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FOREWORD

Since 1838, when William W. Mather was commissioned Ken-
tucky’s first State Geologist, the Kentucky Geological Survey has
continued to build its data base and perform basic research in a
number of geologic areas such as energy (coal, petroleum, and
natural gas), applied geology, mineral resources, hydrogeology,
and geologic and topographic mapping.

KGS provides technical advice to a large number of State and
Federal agencies. In addition, the Survey places great emphasis
on public-service activities. Members of the Survey staff are ac-
tively involved in special committees and public—service groups
dealing with coal, water, oil and gas, industrial minerals, and geo-
logic hazards.

The objective of this annual report is to provide a brief summary
of the activities of the Kentucky Geological Survey during the past
fiscal year (July 1, 1989—June 30, 1990).

Dr. William Williams Mather (1804—1859)



2 1989-1990 Annual Report

RESEARCH ACTIVITIES

Basicresearchin geology and hydrology has formed the corner-
stone of the Kentucky Geological Survey since its inception. The
Kentucky Geological Survey maintains a diversified and compre-
hensive research programinto the fields of coal geology, industrial
and metallic minerals, oil and gas, and hydrology. In addition, a
number of energy-related special projects are funded by grants or
contracts. Projectsin all of these areas of research are described in
greater detail in the following sections.

A young participant studies XGS s “Geology of KentucKy” display at the “Dino-
saurs Alive!” exhibit at the Lexington Living Arts and Sciences Center.

Coal 3

Coal

Part of the mission of the Kentucky Geological Survey is to pro-
vide scientifically based information about the State’s coal re-
sources. Recent reports attributed to the Kentucky Geological Sur-
vey have given the false impression that the Commonwealth will
run outof mineable coal in 20 to 30 years. A more correct statement
of the Survey’s position would be that maintaining the high levels of
coal production achieved in the 1980’s may not be possible in 20 to
30 years because of the large amount of mined—out resources and
the declining quality of the remaining resources. Of the original 104
billion tons of coal in both the Eastern and Western Kentucky Coal
Fields, 6.5 billion tons have already been produced. In 30 years at
current rates of production, Kentucky will have produced an addi-
tional 4.5 billion tons of coal. The concern of resource analysts is
whether or not there are sufficient resources with the minimum re-
quirements of thickness, quality, and mineability in Kentucky to
supply this need. Based on preliminary results of ongoing re-
search, the answer appears to be no.

But Kentucky does have billions of tons of coal resources in
beds that are less than 28 inches thick and do not comply with sul-
fur emission standards. The real challenge facing Kentucky and its
coalindustry is to stay competitive by developing new types of min-
ing to handle thinner seams, and to clean and burn coal more effi-
ciently so that it will meet emission standards.

COAL AVAILABILITY FOR ECONOMIC DEVELOPMENT
COBB, James C., SERGEANT, Richard E., DAVIDSON, O.
Barton, ANDERSON, Warren H., CHESNUT, Donald R.,
Jr., GREB, Stephen F, and HIETT, John K.

The Central Appalachian Basin in Kentucky, West Virginia, and
Virginia is the principal supplier of compliance coal for the eastern
United States. The pending Federal “Acid Rain Bill,” which is in-
tended to reduce emissions of sulfur dioxide into the atmosphere
from coal-burning power plants, is likely to cause an increase in
compliance—coal use. This probability raises a question for re-
source specialists—what is the availability of low—-sulfur coal in the
Central Appalachian Basin in general, and in eastern Kentucky in
particular? To answer this question, the states of Kentucky, West
Virginia, and Virginia, and the U.S. Geological Survey are cooper-
ating on a project to determine the availability of compliance and
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other coal resources in the Central Appalachian Basin. All coal re-
sources are mapped on a 7.5—-minute—quadrangle basis, and then
all restrictions to mining are superimposed on the resource map.
Theresultis the remaining coal resources available for mining. Re-
strictions to mining are in two categories (technological and land
use), and include mined—out areas, mine barriers, oil and gas
wells, cemeteries, towns, roads, streams, depth, thickness, over-
burden, and quality of coal.

Of the four quadrangles completed in eastern Kentucky, mined
and lost coal varies from 3 to 13 percent; coal eliminated from con-
sideration because of technological restrictions varies from 11 to
47 percent; and coal eliminated from consideration because of
land-use restrictions varies from 2 to 17 percent of the original re-
sources. The actual available resources are only 50 percent of the
original resources, and available compliance resources are only
about 25 percent of the original resources. Further work on coal re-
coverability in these quadrangles has been begun by the U.S. Bu-
reau of Mines. Elements of engineering and economics will be add-
ed to the work on coal availability. This combination of approaches
will give the best estimate possible of the potential for future mining
in the Central Appalachian Basin and the Eastern Kentucky Coal
Field.

SPRINGFIELD COAL STUDY

WILLIAMS, David A., SERGEANT Richard E., and COBB,

James C.

The Springfield coal is Kentucky's largest producing seam with
an annual production of 33 million tons. It accounts for 75 percent
of the coal mined in the Western Kentucky Coal Field and 20 per-
cent of the coal produced in the State. When the production of
Springfield coal is totaled for the entire lllinois Basin (encompass-
ing parts of lllinois, Indiana, and Kentucky), the amount is over 52
milliontons. This amountwould tie the Springfield coal in the lllinois
Basin with the state of Texas as the sixth largest producer of coal in
the United States.

For the most part, coals are not viewed in this perspective of the
geologicbasin in which they exist. Rather, they are viewed from the
perspective of the state inwhich they occur. Butthe basin approach
better demonstrates the magnitude of the resource and puts the re-
source in its proper geologic context. Policy makers often refer to
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coals by their basin or region. Powder River Basin coals, for exam-
ple, are commonly referred to as low—sulfur coals and lllinois Basin
coals are referred to as high—sulfur coals, although exceptions oc-
cur in both areas.

The state geological surveys of lllinois, Indiana, and Kentucky
have beeninvolved in a cooperative project on the Springfield coal
for the past 2 years. The purpose of this project is to demonstrate
the geology and resources of this significant coal over the entire
basin. Computerized data on coal thickness, elevation, mined—out
areas, and coal quality are being combined into a common data
base. The products generated include thickness, structure, quality,
and mined—out area maps. The results of this work will provide en-
ergy and resource planners and policy makers with the most up—
to—date and complete overview possible of this energy resource.
Positive attention for this important energy resource is needed be-
cause itis expected that passage of the “Acid Rain Bill” in 1990 will
have an adverse effect on future development of this coal, even
though the Springfield coal is a prime candidate for the clean coal
technologies of liquefaction and gasification.

CONSTRUCTION OF GEOLOGIC CROSS SECTIONS

CHESNUT, Donaid R., Jr.

Surface exposures of coal seams provide opportunities to in-
vestigate only a small fraction of the coals in the Eastern Kentucky
Coal Field. Using outcrop sections and subsurface records, how-
ever, geologic models can be made that predict occurrences of
coal seams in the subsurface. These models rely upon stratigraph-
ic and paleontologic data.

Outcrop sections along three major eastern Kentucky highways
have been submitted for publication. These highway cross sec-
tions cover the eastern Kentucky parts of Interstate Highway 75,
Interstate Highway 64, and Kentucky Highway 80. The cross sec-
tions show mile markers, exits, highway topography, outcrop loca-
tion, and identify coal beds. The highway cross sections will be
helpful to educators and researchers who are studying the coal-
bearing rocks of the coal field. The cross sections may be used to:

e Determine the distribution of coal-bearing rocks

e Determine the controls on the distribution of these rocks
® |nvestigate the potential for coal-bed methane

e Resolve stratigraphic problems.
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INVESTIGATIONS OF COAL-BEARING ROCKS IN THE
EASTERN KENTUCKY COAL FIELD

CHESNUT, Donald R., Jr.

The types of strata overlying coal beds can often be used to pre-
dict sulfur content in coal. Shales of marine origin overlying coals
generally coincide with higher sulfur contents in the coals. There-
fore, the distribution of marine fossils in coal roof rocks is important
for understanding the distributions of high— and low—sulfur coals.

Paleontological data on roof rocks have been compiled into a
manuscript submitted for KGS publication. This study lists all li-
thostratigraphic and paleontologic evidence for marine or brack-
ish—water conditions reported in the roof rocks in the coal field.

New paleontological data are also being collected. In many
cases, fossils are presentin coal roofrocks but cannot be seen with
the unaided eye. Shale samples are being collected from roof
rocks inthe coal field and then analyzed in the laboratory. Microfos-
sils, if present, are then extracted from the shales for further analy-
sis. To date, samples from about 10 roof rocks have been collected
and dissaggregated, and the microfossils are being extracted.

Both the published paleontological data and the new microfossil
data will be important in:

® Mapping the distribution of marine and brackish—water facies
overlying each coal bed

® Comparing the facies with known sulfur content of underlying
coals and projecting sulfur content where quality data are
lacking

¢ Developing a biostratigraphic framework for the coal-bear-
ing rocks.

SEDIMENTOLOGICAL INVESTIGATIONS OF THE
CARBONIFEROUS ROCKS IN KENTUCKY

GREB, Stephen F, CHESNUT, Donald R., Jr,, and DEVER,

Garland R., Jr.

Kentucky's most significant economic mineral deposits (coal,
oil, natural gas, and limestone) occur in rocks of Carboniferous
age. Carboniferous rocks cover more than 70 percent of the Com-
monwealth and are composed of limestone, shale, sandstone, silt-
stone, conglomerate, and coal. The rocks contain a wide assort-
ment of bedding types, bedding structures, grain sizes, and fossils
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that canbe used to interpret the depositional environments. In gen-
eral, Carboniferous rocks were deposited in rivers, broad deltas,
and shallow seas that once covered parts of Kentucky. Under-
standing how Carboniferous rocks were originally deposited can
help interpret trends in economic mineral distribution and quality.
For example, depositional and erosional features in the St. Louis
and Monteagle Limestones suggest that both growth faulting and
uplift accompanied by erosion affected carbonate deposition dur-
ing Mississippian time. Because the type of carbonate deposition
influences the thickness and quality of limestones, it is important to
delineate these structural effects.

As part of these sedimentological investigations, Coal and Min-
erals Section geologists contributed to a field guide prepared for
the 28th International Geological Congress, and hosted (in con-
junction with the Indiana and lllinois Surveys) the Geological Soci-
ety of America annual Coal Division field trip.

COAL-QUALITY, PETROGRAPHIC, AND PALYNOLOGIC
ANALYSES OF KENTUCKY COAL BEDS

EBLE, Cortland F

Research at the Kentucky Geological Survey’s coal analytical
laboratory is being conducted to characterize Kentucky’s economi-
cally important coals and promote the safe, clean, and efficient use
of coal. This research involves petrographic, palynologic, and
coal-quality analysis of selected Kentucky coal beds.

Petrographic and palynologic analyses of coal provide a de-
tailed characterization of both the organic and inorganic constitu-
ents in coal. Through petrographic analysis, macerals of coal
(analogous to minerals in rocks) can be identified and quantified.
The maceral composition of coal provides information vital to coal
utilization. Detailed petrographic studies of selected Kentucky coal
beds are being done to determine the regional variability of coal
macerals. These studies will also help determine how deleterious
mineral matter, notably pyrite, occurs within individual coal beds
and regionally across coal fields. Ultimately, itis hoped that models
can be developed to predict the composition of coal throughout
Kentucky.

Coal palynologic analyses provide detailed information on the
kind of plants that grew in ancient swamps, and later became coal
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deposits. Knowledge of the types of plants in coal may also help
identify and predict areas of high—quality coal across the State.

ORIGIN OF COAL

COBB, James C., and EBLE, Cortland F

The origin of coal has been investigated by scientists for over
200 years. Microscopic examinations of coal reveal it to be com-
posed of many different types of organic particles derived from
plants and the degradation of plants. The origin of coal from peat
swamps is well established, butwhatis notwell known iswhy some
coals are of better quality than others orwhy parts of some beds are
higher in sulfur or other deleterious matter.

To answer these questions, the U.S. Geological Survey, the In-
donesian Directorate of Mineral Resources, and the Kentucky
Geological Survey are cooperating in a project to study the origin of
coal. In 1989, field work was conducted in peat swamps in Palang-
karaya, Kalimantan, Indonesia. The peat reached a maximum
thickness of 24 feet. Six peat cores were taken along an east-west
traverse perpendicular to the Kahayan River. Two cores were from
lower elevation flood—basin peat, and four cores were from araised
peat deposit 25 feet above the river, overlying a quartz—rich podzol-
ic soil. The podzolic soil was exposed in the river cut banks, where
about 60 feet of quartz sandstone with siderite and kaolinite beds
could be seen.

Petrographic, mineralogic, and geochemical work by the U.S.
Geological Survey is continuing on the samples that were taken in
this field work. Models of coal-forming swamps for use in coal de-
positional studies are being developed based on the Indonesian
research.

Industrial and Metallic Minerals 9

Industrial and Metallic Minerals
Industrial and metallic minerals furnish essential raw materials
for agricultural, ceramic, chemical, construction, energy—related,
metallurgical, and manufacturing industries. The Kentucky Geo-
logical Survey conducts resource investigations to determine the
compositional and physical properties, geologic setting, and geo-
graphic distribution of industrial and metallic minerals in the State.

SAND AND GRAVEL RESOURCES OF THE OHIO RIVER
VALLEY

AMARAL, Eugene J.

Kentucky’s principal supply of sand and gravel was deposited
along the Ohio River Valley atvarious times during the Pleistocene
(Ice Age) by sediment-laden meltwaters from retreating glaciers.
As an important source of construction material, these deposits
have played and should continue to play a vital role inthe economic
development of the Commonwealth. They also form the principal
aquifer of this region and underlie prime agriculturalland. Sand and
gravel extraction along the Ohio River during the 1980’s has aver-
aged nearly 7 million short tons a year, and has been carried out
either by channel dredging or open—pit mining on riverbank ter-
races. Future utilization of this valuable resource, however, is be-
ing jeopardized by expanding urban and residential development,
industrial—-plant construction, and increasingly restrictive zoning
ordinances. Knowledge of the lateral distribution and variations in
thickness, texture, and composition of these deposits will enable
more effective land—use planning, thereby enhancing the recovery
of these potential aggregate resources.

A study to determine the physical, textural, and mineralogical
properties of sand and gravel deposits along the Ohio River Valley
was initiated this fiscal year in Boone, Gallatin, and Carroll Coun-
ties and should be completed in 1990. Approximately 150 samples
collected from active and abandoned pits, excavation sites, out-
crops, and boreholes are currently being analyzed in the KGS sedi-
mentology and petrology laboratories. Such an investigation has
practical applications because it helps show how closely these
construction aggregates conformtolocal, State, and Federal spec-
ifications for size gradation, percent deleterious material, aggre-
gate soundness, abrasion resistance, and other physical and
chemical properties. It is the purpose of this study, therefore, to
quantitatively analyze grain—size, particle-shape, and composi-
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tional characteristics in order to reveal variations that could influ-
ence the utilization of these sand and gravel deposits.

LIMESTONE AND DOLOMITE RESOURCES FOR
COAL-RELATED INDUSTRIES

DEVER, Garland R., Jr.

Coal producers and coal-burning industries use carbonate
rocks in environmental—control measures to meet Federal and
State standards for mine safety and reclamation, air quality, and
water quality. The Kentucky Geological Survey is investigating the
chemical and lithologic characteristics of the State’s limestones
and dolomites in order to provide industry with information on the
availability of stone meeting their requirements, particularly for
SO; emission control and for rock dusting in underground coal
mines.

The use and current market for limestone, lime, and dolomite in
SO, emission control by electric utilities and industrial plants were
covered by two reports completed during the year. Work is continu-
ing on sources of low-silica stone suitable for rock dust used for
explosion abatement in underground coal mines. A reportis being
prepared on the occurrence of low-silica stone in Letcher County,
where the Newman Limestone (Mississippian) crops out along
Pine Mountain in the southeastern part of the Eastern Kentucky
Coal Field. The lower part of the Newman in southwestern Letcher
County contains a 41—foot interval of oolitic and bioclastic calcare-
nite withan averagesilica (SiO,) contentof 1.65 percent. However,
because of increased amounts of calcilutite and argillaceous lime-
stone in the lower Newman northeastward along Pine Mountain,
zones of low-silica calcarenite in central and northeastern Letcher
County are thin, ranging from 11 to 13 feet in thickness.

NONFUEL MINERAL STATISTICS

DEVER, Garland R., Jr.

The Kentucky Geological Survey collects and compiles infor-
mation on activities of the State's nonfuel-mineral industry and on
government actions that affect mineral industries. Nonfuel-miner-
al data collected by KGS and the U.S. Bureau of Mines are shared
by both agencies under aMemorandum of Understanding and are
disseminated through the Bureau’s “Minerals Yearbook,” “Mineral
Industry Surveys,” and commodity reports. The information also is
used by KGS in answering public-service inquiries, compiling a
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mineral—producer directory, and preparing reviews of Stqte ac'tivi-
ties such as the annual review published by Mining Engineering.

The value of Kentucky’s nonfuel-mineral production in 1989
was about $330 million, based on preliminary data received by the
Bureau of Mines. Crushed stone was the leading commaodity, with a
production of 48 million tons valued at $199 million, and accounted
for 60 percent of the State’s total nonfuel-mineral value. Portland
and masonry cement; common, ball, and fire clay; quicklime and
hydrated lime; and construction and industrial sand and gravel also
were produced during the year.

INDUSTRIAL AND METALLIC MINERAL RESOURCES AND
MINERAL INDUSTRIES MAP OF KENTUCKY

DEVER, Garland R., Jr, AMARAL, Eugene J., and

ANDERSON,Warren H.

A new map is being compiled to show the distribution of indus-
trial and metallic mineral resources in Kentucky, encompassing
both currently exploited deposits and potentially economic re-
sources. The areal distribution of resources will be compiled main-
ly from geologic quadrangle maps (scale 1:24,000) produced for
the entire State by the Kentucky Geological Survey—U.S. Geologi-
cal Survey cooperative mapping program (1960—78). The present-
ly available “Mineral Resources and Mineral Industries of Ken-
tucky” map, published in 1962 and partly revisedin 1974, was com-
piled without benefit of these detailed geologic quadrangle maps.

The principal product will be a multicolored map (scale
1:500,000) showing:

e Limestone, dolomite, clay, shale, sand, gravel, and sand-
stone resources

e Metallic and nonmetallic mineral deposits (e.g., sphalerite,
galena, fluorite, and barite)

e Active quarries, mines, and pits

e Mineral-industry plants.

Resource boundaries, mineral deposits, producing operations,
and plant sites will be digitized and archived in data files so that the
information can be used to prepare notonly a 1:500,000—scale re-
source map of the State, but also State, county, and area resource
maps at various scales.
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Petroleum and Stratigraphy

On—going research activities in the Petroleum and Stratigraphy
Section are designed to foster and stimulate hydrocarbon explora-
tion and production in the Commonwealth. Research related to the
tectonic and stratigraphic framework of the various regional geo-
logic provinces contributes to an understanding of the geologic
evolution of the State and also to the distribution and character of
its earth resources and hazards.

In response to changing national and regional energy priorities
and strategies, the Petroleum and Stratigraphy Section is continu-
ing to pursue several directions of research and service. Reservoir
characterization studies should ultimately increase recovery of hy-
drocarbon resources fromknown fields and plays. New and deeper
exploration plays, particularly in the central and western part of the
State, are also being evaluated. These efforts are aimed at stimu-
lating the wise and careful development of our fluid energy re-
sources while maintaining a clean and safe environment. The fol-
lowing project summaries review the status of active projects.

UPDATE, SHEET TWO, “OIL AND GAS MAP OF
KENTUCKY”

BEARD, John G., and NUTTALL, Brandon C.

This projectis part of an overall effort to update sheets 1 through
4 of the “Oil and Gas Map of Kentucky.” Sheet 2, which covers
western Kentucky, was published in 1972. The project will update
sheet 2 to show the location and areal extent of new fields, exten-
sions, and consolidations since 1972. When compilation is com-
pleted, the base map, all field outlines, and supporting illustrations
will be entered into a computer data base, and copies can be
printed on demand. Sheet 2 is designed to be used in conjunction
with the recently printed “Index of Oil and Gas Fields of Kentucky,”
which replaces the information on the back of the individual sheets
of the “Oil and Gas Map of Kentucky.” The index is arranged by
county and alphabetically by field name within each county. It con-
tains information on field name, producing formations, type of pro-
duction, and date and general location of discovery well. Invalid
and obsolete field names are cross—referenced to the field name
currently in use. Where known, information on the consolidation of
producing areas is included. The index was produced directly from
a computer data base and will be periodically reprinted to update
new field discoveries, consolidations, and historical data. Work is
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continuing to identify the discovery well of each field and the dis-
covery well of each pay within the field.

CINCINNATI ARCH CONSORTIUM: REGIONAL GEOLOGIC
STUDIES

DRAHOVZAL, James A., and NOGER, Martin C.

The Kentucky, Ohio, and Indiana Geological Surveys have en-
tered into a cooperative agreement to advance the geologic under-
standing of the Cincinnati Arch and ensure wise decisions regard-
ing the use and development of the area’s potential earth re-
sources. Formation of the consortium was stimulated by the recent
discovery of a formerly unknown basin lying near the axis of the
arch and extending at least from southwestern Ohio into northern
Kentucky.

To date, most of the work on this project has been related to the
administration of the consortium, the promotion of the consortium
to the oil and gas industry, and preliminary research into the nature
of the newly discovered basin. Through a series of meetings and
presentations to industry, a project proposal was formulated that
five companies have agreed to fund for a 1—year period. Final ap-
proval of the proposal is pending, and research activitie; are ex-
pected to be initiated in mid—1990. The objective of the initial pha_se
of the study is to delineate the areal extent and depth of the basin.

ILLINOIS BASIN CONSORTIUM: GAS POTENTIAL OF THE
NEW ALBANY SHALE, ILLINOIS BASIN

DRAHOVZAL, James A., and NOGER, Martin C.

The purpose of this research is to assess the gas potential of the
Devonian New Albany Shale of the lllinois Basin. The projectis be-
ing carried out by the lllinois Basin Consortium (IBC), made up of
the Kentucky, lllinois, and Indiana geological surveys. The project
is being funded by the Gas Research Institute (GRI).

Sofarthe technical and cost proposals have beenwritten, nego-
tiations have been made with the other two surveys and GRI, and
final agreements have been signed. The project will be initiated in
mid—1990.
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PETROLEUM GEOCHEMISTRY AND SOURCE-ROCK
EVALUATION OF HYDROCARBON RESERVOIRS IN
KENTUCKY

GOODING, Patrick J.

The primary objectives of this investigation are to determine
source-rock potential, crude—oil characteristics, and oil-source
rock correlation from geochemical analysis, and to investigate
geologic structures that may have influenced the maturation, mi-
gration, and accumulation of hydrocarbons in Kentucky. A model
will be developed to explain the amount, timing, and depth of hy-
drocarbon generation. This geochemical study of source rocks and
crude oils will provide information needed for successful explora-
tion by the oil and gas industry.

The reservoir rocks in which the hydrocarbons occur are quite
variable across the State, in both composition and physical proper-
ties. Hydrocarbons commonly occur in pore spaces, cavities,
joints, and fractures of limestone, dolostone, sandstone, and shale
thatrange in age from Early Pennsylvanian to Early Cambrian. The
timing of petroleum maturation and accumulation in the various
trap types differs considerably in the State. Also, the duration of ac-
cumulation may vary from place to place.

With cooperation from the oil and gas industry in Kentucky, visits
were made to about 600 oil wells throughout the State; fresh oil
samples were collected from 265 of these wells. The oils were be-
ing produced from 45 different stratigraphic zones.

Geochemical analysis has been completed on 114 of the oils.
Source-rock evaluations have been made on over 8,000 rock
samples. Geochemical analysis indicates that samples from sev-
eral stratigraphic intervals contain high to very high quantities of or-
ganic matter of variable composition, which would have been ca-
pable of generating hydrocarbons during burial.

AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS
PETROLEUM BASIN SERIES—INTERIOR CRATONIC SAG
BASIN VOLUME

NOGER, Martin C.

The American Association of Petroleum Geologists (AAPG) has
begun compiling a five—volume Petroleum Basin Series that will
provide data for analyzing potentially similar basins in other areas.
Theseriesisintended to give abroad overview of significant funda-
mental basin types, their evolution, their oil and gas plays, and the
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resulting distribution and size of oil and gas fields. Each fundamen-
tal basin type is to be analyzed to determine the significant factors
that control the plays, resulting fields, and future potential.

Various KGS personnel have contributed geologic data and
compiled maps for the different chapters of the manuscript. The re-
port has been completed and submitted to AAPG for editorial re-
view and publication.

TAR-SAND DEPOSITS OF WESTERN KENTUCKY

NOGER, Martin C.

In 1981, the Survey initiated a project to inventory and evaluate
the oil-resource potential of asphaltic sandstones in the subsur-
face of western Kentucky. In 1982 the project was combined with
the Interstate Qil Compact Commission (IOCC) project to catalog
and evaluate the tar—sand resource potential of the United States.
In 1984 and 1985 IOCC published reports of these investigations;
the in—place oil resource potential of subsurface and surface tar—
sand deposits in western Kentucky was calculated to be 3.4 billion
barrels.

In 198687, KGS collected samples from surface exposures of
the Caseyville Sandstone (Pennsylvanian) and Big Clifty Sand-
stone Member of the Golconda Formation (Mississippian) for clay,
metal—-content, and reservoir—characteristic analyses by the U.S.
Geological Survey. Analyses listing the chemical composition of
the bitumen, trace—element content of the reservoir rock, and sedi-
ment residue were published in 1990 as U.S. Geological Survey
Circular 1047.

The Survey continues to monitor drilling and other activities in
tar—sand areas. Data bases are revised annually to further delin-
eate and evaluate the deposits so they will be up to date when eco-
nomic conditions are favorable for commercial development.

ILLINOIS BASIN CONSORTIUM: REGIONAL GEOLOGIC
STUDIES

NOGER, Martin C., and DRAHOVZAL, James A.

The Kentucky, lllinois, and Indiana Geological Surveys have en-
tered into a cooperative agreementto advance the geologic under-
standing of the lllinois Basin and ensure wise decisions regarding
the use and development of the basin’s wealth of energy, mineral,
and water resources.
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The initial project of the consortium is to prepare a network of
cross sections depicting the structural and stratigraphic framework
of the lllinois Basin. The sections will be compiled primarily from
geophysical logs of oil and gas test holes. Where geophysical logs
are not available, cuttings or cores will be studied. A preliminary
north—south cross section, crossing lllinois, western Kentucky, and
northern Tennessee, has been compiled. An east-west section
from southern lllinois to the Cincinnati Arch in central Kentucky is
being compiled.

Data from the individual sections will be integrated into a de-
tailed study of the evolution of the lllinois Basin. Such information
will be useful to industry, academic institutions, government agen-
cies, and the general public.

AREAL AND STRATIGRAPHIC DISTRIBUTION OF OIL AND
GAS PRODUCTION IN KENTUCKY

NUTTALL, Brandon C.

This project was initiated to provide a better understanding of
the distribution of hydrocarbon production in Kentucky. The result
of the project will be a report showing distribution of production for
each major stratigraphic system and many individual pay zones,
alongwith penetration maps, color—coded classification maps, and
general geologic and physiographic maps. The publication will
show locations of the major producing areas in Kentucky and iden-
tify stratigraphic units from which hydrocarbons are produced. The
project will utilize information that is already in the KGS oil and gas
data base, and the maps will be updated as new data are entered.

RECONNAISSANCE GEOLOGIC INVESTIGATION OF THE
VAUGHN CREEK DISTURBANCE, CUMBERLAND COUNTY,
KENTUCKY

NUTTALL, Brandon C.

An eruption of natural gas and associated oil spill on Vaughn
Creekoccurred in the fall of 1989. Setin awell-known area of shal-
low oil production, this phenomenon presented a unique opportuni-
ty to investigate the formation of a natural oil seep. A manuscript is
being prepared to document this event.
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RESERVOIR CLASSIFICATION OF TERTIARY OIL
RECOVERY INFORMATION SYSTEM FOR KENTUCKY

NUTTALL, Brandon C., NOGER, Martin C., BEARD, John

G., and DRAHOVZAL, James A.

The U.S. Department of Energy (DOE) maintains the Tertiary Qil
Recovery Information System (TORIS) for major oil reservoirs in
the United States. Data for only five reservoirs in Kentucky are cur-
rently in the data base. The purpose of this DOE—-funded proj.ecjt is
to update the existing information in the data base by classifying
the reservoirs.

Using data at the Survey and in publications, the five Kentucky
oil reservoirs were classified in terms of their depositior}al system,
diagenetic overprint, and structural compartmentalization.

Results of the study revealed that most often the reservoirs in
the TORIS data base had been misidentified and that the primary
reservoir horizons responsible for the major part of the production
in a particular field were not part of the data base. In addition, the
data base does not include many of the oil reservoirs in Kentucky
that have significant production.

DOE realizes that a similar national data base is needgd for gas
reservoirs as well. The Petroleum and Stratigraphy Section plans
to pursue this opportunity with the U.S. Department of Energy.
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Summary of oil production in Kentucky, 1979—89. From Information Circular 30 (ser.
11).
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Water Resources

Over the past several decades, a new awareness of the critical
importance of the Nation’s water resource has been generated.
With that awareness has come the realization of the difficult prob-
lems associated with the management and protection of that re-
source. If one considers the basic needs of modern civilization—
food, clothing, shelter, and energy—uvirtually nothing can be pro-
duced without large quantities of water. In addition, large quantities
of waste water that our system generates must be disposed of.

Over the past 15 years, not less than 10 Federal acts aimed at
protecting water have been passed. During this time, state regula-
tory agencies have developed programs dealing with mining and
mine reclamation, solid and liquid waste disposal, sewage dispos-
al, water supply, oil and gas recovery, and agricultural practices.
The understanding of geology and hydrogeology is essential for
the optimum development, utilization, and management of the
State’s water resources. The KGS Water Resources Section pro-
vides information to municipalities, industry, State and Federal
agencies, and private citizens concerning the occurrence, move-
ment, quantity, and quality of surface and ground water in the
State. In addition, the state legislature recently designated the
KGS as the repository of all ground-water data gathered in the
State.

The following represent the major research efforts of the section
over the past year (see also Cooperative Programs, Water Re-
sources).

EFFECTS OF RIPARIAN VEGETATION ON WATER QUALITY:
MODELING AND EXPERIMENTAL STUDIES

CAREY, Daniel I.

There is growing concern over non—point pollution of surface
and ground water by agricultural chemicals. Riparian vegetative fil-
ter strips (VFS), narrow bands of vegetation used to remove sedi-
ment and dissolved solids from overland flow before it reaches re-
ceiving streams, have been approved by the Conservation Re-
serve Program of the Food Security Act of 1985, and have been
increasing in use in the past few years.

Recent studies of the effectiveness of naturally occurring VFS's
have indicated that existing mathematical and computer models
overpredict the effectiveness of VFS's in removing sediment. This
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overprediction is probably because of the failure of gxisting models
to account for channelization of flow through the filters.

The objectives of this project are to:

e Develop models of sediment movement through VFS’s that
account for natural variation in microtopography and chan-
nelized flow

e Model the movement of dissolved solids through VFS’s asre-
lated to sediment and chemical characteristics

e Modelthe movementof dissolved solids into the vadose zone
of VFS’s in karst regions

e Develop an experimental data base of controlled field data
for evaluation of models developed under the first three ob-
jectives.

The 3—year project is being conducted cooperatively yvith 'ghe

University of Kentucky Departments of Agricultural Engineering
and Agronomy.

HYDROGEOLOGY OF THE GARRETTS SPRING (SINKING
CREEK) DRAINAGE BASIN

CURRENS, James. C.

In February 1989, severe flooding occurred throughout Ken-
tucky, and the flooding of sinkholes was widespread. Sevgral
homes across the State that were built in closed karst depressions
during dry periods were damaged or destroyed during the excep-
tionally heavy rains. The Sinking Creek karstvalley in porthwestern
Jessamine County remained flooded until early April. One home
was destroyed and others were damaged extensively. Forecasting
when the water levels would drop and advising the residents on a
course of action to prevent future flooding was severely hampered
by a lack of historical data and immediately available resources to
monitor the flood.

Work began in the late summer of 1989 to map the hygrogeolo-
gy of the basin and install instruments to record flows dunpg storm
events. These data will be used to develop an understanding of the
hydrology of the karst system and a procedure to forgcast the gf-
fects of larger storms and land—use changes in the dramage basin.
During the winter of 1989-90, three stage recorders were mstallled
at critical sites in the basin. Discharge measurements are being
made at these and other sites to use in conjunction with the stage
data and develop a continuous discharge record. Ground-water
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dye-tracing experiments are in progress to define the ground-wat-
er basin divide.

THE KENTUCKY AQUIFER-RESEARCH DATA BASE
(KARD)

CURRENS, James C.

The Kentucky Geological Survey has been charged by the Gov-
ernor's Ground—-Water Advisory Council and the Kentucky General
Assembly to act as a ground—-water data repository. KGS began
developing the Kentucky Aquifer Research Data Base (KARD) in
the spring of 1987. By the end of fiscal year 1986—87, the conceptu-
al design of the data base was completed and programming was
well underway. During 1987-88, many new data sets and pro-
grams were completed, and the data base began to be used for
data storage and retrieval. During 1988-89, efforts were focused
ondata entry, although considerable effort was made on data base
development and refinement. A series of programs to translate
data acquired from the Groundwater Branch of the Kentucky Divi-
sion of Water (DOW) into the KARD was written and improved
upon, and is now in routine use.

During the 1989-90 fiscal year, development work on the data
base was completed. Data sets for storage of isotopic and trace or-
ganics analyses were designed. Also, data sets for information
specific to springs, discharge measurements, and ground-water—
tracing experiments were completed. In addition, improvements
were made to several preexisting data sets, and storage and re-
trieval programs were written for the new data sets. All future pro-
gramming will concentrate on data storage and retrieval. Over
4,765 sites, including water wells and springs, are now listed in the
data base, including hundreds of records on construction features
and water—quality and —quantity data.

STAR FIRE PROJECT

DINGER, James S., WUNSCH, David R., and CAREY,

Daniel I.

Coal mining inthe Eastern Kentucky Coal Field will provide few-
er and fewer jobs in the coming years. At the same time, economic
growth and diversity in the coal field are limited, in part by the steep
topography and lack of water resources. Most coal companies
have no real interest in these limiting factors because they own
only the mineral rights to the properties they mine. Cyprus Moun-
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tain Coals, a subsidiary of Cyprus Minerals, Inc., is unique in that it
owns the 17,000 acres at the Star Fire surface mine in Knott, Perry,
and Breathitt Counties, and, therefore, has considerable interestin
post—mine development of the property.

An estimated 10,000 acres of flat land will be created by the year
2010 through mountaintop removal techniques, thus providing a
site for new land uses and future economic development. The Ken-
tucky Geological Survey has been awarded a research grant to
conduct initial feasibility studies for water-resources development
on the site. KGS is defining surface— and ground—water resources
of the reclaimed mine site, whose spoil ranges from 100 to 300 feet
inthickness. Dye traces of streams entering the spoil and discharg-
ing at springs at the base indicate average linear velocities of up to
1,200 feet per day. Spring discharges ranged from 1 to 3 million gal-
lons per day.

Three monitoring wells have been drilled into the spoil, with
plans for approximately 10 more. Monthly surface— and ground—
water samples show that all waters are predominantly a calcium-—
magnesium-—sulfate type, differing only in concentration. The pH of
all samples is favorable, ranging from 6.23 to 8.28. One infiltration
gallery has been emplaced and instrumented to measure induced
recharge through the relatively impermeable reclaimed surface
that results from the compaction of the spoil material during the
mining and reclamation processes. Weirs and other methods of
stream gaging are being installed to aid in the understanding of the
hydrologicrelationship between the recharge and discharge points
of the aquifer. The SEDIMOT Il surface-hydrology modelling pro-
gram has been used to estimate anticipated peak runoff for a
10-year period to aid in the development and design requirements
for monitoring the mine site hydrology.

HYDROGEOLOGY OF BRINE OCCURRENCE IN THE
KENTUCKY RIVER BASIN

KIPP, James A.

In 1987 the Kentucky Geological Survey initiated a detailed hy-
drologic study in the Furnace Fork Basin (Estill County) in coopera-
tionwith the U.S. Geological Survey. Two other streams, Cat Creek
and Big Sinking Creek, were also monitored to compare water
quality among basins with varying degrees of petroleum produc-
tion. A gaging station with automatic recording of stage, water tem-
perature, and specific conductance was installed on each stream




22 1989-1990 Annual Report

in the spring of 1987. In addition, monthly water—quality sampling
was conducted in conjunction with the U.S. Geological Survey’s
Kentucky River National Water Quality Assessment study. Stream
samples were collected at the gaging stations and at six locations
within the Furnace Fork Basin from March 1987 through March
1989. A U.S. Geological Survey publication summarizing the re-
sults of these cooperative efforts is currently under revision follow-
ing completion of colleague review.

Four monitoring wells were completed in the Furnace Fork Ba-
sin during summer 1988. Recorders were installed on these wells
in August 1989 to gather information on long— and short—term fluc-
tuations of water levels in the producing formation (Corniferous)
and overlying strata. Water—quality samples have also been col-
lected from the monitoring wells, domestic wells and springs, and
oil wells in the study basin. All of this information will be used to in-
terpret the occurrence and quality of ground water and should lead
to a better understanding of ground-water/surface—-water interac-
tion and brine transport mechanisms in the region.

PRODUCTION OF FRESH WATER FROM THE KNOX
GROUP IN CENTRAL KENTUCKY

KIPP, James A.

Afewdeepwells (800—-1,000 feet) produce fresh waterin cenitral
Kentucky. These wells are generally completed in the top of the
Cambrian—Ordovician Knox Group. The primary objectives of this
investigation are:

e To identify areas where the Knox contains fresh water
¢ To determine the amount of water available from the Knox
® To locate recharge and discharge areas

® Todetermine the direction and rate of water movementin the
Knox.

Because of the great expense of drilling these deep wells, the
Survey has relied upon local well drillers and their customers to
identify new wells for testing and water—quality sampling.

Interest in drilling Knox wells has declined during the past year
since adequate rainfall has fallen, providing sufficient soil moisture
for vegetation and recharge for domestic wells relying on shallow
aquifers. A few inquiries concerning sources of water for aquacul-
ture were received, but no new Knox wells were reported. General
information on the hydraulic characteristics of the Knox was pro-
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vided to severalindividuals interested in injecting wastes into deep
wells in south—central Kentucky.

HYDROGEOLOGIC ASSESSMENT OF WATER SUPPLIES
TO DETERMINE THE EFFECTS OF ABANDONED MINE
LANDS
KIPP, James A., DINGER, James S., CONRAD, Philip G.,
and STICKNEY, John, F.

The Kentucky Abandoned Mine Land (AML) Reclamation Pro-
gram, administered by the Kentucky Natural Resources and Envi-
ronmental Protection Cabinet, is charged with reclaiming and re-
storing lands and waters adversely affected by mining prior to the
enactment of the Surface Mining Control and Reclamation Act
(Public Law 95-87, enacted August 3, 1977). The Kentucky Geo-
logical Survey, supported by the Kentucky Division of Abandoned
Lands, initiated studies to evaluate the impact of past mining on
ground—water resources in selected areas of the Commonwealth
in June of 1989. These evaluations are used by the Division of
Abandoned Lands to determine where the AML program should
assist with restoration or replacement of affected water resources.

KGS determines the nature and extent of perceived water—
quantity and —quality changes through review of literature, resident
interviews, and water—sample collection and analysis. The poten-
tial role of mining that occurred before August 1977 is determined
and reported to the Division of Abandoned Lands. Studies have
thus far been conducted at Wheelwrightin Floyd County, Hurricane
Creekin Pike County, Pathfork in Harlan County, and Good Hope in
Hopkins County. Five or six studies will be completed each year.

Information compiled during these studies is expected to facili-
tate creation of a more complete conceptual model of the occur-
rence of natural and mine—influenced water quality in eastern Ken-
tucky. This project and improvement of a ground—water model for
eastern Kentucky has been hindered by the lack of a comprehen-
sive data base of ground—water quality for Kentucky.
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Other Research

SELECTED GEOLOGIC FEATURES ALONG AND
ADJACENT TO INTERSTATE HIGHWAYS AND PARKWAYS
IN KENTUCKY

HANEY, Donald C., and NOGER, Martin C.

Numerous inquiries about geologic features along Kentucky
highways have been received at the Survey. The construction of
Interstate highways and parkways in Kentucky has exposed nu-
merous new, interesting geologic features. Many prominent geo-
logic structures are also exposed short distances from the high-
ways and parkways, and some State and National parks have been
builtin the vicinity of some of these geologic phenomena. Although
the Survey has publications covering some of the parks and pro-
fessional excursions along parts of some of Kentucky’s highways,
descriptions of interest to the general public are not available. The
objective of this project is to prepare illustrations and generalized
descriptions of prominent geologic features that will inform people
traveling or planning vacations in Kentucky of interesting localities
to visit or observe. The data will also provide background informa-
tion for field studies by academic institutions and excursions by
professional organizations.

Strip maps showing geologic units and interesting geologic fea-
tures along Interstate Highway 75 have been completed, and the
report has been submitted for publication. Future plans call for
preparation of a report on the geologic features along Interstate
Highway 64.

CONTERMINOUS UNITED STATES MINERAL ASSESSMENT
PROGRAM (CUSMAP)

NOGER, Martin C., ANDERSON, Warren H., and DEVER,

Garland R., Jr.

An analysis and inventory of all mineral occurrences is being
conducted in the Paducah 2—degree quadrangle in western Ken-
tucky. Increasing interest in the Midcontinent region as a host for
massive sulfide, metallicmineral deposits, and other undiscovered
resources is the basis of the CUSMAP projects. This multidiscipli-
nary projectis a USGS-KGS cooperative endeavor involving min-
erals, coal, petroleum, and surficial materials (limestone, clays,
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