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OUR MISSION
is to increase knowledge
and understanding of the mineral,
energy, water resources, geologic hazards,
and geology of Kentucky for the benefit
of the commonwealth and nation.

COVER PHOTO:
Sky Bridge Arch
in the Red River Gorge Geological Area

Photo by Steve Martin of the Geologic Mapping Section

Sky Bridge is a shelter natural arch that also contains a smaller
pillar natural arch. The arch, like most arches in the Red River
Gaorge Geological Area, is formed in the Pennsylvanian
Corbin Sandstone. Shelter arches are the result of
the merging of cavities forming on opposite sides
of a narrow sandstone ridge. Joints penetrating
the sandstone, gravity, water, and the freezing
and thawing cycle cause the ridge to weather
from the bottom up and to resist
subsequent erosion over time
because of compressive strengthening.
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Dr. James Cobb, Kentucky State Geologist
and Director, Kentucky Geological Survey

This annual
report covers all the
areas in which KGS is
active. Although
formal KGS annual reports date back to the middle
1800’s, the idea that the public deserves to be
informed about the activities and findings of the
Survey is modern, so please take the opportunity
to look this report over. Visit our Web site at
www.uky.edu/kgs for more information and details.

In 2010, the nation was faced with bad economic
news and one of the worst environmental accidents
in history, the BP oil spill in the Gulf of Mexico. The
nation also had one of the worst coal mining
disasters in recent history, amplifying adverse public
opinion of the use of coal. Headlines were also
made in what was referred to as “climategate,”
allegations of malpractice and misinformation in
the climate science community. This served as
ammunition for those skeptical about human-
induced global warming and further confused and
confounded political and legislative efforts to
mitigate global warming. Interest in a carbon cap
and trade system for coal to control carbon
emissions was also diminished but is likely to
reappear at some time in the future. The year also
saw a boom in natural gas exploration and
production in the eastern United States, some of
which was in Kentucky. All of this national and
international news related to natural resources
affects public opinion on topics that affect Kentucky.
This state is rich in natural resources, and our
economy depends heavily on the use of these
resources. In addition, disastrous earthquakes,
landslides, floods, and volcanoes ensured that
geology and earth-science topics regularly appeared
on the front pages of newspapers. All of this has
an impact on KGS too, as our core mission is
directly tied to the understanding and production
of Kentucky's natural resources and the mitigation
of damages from resource production.

In 2009-10, KGS had 19 funded projects for a
total grant funding of $2.6 million. Approximately

$1.07 million was from federal sources and $1.48
million from State sources. KGS produced 16 new
publications. The KGS Web site continues to be a
valuable tool used by many industries, government
agencies, and private citizens to gather geologic
information. In 2009-10, more than 200,000 online
database searches were made for petroleum, coal,
and water data and more than 1.0 million such
downloads. Users can also view KGS data on
interactive Web maps, especially our signature
interactive geologic maps. KGS database and map
Internet functions serve over 1,000 users each day.

KGS completed its research on carbon
sequestration at the Hancock County site with
injection of about 700 tons of CO,. The project
was the first of its kind in Kentucky and one of very
few of its kind in the world. Because of the size
and complexity of the project, the results will take
time to properly assess; final reports will be
completed in the future. Details about this project
and other projects in hazards, water, and minerals
can be found in this report.

KGS was reviewed by the University of Kentucky
in 2010. The review committee reported that

KGS is a highly effective unit of the university that meets
or exceeds the expectations of its various stakeholders at
all levels. KGS is viewed as a top-tier program by peer
organizations and other state geological surveys, and
staff members of KGS are well respected nationally and
internationally. The work performed by KGS in mapping
and making available geological information to the public
is viewed as an exemplary program among all state
surveys. The KGS CO3 Sequestration Project is an
excellent example of KGS's capabilities, and typical of
their efforts on all projects. External stakeholders
enthusiastically endorsed KGS as an excellent project
partner.

The outcome of this review was overall very
good, but a number of suggestions were made to
improve performance and effectiveness. These
suggestions are being incorporated into KGS
policies and procedures and will be implemented
to the extent possible and with consideration given
to fiscal constraints.



Len Peters, secretary, Kentucky Energy
and Environment Cabinet

These are interesting times
for the world of energy. Our demands for energy
are growing, and we must try to meet these growing
demands in as environmentally sustainable a manner
as possible. Kentucky has been blessed with relatively
low electricity rates for decades, and we've been
able to reap the benefits of such low rates by developing a strong, vibrant
industrial economy—among the largest in the United States, in fact. These
low electricity rates are based primarily on our ability to generate most
of the state’s electricity from Kentucky’s abundant coal resources. This
situation is changing—dramatically and quickly—and climate action at
the Federal level is progressing, with greenhouse gas regulation moving
forward and legislation by no means off the table.

With the governor’s energy plan, the goal was to be proactive, and
flexible, in moving the state forward in the energy arena. The governor’s
vision was and is to make Kentucky an energy leader—using our natural
resources in an environmentally sensitive manner while creating economic
growth. The energy plan serves as a roadmap toward energy independence
that is designed to conserve and use energy more efficiently, achieve
energy independence for transportation fuels, use coal more cleanly and
efficiently, and diversify electricity generation to optimize use of renewable
and alternative fuels, in addition to coal, Kentucky's leading fossil fuel.

Because of our vulnerability to Federal actions that will penalize energy
production from fossil fuels because of their carbon footprint, carbon
dioxide capture and storage will become key to our ongoing utilization of
our coal resources—whether to generate electricity or to produce liquid
fuels and synthetic natural gas.

Addressing the technological, economic, legal, and policy issues of
carbon dioxide capture and storage is of extreme importance for Kentucky
and the nation as a whole, Most experts, however, agree these challenges
can and must be overcome if the United States is to meet its growing
energy needs and at the same time reduce overall greenhouse gas emissions.
The Kentucky Geological Survey has been instrumental in advancing
research in geologic storage of carbon dioxide emissions in the
commonwealth.

The Survey's recently released report that assesses the geologic factors
affecting Kentucky's potential for permanent carbon dioxide storage is
one example of the ongoing work. The report, "Evaluation of Geologic
CO2 Sequestration Potential and CO2 Enhanced Qil Recovery in Kentucky,”
gives us significantly more information on various aspects of geologic
storage of carbon dioxide, as well as enhanced oil recovery, and the
potential viability of both in the commonwealth. We will be using the
information in this document to help us achieve the goals of managing
carbon dioxide as outlined in Gov. Beshear's comprehensive energy plan
to ensure that we can continue to use our abundant coal resources in a
carbon-constrained world.

The Kentucky Geological Survey and its industry partners are to be
commended for the successful completion of the deep well drilling project
in Hancock County. Preliminary findings from this well show potential for
storage, and these data are being used by developers interested in coal-
related projects in the western Kentucky coal fields.

KGS is one of the leading entities working on the storage of carbon
dioxide in the United States. This is an important part of addressing our
vulnerability to Federal action as well as future energy-related economic
development opportunities in the commonwealth.

Karen Thompson, chair,
KGS Advisory Board

The research

programs in energy, water,
hazards, and mapping at the
Kentucky Geological Survey all
contribute to the knowledge
base that is essential to the
development of Kentucky's natural resources and
its economy. This work benefits all the citizens of
the commonwealth. The KGS Advisory Board believes
that KGS has accomplished more than most state
surveys with fewer resources than many other
surveys. Without question, KGS is a vital unit for
the geologic, engineering, environmental, coal,
petroleum, gas, and other mineral industries in
Kentucky, as well as industries in the region and
around the world.

KGS is a resource of incalculable value because
of outstanding performance in the collection and
analysis of such data for the benefit of industry,
government, and the public. The past few years have
been particularly successful. Noteworthy efforts
have involved carbon sequestration research, the
Well Sample and Core Library, and geologic mapping.
Community outreach is one of the areas in which
we think KGS has really excelled in the past decade.

One of the shining stars of the KGS Web site is
the investment in GIS capabilities. The Survey has
developed GIS capabilities coupled with its mapping
capabilities to provide a complete information
system that is readily available through Internet
access. The quality and accessibility of the
information that the citizens of the commonwealth
have at their fingertips is exceptional as a result of
these efforts.

Board members believe that further investment
and improvement in two services is crucial. Improving
the Well Sample and Core Library is critically
important. Without this facility, well cuttings and
core samples that have been recovered from all
areas of the state would be lost and unavailable for
examination in research projects and studies related
to the development of our natural resources, such
as oil, gas, and coal. The KGS mission is hampered
by a lack of adequate facilities in which to house
the existing core and data, as well as future materials,
and is in desperate need of funding for expansion
of those facilities.

Community outreach is also an area in which
KGS must continue to strive for improvement and
enhancement. Many of our Board members stress
that UK is a land-grant university, and community
outreach is one of the main pillars of the land-grant
system. We encourage KGS to continue to provide
high-quality information to the public through maps,
Web sites, and workshops.




ENERGY RESEARCH

Kentucky House Bill 1 Carbon Storage
Demonstrations

Western Kentucky Deep CO2 Storage Test Well

Drilling and phase 1 testing of the deep carbon
storage well in Hancock County were completed in
the summer of 2009 to test the potential for
permanent storage of carbon dioxide in the Knox
Dolomite, a deep formation in western Kentucky. Rick
Bowersox and Dave Williams served as principal
investigators on this project. ConocoPhillips, E.ON
US, Peabody Energy, and the Tennessee Valley
Authority formed the Western Kentucky Carbon Storage
Foundation to provide additional funding and technical
services to the project. The lllinois Department of
Commerce and Economic Opportunity and other
organizations also provided funding and services.
Total cost of this phase of well drilling and testing
was about $7 million.

Data collected during the project included openhole
electric logs, a formation imaging log, cores of potential
seals, and Knox reservoir rock. The Precambrian Middle

Carbon dioxide is vented after an equipment pressure test before
323 tons of COz was injected into the Hancock County deep
test well.

Run Sandstone was also cored in the well, through a
$250,000 grant from the U.S. Department of Energy,
because its reservoir properties were previously
unknown. Successful injection of about 18,500 barrels
of brine and 323 tons of carbon dioxide into the Knox
Dolomite demonstrated that carbon dioxide storage
in the Knox is feasible. Analysis of geologic data from
the well and other deep wells in western Kentucky
suggests a prospective area for carbon dioxide storage
in the Knox of about 6,800 square miles. Additional
research will be necessary to evaluate how much of
this area is suitable for carbon dioxide storage.
After testing is completed, the well will be plugged
in accordance with State and Federal regulations, and
the well site restored to pasture by the fall of 2010.

Devonian Shale CO2 Enhanced Gas Recovery
Demonstration

Two projects headed by Brandon Nuttall are
under way to test the hypothesis that Devonian black
shales beneath about two-thirds of Kentucky may
serve for long-term CO; storage as well as enhanced
natural gas recovery.

A well was nominated by the Pike County Fiscal
Court as a possible injection site to test the concept.
Surface and subsurface access agreements for the
injection test project are being negotiated. The
nominated well, a cased hole with open perforations,
presents a challenge for acquiring geophysical logs
for monitoring and assessing the fate of CO7 in the
shale reservoir; well logging, data acquisition, and
monitoring programs are being designed to address
these problems.

The Devonian New Albany Shale in western
Kentucky may also offer potential for long-term storage
of CO3. Tests and data from a core taken in 2009 from
the Hancock County deep carbon storage well indicate
the shale is a low-permeability unit with adequate
mechanical properties to act as an effective secondary
seal for carbon stored in deeper formations.
Preferential adsorption of CO7 by organic matter can
enhance the sealing ability of the shale and suggests
a strategy for enhanced natural gas production. These
data are also relevant to the storage project in eastern
Kentucky.
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CO2 Enhanced 0Qil Recovery-
Sequestration

Two different types of
enhanced oil recovery-
sequestration projects
continued to move forward. At
Sugar Creek Field in Hopkins
County, 7,268 tons of CO2 was
injected into the Mississippian
Jackson Sandstone reservoir
from May 9, 2009, to May 10,
2010. The Sugar Creek project
was conducted as a pattern
flood in which CO2 was
continuously injected through a centrally located well
surrounded by six to eight production wells. Injection
of CO» was followed with water injection, which
continues at the end of this fiscal year. Geochemical
monitoring of reservoir fluids and gases conducted
by KGS staff successfully documented changes in
fluid chemistry. There appears to be a modest increase
in oil production because of CO; injection, though
the field response is still being evaluated.

KGS staff also collected data on water and gas
chemistry in the Euterpe Field in Henderson County
prior to a new enhanced oil recovery injection project
scheduled for fall 2010. Reservoir pressures at Sugar
Creek and Euterpe are low enough that COy will largely
remain as a gas in the oil reservoir.

Marty Parris is the principal investigator for the
projects, and researchers Glynn Beck and Kathy
Takacs have conducted most of the fluid and gas
monitoring. Measurements of fluid chemistry are being
done by Jason Backus, Andrea Conner, and Steve
Mock of the KGS laboratory. The Sugar Creek project
is part of the Midwest Geological Sequestration
Consortium pilot program administered by the Illinois
State Geological Survey, and, as such, is supported
with funding from the U.S. Department of Energy.

recovery project.

Regional Evaluation of CO2 Storage
and Enhanced Oil Recovery Potential
Energy and Minerals Section staff released the

final report of a multifaceted analysis of carbon
sequestration potential in Kentucky. The findings are
available at the KGS Web site as Report of
Investigations 21 (series 12). Funded by the Kentucky
Energy and Environment Cabinet, the analysis focused
on four diverse topics thematically related by carbon
sequestration. The topics, listed as chapters in the
report, were (1) a geologic evaluation of the potential

Energy Research

Glynn Beck gathers water samples from the
Sugar Creek oil field for an enhanced oil

to use CO2 for enhanced oil
recovery (Kathy Takacs,
Brandon Nuttall, and Marty
Parris), (2) an evaluation of
subsurface brine geochemistry and
implications for CO7 sequestration
(Parris, Steve Webb, Takacs,
Nick Fedorchuk), (3) a broad
geologic framework evaluation of
CO2 storage potential with an
emphasis along some of the state's
major river corridors (Steve Greb
and Mike Solis), and (4) a
geologic evaluation of CO3 storage
potential for nominated coal gasification sites (Nuttall,
Dave Harris, John Hickman, and Solis). It is
intended to provide a critical reference for policy-
makers and industry representatives evaluating
Kentucky's carbon sequestration potential. The project
was coordinated and managed by Parris (principal
investigator) and Greb and Nuttall (co-principal
investigators).

Evaluating Deep CO2 Storage in the
lllinois and Michigan Basins

Begun in 2010, this 3-year project is a collaborative
effort of four research groups: state geological surveys
in Illinois, Kentucky, and Indiana, and geologists at
Western Michigan University. The project was funded
by the U.S. Department of Energy through the
American Recovery and Reinvestment Act. It will
characterize the carbon sequestration potential of
the Cambrian-Ordovician Knox Supergroup and
Ordovician St. Peter Sandstone in the Midwest. KGS

Student worker Anne Schumacher and Kathy Takacs gather
water samples in preparation for a new enhanced oil recovery
project in Henderson County.



is characterizing the Knox Supergroup in western
Kentucky, a potentially important subsurface formation
for storage of CO2. KGS's work will consist of five
main tasks:

» Conduct a second phase of CO;z injection in the
Knox Group in the Hancock County well (see above)
to evaluate a discrete reservoir zone, and image the
CO; plume with time-lapse three-dimensional vertical
seismic profiles (Rick Bowersox and John Hickman).

* Improve our ability to predict high-quality
reservoir zones in Knox Group dolostones using two-
dimensional seismic modeling techniques, such as
seismic inversion. (Hickman).

* Characterize the reservoir types and determine
the geologic controls on dolostone and sandstone
porosity development and preservation in the Knox
Group in western Kentucky. This will benefit prediction
of CO7 storage capacity and containment (Dave
Harris and Marty Parris).

* Develop an interpretative geochemical model
or models that describe interactions among super-
critical carbon dioxide, formation brines, and the
rock-forming minerals making up the Knox carbonate
reservoir and seal rocks (Parris and Junfeng Zhu).

* Evaluate fault seal capacity of several formations
in western Kentucky using both rock-based analysis
and geomechanical approaches (Hickman).

Regional Carbon Storage Partnerships
The section continued research in three U.S.
Department of Energy—funded regional carbon
sequestration partnerships: the Midwest Geological
Sequestration Consortium (Warren Anderson and
Brandon Nuttall), the Midwest Regional
Sequestration Partnership (Steve Greb and Mike
Solis), and the Southeast Regional Carbon
Sequestration Partnership (Greb and Cortland Eble).
Phase 2 research in these partnerships included
continued characterization of regional CO2
sequestration potential in saline reservoirs, potential
for enhanced oil and gas recovery with COp, and CO2
demonstration injection wells. One of the regional
demonstration wells was in Rabbit Hash, Boone
County, at Duke Energy’s East Bend Station. A 3,500-
foot-deep well was drilled into the Precambrian Middle
Run Sandstone, and 1,000 tons of COz was
successfully injected into the Cambrian Mount Simon
Sandstone during the summer of 2009. This test

marked the first-ever injection of CO3 into the Mount
Simon, a reservoir thought to have significant
sequestration potential across the Midwest.
Monitoring and analysis of testing results continue.

Rough Creek Graben Consortium

A 3-year study of the Cambrian geology and
petroleum potential of the Rough Creek Graben region
of the southern Illinois Basin was completed in 2010
by John Hickman. This study was funded by a
consortium of 12 energy companies, the Kentucky
Energy and Environment Cabinet, and KGS. A DVD
containing electronic copies of the 103-page final
report and other project data (with the exception of
proprietary seismic profiles) was distributed to the
consortium partners.

As part of the terms of the consortium agreement,
the final report will be held confidential by KGS for
24 months following the end of the project. In June
2012 the results of the study will become public and
will be published by KGS.

State-Owned Lands’ Oil and Gas
Potential

The 2009 regular session of the Kentucky General
Assembly called for KGS to collect data on State-
owned lands and assess their oil and gas resources,
and Brandon Nuttall led the project to accomplish
this. Sarah Briland and Tom Sparks used tract
information from several State agencies and
universities and integrated the data to the extent
possible into a single GIS system to facilitate the
assessment. A total of 931 State- and university-
owned tracts were assessed, and of those, 758 (81
percent) have no direct indication of oil and gas
resources. Qil and gas resources are indicated on
181,074 acres, 54 percent of the assessed acreage.
Possible revenue over a 5-year period was projected
at $30.44 million for natural gas producers or $76.92
million for oil wells by assuming a number of drillable
locations, typical success rates, and fixed commodity
prices. Actual revenue realized will be a function of
acreage made available for resource development,
success rate, the mix of oil and gas completions,
horizontal and conventional well types, and variations
in commodity prices.
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Staff in the Geologic Mapping
Section, led by William Andrews, coordinates with
a number of Federal, State, and local agencies to
acquire data, conduct mapping projects and other
activities, and to provide technical assistance to local
and State agencies. For instance, section staff have
provided help to the Jefferson County emergency
management agency for the county’s natural hazard
mitigation planning project.

Mapping staff continued creating new surficial
maps with the help of funding from the USGS _
STATEMAP program. Mike Murphy, Monte Rivers,
and Matt Crawford completed a map of the Jackson
quadrangle in Breathitt County. Scott Waninger and
Ron Counts mapped the Sturgis and Bordley
quadrangles in Union County.

Steve Martin continued his work to measure and
map fractures across the state. Since beginning the
project, he has added over 1,750 individual features
at 95 sites to a database on fractures. This information

Geologic Mapping
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Matt Crawford visited this Rowan County landslide that blocked
Ky. 801 in May 2010.

is useful for planning transportation projects and for
developing natural resources such as water and
petroleum. Natural arches and bridges are a laboratory
for studying fractures as well. Martin has visited 39
arches and received information on 240 others from
other arch enthusiasts.

Matt Crawford continued his project to inventory
the numerous landslide locations in the state. He has
catalogued a total of 2,146, including locations
provided by the Transportation Cabinet and Division
of Abandoned Mine Lands. In addition, Monte Rivers
worked to digitize a series of older USGS aerial
reconnaissance landslide potential maps of eastern
and southeastern Kentucky. He has digitized more
than 40 of the quadrangle maps.

Bethany Overfield, who now works in the Geologic
Mapping Section, continued work on her project to
test core samples from Transportation Cabinet project
sites for their sonic velocity. The project was nearly
complete by the end of the fiscal year.

Drew Andrews and Steve Martin began a project
to build a database of subsurface information related
to the Paducah Gaseous Diffusion Plant in McCracken
County. The information will help create a
lithostratigraphic model for a remediation and
management plan for the site.

Monte Rivers and Mike Murphy measure Princess Arch
as part of Steve Martin’s fracture mapping project.
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