR for wells drilled prior to the Burger Well.

Nevertheless, formations with prospective hydrocarbon res-
ervoirs may be targeted for non-commercial CO, injection. In the
AOR, the following plays are discussed: the Lower Silurian “Clin-
ton”/Tuscarora sandstone and Lockport Dolomite; Upper Silurian
Salina Group and Bass Islands Dolomite; Lower Devonian Oris-
kany Sandstone; Devonian Black Shales, siltstones, and sandstones;
Upper Devonian/Lower Mississippian Berea Sandstone; Upper and
Lower Mississippian sandstones and carbonates; and the Lower
and Middle Pennsylvanian sandstones (fig. 3). Oil and gas plays
deeper than the Lower Silurian Clinton/Tuscarora sandstone are not
discussed, as these plays are considered “ultra-deep” and deemed
economically impractical for the proposed test well. Production
from these deep plays (Ordovician Trenton/Black River/St. Peter/
Beekmantown and Cambrian Rose Run/Conasauga) is located 50 to
100 miles or more from the Burger Power Plant site; however, po-
tential does exist for hydrocarbon discoveries in these zones within
the AOR. Future economics may also warrant examination of these
deep zones for potential CO, injection.
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A minimum depth of approximately 2,500 ft is necessary for in-
jected CO, to remain in a supercritical state. At the Burger Power
Plant, this will eliminate several Upper Devonian siltstone and
sandstone beds, the Berea Sandstone, and overlying porous Mis-
sissippian and Pennsylvanian limestone and sandstone reservoirs.
However, injection into unmineable coal beds, and perhaps organic
shales, do not require this depth constraint since CO is adsorbed in
organic-rich zones rather than being stored in pore spaces.

Proximity to existing and abandoned Silurian Salina Group halite
solution mining activities may also limit the injection options at the
Burger site. Solution-mining activities in the Silurian Salina Group
are located within 2.5 miles updip of the site. Presently, the extent
and thickness of Salina halite removal, potential roof collapse, and
cumulative salt production is unknown. It is likely that pilot CO,
injection testing of the Salina and nearby zones, such as the Bass Is-
lands or Oriskany Sandstone, will be proposed for the Burger Well.
Burger Well pilot test information and all data from both publicly
available regulatory agencies and private industrial operators con-
cerning solution-mining operations should be thoroughly analyzed
and modeled before the Burger Well proceeds with a larger injec-
tion program. Should the pilot injection tests show that the Salina or
nearby units are favorable for CO, sequestration, extensive investi-
gations and modeling should be required to ensure integrity of the
prospective operations prior to permitting.

Figure 37 summarizes the rock section penetrated in the Burger
Well. This diagram indicates the depths of stratigraphic intervals

and identifies both confining units and potential sequestration tar-
get zones in the Burger Well. The black shales of the Hamilton
Group appear favorable as potential reservoir rock based on their
drilling characteristics; the thickness of the low-density, organic-
rich intervals; and strong gas shows encountered during drilling.
The Clinton sandstone and Oriskany Sandstone are also potential
sequestration reservoirs because developed sandstones with po-
rosity were encountered in both intervals. Good gas shows in the
Salina Group and Lockport Formation indicate effective porosity
in porous dolomite zones. Bass Islands Dolomite is a lower poten-
tial sequestration target at this location due to the lack of porosity
development and only a minor gas show. Upper Devonian through
Pennsylvanian shale, siltstones, and sandstones also show lower
potential due to minimal gas shows and shallow depths. Approxi-
mately 10 net feet of deep unmineable coal beds beneath the site
could be considered possible injection zones; however, the lateral
extent of these coals are unknown and the discontinuous nature of
overlying confining units may limit the effectiveness of a shallow
seal. Potential buffer zones, which in part are represented by pos-
sible reservoirs that would not be used for injection, could com-
bine with cap rock units to reduce the potential of vertical fluid
migration. Cap rock units in the Burger Well generally appear very
favorable (low porosity and well developed thickness), which is
relatively predictable from well log analyses tied to core and test-
ing data from great distances, giving good credence to the lateral
continuity of these units.
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Figure 37.—Burger Well summary diagram showing potential injection zones, confining units, sidewall core locations, and significant gas shows.
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