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On the cover

The cover image shows a 5,000 by 5,000 foot tile from the KyFromAbove statewide airborne
LiDAR digital elevation model draped over less-detailed pre-LiDAR topography and Nation-
al Agriculture Imagery Program aerial photographs of an area centered around the conflu-
ence of the South Fork of the Red River and Stump Cave Branch near Bear Hollow in Powell
County. View is toward the south. Virtual deforestation calculations remove trees from the
LiDAR data to create an exceptionally accurate bare earth DEM, which allows geologists to
discern landscape details even in heavily forested areas. The LiDAR image combines rain-
bow hues to represent elevation above sea level, a reversed gray-scale slope-angle map to
help delineate geologic details such as landslide scars and individual rockfall blocks from the
ridge-forming Corbin Sandstone, and topographic contours to further accentuate geomor-
phological subtleties. KGS geologists routinely take advantage of our Digital Earth Analysis
Lab—KGS DEAL—to use LiDAR data in their research. Kentucky’s statewide LiDAR DEM,
which was released in early 2018 after several years of data acquisition and processing, com-
prises about 46 billion laser-accurate ground-surface elevation measurements across the
commonwealth. The DEM and related elevation products are available free of charge from
kyfromabove ky.gov. Read more about how KGS uses LiDAR on pages 22-23.



Earth Resources—
Our Common Wealth

Mission
The Kentucky Geological Survey is a state-supported research center and public resource
within the University of Kentucky. Our mission is to support sustainable prosperity of the
commonwealth, the vitality of its flagship university, and the welfare of its people. We do

this by conducting research and providing unbiased information about geologic resources,
environmental issues, and natural hazards affecting Kentucky.

Vision

To be the primary source of geologic information about and for Kentucky.
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From the
Director

What would William Williams Mather—de-
scendant of a Puritan minister, artillery instructor,
Three-dimensional digital outcrop model of Camp inventor, and professor, who performed the first
Nelson Limestone. geological reconnaissance of Kentucky in 1838—have

thought of smartphones that can locate a geologist
within a few feet in the field, connect to an internet map service to display an airborne LiDAR hillshade ren-
dering of the area, measure and plot the orientations of structural features, and document an outcrop with
high-resolution digital color photographs?

For that matter, what would he have thought of a plain old un-
smart phone?

Kentucky and the world have changed tremendously since Mather
set out 180 years ago to evaluate the commonwealth’s natural resources.
Even then, he was a bit behind the curve. Coal had been discovered in
Kentucky in 1750, and the first commercial coal mine began operation
in 1820 near Paradise, Muhlenberg County. Commercial amounts of oil
had been inadvertently discovered and produced from a brine well near
Burkesville, Cumberland County, in 1829. Responding to the concerns of
influential Kentuckians, Sen. Cyrus Wingate and Rep. James Morehead
introduced motions in the Kentucky legislature that authorized Gov.
James Clark to retain the services of an expert to undertake a geological
reconnaissance of the commonwealth. Even in those early days, it was
clear that scientific understanding of our natural resources was essential
for the prosperity of Kentucky and its people.

One hundred eighty years after Mather began his work in Ken-
tucky—and 70 years after KGS became a part of the University of Ken-
tucky by an act of the state legislature in 1948—we remain as committed as ever to fulfilling both our legislative
mandate and the university’s land-grant mission by performing a continuing geological study of the state, with
an emphasis on the practical well-being of its people. But we do it differently than William Mather did.

One of our most important jobs is to serve as the repository for information about Kentucky’s geology.
That includes data obtained from oil, gas, and water wells; mineral exploration drillholes; and geotechnical
borings in the form of rock cores, drill cuttings, lithologic logs, and chemical analyses. Most of that informa-
tion is already online through our internet map service, but KGS is taking steps to make the service even more
useful. We've embarked on a pilot program to photograph core so that visitors to our website will eventually be
able to view high-resolution digital photographs of cores before traveling to our library to examine the cores in
person, allowing them to make the best use of their time. We’ve also added a high-resolution multidirectional
hillshade image layer, developed from Kentucky’s now-complete statewide airborne LiDAR coverage, to our
internet map service to help visualize details of local topography and geology across the state.

In addition to our interactive map services, digital versions of almost all of our maps, publications, and
georeferenced data are already freely available online, providing a tremendous resource to other state agencies



from emergency management to transportation; engineering and planning firms laying the groundwork for con-
tinued economic growth; grassroots citizen and environmental groups; students and teachers; and anyone else
interested in the Bluegrass State. If you need an old or obscure KGS publication that is not yet online, in most
cases we will be able to scan and post it. There are sometimes copyright restrictions on papers published in
peer-reviewed journals, but KGS authors are almost always able to provide copies to individuals upon request.

KGS scientists also conduct research and collect new data to improve the lives of Kentuckians. For sev-
eral years now, we’ve been monitoring microseismicity in eastern Kentucky to better understand the potential
effects of fluid injection should large-scale hydraulic fracturing ever become common in Kentucky, working
with colleagues in the UK College of Agriculture, Food and Environment to help study edge-of-field water
quality to improve farming practices, performing chemical analyses for our colleagues in the UK Department of
Mining Engineering to help evaluate the feasibility of extracting critically important rare earth elements from
coal, collaborating with the UK College of Nursing’s BREATHE program to understand geologic controls on
indoor radon gas (radon is the second leading cause of lung cancer), and making surficial geologic maps useful
for engineering and planning studies in Kentucky’s most rapidly developing areas.

When the state disaster mitigation plan needed updating, KGS was there to provide the latest and best
information available about Kentucky’s susceptibility to geologic hazards such as earthquakes, landslides, and
sinkholes. Our new Digital Earth Analysis Lab—KGS DEAL—supports development of new solutions using
Kentucky’s statewide airborne LiDAR data, which currently give us about 460 billion laser-accurate measure-
ments to help us understand the geology and topography of Kentucky.

We are continually improving the ways we communicate the things we know, from placing increased
emphasis on publication of peer-reviewed papers in scientific journals—the gold standard of scientific publica-
tion—to exploring evolving technologies such as GIS-based Story Maps to create interactive online documents
and using message-box strategies to identify the essential pieces of information we want to communicate and
sharpen the messages to our audiences. We've used a graphical scale indicating the degree of complexity of
each report published by KGS for some time now, and during the past year have started including a succinct
statement of benefit to Kentucky, written in everyday language—no scientific jargon allowed! It’s our job to
explain clearly and unambiguously what we do and why our work matters to Kentucky.

Please take some time to read our 2017-2018 annual report and let us know how we’re doing.

William C. Haneberg
Director and State Geologist
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Water
Resources

During 2017-2018, KGS hydrogeologists
worked on ground- and surface-water character-
ization projects started in the previous year and
began several exciting new projects in collabo-
ration with the U.S. Department of Agriculture’s
Natural Resource Conservation Service, the Ken-
tucky Division of Water, and the UK College of
Agriculture, Food and Environment. Ben Tobin
joined KGS on June 11, 2018, providing interna-

-

“ Steve Webb measures discharge in the outlet channel of
Head of Rough Spring, near Cecilia.

tionally recognized expertise in karst hydrogeology, speleology, and water-tracing techniques. Tobin previous-
ly worked for the National Park Service at Grand Canyon National Park. KGS also hired a recent UK graduate,

Adam Nolte, as a geological technician.

Collaborative aquifer characterization

In the fall of 2017, KGS began a new collabora-
tive project with the Kentucky Division of Water,
funded by the U.S. Geological Survey’s Water-Use
Data and Research Program, to identify and charac-
terize aquifers used for public and industrial water
supplies. The project will help improve the Division
of Water’s program to manage Kentucky’s ground-
water and the Division’s permit processing by creat-
ing a new digital hydrogeologic framework of major
Kentucky aquifers; the aquifers will be designated
by identification codes used in the USGS National
Water Information System database. Existing data,
including water-well construction logs, oil and gas
well records, geophysical logs, and other digital geo-
logic mapping data presently archived by KGS, will
be compiled and synthesized. KGS geologists Chuck
Taylor, Bart Davidson, Glynn Beck, Tom Sparks,
and John Hickman are working on the project,
which is funded through June 2019.

Water Resources
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Steve Webb calibrates a data sonde to monitor
changes in temperature, pH, specific conductance,
and turbidity of water pumped from Head of Rough
Spring to the Hardin County Water District No. 1
treatment plant near Cecilia.



Head-of-Rough Spring discharge monitoring

Working in collaboration with the Hardin
County Water District No. 1, Chuck Taylor and
Steve Webb are collecting discharge measurements
and water-quality data at a monitoring station at
Head-of-Rough Spring near Cecilia. Monitoring
equipment set up in December 2016 continuously
tracks changes in water level, temperature, specific
conductance, pH, and turbidity. These data, along
with periodic spring discharge (flow) measurements

Green River karst spring

investigations

An investigation of the hydrogeology
of the karst spring at The Homeplace on
Green River farm, near Campbellsville,
is funded through December 2018 by a
Natural Resource Conservation Service
Conservation Innovation Grant. KGS
installed a data sonde capable of measur-
ing multiple water-quality parameters
in the spring of 2018. The sonde contin-
uously monitors changes in pH, specific
conductance, temperature, and turbidity.
Discharge is monitored at a first installed
in the fall of 2016. In June 2018, Ben
Tobin, Chuck Taylor, Steve Webb, and
Adam Nolte began making preparations
for dye-tracer tests, which will delineate
subsurface groundwater flow paths and
basin boundaries, as well as identify sink-
holes that contribute stormwater runoff
to the spring. The dye tracing will contin-
ue through the remainder of 2018. These
data will help characterize the spring’s
hydrology in anticipation of a future
water-quality sampling project to develop
and demonstrate edge-of-field monitoring
techniques for water quality and soil-
health assessments in sinkhole-dominat-

ed crop fields.

and analysis of water samples collected for total sus-
pended solids concentration, provide information for
the water district to improve its management of the
spring as a public water source. The project is funded
through June 30, 2018, by a grant from the Kentucky
Division of Water’s Source Water Protection Assis-
tance Program, but monitoring will continue at least
through the end of 2018.
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_ Chuck Taylor installs a data sonde in
-4 water flowing out of a cave spring at
. The Homeplace on Green River.

=

. Ben Tobin (right) and Adam Nolte prepare to flush a fluo-

rescent tracer dye into the partly blocked swallet (throat) of
a sinkhole at The Homeplace on Green River.

B &7 LA <

KGS Annual Report 2017-2018



Green River watershed nutrient and sediment loss

Glynn Beck is monitoring nutrient and sedi- six suitable watersheds, ranging in size from 3.5 to
ment loss from active row-crop fields in the lower 11.5 acres, in late 2017. In March and April 2018, they
Green River watershed in a multiyear collaboration installed a flume, automated sampler, and ultrasonic
with Brad Lee and Dwayne Edwards of the UK flow meter in each watershed outlet. Nutrient and

College of Agriculture, Food and Environment. This sediment sampling should begin in July 2018. The
edge-of-field project, which should run through 2028,  project will determine the nutrient and sediment loss

is funded in part by the Kentucky Soybean Board from active row-crop fields under different nitro-

and through an Environmental Quality Incentives gen-application methods. Collaborator Mark Akland
Program contract from the Natural Resource Conser-  of the UK Department of Plant and Soil Sciences is
vation Service. Beck and his collaborators identified conducting field work for the project.

Collaborative wetland monitoring

Glynn Beck is collaborating with Brad
Lee and Dwayne Edwards of the UK College
of Agriculture, Food and Environment on a
multiyear project to monitor nutrient and A
sediment runoff from retired row-crop fields
that have been converted or are being convert-
ed to wetlands. This project, which should run
through 2023, is funded through the Wetland
Reserve Program administered by the Natural
Resource Conservation Service. Six wetland
watersheds, ranging in size from 1.5 to 13
acres and located in western Kentucky, have
been selected and will be instrumented with a
flume, automated sampler, and ultrasonic flow
meter by the end of August 2018. The project
will assess the nutrient and sediment runoff
from wetlands that are in various stages of ag-
ricultural or land-use management (for exam-
ple, soybean field converted to trees, tree and
dense vegetation, or mature forest). Leighia
Eggett, a recent hire in the UK Department of
Plant and Soil Sciences, who is stationed at the
Natural Resource Conservation Service office
in Mayfield, will perform the field work for
this project.

Example of an edge-of-field monitoring station, which includes
a flume, wing walls, s_o_l,ar'panel, and instrument enclosure
containing an automa{t’éd sampler, flow-meter base station, and
12-volt battery.
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Soil-moisture requirements for pivot irrigation

Glynn Beck collaborated with Brad Lee and
other researchers from the UK College of Agricul-
ture, Food and Environment to monitor soil moisture
in a fragipan (impermeable zone) soil under pivot
irrigation in Hickman County. Soil-moisture data
collected from a corn field indicate that depth of the
fragipan and landscape position influence soil-mois-
ture capacity. In addition to soil-moisture data,
groundwater elevation data are collected prior to,
during, and after the growing season by a transducer
installed in the production water well. A flow meter
records the volume of groundwater used to irrigate
the corn crop. Transducer data indicate that the local

groundwater elevation dropped during irrigation
(July-August 2017), plateaued for several months af-
ter irrigation stopped (August-December 2017), and
fully recovered to pre-irrigation levels by April 2018.
Flow-meter data indicate that 8.2 million gallons of
groundwater were used to irrigate approximately
105 acres in July and August 2017. The results will be
published in a bulletin by the UK Cooperative Exten-
sion Service. The project is funded in part through a
Conservation Innovation Grant from the Natural Re-
source Conservation Service and a Kentucky Water
Resources Research Institute 104B Program Student
Enhancement Grant.

Princeton Research and Education Center groundwater availability

A project funded in part by the University of
Kentucky College of Agriculture, Food and Environ-
ment will drill wells and test aquifers in a follow-up
investigation of groundwater availability at the Uni-
versity of Kentucky Research and Education Center
at Princeton. In 2017, Glynn Beck and other KGS
hydrogeologists collected fracture-trace, electrical-re-
sistivity, and dye-tracer test data to help identify the
best potential locations for new irrigation wells in a
255-acre row-crop field recently purchased as part of
the new UK Grain and Forage Center of Excellence.
In January 2018, four test holes ranging in depth from

holes in part of Hardin County.

80 to 160 feet below ground surface were drilled to
determine whether the local limestone aquifer is
capable of supplying the groundwater needed for
planned pivot irrigation research. Beck and the other
researchers determined that groundwater availabil-
ity was severely restricted at the site: three of the
test holes were dry and one produced only minimal
amounts of groundwater (approximately 5 gallons
per minute). Because the groundwater supply there
was inadequate, the Center is investigating other
potential water sources.

LiDAR-based sinkhole mapping

Work to create a digital map of sinkhole loca-
tions in Kentucky, which began in 2014, continues,
and is utilizing the now-complete LiDAR coverage
for Kentucky. More information on this project is on
page 20.

In a separate but related effort, Junfeng Zhu
and Chuck Taylor revised existing maps showing
sinkhole locations and information about sinkhole
occurrence and other karst-related hazards for the
update of the state’s hazard mitigation plan (for more
information, see page 32).



Drinking water corrosiveness

Junfeng Zhu, collaborating with UK Depart-
ment of Earth and Environmental Sciences professor
Alan Fryar and graduate students Amanda Sherman
and Jason Merrick, completed a study of the quality
of the Lexington-Fayette County public water sup-
ply, with an emphasis on water corrosiveness. This
study was in response to the highly publicized water
crisis in Flint, Mich., and was supported by the U.S.
Geological Survey through the Kentucky Water Re-
sources Research Institute at UK. The project team
collected and analyzed 24 tap-water and source-wa-
ter samples from throughout Lexington in spring and
fall 2017. Results indicated that corrosiveness was

generally low, but can increase significantly during
icy or snowy winters when large amounts of road salt
are applied. Correlation analysis suggested that metal
concentrations increase with pipe distance and also
are influenced by pipe materials. A model was devel-
oped to locate potential areas of concern for metals
leaching into Lexington’s water distribution system.
The final report was submitted to the Institute in
May 2018. Sherman made presentations about the
project at the 2017 Geological Society of America an-
nual meeting and the 2018 Kentucky Water Resourc-
es Research Institute’s annual symposium.

KGS assists Division of Water with groundwater sampling

The Kentucky Division of Water is respon-
sible for sampling water quality at about 60 sites,
including both wells and springs, across Kentucky
as part of the Kentucky Interagency Groundwater

Monitoring Network (www.uky.edu/KGS/water/
gnet). Most samples are collected quarterly or twice
a year by Division personnel on 12 different sampling
runs across the state. KGS geologists Bart Davidson
and Richard Smath assist the Division by sampling
at three sites: McConnell Spring and Russell Cave
Spring in Fayette County, and Royal Spring in Scott
County. The Environmental Services Branch Lab-
oratory in Frankfort analyzes the samples, and the
resulting groundwater-quality data are uploaded into
the Kentucky Groundwater Data Repository.

Bart Davidson (left) and Richard Smath (above)
gather water samples as part of the state Division

N of Water’s annual sampling of about 60 wells and

springs across the state.




Paducah Gaseous Diffusion Plant groundwater model review

Working with Steve Hampson from the Ken-
tucky Research Consortium for Energy and the
Environment and Lindell Ormsbee and Kelly Pen-
nell from the Kentucky Water Resources Research
Institute, Junfeng Zhu reviewed the groundwater
flow model for the Paducah Gaseous Diffusion Plant.
The current model is a recent update of a model used
as a tool to remediate groundwater that was contami-

KGS fulfills legislative mandates

KGS is legislatively mandated to serve as the
state’s official repository for groundwater informa-
tion (KRS 151.035) and oversee establishment of a
long-term groundwater-monitoring network (KRS
151.625).

The Kentucky Groundwater Data Repository
contains well-construction and water-quality sam-
pling data for more than 105,000 sites across Ken-
tucky, including more than 43,000 domestic wells,
1,300 public wells, 875 industrial wells, 4,400 agri-
cultural wells, 35,400 monitoring wells, and more
than 5,300 springs. Thousands of analytical results
are available for many of these wells and springs.
Since the Repository’s inception in 1990, data have
been compiled from more than 15 agencies, including
KGS. The largest annual contributions come from
the Kentucky Division of Water, and data compiled
by the Division’s Well Drillers Certification Pro-

B = water well & spring ke [JHID

nated by decades of uranium enrichment at the plant.
The review was to ensure that the model properly
represents the groundwater flow system at the site.
The modeling project, supported by the U.S. Depart-
ment of Energy, began in September 2017 and finished
in March 2018 when the report was submitted to the
Department of Energy.

gram and the Kentucky Interagency Groundwater
Monitoring Network are uploaded to the Repository
approximately once every quarter. Scanned copies of
water-well drillers’ logs are uploaded approximately
every six months. All available Repository data for
wells and springs are publicly accessible at www.
uky.edu/KGS/water/research/gwreposit.htm and can
be searched, downloaded, and displayed online using
various base maps. Users can generate comprehensive
hydrologic site assessments for multiple purposes,
such as groundwater resource exploration, environ-
mental monitoring and remediation, land-use devel-
opment, recreation, and agricultural planning.

During 2017-2018, KGS hydrogeologists col-
lected groundwater-level data as part of an ongoing
effort to rebuild a statewide groundwater observation
network. Water levels were continuously recorded
using automated water-level logging equipment at 10
observation wells in Caldwell, Calloway, Edmonson,

Henderson, Hickman, Mar-
amme  shall, and Scott Counties. Sites

¢ SR —
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s for other potential observa-
tion wells are being sought

in parts of the state where
information on groundwater
availability is critically need-
ed by groundwater users and
water-resource managers. KGS
is currently developing a new
webpage to display water-level
hydrographs for the observa-

tion network wells and enable
public access to the data.
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Glynn Beck inspects a flow meter used in tt
Water Farm research. o

KGS laboratory support

The KGS analytical laboratory supports the
research of KGS geologists, faculty and graduate
students from the University of Kentucky, and stu-
dents from other Kentucky universities by providing
analytical expertise, as well as training on and access
to analytical instruments. During the fiscal year, the
laboratory analyzed water, mineral, coal, and bio-
logical samples from across the state for 14 ongoing
projects.

Water-quality monitoring projects in Hardin
County, at Cane Run, and at the Kentucky National
Guard’s Harold L. Disney Training Center, near Bar-
bourville, send samples to the KGS lab. The lab also
provides analysis for Kentucky Watershed Watch,
and has done so since 1998. Many Kentucky River
samples were analyzed for nutrient and metals in
fall 2017. The UK Mining Engineering Department
and Center for Applied Energy Research also supply



KGS laboratory (continued)

samples for a project to quantify rare earth elements
in coal ash and refuse. The lab also analyzed biologi-
cal samples for several researchers in the UK College
of Medicine.

New instrumentation and enhancements this
fiscal year will greatly enhance our ability to meet the
analytical needs of our research scientists. A portable,
field-capable gas chromatograph will enable KGS
scientists to analyze volatile hydrocarbons, gases, and
other types of organic compounds occurring in both
gas and water samples. A new radiation tube was
installed on the X-ray diffractometer that we share
with other departments at UK; the diffractometer
is housed in our laboratory and maintained by KGS.

More than 20 different researchers used the diffrac-
tometer this year.

Lab personnel train students from several Ken-
tucky universities on how to use scientific equipment
and instrumentation. For example, students from
Morehead State University learned about sample
preparation, X-ray fluorescence, and X-ray diffrac-
tion; students from Western Kentucky University
were trained in X-ray fluorescence techniques and
used the X-ray fluorometer; and several students from
the UK Department of Earth and Environmental Sci-
ences were trained to use our carbon analyzers.




Energy and
Minerals

Fossil fuels research

Berea Sandstone findings available

In addition to a final report made available to the
public in May 2017, results from the petroleum sys-
tem analysis of the Berea Sandstone were presented
at a theme session, “Devonian-Mississippian Petro-
leum Systems,” at the 2017 annual meeting of the
Eastern Section of the American Association of Petro-

5 s

KGS and the Geological Society of Kentucky spon-
- sored an October 2017 core workshop and field trip
- on the Berea Sandstone.

leum Geologists in Morgantown, W.Va. The session,
co-chaired by Marty Parris (also a speaker), included
five talks on the Berea study by Cortland Eble, Steve
Greb, Dave Harris, and Paul Hackley of the U.S.
Geological Survey. The project team is writing manu-
scripts for the AAPG Bulletin; pending editorial review,
they will be published in 2019.

Oil and gas potential of the Rogersville Shale

Research to determine the unconventional oil
and gas potential of the Cambrian Rogersville Shale
in eastern Kentucky continued in 2017-2018. Previ-
ous work by the Rome Trough Consortium in 2002
identified the Rogersville Shale (Conasauga Group)
as amature hydrocarbon source rock; its total or-
ganic carbon content is up to 4 weight-percent. Six
wells have now been drilled to test the Rogersville in
Kentucky and West Virginia. In 2018, the logging and
completion data from two of these new wells
(the Bruin Exploration No. 1H Walbridge
Holdings in Lawrence County, Ky., and the
Cabot Oil & Gas No. 50 Amherst Industries
in Putnam County, W.Va.) were released,
although the data from the remaining wells
will be confidential until 2019 or 2020. KGS
researchers are using these additional data to
refine their interpretations of the thickness,
depth, and lithologic character of the Rogers-
ville Shale, as well as the rest of the Middle—
Upper Cambrian Conasauga Group rocks.

John Hickman and Dave Harris have
been evaluating the social and economic

impacts of resource development prior to any signifi-
cant drilling in the Rogersville. Anticipating possible
funding opportunities for emerging shale resources in
the future, they and other KGS petroleum geologists
are continuing research on the Rogersville to sup-
port interest in the play from exploration geologists
working in both local and national energy companies.
KGS has become the predominant source of public
information on the Rogersville Shale.




KGS provides data for National
Coal and Energy Minerals
Resource Data System

This national cooperative program between the
U.S. Geological Survey and state geological surveys
provides funding to collect and assimilate data on
coal and organic shales. Examples of the data are
coal-quality analyses (proximate, ultimate), strati-
graphic records (borehole descriptions, correlations),
and resource estimates. The state-level data are
included in a series of national databases. Steve Greb
and Cortland Eble manage the Kentucky portion of
this cooperative program. Ethan Davis worked on
the project for part of the year, helping to prepare
coal samples for a variety of analyses. This multiyear
project ended in 2017, however, because the program
was cut from the U.S. Geological Survey’s budget.

Eastern and Western Kentucky Coal Field research continues

Steve Greb and Cortland Eble continued
research on coal-bearing Pennsylvanian strata in
both the Eastern and Western Kentucky Coal Fields.
Although our state’s coal production has declined in
recent years, the national and international geologi-
cal community remains interested in data about past
mining, the state’s general geology, and Kentucky’s
outstanding outcrops. Researchers from around the
world have come to Kentucky to study our extraor-
dinary roadcuts and highwalls, and to collect data
for their research. Depositional facies between coals
are of particular interest to oil and gas researchers,
because they can provide two- and three-dimensional

exposures of a variety of coastal-deltaic reservoirs for
comparison with downhole data from other areas.
This year, Greb and Eble measured several new
outcrops from newly constructed roadcuts, sampled
coal and carbonaceous shales for analysis, and updat-
ed the KGS coal information website. Research on
exposures in eastern Kentucky, created by new road
construction in the vicinity of Jackson, provided the
framework for a paper by Eble and Greb published
in the journal Palynology. Eble and Greb also wrote a
paper based on coal and shale samples provided by
Alliance Resource Partners LLC that was published
in the International Journal of Coal Geology.




Energy and the environment

Carbon-storage potential and the Kentucky
Energy Independence and Incentives Act

Steve Greb and Dave Harris are finishing work ~ Maryville sand-Basal sand section, to be published
on cores from the KGS No. 1 Hanson Aggregates well  in Environmental Geosciences, and another manuscript

in Carter County, drilled to a depth of 4,835 feet in on the Rose Run Sandstone. Bowersox is writing the
2013 to assess the geologic carbon storage potential of  final analytical report on the Carter County project,
northeastern Kentucky. which should be completed in mid-2018. Although

Rick Bowersox and co-authors Steve Greb there are currently no plans to store CO, in the deep
and Dave Harris have completed three reports on subsurface in Kentucky, all of our research indicates
this well. First is an operational review of the well, that CO, could be confined in the deep subsurface
in press as a KGS Information Circular. The others and remain there indefinitely, making these forma-
are journal articles on CO, storage capacity of the tions potential storage options.

Regional carbon storage assessment

KGS participates in the Midwest Regional Carbon Sequestration Partnership, funded by the U.S. De-
partment of Energy and managed by Battelle Memorial Institute. The partnership was established to assess
the technical potential, economic viability, and public acceptability of carbon storage in the region. It is one of
seven regional Department of Energy carbon-storage partnerships in the United States. Brandon Nuttall, Tom
Sparks, and Steve Greb are working on phase I1I of the project, assessing the potential for carbon storage and
enhanced gas recovery in organic-rich Devonian shales in the region, and compiling cross sections.

For the enhanced gas recovery project, total organic carbon content, density, and maturity data were
compiled by research partners and are being analyzed for the Marcellus and Utica Shales in the eastern United
States. KGS researchers are proposing new models for estimating total organic carbon using wireline log data
for the Ordovician Utica Shale, and these models are being used to compile a new series of maps and storage
assessments. We are collaborating with researchers from other states to make a series of cross sections that
display the subsurface geology of
the region relative to carbon-stor-
age potential (showing potential
reservoirs and confining inter-
vals), from Precambrian basement
to the surface. Information about
the regional partnership and a list
of the partnership’s publications
can be found at www.mresp.org.

Thickness of rocks with organic
carbon content greater than or
equal to 1.5 percent in the Or-
dovician Point Pleasant—Trenton
Limestone interval. These organ-
ic-rich calcareous shales have
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Environmental impacts of abandoned wells

Methane emissions associated with oil and gas
activities have received national attention as the
boom in natural-gas production from unconventional
reservoirs has dramatically changed the energy port-
folio in the U.S. Natural gas emits less carbon dioxide
than coal, and therefore can be a transition fuel to a
less carbon-intensive economy. Methane, the main
component of natural gas, is itself a potent green-
house gas, however, and emissions from oil and gas
operations threaten to undermine some of the envi-
ronmental benefit of natural gas. Methane emissions
associated with active operations have attracted the
most interest from researchers, but abandoned oil and
gas wells—wells not properly decommissioned—are
also potential sources of emissions, and have received
little attention. The number of abandoned wells na-
tionwide is significant (more than a million), and in
Kentucky the number exceeds 14,000. The influence

"

-

Abandoned oil and gas well drilled in
sion.

of abandoned wells on the methane budget is largely
unknown, and therefore is an understudied envi-
ronmental challenge. Because the potential impact

of abandoned wells can be both local (groundwater
contamination) and global (greenhouse gas contribu-
tion), Marty Parris, Brandon Nuttall, Jason Dortch,
and Tom Sparks, along with Kelly Pennell of the UK
Department of Civil Engineering, are interested in
the topic. They hope to find funding to (1) develop a
hazard profile for potential leakage from abandoned
wells, which can then be transformed into a hazard
potential map, (2) measure the methane seepage or
flow and soil-gas geochemistry at a subset of aban-
doned wells that fall into different hazard categories,
and (3) estimate chemical flux from abandoned wells
in different hazard categories using numerical models
that describe vapor transport.

T e

1922 in Boyd County. Photo by Dexter Marsh; used with permis-




Underground brine-disposal and enhanced-recovery wells

Environmental concerns about wastewater
disposal wells have received attention from the
media and the public. In wastewater disposal, brines
brought to the surface with oil and gas production
are reinjected into the same or other porous un-
derground formations. This practice helps protect
underground drinking-water sources. The U.S. En-
vironmental Protection Agency previously regulated
all Class IT underground injection wells in Kentucky
under its Underground Injection Control Program,
but the Commonwealth of Kentucky assumed pri-
macy on Jan. 27, 2017. The Kentucky Department of
Natural Resources-Division of Oil and Gas is now
responsible for the regulation of Class Il injection
wells in Kentucky.

After Tom Sparks compiled a database of all
Class II wells in Kentucky, a new KGS internet map
service was developed to display the data and linked
to the petroleum map service on the KGS Oil and Gas
Data webpage. The database was developed with the
original 100 brine-disposal wells whose locations are
shown on “Class I Waste-Disposal Wells and Class

Portable gas chromatograph

The intersection of energy development and
environmental concerns has fostered new collabora-
tions within and outside of KGS (see “Environmental
Impacts of Abandoned Wells,” page 14). Chemical
characterization—especially of organic compounds—
is an important part of these collaborations, and our
recent acquisition of a gas chromatograph will fill an
important analytical gap. The new chromatograph is
versatile and capable of analyzing gas, water, and soil
samples. It is equipped with a thermal conductivity
detector, flame ionization detector, and dry electro-
lytic conductivity detector. It is also equipped with
an automated purge-and-trap collector for analysis of
volatile organic compounds according to EPA meth-
ods. The entire system is compact and robust enough
that it can be used in the field, with a generator as a
power source. Jason Backus and Marty Parris are
developing a method to use the chromatograph, and
hope to have the instrument in use by late summer of
2018. The chromatograph was purchased with a grant
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I Brine-Injection Wells in Kentucky” (KGS Map and
Chart 204, series 12, published in 2013), as well as

an additional 2,900 enhanced oil-recovery injection
wells. Since 2014, the map service has been continu-
ally updated as brine-injection disposal wells are per-
mitted or new EPA documents have been obtained.

In 2017, the Division of Oil and Gas received
more than 100 boxes of legacy data related to the
Kentucky UIC well inventory (annual reports of in-
jection, mechanical integrity tests, etc.) from the EPA.
Division personnel have nearly completed the process
of scanning and tagging the records. The wells will be
indexed by Kentucky permit and UIC permit num-
bers and should eventually be matched to the KGS
Oil and Gas Records Database. In the future, these
data will be served through the KGS petroleum map
service and will be made publicly available. These
new data will help with microseismicity monitoring,
as monthly injection volumes and pressures will be
available to compare with seismic records.

from the UK Vice President of Research’s Office.
Collaborators using the new instrument include the
departments of Agriculture (Rebecca McCulley),
Civil Engineering (Kelly Pennell), and Earth and
Environmental Sciences (Alan Fryar).
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Regional stress map of Kentucky

Efficient planning and execution of directional
drilling and hydraulic fracturing programs for oil and
gas wells require an understanding of the current
subsurface state of stress. Furthermore, indications
of past stress states can help elucidate the history
of geologic deformation. In an effort to provide the
public with a map-based assessment of the principal
stress field across Kentucky, John Hickman is com-
piling direct and indirect stress data from numerous
sources in a GIS project. In addition to the few scat-
tered data points in and around Kentucky published
by the World Stress Map Project (www.world-
stress-map.org), measurements of coal-cleat azimuths
from both surface and subsurface mines, strikes and

dips of joints from the original U.S. Geological Survey
1:24,000-scale geologic mapping project in Kentucky,
recent sandstone fracture data from KGS geologic
mapper Steve Martin, and subsurface drilling-in-
duced fracture data from oil and gas well logs have
been combined into a single geographic framework.
Hickman used the data set’s 5,765 data points to
analyze stress-direction data by geologic age, domi-
nant lithology type, and depositional basin or region
to look for areal trends. Future work will incorporate
recent first-motion data from earthquakes provided
by the Kentucky Seismic and Strong-Motion Net-
work and the Eastern Kentucky Microseismic Moni-
toring project (see page 29).

Precambrian geology of southeastern Laurentia

Using published zircon geochronology work,
Rick Bowersox and John Hickman are studying
the Precambrian geology and tectonic history of
Kentucky and surrounding states. They have com-
piled and analyzed geologic descriptions, gravity and
aeromagnetic surveys, and logging data from wells
penetrating Precambrian rocks in Kentucky, Indiana,
[llinois, Ohio, and Tennessee. Earlier this year, Bow-
ersox provided Dave Moecher of the UK Department
of Earth and Environmental Sciences with core sam-
ples from a well in Hancock County, Ky., to be used
in new zircon geochronology work on the Precambri-
an Middle Run Sandstone. Bowersox and Hickman
are helping Moecher investigate (1) the nature of the
Grenville Front (a continental suture, boundary fault,
or just the westward limit of past metamorphism),
(2) whether the Middle Run is a rift-basin deposit
that predates the Grenville or a foreland basin de-
posit of the Grenville Orogeny, and (3) whether the
East Continent Gravity High in central Kentucky is
a remnant of the Midcontinent Rift Volcanic Suite, a
Grenville feature, or something else. The answers to
these questions will help us understand the tectonic
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history of the Midcontinent region during the Pre-
cambrian Era. This research will help define the dis-
tribution of Kentucky’s energy and mineral resources
and their exploration and development. It will also
be important for assessing the potential for oil and
gas production and wastewater injection to induce
seismicity, as has happened in Oklahoma and Kansas.

After identifying the need for updated inter-
pretations of the Grenville Orogeny and its effect on
Kentucky basement using modern data and theories,
Hickman and Bowersox proposed a technical theme
session for the 2018 Geological Society of America
annual meeting in Indianapolis: “Different Roads
to Rodinia: Re-Analysis of the Geochronology and
Tectonic Evolution of Precambrian Sedimentary and
Crystalline Basement Terranes in Southeastern Lau-
rentia.” Hickman will participate in an EarthScope
workshop funded by the National Science Founda-
tion, which will allow him to develop and discuss
new interpretations of the creation of the Grenville
Front through Ohio, Kentucky, and Tennessee with
other earth scientists. The workshop will be held at
Northwestern University July 25-28, 2018.
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Kentucky 3-D geologic database being assembled

John Hickman is working with Drew Andrews
and Doug Curl on a new database referred to as
3DKY. This project will result in a searchable, rela-
tional database of point (well-based), line (two-di-
mensional profile), and areal (map-based) geologic
data that retain the location coordinates of those data
in three-dimensional space. They will also design
queries to extract formation depths from the data-
base to predict horizon depths at any location in the
commonwealth. To help guide the design direction
and capabilities of this project, KGS organized open
discussions with GIS and digital mapping profession-
als who attended the 2018 Digital Mapping Tech-
niques meeting at UK.

In 2017-18, Hickman filled in near-surface
structure-contour data missing from 1:24,000-scale

geologic quadrangle maps, using data from oil, gas,
and domestic water wells, and new high-resolution
LiDAR-based topography data. These data will allow
the project team to make dip and azimuth maps and
produce subsurface structure maps. In addition,
Hickman mapped the base geologic architecture

and lithostratigraphic framework for the data model
and is developing a regional three-dimensional fault
model that can be used to separate regions of differ-
ing structural history. As a limited test of potential,
Hickman is using the data to help identify the specif-
ic aquifers penetrated by high-output water wells in
Kentucky.




Mineral resources

Rare earth elements in coal and coal-combustion byproducts

Cortland Eble, Ethan Davis, and Jason Backus,
along with researchers from the UK Department of
Mining Engineering and the Center for Applied Ener-
gy Research, are testing for economic concentrations
of rare earth elements in Kentucky coal, coal-prepa-
ration refuse, and coal-fired power-plant byprod-
ucts. Rare earth elements are the lanthanide series
elements (lanthanum through lutetium on the peri-
odic table) plus scandium and yttrium—collectively
known as REE+Sc+Y. The U.S. Department of Energy
provided phase II funding to UK for this research in
March 2017; the goal is to set up and operate a mobile
unit to extract rare earth elements at an active coal
mine and preparation plant in Kentucky.

So far, approximately 500 samples from coal
preparation plants have been evaluated. Research
will identify specific grades of material in prepa-
ration plants that contain the highest amounts of
REE+Sc+Y. After that task is completed, the research-
ers will determine the most cost-effective way to
separate and concentrate REE+Sc+Y.

DOE is also funding a second UK project to eval-
uate the REE+Sc+Y potential of western Kentucky
coal beds. More than 400 samples from the KGS Well
Sample and Core Library, exploration drill cores, and
active coal mines have been collected and tested for
REE+Sc+Y. The goal is to identify coal beds that con-
tain more than 300 parts per million of REE+Sc+Y.
Results thus far indicate that one coal in particular,
the Baker coal, consistently meets or exceeds this
threshold. Other coals are also being evaluated.

The role of KGS in both projects is to identify
and collect samples, crush the samples, convert the
coal to ash in a muffle furnace, and then dissolve the
ash using strong mineral acids (hydrofluoric, nitric,
and hydrochloric). The dissolved ash is then tested
for REE+Sc+Y using inductively coupled argon plas-
ma optical emission spectroscopy.

DOE has recently funded a third UK project to
compare methods of testing for rare earth elements
used by different laboratories across the United
States. KGS will collect and test Appalachian coal
samples from Pennsylvania, Kentucky, and Alabama,
and then distribute
representative splits of
the collected materials to
other participating labo-
ratories. This project is a
collaborative effort with
the University of North
Dakota.

Since the late 1980s,
nearly all of the rare
earth elements used in
the United States have
been imported from
China. These projects
are part of an aggressive
effort to boost domestic
production.

Ethan Davis prepares te-analyze
samples for rare earth elements.




KGS searches for rare minerals in the

Western Kentucky Fluorspar District

Warren Anderson and Jason Backus are inves-
tigating the occurrence of rare minerals in igneous
rocks in the Western Kentucky Fluorspar District.
Preliminary mineralogic and petrologic analysis indi-
cates that the depositional process may have concen-
trated rare earth elements there.

These igneous dikes contain rare minerals such
as astrophyllite, schorlomite, niobium rutile, villi-
amite, natrite, wistite, fluoro-tetraferriphlogopite,
and several fluorides; they are considered “pathfind-
er minerals” that can suggest the occurrence of a
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REE-bearing rock called carbonatite. Anderson and
Backus will also examine other elements and miner-
als of strategic importance, including cobalt, iridium,
molybdenum, chromite, and various titanium miner-
als.

Rare earth elements are critical for electronics,
magnets, green energy applications, and military
use, including smart weapons systems. Reducing
the United States’s dependence on foreign sources
of REEs (particularly China) has national security
implications.

" Scanning electron micro-
“scope X-ray ‘elemental
~_“analysis'image of an
‘. igneous breccia;showing
high-iridium content (red) .
in a calciun phosphate:
mineral, called apatite,,in
-~ a core from Crittenden , - -
County: = .
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Jason Dortch explains the value of LiDAR data in
the Digital Earth Analysis Laboratory.

A

New laboratory created to

develop the use of LIDAR data

KGS established the Digital Earth Analysis
Laboratory—known as KGS DEAL—in 2017 to help
make the Survey a leader in LiDAR (light detection
and ranging) solutions for geologic, engineering, and
environmental problems in Kentucky.

LiDAR is a type of laser scanning that can be
performed using airplanes, helicopters, automobiles,
and, increasingly, even high-end drones; it has revo-
lutionized many aspects of geology during the past
20 years. One of the attractions of LiDAR is that trees
and brush can be mathematically removed to create
exceptionally detailed three-dimensional topograph-
ic maps, shaded-relief images, and digital elevation
models, even for heavily forested areas. Geologists
have come to value LiDAR because it provides infor-
mation about geologic features such as landslides,
faults, sinkholes, floodplains and flood deposits, and
disturbed lands at a level of detail never before possi-
ble. Foresters, civil engineers, soil scientists, hydrol-
ogists, emergency managers, and even archaeologists
have quickly found LiDAR to be indispensable in
their work.

The practical benefits of a statewide digital
elevation data set are many. Kentucky’s Division of
Geographic Information embarked on a multiyear
program known as KYAPED—Kentucky Aerial
Photography and Elevation Data—in 2010. The final
installment of statewide airborne LiDAR coverage
was released early in 2018. KGS geologists have been
using LiDAR data for projects around the common-
wealth as they have become available.

KGS DEAL

Jason Dortch joined KGS in January 2018 as a
post-doctoral fellow, a first for KGS, to manage KGS
DEAL and work with other KGS scientists to identify
new LiDAR applications beneficial to the common-
wealth. KGS DEAL has three high-speed computer
workstations, specialized software, a dedicated Li-
DAR data server that facilitates accessing the 14 tera-
bytes of Kentucky statewide data, and an 80-inch
touchscreen monitor for group collaboration. Dortch
is currently using convolutional neural networks to
determine whether a machine-learning approach can
help to locate previously unknown abandoned oil and
gas wells, which could pose environmental and safety
hazards; he is also working with other KGS scien-
tists to more accurately map modern and ancient
floodplain deposits along the Ohio and Licking River
Valleys.

KGS hydrogeologist Junfeng Zhu started us-
ing LiDAR data to map Kentucky’s many sinkholes
in 2014. He and geological technician Adam Nolte
mapped three more counties—Bourbon, Hardin,
and Madison—which added 17,500 more sinkhole
locations to the sinkhole database during the past
year, bringing the total number of counties mapped
to 10. The results are available on the KGS internet
map service. The sinkhole mapping team is turning
to machine-learning techniques to help automate and
expedite the process.

Several years ago, KGS landslide researcher
Matt Crawford developed a LiDAR-based method to
locate landslides in Kenton and Campbell Counties,
where steep slopes and weak shale bedrock cause
chronic slope-stability problems. LiDAR also helps
to confirm the location and type of landslides list-
ed in KGS’s statewide landslide inventory. Like the
sinkhole maps, the landslide inventory is available
as a layer in our internet map service. Visiting Kent
State University graduate student Hannah Chapel-
la made good use of LiDAR to more accurately map



landslides in the Prestonsburg area during the sum- physics-based, probabilistic slope-stability computer
mer of 2017. She also used LiDAR images, bedrock program written by Bill Haneberg before he joined
and soil information, and slope steepness to develop KGS.

a landslide-susceptibility model using PISA-m, a
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FY 2017-2018 mapping provided our first encounter
with an exposure of till—material that was directly
deposited by glacial ice—in northern Kentucky. It was
found in a creek valley in western Boone County.

Geologic mappers use new
technology for surficial mapping

KGS produced maps for areas that citizens
groups, through the Kentucky Geologic Mapping
Advisory Committee, determined to be high priority
and developed critical derivative maps and applica-
tions. We have expanded our use of LiDAR data and
collaborated with other KGS researchers on integra-
tive projects. We have also adopted a more efficient
team-based mapping approach and helped to develop
a comprehensive three-dimensional data system for
the Survey.

Geologic mappers continued surficial mapping
of 7.5-minute quadrangles in northern Kentucky.
With funding from the U.S. Geological Survey’s
STATEMAP program, KGS mapped
the Rising Sun, Patriot, Coving-
ton, and Newport quadrangles, and
Kentucky portion of the Lawrence-
burg, Ind., quadrangle. This com-
pleted surficial mapping in northern
Kentucky and will allow us to start
compiling maps for Boone, Kenton,
and Campbell Counties.

Matt Massey expanded his role
as the field mapping manager and
took a new team approach to the
work, assigning each mapper geologic
domains instead of specific quadran-
gles. Rather than having to examine
and interpret all of the features of an
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entire quadrangle, the mappers now focus on geologic
themes and improve their expertise in particular fea-
tures. They made full use of a spatial database engine
that allows digital mapping data to be simultaneously
edited by multiple users and coordinate their efforts.

Mapping was enhanced by LiDAR data, grain-
size and geochronology laboratory analysis, and data
gathered from outside sources. Max Hammond used
a LiDAR-derived relative elevation model to establish
relationships between widely separated outwash
terraces along the Ohio River. Massey used LiDAR
data to compile histograms of elevations of different
terraces to identify and correlate sets of terraces on
the Licking River.

KGS hosted the 2018 Digital Mapping Tech-
niques national conference on the UK campus,
attended by more than 70 cartographers, GIS pro-
fessionals, and other geoscientists from around the
country. Workshop sessions were held May 20-23
at the Don and Cathy Jacobs Science Building. At a
“digital open house” during the conference, KGS staff
gave presentations on their use of new mapping tech-
nologies, digital field data-collection methods, and

Stevé AMéi"t"in‘éxamines materials in a creek bed during a field review
for the northern Kentucky mapping project.




the capabilities of the Survey’s online map service.

The annual conference has provided a networking

opportunity for sharing techniques, outcomes, and
lessons learned for 22 years.

William Andrews worked with structural
geologist John Hickman to establish the intended
structure and function of a planned three-dimension-
al database for Kentucky.

Emily Morris began working as the Survey’s
cartographic data manager on Jan. 2, 2018. She stud-
ied spatial analysis in public health, and had previ-
ously worked with environmental consulting com-

panies, collecting GIS field data, designing maps, and
conducting GIS analysis. At KGS, she has worked on
the surficial mapping products funded by STATE-
MAP and data compilation and management.

Geologic mappers participated in the annual
conference of the Kentucky Association of Mitigation
Managers, the Kentucky GIS Conference, the Geo-
logical Society of America annual meeting in Seattle,
GSA Southeastern and Northeastern Section meet-
ings, and the Geologic Mapping Forum in Minneap-
olis.
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Fifty-seventh annual
KGS seminar

| The 2018 KGS annual seminar focused on
~ Aileen Buckley = : geoscience communication and featured speakers

- \ from KGS and several other UK and outside organi-
zations. More than 140 people attended the May 18
seminar at the Well Sample and Core Library. Representatives of the Kentucky Water Resources Research In-
stitute and the UK Colleges of Nursing and Public Health made presentations. Keynote speakers were Lauren
Cagle from the UK Department of Writing, Rhetoric and Digital Studies and Aileen Buckley of the mapping
and spatial software company Esri.

lain Stewart delivers

lecture at UK v
Scottish geoscientist Iain Stewart, Between a Rock and a Hare ™-ne

director of the Sustainable Earth Institute at e L

Plymouth University in England, delivered N g A

s

“Between a Rock and a Hard Place: Commu-
nicating Contested Geoscience to the Public.”
The Jan. 17, 2018, event attracted 50 people

to the UK campus. Stewart, a professor of
geoscience communication, has worked with
BBC Science to host a number of television
documentaries. His visit to campus was a stop
on his James B. Thompson Jr. Distinguished
International Lecture tour sponsored by the
Geological Society of America. It was also a
part of KGS’s Donald C. Haney Lecture Se-
ries, named for the former state geologist and
director of KGS from 1978 to 1999, who died in
2014.

lain Stewart




Berea Sandstone core workshop

I

On Oct. 6, 2017, KGS
and two professional geo-
logical societies organized a
short course and field trip to
acquaint geologists with the
Berea petroleum reservoir, lo-
cated in parts of eastern Ken-
tucky. Steve Greb and Dave
Harris led the short course,
“Black Shale, Bedford-Berea
Interval,” at the Well Sample
and Core Library. The final
#  report on the Berea Sandstone
Petroleum System Consortium
research project had been
released earlier in 2017.

Core Library display
at downtown
Lexington Public
Library

In November 2017, staff
of our Well Sample and Core
Library set up displays in glass
cases on three floors of the main
public library in downtown Lex- |
ington. Cores of various geologic
age were available for the public
to view in the library’s Kentucky
Room through January 2018.
Maps, books, compasses, and
other geologic gear were dis-
played elsewhere in the building.
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Earth Science Week open house

KGS opened its doors to the public the evening of Oct. 11, 2017, for its annual Earth Science Week open
house. Students of all ages, families, and teachers browsed interactive displays on earth science topics set up
by KGS and other organizations. On the sidewalk in front of the building, the Indiana Geological and Water
Survey set up its popular Quake Cottage, which gives visitors an idea what various magnitudes of earthquakes
might feel like. Behind the building, Pete Idstein of the UK Department of Earth and Environmental Sciences
was cheered and applauded during several demonstrations of a simulated volcano eruption.
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GeoHealth

Geology and epidemiology

short course held

KGS worked with several University of Ken-
tucky departments to organize a short course, “Geo-
spatial Approaches to Epidemiology,” in January
2018, attended by 32 people. The three-day course
covered data sources, data challenges, and basic GIS
operations that support integration of epidemiologic,
geologic, and topographic information. The course
concluded by correlating epidemiological data with
geologic and geomorphic attributes. Bethany Over-
field, Bill Haneberg, Matt Crawford, and Doug
Curl teamed up with Jay Christian of the UK De-
partment of Epidemiology to teach the course.

“As we've focused more of our KGS research ef-
forts on the intersection of public health and geology,

Bethany Overfield speaks at an April 2018 me,
the Kentucky Center for Smoke Free Policy.

we’'ve had the opportunity to collaborate with folks
from backgrounds very dissimilar to ours,” Overfield
says. “This has been a tremendous learning opportu-
nity. In an effort to come together to tackle common
research goals, we wanted to bring researchers doing
GIS work from the medical field and geosciences
together for this short course.”

J;y Christian of the UK Department of Epidemiology:l ‘
tion of the epidemiology short course.

N

GeoHealth
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Radon research continues

Bethany Overfield continued her work with
the UK College of Nursing’s BREATHE (Bridging
Research Efforts and Advocacy Toward Healthy
Environments) team, completing geologic maps
showing radon potential for each of Kentucky’s
counties. These maps were included on easy-to-read
infographic sheets to show indoor radon-gas poten-
tial by rock type. Overfield also spoke to professional
groups, including the International Radon Sympo-
sium in New Orleans and the UK Markey Cancer
Center, about the radon research. She and Bill Hane-
berg also chaired the session “Origin, Transport, and
Accumulation of Geogenic Carcinogens” at the Amer-
ican Geophysical Union 2017 fall meeting. A radon

information and research page was added to the KGS
website: it includes a link to an interactive statewide
radon-potential map that allows users to look up the
radon potential in their neighborhoods.

Two new portable radon measurement instru-
ments, funded in part by the UK Vice President for
Research, give KGS the ability to monitor radon
concentrations in real time. The radon detectors will
allow KGS scientists to validate the information on
which the radon-potential maps are based and help
expand radon research to include soil and groundwa-
ter in addition to indoor radon gas.
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Kentucky Seismic and
Strong-Motion Network

The Kentucky Seismic and Strong-Motion Network
monitors seismic events across Kentucky. KGS shares
real-time data with the neighboring seismic network oper-
ated by the University of Memphis and also with the Data
Management Center at Incorporated Research Institutions
for Seismology, for archiving and global usage. More than
230 gigabytes of data from the Kentucky network were
downloaded from IRIS this fiscal year for use around the
globe.

Recordings from networks operating in Kentucky and §lig
surrounding states are acquired in tandem with real-time ~ §
data from the Kentucky Sei’smic and Strong-Motion Net/ A4 Sirong-motion acoBlod Baas: i151alic0 00 &
work and used to detect mine blasts and earthquakes in -~ “the Capital Pisza Tolar ('in the background).to
and around Kentucky, and larger events around the world. SN0 N N ol 1Re 21 te) 1 [o]a B
Thirty earthquakes were recorded in the state during the ‘
fiscal year, ranging in magnitude from 0.6 to 2.8. Eight
of these events happened in the Mississippi Embayment and 22, including the largest, occurred in eastern
Kentucky. Eleven of the earthquakes were reported as felt by local residents. The Dec. 17, 2017, magnitude-2.8
earthquake in Mason County was the largest earthquake in Kentucky this fiscal year, and was felt in northern
Kentucky and southern Ohio.

B w

Sixteen of the eastern Kentucky earthquakes were not reported by other agencies. KGS was able to detect
and analyze these earthquakes because of a temporary network, the Eastern Kentucky Microseismic Monitor-
ing Network, deployed beginning in June 2015 with state support, and in partnership with the UK Department
of Earth and Environmental Sciences and private companies. By the end of the fiscal year, 15 of these temporary
stations have operated in the Rome Trough of eastern Kentucky. The data arrive at KGS in real time using
wireless communication for processing and archiving.

Andrew Holcomb, a former master’s student of the Department of Earth and Environmental Sciences
at UK, joined KGS this fiscal year and helped to maintain the seismic stations and analyze their recordings.
Holcomb presented “Results from Monitoring Microseismicity in the Rome Trough, Eastern Kentucky” at the
2018 Eastern Section of the Seismological Society of America annual meeting, June 10-14, in Niagara Falls, On-
tario, Canada. Seismic data recorded from the Kentucky Seismic and Strong-Motion Network, as well as from
EarthScope USArray and OIINK (for Ozarks, Illinois, Indiana, Kentucky) stations, were utilized for research
on deep earth structure. Seth Carpenter co-authored a paper, “Detailed Crustal Thickness Variations Beneath
the Tllinois Basin Area: Implications for Crustal Evolution of the Midcontinent,” with researchers at Purdue
University, Indiana University, and the University of Illinois that was published in the Journal of Geophysical
Research—Solid Earth.
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The March 11, 2018, implosion of the Capital
Plaza Tower provided an unusual source of seismic
energy for a ground-motion investigation in down-
town Frankfort. KGS deployed instruments to record
the shaking induced by the demolition, which re-
vealed site effects, including basin resonance, in the
alluvium underlying much of downtown Frankfort.
Seth Carpenter, Mike Lynch, Brandon Nuttall,
Zhenming Wang, and Andrew Holcomb described
the monitoring and their observations in “Ground
Motions Induced by the March 11, 2018, Implosion
of the Capital Plaza Tower, Frankfort, Kentucky”
(Report of Investigations 2, series 13, 2018). Ed
Woolery, Zhenming Wang, and Seth Carpenter, as
well as UK students, have collected additional data,
including SH-wave soundings, for a detailed subsur-
face investigation of the soils overlying bedrock in the
downtown Frankfort area.
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KGS staff and students collect seismic data to study ground-motion site Sffect in Frankfort’s dbwntownﬂ
area. % i

Ground-motion amplification

Seismic data recorded from the Kentucky Seis-
mic and Strong-Motion Network, as well as from
other networks in the United States, China, and
Japan, are being used for research on ground-motion
amplification. Seth Carpenter, Zhenming Wang,
Ed Woolery, and former visiting scholar Mianshui
Rong published “Estimating Site Response With Re-
cordings From Deep Boreholes and HVSR: Examples
From the Mississippi Embayment of the Central U.S.”
in the Bulletin of the Seismological Society of America. Rong,
Wang, Carpenter, Woolery, and others also wrote
“On the Amplitude Discrepancy of HVSR and Site
Amplification From Strong-Motion Observations,”
also published in the Bulletin of the Seismological Society
of America.

™
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Landslide research

Matt Crawford made several new entries to the
landslide inventory database, bringing the total num-
ber of entries to 2,667 by the end of the fiscal year.
The landslide locations come from state agencies,
field investigations, published maps, LiDAR mapping,
and reports from the public. Landslides are docu-
mented as point data that represent larger landslide
deposits such as translational slides, slumps, debris
flows, earth flows, and rockfalls. With likely thou-
sands of unknown or unreported landslides, an inven-
tory is a critical step in hazard assessment. In addi-
tion to the landslide-inventory point data, reports of
more than 13,000 landslides and more than 60,000
areas susceptible to debris flows from “Landslide and
Related Features Maps” published by the U.S. Geo-
logical Survey are included in the inventory. All of the
landslide data can be viewed and queried in the KGS
online Geologic Map Information Service. The service
improves our understanding of landslide occurrence
and provides information to assist land-use planners,
transportation officials, emergency managers, and the
public in their mitigation efforts.

Matt Crawford monitored three shallow
colluvial landslides in Kenton, Lewis, and Pulaski
Counties, collecting and analyzing data on hillslope
moisture conditions, precipitation, landslide move-
ment, and surface electrical-resistivity data. The data
will be the basis of a framework that uses long-term
field monitoring techniques to link hydrologic and

electrical-resistivity data to geotechnical properties
of soil. Monitoring long-term hydrologic condi-
tions in an active landslide allows relationships to
be established across the slope and parameters that
influence how water moves through the slope to be
analyzed. Electrical-resistivity data can help identi-
fy specific landslide features in the subsurface, and
determine hydrologic relationships and constitutive
equations that can be used to assess shear strength
in a slope. Much of the monitoring is in collaboration
with the U.S. Geological Survey Landslide Hazards
Program and with Sebastian Bryson of the Univer-
sity of Kentucky Department of Civil Engineering.
Crawford and Bryson described their research in
“Assessment of Active Landslides Using Field Electri-
cal Measurements,” published in Engineering Geology.
Another paper by Crawford and Bryson, “Using 2-D
Electrical-Resistivity Imaging for Joint Geophysi-
cal and Geotechnical Characterization of Shallow
Landslides,” has been accepted for publication in the
Journal of Applied Geophysics.

KGS is helping the U.S. Geological Survey de-
velop a national-scale landslide inventory. The USGS
invited KGS, along with a few other state surveys,
to help in the initial planning process, which includ-
ed discussions about data standardization, quality,
and delivery. In addition, Crawford worked with
landslide researchers at NASA to embed the KGS
landslide inventory into the NASA online Landslide

Geologic Hazards

31



Viewer. The viewer is part of a global catalog of
landslide hazards around the world. Having the KGS
inventory associated with this inventory shows the
importance of regional and local government entities
in hazard assessment.

Matt Crawford submitted a proposal for a
pre-disaster mitigation grant to the Federal Emergen-
cy Management Agency at the end of 2017. The pro-
posed project will implement a multi-jurisdictional

PGA (g) (Intensity)
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I 0.1801 - 03400 (VII)

plan for communities to address landslide hazards,
reduce risk, and reduce loss and vulnerability to the
built environment. Communities included in the
grant are Pike, Martin, Johnson, Magoffin, and Floyd
Counties in the Big Sandy Area Development District.
The project will develop landslide susceptibility and
risk analysis, and communicate mitigation and plan-
ning strategies.



China exchange goes beyond earthquake research

This was the 14th year for the exchange program between
KGS and the Lanzhou Institute of Seismology and other organi-
zations in the China Earthquake Administration. Lanmin Wang,
director and professor of the Key Lab of Loess Earthquake Engi-
neering, a unit of the China Earthquake Administration, was invit-
ed as the UK Confucius Institute Distinguished Scholar Speaker to
give lectures and conduct cooperative research on the UK campus
Oct. 16-20, 2017.

KGS Director Bill Haneberg was a keynote speaker at the 7th [EEIIGIlRAET s
Technical Conference in Eastern Asia on Geo-Natural Disasters,
held in Chengdu, China, May 12-14, 2018, as part of the Inter-
national Conference for the Decade Memory of the Wenchuan
Earthquake. His presentation was “Effects of Pore-Water Pres-
sure Uncertainty in Regional Models of Earthquake-Triggered
Landslides—Insights From the 2015 M 7.8 Gorkha, Nepal, Earth-
quake.” Haneberg also visited the Wenchuan earthquake impact
area.

Ed Woolery of the Department of Earth and Environmental \
Sciences at UK and KGS seismologist Zhenming Wang were both Bi é
. ; ) ) ill Hane,
invited to attend and give presentations at the 8th International a
Conference on Environmental and Engineering Geophysics, June
10-13, 2018, in Hangzhou, China. Woolery served as one of six ex-
ecutive chairmen on the conference organizing committee. He and ===
Wang also visited the Institute of Crustal Dynamics, a unit of the
China Earthquake Administration, in Beijing during the trip.

L
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Three visiting scholars, Dongwang Tao of the Institute
of Engineering Mechanics in Harbin, Tao Lu of the Institute of
Disaster Prevention in Yanjiao, and Fajun Miao of the Earthquake
Administration of Jiangsu Province in Nanjing, came to UK to con-
duct research on seismic-network data analysis and strong ground |
motions. All three visiting scholars are supported by the China
Scholarship Council.

Cortland Eble gave a series of lectures on coal geology and
organic petrography at the China University of Mining and Tech-
nology in Beijing in September 2017. Eble also attended the Inter-
national Conference on Coal Science and Technology, and served
as a session chair. Starting in October 2018, Xin Guo, a Ph.D.
student at China University of Mining and Technology, will spend
a year studying coal with Eble at KGS.

Junfeng Zhu attended the 2017 International Forum on
Groundwater and the Cross-Strait Symposium on Application of
Hydrogeology, July 6-7, at Hefei University of Technology. Zhu
talked about assessing risks to groundwater resources posed by
unconventional development of shale oil and gas.
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Three-dimensional digital point-cloud model of the
Whitfield stump.

KGS makes research data, maps and publi-
cations, database updates, and other information
available to researchers and the general public. More
than 20,000 files are accessible from our website’s
homepage, and Rebecca Wang, the lead developer of
the website, is working with other KGS staff to up-
date the content and design of the webpages. Wang
collaborated with Steve Greb and Jerry Weisenfluh
to develop a new KGS Coal Information website. The
new site contains abundant information about coal,
such as formation, rank, type, grade, analysis, and
uses. As part of this website, a coal core-logging tuto-
rial on the use of the three-digit “Ferm” code for core
description was created, as well as educational pages
about potential geologic obstacles and hazards. The
new site is a gateway for hard-to-find coal informa-
tion.

Greb and Wang also created a new webpage
that provides information on upright fossil tree
stumps. The new site not only educates the general

Kentucky

Oil and Gas Wells Search

Geologic
Information
Management

public about how fossil tree stumps form and their
types and sizes, but also contains many photographs
and information about how to locate such stumps
that are on public display. One such stump is the
Whitfield stump, originally found in Harlan County,
Ky., and donated to UK in 1961. It was moved behind
the Mining and Mineral Resources Building, where
KGS is located, in 2017.

This year, KGS debuted a new version of its
databases, maps, and publications search website,
called “KY Geode” (kgs.uky.edu/kygeode). The site
is still under development, and is running in parallel
with the current version (kgs.uky.edu/kgsweb), but
all of the data search services will soon be transi-
tioned to the new version. KY Geode is more stream-
lined, allowing users to locate items with fewer
clicks. It integrates the search results with the search
parameters on the same page, works better with
mobile devices, and incorporates a map view (for geo-
graphic data such as well locations) into the results.
A redesigned Oil and Gas Well Search and Publica-
tions Search are the two services currently developed
in the KY Geode format. KY Geode can also be used

KY Geode as a one-stop shop
Geological Survey free access to KGS data, maps, and publications fOl‘ KGS data and

maps, as all the cur-
rent database search

an v Search
ome
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I million page views. Almost 235,000 users from 207
countries accessed information about KGS, Ken-
tucky’s resources, and geoscience education. Approx-
imately 76 percent of the users were from the United
States; others were from the Philippines, India, the
United Kingdom, Canada, and Australia. About a
quarter of domestic users are in Kentucky; the next
most common groups of users are from California,
Texas, Ohio, Georgia, and Illinois. Approximately

10 percent of visits to the KGS webpages were on
mobile and tablet devices.

The most visited webpages were:

1. Identifying Unknown Fossils (by their
shape)

KGS homepage

Methods Used in Identifying Minerals
What Is Coal?

Kentucky Seismic and Strong-Motion Net-
work

Ui W

The Survey’s online services had more than 1.1 million
hits during the fiscal year.

Since 2001, KGS has provided free online ac-
cess to oil and gas records and data, water-well
and springs data, coal data, publications, images,
and other geologic data, now numbering more than
6.6 million records. More than 542,000 visits origi-
nating from 138 countries were made during the past
fiscal year to the KGS database, maps, and publi-
cations search website (kgs.uky.edu/kgsweb). The
great majority of visitors were from the United States
(88 percent), followed by India, Canada, the United
Kingdom, Germany, and Indonesia. Users from all
50 states and the District of Columbia visited the site;
a little less than half were from Kentucky, followed
by users from California, Ohio, Texas, Georgia, and
Tennessee. Approximately 203,000 database searches
were conducted by more than 86,000 users, of which
almost 35,000 were unique users. Database searches
increased 3.5 percent from last year, likely the result
of an 8 percent increase in searches for oil and gas
data. This is a turn-around from last year, which
reported a 33 percent drop in searches for oil and gas
data. Searches for water wells and springs data were
down 33 percent to 8,250 searches.

KGS online map services were accessed close to
70,000 times, about a 5 percent increase from the pre-

Geologic Information Management

vious fiscal year. There were nearly 7,400 tabular data
downloads, which was about a 33 percent decrease
from the 2016-2017 fiscal year, consistent with the
decrease in water well and springs database searches.
Nearly 816,000 files were downloaded from the web-
site, including KGS publications and presentations,
which was a decrease of 13 percent from the previous
year. Oil and gas records, water wells and springs
data, online publications, coordinate conversion ser-
vices, and data from the geologic map server continue
to be the most frequently downloaded data.

The most download publications were:

1. “The Geologic Story of Kentucky,” by Pres-
ton McGrain (Special Publication 8, series
11)

2. “Earthquakes in Kentucky: Hazards, Mitiga-
tion, and Emergency Preparedness,” by Seth
Carpenter, Zhenming Wang, and Mike
Lynch (Special Publication 17, series 12)

3. “Geology of the Mammoth Cave National
Park Area,” by Ann Livesay and Preston
McGrain (Special Publication 7, series 10)

4. “Mineral and Fuel Resources Map of Ken-
tucky,” by Warren Anderson and Garland
Dever Jr. (Map and Chart 26, series 12)

5. “Kentucky Landscapes Through Geologic
Time,” by Dan Carey (Map and Chart 200,
series 12)

The most downloaded presentations from the
KGS website were:

1. “Kentucky Coal and Coal Combustion By-
products as Potential Sources of Rare Earth
Elements,” by Cortland Eble

2. “Introduction to KGS Interactive Web-
Based Services,” by Brandon Nuttall and
Doug Curl

3. “New Unconventional Oil and Gas Plays:
The Berea Sandstone and Rogersville Shale,”
by Dave Harris

4. “Regional Modeling of Class Il Wastewater
Injection Wells, Appalachian Basin,” by Tom
Sparks

5. “Assessing Baseline Groundwater Chemis-
try for the Berea Sandstone and Rogersville
Shale Play Area, Eastern Kentucky,” by
Junfeng Zhu
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Other activities
® Mark Thompson and Mike Ellis helped set

up KGS DEAL (Digital Earth Analysis Lab) for
examining and processing LiDAR data. This lab
features three powerful workstations, a 10-tera-
byte file server for storing data, and an 80-inch,
high-definition touchscreen linked to the work-
stations. The statewide 2.5-terabyte LiDAR
point cloud and derived digital elevation model
were also loaded onto the file server for local use.
This important LiDAR data set will be a primary
source of data for users to work with and was ob-
tained through a partnership with the Kentucky
Division of Geographic Information (Common-
wealth Office of Technology). We plan to add
another high-end workstation and connect to the
University of Kentucky 40-gigabyte high-speed
research network. Connection to this network
will allow KGS DEAL users to share and collabo-
rate across campus using very large data sets. (See
more about KGS DEAL on pages 20-21.)

Grant funding from the USGS National Geolog-
ical and Geophysical Data Preservation Program
supported two University of Southern Indiana
students, Holly Keimig and Jessica Mayes, who
scanned legacy oil and gas well documents from
the KGS Western Kentucky
Office for the 2017-2018 USGS
National Data Preservation
project. A student in the Lex-
ington office, John Piening from
the UK Department of Earth and
Environmental Sciences, was

also partially supported with this
funding to add new data to our
oil and gas databases, and scan
and organize oil and gas well
documents for archiving and web
dissemination.

The section also used funds from
the Data Preservation Program to
record, digitize, archive, and at-
tribute various geochemical data
sets and reports (mostly sampled
from oil and gas wells) that have
been collected by or submitted

to the Survey over the years. We will design a
database architecture and data-input protocol

for entering these data into an online database
format. John Hickman is assisting in this project
by identifying relevant lab records, helping with
the classifications and standard units of mea-
sured analytes, and helping with the design of the
data-entry form. The project database format has
been finalized, and Piening began entering data in
June 2018.

Liz Adams and Doug Curl received funding from
the National Geological and Geophysical Data
Preservation Program to attend and present at a
USGS data preservation workshop hosted by the
Utah Geological Survey in September 2017.

With a grant from the Watershed Watch Ken-
tucky organization, Doug Curl worked with the
Kentucky Division of Water and Kentucky River
Watershed Watch to develop a pilot lake-sam-
pling program in which volunteers use mobile
devices to collect and submit water-quality
information. Volunteers took basic lake-quali-

ty measurements (lake appearance, secchi disk
measurements of clarity or turbidity) and photos

Participants in the Digital Mapping Techniques conference,
hosted by KGS, are shown the capabilities of the new Digital
Earth Analysis Laboratory.
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approximately every two weeks in coordination
with Landsat mission (USGS satellite imagery
program) passes over Kentucky lakes. The focus
for summer 2017 was Herrington Lake in central
Kentucky and Lake Barkley and Kentucky Lake
in western Kentucky. The survey app immedi-
ately adds the observations to the KGS database,
and the results and photos can be viewed on an
interactive map (kgs.uky.edu/wwky/lake). Vol-
unteers and the public can see the trend of ob-
servations over time with this map service. These
observations also provide data for researchers at
the Division of Water to predict lake quality. The
program will continue and expand with more
volunteers and lakes during summer 2018.

Liz Adams submitted a proposal for a Museums
for America Collection Stewardship and Public
Access grant from the Institute of Museum and

Library Services. Requested funding would pay
for three student employees to work on a three-
year project to photograph, catalog, and preserve
10,000 of the 120,000 core boxes housed at the
KGS Well Sample and Core Library. A small por-
tion of the requested funding will go toward pur-
chasing new labeling and archiving equipment. If
approved, this project will begin in October 2018.

Carrie Pulliam manages the Oil and Gas Records
Database. This year, KGS changed the way pro-
duction data are managed and presented online.
We now host the raw data collected by the Divi-
sion of Oil and Gas. During this production-data
change, more than 3,000 historic wells were
added to the KGS database, making the online oil
and gas database more robust and detailed for all
users.

Carrie Pulliam keeps the online Oil and Gas Records Database up to
date.
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Well Sample and
Core Library

be added to the KGS database.

The KGS Well Sample and Core Library provides
cores and well cuttings from more than 25,000 loca-

1 1 3 ~ = = B = ) /
tions in Kentucky for research and the development of Patrick Gooding examines a black shale core.
resources, including oil and natural gas. \

More than 10,539 feet of well cuttings and cores
were examined during the fiscal year: 21 industry geol-
ogists examined 20 cores and seven sets of cuttings, and seven researchers were provided with 124 samples for
geochemical and physical properties testing. The number of geologists visiting the library, along with requests
for materials for research, was low because of the continued decline in the price of oil and gas, resulting in
decreased drilling in Kentucky.

Library staff began photographing 23 deep cores. The photographs will be edited and added to the KGS
database and made available for online examination. Liz Adams applied for a grant to photograph, catalog,
and preserve 10,000 ™
boxes of core at the
facility. (See page 37
for more details.)

More informa- =
tion on the facility,
including forms for
core donations and
requesting sam-
ples for testing, are
available on the core
library’s webpage,
www.uky.edu/KGS/
core_library.

Ray, Daniel and Ryan Pinkston pm ) availz ble at the Well Sample and
Core Library. 7 ) e

7 g .
A Pefe
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Western Kentucky
Office

Five KGS employees worked at the Western Kentucky
Office during the 2017-2018 fiscal year: Dave Williams, Glynn
Beck, Amy Bleichroth-King, Holly Keimig, and Jessica Mayes.
Mark Akland, who was hired in July 2017 as a scientist in the
University of Kentucky Department of Plant and Soil Sciences,
was also stationed in the Western Kentucky Office.

Dave Williams oversaw the U.S. Geological Survey-fund-
ed National Data Preservation work, in which petroleum well
records housed in the Henderson office were scanned by Keimig
and Mayes. Fundirllgl for this phase' of the projes:t ended on ments used to monitor edge-of-field water
June 30, 2018. Additional information about this project is on quality, soil moisture, and groundwater in the
page 36, in the Geologic Information Management section of this |gwer Green River watershed. Akland collab-

report. orates on this project with Glynn Beck.

and Soil Sciences checks one of the instru-

Williams also continued his research on paleochannels
related to the most important coal-producing strata in the Western Kentucky Coal Field.

Glynn Beck is working on a groundwater inventory project for the University of Kentucky Research and
Education Center at Princeton. The goal of the inventory is to help the Center locate an adequate groundwater
supply for research on pivot irrigation.

Beck, in collaboration with researchers in the University of Kentucky College of Agriculture, Food and
Environment, began two monitoring projects at the edges of farm fields in the lower Green River watershed
and the Jackson Purchase. These projects will assess nutrient and sediment loss from active row-crop fields and
restored wetlands. Field work for these projects is conducted by Mark Akland and Leighia Eggett, a scientist
with Plant and Soil Sciences stationed in Mayfield.

Beck also collaborated with Brad Lee of the Department of Plant and Soil Sciences to assess the soil mois-
ture of fragipan (impermeable zone) soils under pivot irrigation in the Jackson Purchase Region. Soil-moisture
data were collected throughout the growing season, along with groundwater-elevation and discharge data from
the pivot production well. The goal is to help crop producers better manage their local groundwater resource.

Additional information about the above projects is in the Water Resources section of this report.

Amy Bleichroth-King split time between geologic mapping and water resources projects. Bleichroth-King
conducted grain-size analysis of sediment samples collected by geologic mappers, using a laser particle-size
analyzer. In addition, she entered geologic and hydrogeologic data into databases and performed GIS work.
Additional information about mapping projects is in the Geologic Mapping section of this report (page 22).

Staff activities

® Dave Williams serves on the Henderson City Planning
Commission. He is also a member of the Interagency
Advisory Committee for the I-69 Ohio River Crossing.
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Publications for
2017-2018

KGS disseminates research results through its inter-
nal publication series, papers published in peer-reviewed
scientific journals, and in published abstracts for presenta-
tions at major scientific conferences.

Survey geologists produced eight new KGS publica-
' ) tions, all available from our online publications and maps

Instrumentation at one of the stations that mea- ;3105 Among them are four surficial geologic maps of

sured ground motions, resulting in *Ground Mo- quadrangles in northern Kentucky, funded by the USGS

tions Induced by the March 11, 2018, Implosion . .
of the Capital Plaza Tower, Frankfort, Kentucky” STATEMAP program. (More information on page 22.)

(Report of Investigations 2, series 13). Several KGS scientists contributed to “Ground Mo-
tions Induced by the March 11, 2018, Implosion of the Capi-

tal Plaza Tower, Frankfort, Kentucky” (Report of Investigations 2, series 13). KGS seismologists set out three

temporary seismic instruments situated an average of about 1,300 feet from the tower to record ground mo-
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tions created by the 28-story office tower’s planned
destruction; a fourth instrument was placed about
2.5 miles away. The 11-page report, which received
national media attention, summarizes findings from
this monitoring. KGS geologist Steve Greb compiled
“Kentucky Stratigraphy” (Map and Chart 211, series
12). It shows updated correlations of Kentucky’s bed-
rock units, based on the International Commission
on Stratigraphy time scale. He also compiled a similar
chart, “Kentucky Stratigraphy With Stage Correla-
tions” (Map and Chart 210, series 12), which shows
the same units correlated to more detailed subdivi-
sions of time, including North American, European,
and international stages. Ages and correlations are
subject to change, so periodic updates to stratigraph-
ic charts are important contributions to Kentucky
geologic knowledge.

To make KGS publications easier to find online,
the Survey began working with UK’s W.T. Young
Library to assign digital object identifiers to hun-
dreds of earlier publications. A DOl is a unique string
of numbers and letters assigned to a publication that
identifies its content and provides a persistent link
to its location on the internet. If a KGS reference
appears in another publication, and its DOl is includ-
ed, a reader can link directly to the KGS publication
without a search. Copies of older KGS publications
assigned DOIs will be found at the library’s UKnowl-
edge webpage. KGS will assign DOIs to new publica-
tions and the publications will be posted at UKnowl-
edge, as well as on the KGS website.

Kentucky-related papers
published in peer-reviewed

publications in 2017-2018

® Allmon, W.D,, Picconi, J.A., Greb, S.F., and
Smith, C.C., 2016, Geologic history of the
southeastern U.S.: Reconstructing the geo-
logic past, in Swaby, A.N., Lucas, M.D., and
Ross, R.M,, eds., The teacher-friendly guide
to the earth science of the southeastern U.S.
[2nd ed.]: Ithaca, N.Y., Paleontological Re-
search Institute, p. 9-39.

® Anderson, W.H., 2016, 2012-2013 miner-
als yearbook: Kentucky: U.S. Geological

Publications for 2017-2018

Survey, minerals.usgs.gov/minerals/pubs/
state/2012_13/myb2-2012_13-ky.pdf.

Buckler, C.S., Nester, P.L., Greb, S.F., and
Moye, R.]J., 2016, Energy in the southeastern
U.S., in Swaby, A.N., Lucas, M.D., and Ross,
R.M,, eds., The teacher-friendly guide to the
earth science of the southeastern U.S. [2nd
ed.]: Ithaca, N.Y., Paleontological Research
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Kentucky Geological Survey Staff

Fiscal Year 2017-2018

State Geologist’s Office
Haneberg, William. State Geologist and Director
Cobb, Jim. State Geologist Emeritus

Administrative

Ellis, Kati. Administrative Staff Officer II

Long, Mandy. Administrative Support Associate I
Phillips, Gwen. Staff Support Associate 11

Communications and Outreach
Banks, Roger. Stores Supervisor
Burroughs, Haley. Student Worker

Lynch, Mike. Technology Transfer Officer
Smath, Meg. Geologic Publication Manager

Digital Earth Analysis Lab
Dortch, Jason. Post-Doctoral Fellow

Energy and Minerals

Harris, Dave. Section Head
Anderson, Warren. Geologist V
Bowersox, Rick. Geologist IV
Eble, Cortland. Geologist V
Greb, Steve. Geologist V
Hickman, John. Geologist IV
Nuttall, Brandon. Geologist V
Parris, Marty. Geologist V
Sparks, Tom. Geologist 111

Geologic Hazards

Wang, Zhenming. Section Head

Carpenter, Seth. Geologist IV

Crawford, Matt. Geologist II1

Holcomb, Andrew. Geological Technician Senior
Woolery, Ed. Geophysics Faculty Associate

Geoscience Information Management
Curl, Doug. Section Head

Adams, Elizabeth. Program Coordinator I
Bryant, Trevor. Student Worker

Ellis, Mike. Computer Support Specialist II
Hackett, Megan. Student Worker
Mullins, Seth. Student Worker

Piening, John. Student Worker

Pulliam, Carrie. Geologist II

Smath, Richard. Geologist III

Thompson, Mark. Information Technology Manager I

Wang, Rebecca. Database Analyst

Young, Holly. Student Worker

Geologic Mapping

Andrews, William. Section Head

Bottoms, Antonia. Geologist |

Hammond, Max. Geologist II

Hounshell, Terry. Chief Cartographic Illustrator,
retired Oct. 2017

Martin, Steve. Geologist I11

Massey, Matt. Geologist IV

Morris, Emily. Cartographic Data Manager

Overfield, Bethany. Geologist III

Laboratory

Backus, Jason. Geologist I1I/Laboratory Manager
Conner, Andrea. Geologist II

Davis, Ethan. Student Worker

Water Resources

Taylor, Chuck. Section Head

Beasley, Kalli. Student Worker

Davidson, Bart. Geologist IV

Merrick, Jason. Student Worker

Nolte, Adam. Geological Technician Senior
Tobin, Ben. Geologist IV

Webb, Steve. Geologist 11

Zhu, Junfeng. Geologist V

Well Sample and Core Library
Gooding, Patrick. Geologist IV/Manager
Daniel, Ray. Principal Research Analyst
Pinkston, Ryan. Research Analyst

Western Kentucky Office

Williams, Dave. Section Head

Beck, Glynn. Geologist IV (Water Resources Sec-
tion)

Bleichroth-King, Amy. Temporary Technician

Keimig, Holly. Temporary Technician

Mayes, Jessica. Temporary Technician
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Research Projects

Fiscal Year 2017-2018

Energy

Carbon management

Midwest Regional Carbon Sequestration Partnership (for the Appalachian Basin)
End date: 12/31/2019  FY funding: $37,307  6-year project total: $400,011
Funding source: U.S. Department of Energy through Battelle Memorial Institute

Coal resources

Identification and characterization of coal and coal byproducts containing rare earth elements
End date: 4/30/2018 KGS FY funding: $31,748 UK 2-year project total: $400,000
Funding source: U.S. Department of Energy through UK Center for Applied Energy Research

Geochemistry

Geochemistry of rock
Rare earth elements (REEs) in U.S. coal-based resources: Sampling, characterization, and resource
assessment

End date: 9/30/2019 KGS FY funding;: $3,378 UK 2-year project total: $150,000

Funding source: University of North Dakota

Fundamental studies on the recovery of rare earth elements from coal and coal byproducts
End date: 1/31/2019 KGS FY funding: $15,358 UK 2-year project total: $400,000
Funding source: Virginia Polytechnic Institute and State University through UK Department of Mining
Engineering

Geochemistry of water

Aquifer quality study at the H.L. Disney Training Site
End date: 10/31/2018 ~ KGS FY funding: $5,174 UK 2-year project total: $146,946
Funding source: Kentucky Department of Military Affairs through UK Department of Earth and Environ-
mental Sciences

Watershed management activities within the Kentucky River Basin
End date: 6/30/2018 KGS FY funding: $9,377 UK I-year project total: $122,506
Funding source: Kentucky River Authority through UK Kentucky Water Resources Research Institute

Geologic information

Coal information

Computerized coal resources for the National Coal Resources Data System
End date: 8/31/2017 FY funding: $2,265  2-year project total: $30,000
Funding source: U.S. Geological Survey
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Data preservation

National Geological and Geophysical Data Preservation Program
End date: 6/30/2018 FY funding and project total: $68,081
Funding source: U.S. Geological Survey

Geotechnical information
Kentucky mitigation plan geologic hazards assessment

End date: 4/15/2018 FY funding and project total: $51,463
Funding source: Federal Emergency Management Agency through Kentucky Department of Military Af-
fairs

Water information

Water-quality analysis in municipal water-supply system for Lexington, Ky., with a focus on corrosivity
End date: 2/28/2018 FY funding and project total: $5,000
Funding source: U.S. Geological Survey through UK Kentucky Water Resources Research Institute

Geology

Geologic mapping

Quaternary and surficial geological mapping for multiple applications in Kentucky
End date: 6/30/2018 FY funding and project total: $154,726
Funding source: U.S. Geological Survey

Geology and human health

Prescription for radon: County-scale maps of geologic radon potential
End date: 6/30/2018 KGS FY funding: $8,229 UK 1-year project total: $130,000
Funding source: Kentucky Department for Public Health through UK College of Nursing

Water resources

Groundwater characterization

Aquifer designation—Kentucky Division of Water: Water Use Program
End date: 6/30/2019 FY funding: $17,229  2-year project total: $94,367
Funding source: U.S. Geological Survey through Kentucky Energy and Environment Cabinet-Division of
Water

Groundwater monitoring

Groundwater modeling at the Paducah Gaseous Diffusion Plant
End date: 3/31/2019 KGS FY funding: $15,000 UK 3-year project total: $795,000
Funding source: U.S. Department of Energy through UK Center for Applied Energy Research

Groundwater resources

Investigation of groundwater availability for irrigation at the UK Research and Education Center at
Princeton, Ky.

End date: 6/30/2018 FY funding: $9,146  2-year project total: $24,202

Funding source: UK College of Agriculture, Food and Environment
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Surface-water monitoring
Adapting edge-of-field monitoring for water quality and soil health assessments in sinkhole-dominated
crop fields

End date: 12/31/2018  FY funding: $1,000  2-year project total: $70,641

Funding source: U.S. Department of Agriculture through Homeplace on Green River Inc.

Blue Water Farms: Edge-of-field water monitoring in Kentucky soils
End date: 6/30/2018 KGS FY funding: $29,822 UK l-year project total: $206,184
Funding source: Kentucky Soybean Board through UK College of Agriculture, Food and Environment

Nutrient and sediment runoff assessment in the Upper Mississippi River Embayment
End date: 9/15/2022 KGS FY funding: $17,037 UK 5-year project total: $904,300
Funding source: U.S. Department of Agriculture through Natural Resource Conservation Service through
UK College of Agriculture, Food and Environment

Surface-water resources
Head-of-Rough Spring discharge and water-quality characterization study in Hardin County Water
District No. 1
End date: 6/30/2018 FY funding: $5,668  2-year project total: $49,999
Funding source: Kentucky Energy and Environment Cabinet-Division of Water through Hardin County
Water District No. 1



The University of Kentucky is an equal opportunity universi-
ty. We encourage applications from women, minorities, and
all interested and qualified people.



