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PREFACE

This report is a geologic screening effort to evaluate areas within Ohio that contain
sufficient geologic and geochemical characteristics to warrant industry exploration
activity. The results are an integration of contractor report data, maps, and logs
generated in the Eastern Gas Shales Project. The areas outlined as favorable in this
report are those in which the likelihood of encountering gas is greater than elsewhere.
Within these areas, local geologic and geochemical factors must be considered as they can
dictate success or failure. It is hoped that this information will guide industry activity to
the areas of high shale gas potential.

C.A. Komar

Project Manager
Eastern Gas Shales
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INTRODUCTION

Dark, organic-rich Devonian shales-~distributed across more than |0 states from
lllinois to Pennsylvania and Michigan to Mississippi, in the contiguous Appalachian,
lllinois, and Michigan basins--represent an important natural gas resource. A recent
authoritative estimate indicates in-place reserves of gas, entrapped in the matrix and
fracture systems of the shale, at 277 to 900 trillion cubic feet (Tcf). Of this, about 20-50
Tef of gas are expected to be recoverable using presently available methods in the
Appalachian basin. Estimates of reserves in the lllinois and Michigan basins are not yet
determined (Pulle and Seskus, 1980).

Although geologic and engineering evidence indicates that the volume of natural gas
in the eastern Devonian shales is enormous, little of the gas can be recovered by
conventional methods. Production to date has been limited to areas where fracturing is
present and geochemical parameters are favorable. As a result, although production of
gas from Devonian black shales begain in 1821 with the drilling of a well near Fredonia,
New York, only about 2.5 Tcf of gas have been produced; most (2 Tcf) came from the Big
Sandy gas field in eastern Kentucky (Hunter and Young, 1953). Additional production of
gas from these eastern gas shales depends on identifying favorable areas for exploration
and developing new stimulation techniques that will enhance the rate of gas recovery.

To evaluate the potential of the Devonian shale as a source of natural gas, the U.S.
Department of Energy (DOE) has undertaken the Eastern Gas Shales Project (EGSP). The
EGSP is designed not only to identify the resource, but also to test improved methods of
inducing porosity and permeability to facilitate gas drainage, collection, and production.
The ultimate goal of this project is to increase the production of gas from the eastern
shales through advanced exploration and exploitation techniques.

The purpose of this report is to inform interested oil and gas operators about EGSP
results as they pertain to the Devonian gas shales of the Appalachian basin in eastern
Ohio. Geologic data and interpretations are summarized, and areas where the accumula-
tion of gas may be large enough to justify commercial production are outlined. Because
the data presented in this report are generalized and not suitable for evaluation of
specific sites for exploration, the reader should consult the various reports cited for more
detail and discussion of the data, concepts, and interpretations presented. A complete list
of EGSP sponsored work pertinent to the Devonian shales in Ohio is contained as an
appendix to this report.

SUMMARY AND CONCLUSIONS

Commercial quantities of gas are likely to occur within closely spaced natural
fracture systems close to, or within, organic-rich source beds. Four principal source beds
have been identified within the shales of eastern Ohio. Ranked in order of importance,
based on their geographic distribution and thickness, they are the Huron, Rhinestreet,
Cleveland, and Marcellus Shales. Within each of these zones, there is believed to be a



north-south trending area of most favorable shale lying between immature shales to the
west and shales too organically lean to the east.

Closely spaced localized fracturing of the Devonian shale sequence is likely to occur
along two regional trends in eastern Ohio: the Cambridge arch and the Lake Erie
shoreline. Operators drilling within these areas, or near any structurally disturbed areaq,
should evaluate and test shale zones that exhibit indications of being naturally fractured.

Dual completion techniques offer a low-cost means of exploiting the Devonian
shales in Ohio. The technology has been tested and, where ideal conditions exist, is well-
suvited for dual development of the shale and the Clinton sandstone.

GEOLOGIC SETTING

The Devonian shales of Ohio comprise the stratigraphic sequence overlying the
Onondaga Limestone, or driller's "Big Lime" (Middle Devonian), and underlying the Berea
Sandstone (Lower Mississippian). These shales are present in three areas of the state (fig.
1). The smallest area, the Bellefontaine outlier, is located in eastern Logan and
Champaign Counties. A second area, in northwest Ohio, includes all or parts of Lucas,
Henry, Defiance, Fulton, and Williams Counties. The Devonian shales in these two areas
are not considered potential sources of commercial supplies of natural gas since they are
relatively thin and lack adequate cover to allow the use of advanced stimulation
techniques.

The largest and most favorable area for future gas supplies from the Devonian
shales lies in eastern Ohio. In this areq, the shales outcrop along a belt that extends from
Adams County in southern Ohio to Erie County in the north. The belt continues in an
eastward direction paralleling the southern shore of Lake Erie and extending into western
Pennsylvania and New York.

For more than a century, this eastern area has been widely explored and developed
by the petroleum industry. Tens of thousands of wells have been, and are being, drilled to
targets underlying the shales (generally the lower Silurian Clinton-Medina sandstones).
These wells have provided a great deal of information about the structural configuration
and stratigraphy of the shales.

As shown in figure 2, the Devonian shale sequence thickens eastward from about 400
feet in the central part of the state to more than 4,000 feet in Belmont and Jefferson
Counties. A southeasterly dip is reflected on the top of shales which descends from about
800 feet above sea level in Cuyahoga County to about 1,500 feet below sea level in
eastern Meigs, Gallia, and Lawrence Counties (fig. 3). Since there is a pronounced
thickening of the interval to the east, the base of the sequence reflects a steeper dip than
the top. The base, at about 600 feet below sea level in Cuyahoga County, plunges to more
than 4,300 feet below sea level in Belmont County (fig. 4).
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STRATIGRAPHY |

The stratigraphy of the Devonian shales of eastern Ohio has been the subject of
geologic investigations for more than a century. A comprehensive summary of previous
research on the Upper Devonian and Lower Mississippian shales has been prepared by
Hoover (1960). Recent investigations include a thorough surface and subsurface strati-
graphic investigation of the Devonian shales throughout the central Appalachian basin
area by Schwietering (1979) and a reconnaissance study by Janssens and de Witt (1976),
focusing on the black shale facies and its relation to Devonian shales gas production. In
addition, Potter, et al. (1980) prepared a special report on research, conducted at the
University of Cincinnati, dealing with the geology, geochemistry, and petrology of the
Devonian shales.

In eastern Ohio, the Devonian shales include, in ascending order, the Olentangy
Shale; the Ohio Shale and its members--the Huron, Chagrin, and Cleveland Shales; and the
Bedford Shale. Figure 5 is a schematic diagram showing the sequence and its relative
configuration.

The different stratigraphic units are identified and correlated in the subsurface by
their distinctive signatures as recorded on gamma ray logs. A log showing typical gamma
ray responses within the Devonian shales for a well drilled in central Ohio is presented on
figure 6.

The stratigraphic relationships of the sequence are illustrated on a fence diagram
(plate 1), based on detailed cross sections constructed by Majchszak (1980). The east-west
panels of the diagram reflect a general facies transition from predominantly black or
dark-colored shales in central Ohio to lighter colored, grayish shales and siltstones in the
east. This feature is attributed to an eastward transition of depositional environments,
from basinal, deep water regions in the west to a submarine shelf upon which slope
turbidites were deposited in the east (Potter, et al., 1980). The north-south cross sections
presented on the diagram reflect a characteristic lateral continuity of the stratigraphic
units.

Olentangy Shale

The Olentangy Shale, at its type section outcrop in Delaware County, Ohio, is
greenish gray and about 30 feet thick. It darkens eastward, and thickens to about 1,200
feet in eastern Ohio. Based on paleontological studies at the outcrop, Tillman (1970)
divided the Olentangy into an upper unit of LLate Devonian age and a lower unit of Middle
Devonian age. The two units are separated by an unconformity. As shown on plate |, the
lower Olentangy thins to the south and is absent in southern Ohio.

Based on gamma ray log correlations, Java, West Falls, Sonyea, and Genesee
equivalents have been traced from New York into the upper Olentangy in eastern Ohio.
The lower Olentangy is thought to be equivalent to part of the Hamilton Group. A
z:orrelo’r)ion chart for the Ohio and New York terminology is shown on the fence diagram
plate 1).

1The nomenclature in this report is that accepted by the Ohio Division of Geological
Survey and does not necessarily conform to U.S. Geological Survey Usage.
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In many areas of eastern Ohio, gamma ray logs run through the Olentangy will
record two naturally radioactive shales. These units are, in ascending order, the
Marcellus and Rhinestreet Shales. The Marcellus is located at the base of the lower
Olentangy and has a limited presence in Ohio. The unit is thickest in Monroe County, and
thins rapidly westward (Majchszak and Honeycutt, 1980a). The radioactive zone generally
is absent in the central areas of the state. The upper radioactive zone is equivalent to the
Rhinestreet Member of the West Falls Formation. This unit is more than 200 feet thick in
eastern Ohio, thins westward, and is not present in the western areas of eastern Ohio
(Honeycutt and Majchszak, 1980).

Ohio Shale

The Ohio Shale has been subdivided into the Huron, Chagrin, and Cleveland Shale
Members. The Huron, exposed at its type area along the Huron River near Norwalk, Ohio,
consists of about 350 feet of black shale. In the subsurface of eastern Ohio, based on
gamma ray characteristics, the unit has been divided into an upper and lower submember.

As illustrated on the fence diagram, the contact between the upper Huron and the
overlying Chagrin becomes undistinguishable in eastern Ohio, because of a change in
natural gamma ray radiation from radioactive to nonradioactive facies in the upper
submember. Consequently, the Huron-Chagrin contact is impossible to establish eastward
of the upper Huron facies change.

The lower Huron Submember is distinguishable from the upper Huron by its
anomalously high radioactive shale facies. The radioactive facies of the lower Huron
continue much further eastward than the upper Huron, although it too undergoes a similar
facies change (Majchszak, 1977).

The Huron Shale Member contains the thickest and most widely distributed
radioactive shale beds in the state. In several areas of east-central Ohio, this unit is 350
feet thick (Majchszak and Honeycutt, 1980b).

The Chagrin Shale Member outcrops along the Chagrin River in Cuyahoga County
and consists of greenish-gray or bluish-gray mudstone. The Chagrin is relatively thin in
cenfral Ohio, but, as illustrated on the fence diagram, thickens eastward. In the
subsurface, the Chagrin is predominantly a gray to greenish-gray shale containing
interbedded siltstones. These eastern Ohio siltstone beds represent the distal fringes of
thicker prodelta marine clastics (slope turbidites) that are located in parts of New York,
Pennsylvania, and West Virginia.

Within the upper part of the Chagrin, there is a stratigraphic marker, named the
Three Lick Bed (Provo, et al., 1978), which has a distinctive lithologic sequence and
characteristic gamma ray signature throughout much of the western half of eastern Ohio.
Eastward into the state, the gamma ray signature becomes increasingly difficult to
recognize until it is lost within the expanding Chagrin section.

The Cleveland Shale Member, in its type area along Doan Brook in Cleveland,
consists of 20 to 50 feet of black shale. In the subsurface, the member parallels much of
the outcrop belt across central and northeastern Ohio. Characteristically, the Cleveland
is naturally radioactive. Its radioactive facies are thickest (more than 100 feet) in
southern Lorain and northern Ashland Counties (Majchszak and Honeycutt, 1980c). As

8



shown on the fence diagram, the Cleveland thins eastward and is absent in the eastern
portions of the state. 7
Bedford Shale

The Bedford Shale is the youngest formation to be included within the Devonian
shale sequence. Near Bedford, Cuydhoga County, Ohio, in its type area, the unit consists
of 60 feet of red and gray shale. In eastern Ohio, the red shale facies grade laterally into
gray shale and siltstone that is lithologically similar to the underlying Chagrin. Where the
black shale beds of the Cleveland are not present, the contact between the Bedford and
Chagrin cannot be differentiated. Close examination of Majchszak's cross sections (1980)
suggests the possibility that, in some areas of eastern Ohio, the Bedford Shale is absent
and the overlying Berea Sandstone may rest directly on the Chagrin. However, the
Cussewago Sandstone, if present, separates the Bedford from the Chagrin.

In north-central Ohio, the basal few feet of the Bedford Shale contains the conodont
Spathognathodos anteposicornis which is Latest Upper Devonian. The rest of the Bedford
is Mississippian because it overlies the Mississippian age Cussewago Sandstone in
Ashtabula and Trumbull Counties (de Witt, 1970). Because the Bedford is related
genetically to the Berea Sandstone, Pepper and others (1954) assigned it to the lower
Mississippian. Since the contact between the Bedford and Chagrin cannot be differenti-
ated in eastern Ohio, the Bedford is included within the Devonian shales sequence.

STRUCTURE

The major structural features believed to have affected the deposition of the
Devonian shales in Ohio and its bordering states are shown in figure 7. In western Ohio,
the Cincinnati Arch is believed to bifurcate into the Findlay Arch, which trends north-
northeast through the state, and the Kankakee Arch, which extends northwestward into
Indiana and lllinois. These positive structural elements separate, in a general manner, the
Appalachian, Michigan, and lilinois basins.

The shale sequence in Ohio represents part of the westward building Catskill delta
deposited during middle and late Devonian time. The delta forms a clastic wedge within
the Appalachian basin that extends from the Hudson River in eastern New York to eastern
Ohio, and from central New York southward to northern Virginia. Although the exact
location and nature of the eastern source area of the Catskill delta is not known, most
geologists believe the sediments were derived from either the highlands associated with
the Acadian orogeny or a stable continental land mass now separated by continental drift.
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GEOCHEMISTRY

The amount and type of organic matter and its thermal maturity are important
geochemical factors affecting the gas potential of the shales. The organic content within
specific stratigraphic units decreases eastward, and the thermal maturity increases in the
same direction. Potter and others (1980) suggest that for each potential horizon there
will be a north-south trending band of favorable shale lying between immature carbon in
the west and too little carbon in the east.

Thermal Maturity

The generation of hydrocarbons from organic matter in sedimentary rocks depends
largely on length and temperature of burial. The determination of vitrinite reflectance is
one of the best methods of estimating the relative maturity of the Devonian shales.

Vitrinite occurs as silt-sized detrital particles within the matrix of the shales. The
reflectance of light by vitrinite particles increases with increasing maturity. Particle
reflectances are measured as a percentage of a known standard reflectance. A
reflectance value of 0.5 is generally regarded the minimum state of maturity for a shale
to be able to generate some hydrocarbons.

Vitrinite studies have been conducted on samples from several wells in eastern Ohio
by Zielinski and others at the Mound Facility in Miamisburg, Ohio (table 1). As shown on
figure 8, the mean thermal maturity for the entire shale interval increases in an
eastward-southeastward direction within the state.

Organic Content

The amount of organic content within the shales also is an important factor
affecting its potential to produce hydrocarbons. Shales with organic contents exceeding
|.4 weight percent have excellent potential as a hydrocarbon source (Ronov, 1958).

The strata-specific organic content of several shale wells has been measured at the
Mound Facility and the University of Cincinnati. Although the organic content of the
shales is variable, the black or darker colored shales generally contain significant
quantities of organic carbon.

A map showing the organic content of the lower Huron submember of the Ohio Shale
is presented on figure 9. The organic carbon decreases dramatically as the black shales
grade into lighter colored equivalents in eastern Ohio.

The organic matter within the Devonian shales of the Appalachian basin is a mixture
of terrestrial and marine carbon. Carbon isotope studies by Potter and others (1980)
indicate that a terresirial source of carbon predominated to the east and that marine
organic matter steadily increases westward. This observation is significant since it
suggests that the Cincinnati Arch was probably not emergent during much of the time
when the shales were deposited.



Table |. Geochemistry data of Ohio wells
Lower Huron

Control Laboratory Sample number County Mean Ry organic carbon content
number (weight percent)

| Mound R109 Washington 0.58 2.57

2 Mound OH 1 Carroll 0.71 -

3 Mound OH 3 Knox 0.56 -

4 Mound OH 4 Ashtabula  0.45 2.11

5 Cincinnati OH-RI -4 Richland - 6.28

6  Cincinnati OH-DE-1 Delaware - -

7 Mound OH 5 Lorain 0.37 7.94

8 Mound OH 6-1 Gallia 0.51 2.44

9 Mound OH 7 Trumbull 0.58 2.14

i2
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tance.
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Figure 9. Distribution of organic carbon content (weight percent) in the lower Huron
submember of the Ohio Shale.
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Qutgas Volume

The outgas volume, expressed in thousand cubic feet (Mcf) of gas per acre-foot (A-
F) of shale, is a measurement of relative gas content of encapsulated samples. Although
this is not a measurement of gas in place within the shale, the measurement will
differentiate stratigraphic zones of high and low gas content.

Ovutgassing data have been compiled by the Mound Facility and are available for
individual wells drilled in Knox (table 2) and Washington (table 3) Counties. In addition,
data were obtained from a well drilled in Mason County, West Virginia (table 4), which
borders Gallia and Meigs Counties, Ohio. As can be seen from table 3, the Washington
County, Ohio data indicate an anomalously high content of gas; however, there is no
reason to suspect the values since two independent analyses were performed on different
sets of samples from the zones and the data were self-consistent. These data would
indicate that further investigation of the Washington County area is warranted. (The R-
109 well was never tested in the shale; it was cased and drilled to a deeper horizon.)
(Zielinski, 1981).

FRACTURE AND PRODUCIBILITY INDICATORS

The major gas accumulations within the Devonian shales are thought to occur within
closely spaced natural fracture systems and siltstone lithologies close to, or within, the
organic-rich source beds. Widely scattered production, however, has been established in a
variety of lithologies throughout the region. An examination of fields in several areas
suggests that production is largely controlled by local factors, often related to unique
geologic events that have fractured the shales.

Radioactive Shales

The dark, organic-rich, naturally radioactive beds within the Devonian shales are
considered the principal source of hydrocarbons. An apparent empirical relationship
exists between these shales and the occurrence of gas shows and some established
production (fig. 10). The higher-than-normal gamma ray radiation observed in these dark
beds is attributed to the preferential precipitation of uranium from sea water in the
presence of organic matter (Swanson, 1961).

Evidence supporting this premise has been compiled by the staff of the Ohio
Geological Survey through a project in which hot-wire gas detectors were installed on a
number of wells in eastern Ohio. The early evaluation of this data indicates a high degree
of correlation between anomalously high gamma ray log responses, shows of gas as
detected by hot-wire gas detectors, and dark shales (Majchszak, 1978).

A series of maps showing the geographic distribution and net thickness of the four
principal radioactive shale zones has been prepared by Majchszak and Honeycutt (1980a,
b, and ¢, and Honeycutt and Majchszak, 1980). Ranked in order of importance, based on
their distribution and thickness, these zones are the Huron, Rhinestreet, Cleveland, and
Marcellus Shales.
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Table 2. Outgas data—Knox County, Ohio, well control no. OH 3 (after Zielinski,

1981).
Gas volume Organic
Stratjgraphic Thickness (Mcf of gas per  carbon
unit Interval (feet) A-F of shale) (percent)
Cleveland 579-612 33 .50 2.86
Three Lick 612-712 100 5.80 -
Huron 712-1154 443 7.80 2.73
Upper Olentangy 1154-1234 80 1.50 0.24
Lower Olentangy 12341251 17 3.30 0.42
Table 3. Outgas data—-Washington County, Ohio, well control no. R-109 (after
Zielinski, 1981).
Gas volume Organic
Stratigraphic Thickness  (Mcf of gas per  carbon
unit Interval (feet) A-F of shale) (percent)
Huron 3491-3580 89 156.99 .09
Huron 3580-3610 30 353.71 2.86
Huron 3610-3700 90 707.41 .02
Table 4. Ovutgas data—Mason County, West Virginia, well (after Zielinski, 1981).
Gas volume Organic
Stratigraphic Thickness (Mcf of gas per  carbon
unit Interval (feet) A-F of shale) (percent)
Huron 2678-3050 372 I1.05 2.43
Java 3050-3159 109 7.67 0.35
West Falls 3159-3407 248 11.26 2.50
Rhinestreet 3329-3407 78 20.38 .27
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The manner in which hydrocarbons are contained within these organic-rich beds is
reflected in the production characteristics of shale wells. Natural gas is absorbed within
the organic matter and water, and adsorbed onto the mineral constituents that comprise
the matrix of the rock. If natural fractures are present within the shale, the gas will
desorb from the matrix and fill the fracture porosity. When a borehole cuts a fractured
zone, the gas flows freely, accounting for the "flashy" show of gas that is typical of shale
gas wells.

The flush of free gas generally declines rapidly, often within hours or days. The
depletion of this gas causes a low-pressure sink within the fractured reservoir surrounding
the borehole. The difference in pressure causes the matrix gas to desorb and slowly move
toward the natural fractures and, in turn, into the well. This slow diffusion of matrix gas
into the fractures accounts for the long-lived, yet low daily deliverability characteristic
of shale wells. Annual production for this type of reservoir is about 10 million cubic feet
(MMcf), with a modest decline throughout the life of the well.

The |4 active wells operated by the Columbia Gas Transmission Corporation in
southern Lawrence County demonstrate these characteristics. Average longevity for
these shale wells is approaching 40 years, and average ultimate production per well is
estimated at 355 MMcf (Janssens and de Witt, 1976).

Siltstone Lithologies

In several areas in southeastern Ohio, significant quantities of gas are being
produced from the siltstone beds (Gordon and Fifth Sand) within the Chagrin Shale
Member. The production characteristics of these silty zones are similar to those of
coarser grained clastic reservoir rocks. However, the quality of the primary reservoir
characteristics (i.e., intergranular porosity and permeability) within these zones is rather
poor. Production is believed to be greatly enhanced by many natural fractures within the
siltstone and surrounding shale. Production data for estimating reserves in the type of
reservoir are not available.

Prediction of Natural Fractures

The porosity within the matrix of the shales is generally less than 3 percent;
permeability values generally are 0.005 millidarcy or less (Smith, 1978). Given these
primary reservoir characteristics, the production of hydrocarbons from the Devonian
shales is controlled largely by the density and openness of natural fractures within the
rock. Consequently, the search for shale gas is a search for naturally fractured
reservoirs.

Sophisticated geophysical methods of predicting fracture occurrence are available
to oil and gas operators. Conventional aerial photography and satellite imagery are
becoming reliable tools that can be used to predict jointed, fractured, andf/or faulted
areas. A LANDSAT lineament study of Ohio is being conducted by R. Struble and D.
Hodg()as of the Ohio Division of Geological Survey. (The resuits should be available in late
1981.

Fractured shales often are present in sequences of rocks that have been folded or
faulted. For example, over basement faults, the strata flex and fracture due to tensional
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stress. Also, along salt pinch-outs where structural arches occur, the rocks may be
fractured due to decollement-related thrust faulting. The extent of these fractured
zones, however, often is localized and difficult to predict. Prediction methods include
seismic analysis and detailed structural mapping on key stratigraphic horizons.

Geologists with the Ohio Division of Geological Survey have prepared detailed
structural data base maps on the Packer Shell dolomite for several of the counties in
northeastern Ohio. In addition, maps containing structural data for the Berea Sandstone,
Onondaga Limestone, and Packer Shell dolomite are being prepared by J. Gray. These
maps will be compiled on individual base maps (scale: 1:250,000) and should be published
in late 1981. These structure maps, as well as the remote sensing study, will become
valuable tools for future exploration in Ohio.

Fracture Gradient-Stress Ratio

Fracture gradients or stress ratios may be important indicators of natural fracture
density. The stress ratio is defined as the ratio of minimum horizontal pressure caused by
tectonic tension or compression to vertical pressure caused by overburden. The density of
natural fractures is believed to be relatively high in areas where the stress-ratio factor is
0.3 to 0.5 (Komar et al., 1980). Figure || shows some areas where the stress ratio falls
within this range (Komar and Bolyard, 1981).

Well Stimulation Technology

Thousands of wells have penetrated the organic-rich shale beds in eastern Ohio
without encountering notable gas shows. In these areas, it is assumed the rocks have not
been extensively fractured by natural forces. Much of the shale gas is thought to be in
these areas, and unless an extensive fracture system can be induced artificially, much of
the potential of the Devonian shales will not be realized.

"Shooting" the shale with conventional explosives has been the standard stimulation
technique used in the past. Recent stimulation techniques include explosives (both solid
and liquid) and hydraulic fracturing using liquefied gases and foams. Laboratory and field-
oriented research has been undertaken to determine the factors affecting enhanced flows.

Hydraulically fractured wells generally are much more productive than wells shot by
conventional methods. Tests suggest that foam fracturing is especially suited to the
Devonian shales because of improved cleanup and reduced water damage to the formation
(Komar, et al., 1980). Swelling from water-sensitive clays may be minimized effectively
by using nonwetting foams.

Chemical explosive fracturing is a process in which liquid explosives are displaced
into existing fractures surrounding the borehole. Detonation of the explosives extends and
creates fractures (LaRocca and Spencer, 1977). Results obtained to date are encouraging,
but its cost effectiveness has not been established.
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GAS PRODUCTION

Based on a survey of well records filed with the Ohio Department of Natural
Resources through January 1980, at least 1,249 wells have produced, or are producing,
hydrocarbons from the Devonian shales in Ohio (fig. 12). This survey did not include an
estimated 500 wells thought to have been completed before Ohio began keeping records,
and several hundred wells completed in the Chagrin Member in southeastern Ohio in 1979.
(The number of Devonian shale wells in Ohio may total 2,000.)

A map showing individual wells and fields producing from the shales was compiled by
Janssens (1975). Complementing this map is a second map showing individual wells and
clusters of wells with reported shows in Devonian shales (Gearheart and Grapes, 1977).
Both of these maps are updated periodically and maintained in the open files of the Ohio
Division of Geological Survey. A map showing areas of shale production and reported
shows is presented in figure 13.

Historical

From about 1860 to 1930, hundreds of shallow wells were drilled along the shore of
Lake Erie from Lorain County to the Pennsylvania line. These low-pressured wells seldom
produced initial volumes exceeding 50 thousand cubic feet (Mcf) per day. However, these
wells were long-lived, often supplying the domestic needs of their owners for more than
30 years.

A second episode of drilling began in the 1930s, when a number of commercial shale
gas wells were completed in central and southern Ohio. Significant gas fields were
developed in Licking, Meigs, and Summit Counties. In southern Ohio, developmental
drilling from eastern Kentucky was extended into southern Lawrence County, where more
than 140 wells have been completed in the black shale beds.

In 1967, the Amerada #! Ullman was drilled fo a total depth of 11,442 feet in Elk
Township, Noble County. Because the bottom zones of this well were dry, the hole was
plugged back and completed in a silty zone within the Chagrin Member. After
hydrofracturing, the well produced 30,000 barrels of oil and 50 MMcf of gas in 3 years.
The discovery resulted in the drilling of more than 100 wells in Noble, Monroe, and

Washington Counties. However, most of these wells were only moderately successful
(Janssens and de Witt, 1976).

Current

Since early 1979, Washington County has been the subject of considerable drilling
activity. As of October 1980, approximately 800 wells had been drilled. About 70 percent
of these wells were drilled into the silty zones of the Chagrin Member. The number of
successful completions, however, has not been compiled (Mychkovsky, 1980).

Most of the established production appears to be along the flank of an uplifted area
northwest of the Burning Springs anticline in eastern Marietta and western Newport
Townships (fig. 14). The possibility of faulting and the presence of fractures within the
shale are believed to enhance productivity in this area. Production has been established in
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several zones ranging between 400 to 1,700 feet below the Berea Sandstone. Many of the
operators are stimulating production with advanced foam fracturing techniques.

DOE has funded, in part, a number of wells scattered throughout eastern Ohijo (table
5). The wells were drilled to obtain geochemical data, as well as to test new exploration
and exploitation concepts. Although the data still are being evaluated, Manilla (1980) has
compiled some results.

Future

An estimate of possible in-place Devonian Shale gas reserves for eastern Ohio (table
6) has been calculated by the National Petroleum Council (1980). Recoverable reserves
are dependent upon local geologic and geochemical conditions, as well as stimulation
techniques.

Two trends with good potential for gas production from the Devonian shales are the
east-central Ohio area and the Lake Erie shoreline area. In these areas (fig. 15), the
Devonian shales are thought to have undergone extensive fracturing by either glacial off-
loading or decollement-related events. Major portions of these favorable areas are
located within the extensively drilled Clinton trend.

East-Central Area

The east-central area is a long narrow trend extending north-northwest through
east-central Ohio from Washington County to Lorain County. The area falls along the
western limit of the Upper Silurian Salina Salt section. Reservoirs are possible throughout
the Upper Devonian shale sequence because of the probably decollement in the shale and
associated fractures along the Cambridge Arch. Thin-skinned thrusting is postulated in
the Salina Salt beds, causing a decollement surface near the base of the salt beds which
ramped upward through the competent Onondaga Limestone into the Devonian sequence.
Bedding plane thrusting produced folding that resulted in fracture reservoirs within the
shale.

This trend crosses some of the most intensely drilled Clinton-Medina areas in Ohio.
Many of these wells have encountered hydrocarbon shows in the shale, and a number that
have been completed in the shale are commercial producers. For the most part, however,
many of these shows have not been evaluated. Operators currently drilling within this
trend should be certain that natural shows and lost-circulation zones within the shale be
noted and logged for evaluation, since these occurrences indicate natural fracture
systems.

Operators with nearly depleted Clinton-Medina wells located within this trend
should examine their records for indications of natural fractures, since it may be possible
to plug back and stimulate the shale for additional production. However, any fluids held
within the annular space of the well could damage the shale formation irreparably.

Table 7 contains details on the counties located within this trend.
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Table 5. Partial list of EGSP wells in Ohio.
Wells in
County Operator/Well name program Objective
Ashtabula  Monsanto Research Corporation | Acquire geochemical data
Bessemer & Lake Erie Railroad
Co.No. 3
Carroll Canton Oil & Gas | Acquire geochemical data
Glen-Gery No. 5-745
Carroll Mitchell Energy Corporation | Test recompletion techniques
in existing well
Gallia Mitchell Energy Corporation 5 5-well program to test ex-
ploration rationale
Knox Thurlow Weed & Associates | Test stimulation techniques
Louise Beckholt No. | and acquire geochemical data
Lorain Columbia Gas Transmission 5 5-well program to test stimu-
Corporation lation techniques and acquire
geochemical data
Noble Donohue, Anstey & Morrill | Test seismic exploration ra-
Schockling No. | tionale
Trumbull  Tetra Tech, Inc., and Bois d'Arc | Test dual completion tech-
Corp. W. Berg No. | niques
_ Trumbull  Columbia Gas Transmission 5 5-well program to test stimu-
Corporation lation techniques and acquire
geochemical data
Washington River Gas Company F. House No. | Acquire geochemical data



Table 6. Devonian Shale resource assessment for eastern Ohio (after National

Petroleum Council, 1980).

LOG DATA SAMPLE DATA
Average Land Average Land
Thickness Area* Total Thickness Area* Total

(Feet) (Sq Mi) (TCF) (Feet) (Sq Mi) (TCF)
Black Shale 157 21,892 58 426 21,892 156
Gray Shale 1,442 21,892 88 1,173 21,892 72

Average Average

Depth Total Average Depth Total Average

(Feet) (TCF) (BCF/Sq Mi) (Feet) (TCF) (BCF/Sq Mi)
Total Shale
Resource 2,500 146 7 2,500 228 10
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Map showing favorable areas for Devonian Shale exploration.
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Lake Erie Shoreline Area

The Lake Erie shoreline trend is a long narrow area along the southern shore of Lake
Erie from Lorain County to the Pennsylvania line. Hundreds of shallow wells were drilled
into the shale within this area beginning in the early 1860s. These shale wells typically
were low-pressure domestic wells with initial gas flows of | to 50 Mcf per day, and were
long-lived.

In this trend, most of the gas-productive shales are not black, are not highly
radioactive, and do not have especially low density or high porosity. Production is best
related to shale types rather than source rock evaluation, burial depth, and the thermal
maturity of the organic matter. Based on detailed study of the shale's lithology along the
lake by Broadhead and others (1979), concentrations of gas shows were correlated to
stratigraphic units that contained more than 20 percent mudshale, siltshale, and siltstone
(Potter, et al., 1980). The thick quartz laminae of these lithologies are thought to act as
permeable reservoirs for gas.

Gas production is probably enhanced by natural fractures caused by Pleistocene
glacial on-loading and off-loading. Extension fractures are believed to have developed
due to rock expansion after the removal of the glacial ice sheets. Such fractures are
thought to form perpendicular to the glaciated surface. They are caused by the release of
compressional forces and hence called "release fractures. The fractures occur at
relatively shallow depths and are not expected to occur below 800 feet. Impermeable
clays within glacial lake deposits and tills have provided an impermeable seal over the
fractured gas reservoirs.

The Lake Erie shoreline trend is undergoing considerable developmental drilling fo
the Clinton-Medina sandstones. As expected, many of these wells are encountering shows
of gas in the Devonian Shale. Preliminary investigations indicate that eastern Lorain
County, Ohio, is an area with high potential for producing economic quantities of
Devonian shale gas. Dual objective prospects not only include the Clinton-Medina
sandstones, but also the Newburg, Knox, and sub-Knox horizons.

Table 8 contains details on the counties located within this trend.

Exploiting the Devonian Shales Through Dual Completions

In many areas of Ohio, the marginal volume of gas production obtained from shale
reservoirs places an economic constraint on any developmental drilling. However, Ohio
operators that are willing to include dual completions in their drilling programs could
realize a low cost means of exploiting the Devonian shales in conjunction with other
reservoirs. With the exception of commingling Devonian Shale and Berea Sandstone
production in Washington County, dual completions are not widely used in Ohio.

The lowest-cost completion technique having the most practicality for use in the
Appalachian basin is the single string, single packer configuration (fig. 16). This is a
single dual completion system that allows both tubing and annulus flow, and it permits two
reservoirs to be produced simultaneously, but separately, in the same well. A production
packer on tubing is set between the two reservoirs. This configuration is especially
applicable when the upper reservoir is long lived and flowing. An excellent opportunity to
utilize this method is afforded in wells that are drilled to objectives overlying and
underlying the Devonian shale sequence (Tarr, 1980).
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Table 7.

County
Washington

Monroe
Noble
Guernsey
Coshocton
Muskingum
Holmes
Wayne
Medina

Table 8.

County
Ashtabula

Lake
Cuyahoga
Lorain
Erie

Huron

Counties within the East-Central Ohio Area.

Objective
Chagrin
Chagrin
Chagrin
Chagrin
Chagrin/Huron
Chagrin/Huron
Chagrin/Huron
Chagrin/Huron

Chagrin/Huron

Counties within the Lake Erie Shoreline Area.

Objective
Chagrin
Chagrin
Chagrin/Huron
Chagrin/Huron
Chagrin/Huron
Chagrin/Huron

Depth
3500-5500

4500-6000
3500-4500
3000-4500
2000-3000
2000-3500
2000-3000
1500-2000
1500-2000

Depth
1500-2500

1500-2000
1000-2000
500-1500
0- 500
0-1000

29

Thickness
1700-3700
3000-3800
2000-2900
2000-2700
1 100-1800
1200-2000
1100-1800
| 100-1800
900-1500

Thickness

1300-2200
1200-1400
1000- 1500
500-1000
0- 500
0- 700



Tubing-Casing Annulus
Tubing String

pper Zone Perforations

ower Zone Perforations

Figure l6. Schematic diagram of a single packer, single tubing dual completion.
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APPENDIX

EVALUATION OF
DEVONIAN SHALE POTENTIAL
IN
OHIO

(Includes Documents, Logs, and Maps in the UGR Information File Concerning Ohio)

This Appendix is cross-referenced by subtopic. UGR File Accession List Numbers
are indicated for each entry. The first time a particular entry appears, the complete
reference is given. Subsequent references to that entry are only indicated by the UGR
File Accession List Number.



OHIO REFERENCES

ARCHAEOLOGY

UGR #132

UGR #376

"A Preliminary Archaeological Survey of Proposed Gas Well Locations in
Green Township (Scioto County) and Elizabeth Township (Lawrence Coun-
ty), Ohio." Black, Deborah B., Christopher S. Peebles, and Ronald E.
Zielinski, Mound Facility for USDOE under Contract No. EY-76-C-04-0053,
October 24, 1978, 32 p.

"Archaeological Resources within the Proposed Gas Well Drilling Sites in
Knox County, Ohio." Bush, David R., The Cleveland Museum of Natural
History, March 6, 1979, 12 p.

CONTRACTORS

UGR #C054

UGR #C055

UGR #C051

UGR #C047

UGR #C071

"Characterization and Analysis of Devonian Shales as Related to Release
of Gaseous Hydrocarbons." Battelle Columbus Laboratories, Quarterly
Reports (DE-AC21-76MC05205): 78Q1, Q2-2 Vols., 78Q3, Q4, 79Q1, Q2.

"Study of Hydrocarbon Shale Interaction.t Juniata College Quarterly and
Annual Reports (DE-AS05-76MC05197): 77Q1, Q3, Q4, A77, 78Q2, Q4-4
Vols., 79Q1-4 Vols., A78, 79Q2, Q3, Q4.

"Physical and Chemical Characterization of Devonian Gas Shale.! Mound
Facility Quarterly Status Reports (DE-AC04-76DP00053): 77Q3, 78QT, Q2,
Q3, Q4, 79Q1, Q2, Q3, Q4, 80Ql, Q2, Q3, Q4.

"EGSP Study of the Upper Devonian Shale in Ohio.® Ohio Division of
Geological Survey (OGHS) Quarterly Reports (DE- ASOS-76MC05200)
77Q3, Q4, 78Q2, Q3, Q4, 79Q1, Q2, Q3, Q4, 80Q 1, Q2, Q3. .

"Energy Resources of the Devonian Shale in the Appalachian Basin."
University of Cincinnati (U. of Cin.) Quarterly and Annual Reports (DE-
AC21-76MC05201): 77Q3, 78Q2, Q3, Q4, A78, 79Q1, Q2, Q3.

CORE ANALYSIS

UGR #270

" ithologic Descriptions of Core and Exposures of Devonian Shale and
Associated Strata in Ohio Along Lake Erie. Broadhead, Ronald F., Roy C.
Kepferle, and Paul Edwin Potter, USGS and U. of Cin., Open-File Report
80-__, 1980, 96 p.

CORING PROGRAM

UGR #5129

"Proceedings, First Eastern Gas Shales Symposium, October 17-19, 1977."

Paper EGS-20 USDOE, MERC/SP-77/5, March 1978, 783 p.



"Amex/Vescorp Devonian Shale Project--Lawrence & Scioto Counties,
Ohio." Cochrane, John N., F. Daniel Ryan, Steven H. Alkire.

UGR #5357 "Unconventional Gas Recovery Symposium." Society of Petroleum Engi-
cheI'BngDéE/ neers of AIME and USDOE, May 18-20, 1980, 377 p.
DOE

CRYOGENIC FRACTURING

UGR #5129
Paper EGS-20

DEVONIAN-MISSISSIPPIAN BOUNDARY

UGR #044 "Devonian-Mississippian Shale Sequence in Ohio." Hoover, Karl V., OHGS,
Information Circular Number 27, 1960, |54 p. plus 3 maps.

UGR #240 "Nature and Position of the Devonian-Mississippian Boundary in Eastern
Kentucky and Contiguous Areas." Zafar, Jaffrey S., and Edward Norman
Wilson, KYGS and U. of KY., July 12, 1979.

UGR #300 "Stratigraphy and Sedimentology of Radioactive Devonian-Mississippian
Shales of the Central Appalachian Basin.” Provo, Linda J., Paul Edwin
Potter, and J. Barry Maynard, U. of Cin., Final Report under Contract No.
At(05-1)-1650, April 1, 1975-December 31, 1976, 102 p.

DIFFUSION EXPERIMENTS

UGR #5130 "Preprints for Second Eastern Gas Shales Symposium." 2 Vols., USDOE,
Paper EGS- METC/SP-78/6, October 1978, 617 p.
102
"Diffusion Experiments on Cored Samples of Devonian Shale Smith,
Ronald D.

DRILLING PROGRAM

UGR #5129
Paper EGS-20

UGR #5357
Paper SPE/DOE
8956

ENVIRONMENTAL IMPACTS
UGR #375 "Environmental Impact Assassment, Drilling Fracturing Project, Knox

County, Ohio.” Krickenberger, K., P. Trudeau, and M. McNamara, The
Mitre Corporation, January 1979, 99 p.



EXCHANGEABLE CATIONS

UGR#5357
Paper SPE/DOE
8956

UGR #5357 “"Seismic Velocity Analysis to Locate Shale Gas Wells." Boyer, J. St.A., lli,
Paper SPE/  and N.A. Anstey.
DOE 8972

FOAM FRACTURING

UGR #011 "Comparison of Conventional and Water/Nitrogen Foam Fracturing in Two
Ohio Devonian Gas Wells." Frohne, K-H, MERC/TPR-76/1, February 1972,
12 p.

UGR #5129
Paper EGS-20

FRACTURES

UGR #023 "Prediction of Fracture Extent by Stimulation of Gas Well Behavior."
Sawyer, W.K., J.C. Mercer, and K-H Frohne, METRC/TPR-76/8, October
1976, 20 p.

UGR #259 "Fractures in Oriented Devonian Shale Cores from the Appalachian Basin."
Evans, Mark A., WVU, Dept. of Geol. & Geography, 2 Vols., January 1980,
276 p.

UGR {357 "The Mapping of Nitrogen Gas Induced Hydraulic Fractures in Devonian
Paper SPE/  Shale by Observation of the Associated Surface Deformation. Evans,
DOE 8933 K.F., G.R. Holzhausen, M.D. Wood.

UGR #5357
Paper SPE/DOE
8956

GAMMA RAY STUDIES

UGR #5129 "Progress Report on Characterization of the Devonian Shale in Ohio."
Paper EGS-45 Majchszak, Frank L.

UGR #5129 "Use of the Scintillometer and Gamma-Ray Logs for Correlation from the
Paper EGS-46 Subsurface to the Surface in Black Shale. Ettensohn, Frank R., Linda
Provo Fulton, Roy C. Kepferle.

UGR #5130 "Preliminary Assessment of the Applicability of Hot-Wire Gas Detector
Paper EGS-81 Units to Exploration and Development of Devonian Shale Gas Resources.”
Majchszak, Frank L.




GAS CONTENT

UGR #5129 "Wireline Logs and Sample Studies in Stratigraphy and Gas Occurrence of
Paper EGS-9 the Devonian Shales Along the Southern Tier Section in Eastern Kentucky
and Vicinity." Wilson, Edward N., Jaffrey S. Zafar.

UGR #5129
Paper EGS-45

UGR #5130
Paper EGS-81

UGR #188 "Characterization and Analysis of Devonian Shales as Related to Release
of Gaseous Hydrocarbons, Well R-109, Washington County, Ohio." Kalyon-
cu, R.S., J.P. Boyer, and M.J. Snyder, Battelle Columbus Laboratories,
June 20, 1979, 30 p. plus appendices.

UGR #408 "Eastern Gas Shales Project Out-Gassing Analysis--Special Report."
Streik, Donald L., SAl, METC/CR-80/2, February 1980, 102 p.

GAS DETECTOR

UGR #5130
Paper EGS-81

GAS ESTIMATES

UGR #176 "Characterization and Resource Assessment of the Devonian Shales in the
Appalachian and lllinois Basin.,” Zielinski, Ronald Ed., and Steven W.
Nance, Mound Facility, 1979, 16 p.

GAS POTENTIAL

UGR #275 "Final Report of Special Geological, Geochemical and Petrological Studies
of the Devonian Shales in the Appalachian Basin.” Potter, Paul Edwin, J.
Barry Maynard, and Wayne A. Pryor, H.N, Fisk Laboratory of Sedimentolo-
gy, U. of Cin., under Contract No. DE-Ac21-76MC05201, January 1980, 86

p.
GAS PRODUCTION

UGR #128 "Reservoir Engineering Aspects and Resource Assessment Methodology of
Eastern Devonian Gas Shales." Kucuk, Fikri, Javaid Alam, and D.L. Streib,
SAl prepared for USDOE/METC under contract No. EY-78-C-21-8216,
October 5, 1978, 47 p.

UGR #175 "Integrated Study of the Devonian Age Black Shales of Eastern Chio."
Struble, Richard A., OHGS, 1979, 8 p.

UGR #176



UGR #5357  "Empirical Evaluation of Clinton Sand Well Performance." Skillern, C.R.
Paper SPE/
DOE 8936

UGR #5357 "Utilizing Well Interference Data in Unconventional Gas Reservoirs."
Paper SPE/  Sawyer, WK., J. Alam, and W.D. Rose.
DOE 8940

GEOCHEMISTRY

UGR #124 "Report of Phase lll of the Multivariate Statistical Characterization of
Geochemical Data Generated by the EGSP for Cores 20403, {1940, 12041,
GG5, and 7239." Warshaver, Steven M., WVGS, 1978, 38 p.

UGR #131 "Geochemical Evaluation of the Eastern Gas Shales--Part 1" Mclver,
Richard D., and Ronald E. Zielinski, Mound Facility, for USDOE under
Contract No. EY-76-C-04-0053, September 19, 1978, 33 p.

UGR #5130  "Summary of Chemical Analyses and Some Geochemical Controls Related
Paper EGS-93 to Devonian Black Shales from Tennessee, West Virginia, Kentucky, Ohio,
and New York." Leventhal, Joel S.

UGR #S130
Paper EGS-102

UGR #175

UGR #188

HISTORY MATCHING

UGR #5357

Paper SPE/DOE

8940

HYDRAULIC FRACTURING

UGR #182 "Investigatoin of Hydraulic Fracturing Technology in Tight Gas Reser-
voirs." Forrest, Robert M., and Steven F. McKetta, Col. GSSC, 1979, 14 p.

UGR #326 "Analysis of Ground Deformations and Description of Hydraulic Fractures
Formed During Treatment of the Black Well, Knox County, Ohio, October
22, 1979." Wood, M.D., Inc., for Thurlow Weed & Associates, Inc., January
3, 1980, 56 p.

UGR #5357
Paper SPE/DOE
8933

UGR #489 "Summary of Devonian Shale Research by Columbia Gas System Service
Corporation Credited Toward ERDA Contract E(460-1)-8014." Cremean,
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S.P., R.M. Forrest, and W.F. Morse, Columbia Gas System Service Corpora-
tion, January 22, 1976, 17 p.

LINEAMENT ANALYSIS

UGR #043

"Amex-Vescorp Phase | Report, Eastern Gas Shales Project.” Amex-
Vescorp, June 1977, 60 p.

UGR #160 "Mt. Vernon, Ohio Area Lineament Analysis." Shafter, William E., Thurlow
Weed and Associates, Inc., December |5, 1978, 13 p. plus | map.

UGR #175

LOGGING PROGRAM

UGR #5129

Paper EGS-20

UGR #5357

Paper SPE/DOE

8956

MAPS

UGR #M04  "Preliminary Stratigraphic Cross Section Showing Radioactive Zones in the
Devonian Black Shales in Southeastern Ohio and West Central West
Virginia." Wallace, Laure G., John B. Roen, and Wallace de Witt, Jr.,
USGS, CHart OC-83, 1977, | map.

UGR #M06  "Showing Wells Producing from Ohio Shale in Eastern Ohio. Including
Sandstones and Siltstones within the Ohio Shale. Janssens, A., OHGS,
April 1975, 1 map (microfiche).

UGR #M14  "Gas and Oil Shows in the Ohio Shale in Eastern Ohio." Gearheart, Linda
C., and Charles R. Grapes 11, OHGS, March 1977, 2 maps (microfiche).

UGR #M20  "Preliminary Stratigraphic Cross Section Showing Radioactive Zones in the
Devonian Black Shales in Eastern Ohio and West Central Pennsylvania.”
Roen, John B., Laure G. Wallace, and Wallace de Witt, Jr., USGS, Chart
0C-82, 1977, 1 map.

UGR #M21  "Preliminary Regional Structure Map of the Base of the Huron Member of
the Ohio Shale (Top of the Olentangy Shale)." Majchszak, Frank L., OHGS,
August 1977, | map (microfiche).

UGR #M34  "Preliminary Regional Structure Map of the Base of a Radioactive Shale

Unit Within the Olentangy Shale (Approximate Equivalent of the Rhine-
street Shale Member of the West Falls Group of the New York State.)"
Majchszak, Frank L., OHGS, November 1977, | map (microfiche).



UGR #M36

UGR #M37

UGR #M38

UGR#Mé62

UGR#Mé63

UGR#Mé&4

UGR#Mé65

UGR{#Mé6

UGR#Mé67

UGR #Mé8

UGR #M101

UGR #M102

UGR #M103

"Thickness of the Radioactive Shale Facies of the LLower Huron Member of
the Ohio Shale.” Majchszak, Frank L., OHGS, August 1977, | map
(microfiche).

"Thickness of the Radioactive Shale Facies of the Upper Huron Member of
the Ohio Shale. Majchszak, Frank L., OHGS, November 1977, | map
(microfiche).

"Thickness of a Radioactive Shale Unit Within the Upper Olentangy Shale
(Approximate Equivalent of the Rhinestreet Shale Member of the West
Falls Group of New York State).* Majchszak, Frank L., OHGS, August
1977, | map (microfiche).

"Borehole Geophysical-Log Correlation Network for the Devonian Shales in
Eastern Ohio: Stratigraphic Cross Section A-A'M Majchszak, Frank L.,
OHGS, METC/EGSP Series No. 304, 1980, 3 maps.

"Borehole Geophysical-Log Correlation Network for the Devonian Shales in
Eastern Ohio: Stratigraphic Cross Section B-B'." Majchszak, Frank L.,
OHGS, METC/EGSP Series No. 305, 1980, 3 maps.

"Borehole Geophysical-Log Correlation Network for the Devonian Shales in
Eastern Ohio: Stratigraphic Cross Section C-C'.* Majchszak, Frank L.,
OHGS, METC/EGSP Series No. 306, 1980, 3 maps.

"Borehole Geophysical-lLog Correlation Network for the Devonian Shales in
Eastern Ohio: Stratigraphic Cross Section D-D'." Majchszak, Frank L.,
OHGS, METC/EGSP Series No. 307, 1980, 3 maps.

"Borehole Geophysical-l.og Correlation Network for the Devonian Shales in
Eastern Ohio: Stratigraphic Cross Section E-E'." Majchszak, Frank L.,
OHGS, METC/EGSP Series No. 308, 1980, 3 maps.

"Borehole Geophysical-Log Correlation Network for the Devonian Shales in
Eastern Ohio: Stratigraphic Cross Section F-F'." Majchszak, Frank L.,
OHGS, METC/EGSP Series No. 309, 1980, 3 maps.

"_andsat Lineaments in Parts of West Virginia, Kentucky, Ohio and
Virginia." Colton, George W., USGS, | map (microfiche) and 3 p. notes.

"Net Thickness of the Radioactive Shale Facies in the Cleveland Member
of the Ohio Shale." Majchszak, Frank L., and Mitchell Honeycutt, OHGS,
METC/EGSP Series No. 300, 1980, 2 maps.

"Net Thickness of the Radioactive Shale Facies in the Huron and Chagrin
Members of the Ohio Shale." Majchszak, Frank L., and Mitchell Honeycutt,
OHGS, METC/EGSP Series No. 301, 2 maps.

"Net Thickness of the Radioactive Shale Facies in the 'Upper' Olentangy

Shale.” Honeycutt, Mitchell and Frank L. Majchszak, OHGS, METC/EGSP
Series No. 302, 1980, 2 maps.
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UGR #M104 "Net Thickness of the Radioactive Shale Facies in the 'Lower' Olentangy
Shale (Hamilton Group)." Majchszak, Frank L., and Mitchell Honeycutt,

OHGS, METC/EGSP Series No. 303, 1980, 2 mpas.

UGR #M106 "Joint Patterns in Six Lithologies in the Clarksburg 10 x 20 Quadrangle,
West Virginia, Ohio, and Pennsylvania,"” Perry, William J. Jr., and David G.
Becker, USGS, Open File Report, 1980, | map.

MODELING

UGR #5357
Paper SPE/
DOE 8940

OFFSET WELL PROGRAM

UGR #478 "Geologic Setting and Prognosis, Eastern Gas Shales Project, Offset Well
Testing Program, Meigs County, Ohio." Gruy Federal, Inc., October 1980,

14 p.
PALEONTOLOGY
UGR #044
UGR #275
PETROLOGY
UGR #044
UGR #175
UGR #275
REMOTE SENSING

UGR #5129
Paper EGS-20

UGR #5357

Paper SPE/DOE
8956
SCINTILLOMETER

UGR #5129
Paper EGS-46

SEDIMENTOLOGY
UGR #300



SEISMIC STUDIES

UGR #5357

Paper SPE/DOE

8972

STRATIGRAPHY

UGR #009 "Three Lick Bed' Useful Stratigraphic Marker in Upper Devonian Shale in
Eastern Kentucky and Adjacent Areas of Ohio, West Virginia and Tennes-
see." Provo, Linda J., Roy C. Kepferle, and Paul Edwin Potter, U. of Cin.,
and USGS, MERC/CR-77/2, no date, 56 p.

UGR #024 "Lithologic Description of Core Material from Glen Gery No. 5-745 Well,
Rose Township, Carroll County, Ohio." Byrer, C.W., and S.J. Rhoades,
MERC/TPR-76/6, October 1976, 20 p.

UGR #044

UGR #5129
Paper EGS-9

UGR #5129
Paper EGS-45

UGR #5129
Paper EGS-46

UGR #163 "Devonian Shales of Ohio and their Eastern and Southern Equivalents.”
Schwietering, Joseph F., WVGS, METC/CR-79/2, January 1979, 68 p.

UGR #175
UGR #240
UGR #300
UGR #326
UGR #408
STRUCTURAL GEOLOGY
UGR #044

UGR #5129
Paper EGS-45

UGR #5357
Paper SPE/DOE
8933



UGR #478

THREE LICK BED

UGR #009

TILTMETER

UGR #326

UGR #5357

Paper SPE/DOE

8933

WELL LOGS

UGR #.078 "Washington County, Ohio, Florence L. House, No. R-109 Well (Logs)."
River Gas Company, 1976: C,D, E, GR, I, N.

UGR #1083 "Carroll County, Ohio, Glen Gery No. 5-745 Well (Logs)." Canton Oil and
Gas Company, 1974: D, GR.

UGR #L.165 "Knox County, Ohio, Everett Black No. L Well (Logs)." Thurlow Weed &
Associates, Inc., 1978: COMP, D, 3D, DC,EP, I N, SIB, T.

UGR #.166 "Knox County, Ohio, Yauger No. | Well (Logs)." Thurlow Weed &
Associates, Inc., 1978: C, COMP, D GR, I, N, SIB, T.

UGR #.167 "Knox County, Ohio, Fravel No. | Well (Logs).)* Thurlow Weed &
Associates, Inc., 1978 C, COMP, D, 3D, EP, GR, I, N, T.

UGR #1784  "Knox County, Ohio, Louis Beckholt No. | Well (Logs)." Thurlow Weed &
Associates, 1979: D, I, N, T.

UGR #.303 "Ashtabula County, Ohio, EGSP OH-4 Well {Logs).” Monsanto Research
Corporation, 1979: D,DIl, FIL, I, N, S, T, VD.

UGR #L.304 "Trumbull County, Ohio, A.V. Meleski No. 20143-T Well (Logs)." Columbia
Gas Transmission Corp., 1979: COMP, D, DI, N, S.

UGR #L305 "Lorain County, Ohio, B&R McGuire No. 20149-T Well (Logs)." Columbia
Gas Transmission Corp., 1979: A, COMP, D, DI, FIL, GR, L, N, S, SIB, T.

UGR #L308 "Gallia County, Ohio, White-Price-Newberry Unit No. 1-7 Well (Logs)."
Mitchell Energy Corporation, 1979: COMP, D, 3D, EP, FIL., GR, L, LL,
MLL, N, S.

UGR #.310  "Noble County, Ohio, HF & MM Schockling No. | Well (Logs)." Donohue,
Anstey & Morrill, 1980: P, DI, FIL, GR,L, N, S,SIB, T.

UGR #.312 "Gallia County, Ohio, M. Carter No. 1-9 Well (Logs)." Mitchell Energy

Corporation, 1979: COMP, D, DLL, FIL, HC, L, MLL, MP, N, S.
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UGR #.314

UGR #L.315

UGR {480

UGR #1481

"Gallia County, Ohio, Straight-Wisemandle Unit No. [-8 Well (Logs)."
Mitchell Energy Corporation, 1979: CMS, COMP, D, DI, DLL, FIL, GR,
MLL, MP, N, NGRS, S.

"Gallia County, Ohio, J. Carpenter No. 1-5 Well (Logs).* Mitchell Energy
Corporation, 1980: BOND, CCL-PR, COMP, D, DI, 3D, FIL, HC, L, MLL,
MP, N, S, T, TDT, VD, WAVE.

"Hocking County, Ohio, Lauren B. Crumley No. 12143 Well (Logs)." Col.
GTC, 1980: D, DI, N.

"Hocking County, Ohio, Columbus and Franklin Co. Metro Park No. 12188
Well (Logs)." Col. GTC, 1980: D, DI, N.

WELL REPORTS, CORE GEOLOGY AND CHEMISTRY

UGR #024
UGR #124
UGR #5129

Paper EGS-20

UGR #131
UGR #176
UGR #188
UGR #259
UGR #270
UGR #326
UGR #338

UGR #339

UGR #340

UGR #341

"Cliffs Minerals, Inc. Eastern Gas Shales Project, Ohio Well #3--Knox
County, Phase Il and Phase lll Reports.' Preliminary Laboratory Results
and Summary of Testing Results, Cliffs Minerals, Inc., February 1980 and
August 1980, 49 p. plus | plate and 52 p.

"Cliffs Minerals, Inc. Eastern Gas Shales Project, Ohio Well #4--Ashtabula
County, Phase | and Phase |l Reports." Field Operations and Preliminary
Laboratory Results, Cliffs Minerals, Inc., April 1980, 117 p. plus | plate.

"Cliffs Minerals, Inc. Eastern Gas Shales Project, Ohio Well #5, Phase | and
Phase Il Reports.” Field Operatons and Preliminary Labortory Results,
Cliffs Minerals, Inc., September 1979 and April 1980, 117 p. and 56 p.

"Cliffs Minerals Inc. Eastern Gas Shales Project, Ohio Well #6-1, Phase |
and Phase Il Reports." Field Operations and Preliminary Laboratory
Results, Cliffs Minerals, Inc., September 1979 and June 1980, 26 p. and 127
p., plus | plate.
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NOTE: Phase Il Reports for UGR #34! through UGR #345 are under one
cover as listed here.

UGR #342 "Cliffs Minerals, Inc. Eastern Gas Shales Project, Ohio Well #6-2, Phase |
and Phase il Reports." Field Operations and Preliminary Laboratory
Results, Cliffs Minerals, Inc., October 1979, 25 p. (See UGR #341.)

UGR #343 "Cliffs Minerals, Inc. Eastern Gas Shales Project, Ohio Well #6-3, Phase |
and Phase |l Reports." Field Operations and Preliminary Laboratory
Results, Cliffs Minerals, Inc., October 1979, 15 p. (See UGR #341.)

UGR #344 "Cliffs Minerals, Inc. Eastern Gas Shales Project, Ohio Well #6-4, Phase |
and Phase 1l Reports." Field Operations and Preliminary Laboratory
Results, Cliffs Minerals, Inc., November 1979, 129 p. (See UGR #341.)

UGR #345 "Cliffs Minerals, Inc. Eastern Gas Shales Project, Ohio Well #6-5, Gallia
County, Phase | and Phase [l Reports." Field Operations and Preliminary
Laboratory Results, Cliffs Minerals, Inc., December 1979, 24 p. (See UGR
#341.)

UGR #346 "Cliffs Minerals, Inc. Eastern Gas Shales Project, Ohio Well #7, Phase | and
Phase Il Reports.” Field Operations and Preliminary Laboratory Results,
Cliffs Minerals, Inc., October 1979 and August 1980, 148 p. and 92 p. plus |
plate.

UGR #347 "Cliffs Minerals, Inc. Eastern Gas Shales Project, Ohio Well #8, Noble
County, Phase | and Phase Il Reports.” Field Operations and Preliminary
Laboratory Results, Cliffs Minerals, Inc., March {980 and December 1980,
187 p. and 113 p. plus | plate.

UGR #5357

Paper SPE/DOE

8940

UGR #5357

Paper SPE/DOE

8956

UGR #375

UGR #376

UGR #408

UGR #478

WELL SITE SELECTION

UGR #043

UGR #132
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WELL STIMULATIONS AND TESTING
UGR #011
UGR #023

UGR #5129
Paper EGS-20

UGR #182

UGR {222 "Investigation of Stimulation Technology on Tight Gas Reservoirs of the
United States." McKetta, Steven F., Col. GSSC, 1979, 12 p.

UGR #317 "DOE-METC Gas Well Testing Service Contract No. DE-AC21-78MC08096,
Well Test Analysis for Columbia Gas Transmission Corp. Well No. 20613."
Gruy Frederal, Inc., 2 Vols., May {3, 1980, 40 p.

UGR #326

UGR #5357

Paper SPE/DOE

8933

UGR #5357

Paper SPE/DOE

8956

UGR #489

WIRELINE LLOG STUDIES

UGR #5129
Paper EGS-9
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APPENDIX
EVALUATION OF
DEVONIAN SHALE POTENTIAL
IN THE
APPAL ACHIAN BASIN

(Includes Documents, Logs, and Maps in the UGR Information File Concerning the
Appalachian Basin)

This Appendix is cross-referenced by subtopic. UGR File Accession List Numbers
are indicated for each entry. The first time a particular entry appears, the complete
reference is given. Subsequent references to that entry are only indicated by the UGR
File Accession List Number.



APPAL ACHIAN BASIN REFERENCES

BRALLIER INFORMATION

UGR #5130
Paper EGS-56 "Preprints for Second Eastern Gas Shales Symposium." 2 Vols., USDOE,
METC/SP-78/6, October 1978, 617 p.

"The Brallier Formation--Upper Devonian Turbidite Slope Facies of the
Central and Southern Appalachian." Lundegard, Paul D., Neil D. Samuvels,
Wayne A. Pryor.

UGR #319 "Sedimentology, Petrology, and Gas Potential of the Brallier Formation--
Upper Devonian Turbidite Facies of the Central and Southern Appala-
chians." l.undegard, Paul D., Neil D. Samuels, and Wayne A. Pryor, U. of
Cin., DOE/METC/5201-5, March 1980, 220 p.

CLAY MINERALOGY

UGR #140 "Preliminary Report on the Clay Mineralogy of the Upper Devonian Shales
in the Southern and Middle Appalachian Basin." Hosterman, John W., and
Patricia J. Loferski, USGS, Open File Report 78-1084, January 1979, 20 p.

CONODONT COLOR ALTERATION

UGR #5129
Paper EGS-40 "Proceedings, First Eastern Gas Shales Symposium, October 17-19, 1977."
USDOE, MERC/SP-77/5, March 1978, 783 p.

"Conodont Color Alteration, An Organo-Mineral Metamorphic Index, and
its Application to Appalachian Basin Geology." Harris, Anita G.

CONTRACTORS

UGR #C054 "Characterization and Analysis of Devonian Shales as Related to Release
of Gaseous Hydrocarbons." Battelle Columbus Laboratories Quarterly
Reports (DE-AC21-76MC 05205): 78Q1, Q2-2, Vols., Q3, Q4, 79Q1, Q2.

UGR #C055 "Study of Hydrocarbon Shale Interaction. Juniata College Quarterly and
Annual Reports (DE-AS05-76MCO05197):  77Q1, Q3, Q4, A77, 78Q2, Q4-4
Vols., 79Q1-4 Vols., A78, 79Q2, Q3, Q4.

UGR #C051 "Physical and Chemical Characterization of Devonian Gas Shale." Mound
Facility Quarterly Status Reports (DE-AC04-76DP00053): 77Q3, 78Q1, Q2,
Q3, Q4, 79Q1, Q2, Q3, Q4, 80Q 1, Q2, Q3, Q4.

UGR #C071 "Energy Resources of the Devonian Shale in the Appalachian Basin."
University of Cincinnati (U. of Cin.) Quarterly and Annual Reports (DE-
AC21-76MC05201T): 77Q3, 78Q2, Q4, A78, 79Q1, Q2, Q3.
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UGR #C141 "Shale Characterization and Resource Appraisal of Devonian Black Shale in
the Appalachian Basin." U.S. Geological Survey (USGS) Annual Report
(DE-A121-78MC10516): AT78.

UGR #C048 "Analysis of Structural Geological Parameters that influence Gas Produc-
tion from the Devonian Shale of the Appalachian Basin,” West Virginia,
University, Dept. of Geology and Geography (WVU, Department of Geol. &
Geography) Quarterly and Annual Reports (DE-AC21-76MC05194): 77Q2,
Q3, A77, 78Q1, Q2, Q3, Q4, A78-2 Vols., 79Q1, Q3, Q4, A79-2 Vols., 80Ql,
Q2, Q3, Q4, A80-3 Vols., 81Ql1.

CORE ANALYSES

UGR #061 "Stratigraphic and Geographic Distribution of Core in Black Shale Sequence
(Mississippian and Devonian) in Appalachian Basin." Kepferle, Roy C., and
Paul Edwin Potter, USGS and U. of Cin., March 1978, 8 p.

UGR #113 "A Biostratigraphic Analysis of Core Samples from Wells Drilled in the
Devonian Shale Interval of the Appalachian and lllinois Basins.,” Martin,
Stephen J., and Ronald E. Zielinski, Mound Facility, July 14, 1978, 24 p.

UGR #5129
Paper EGS-13 "Physicochemical Characterization of Devonian Gas Shale," Zielinski,
R.E., A. Attalla, E. Stacy, B.D. Craft, R.L. Wise.

UGR #5129
Paper EGS- 14 "Characterization and Analysis of Devonian Shales: 1. Physical Charac-
terization." Kalyoncu, R.S., W.G. Coppins, D.T. Hooie, M.J. Snyder.

UGR #5129
Paper EGS-34 "Characterization and Analysis of Devonian Shales: Gas Composition and
Release Rates." Snyder, M. Jack, M.P. Rausch, J.S5. Ogden, R.W. Coutant.

UGR #5129
Paper EGS-35 "Geochemical Characterization of Devonian Gas Shale" Zielinski, Ron E.

CROSS STRIKE STRUCTURAL DISCONTINUITIES

UGR #5223

Paper EGS-24 "Proceedings, Third Eastern Gas Shales Symposium." Barlow, Hilma,
Editor, USDOE, METC/SP-79/6, October 1-3, 1979, 542 p.

"Cross-Strike Structural Discontinuities: Their Use in an Exploration
Rationale for Eastern Plateau Province, Appalachian Basin." Wheeler, L.

ECONOMIC ANALYSIS

UGR {468 "Quantitative Analysis of the Economically Recoverable Resource." Pulle,
C.V., and A.P. Seskus, SAl, November 17, 1980, 103 p.
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ENGINEERING ANALYSIS

UGR #243

FRACTURES

UGR #5008
Paper Vi

UGR #040

UGR #059

UGR #064

UGR #S129
Paper EGS-33

UGR #159

UGR #208

UGR #5223
Paper EGS-9

UGR #5357
Paper

"Analysis of Gas Production for Eastern Gas Shales, Phase Il Final Report."
Intercomp Resource Development and Engineering, Inc., Contract No. Ew-
78=C-21-8485, November 1979, 32 p. plus tables and figures.

"Devonian Shale Production and Potential, Proceedings of the Seventh
Appalachian Petroleum Geology Sumposium held at Morgantown, W.Va.,
March -4, 1976," Shumaker, R.C., and W.K. Overbey, Jr., Editors, WVGS,
WVU, and MERC, MERC/SP-76/2, 271 p.

"A Digest of Appalachian Structural Geology." Shumaker, R.C.

"Application of Remote Sensing Studies to the Interpretation of Fracture
Systems and Structural Styles in the Plateau Regions of Eastern Kentucky,
Southwestern Virginia, and Southwestern West Virginia for Application to
Fossil Fuel Extraction Processes.” Werner, Eberhard, WVU, Dept. of Geol.
& Geography, Dec. 1977, 98 p. plus 9 maps.

"Remote Sensing Studies in the Appalachian Plateau for Application to
Fossil Fuel Extraction Werner, Eberhard, WVU, Dept. of Geol. &
Geography, 1976, 10 p.

"Remote Sensing Methods for Application of Natural GAs Production from
Fractured Devonian Shale Reservoirs of Western West Virginia! Werner,
Eberhard, WVU, Dept. of Geol. & Geography, in V. 2--ERDA EGR Symposi-
um, August 30-September |, 1977, pp. G-14/1 to G-14/7.

"Analysis of Structural Geological Parameters that Influence Gas Produc-
tion from the Devonian Shale of the Appalachian Basin.® Shumaker, R.C.,
Keith G. Kirk, E.B. Nuckols lil, Brian R. Long.

"Extension Structures in the Central Appalachians. Berger, Philip S.,
WVU, Dept. of Geol. & Geography, December 1978, 97 p.

"Fractures from Devonian Shale Outcrops Along the Pine Mountain Thrust."
Lee, Kevin D., WVU, Dept. of Geol. & Geography, May 1979, 25 p.

"_ate Tectonic Faulting in the Central Appalachians." Berger, P.S., R.L.
Wheeler.

8955 SPE/ DOE’Unconvenﬁonol Gas Recovery Symposium." Society of Petroleum Engi-

neers of AIME and USDOE, May 18-20, 1980, 377 p.

"Earth Stress Relationships in the Appalachian Basin.! McKetta, S.F.
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UGR #413 "Feasibility Study on Modeling of Stress Trajectories Across the Appala-
chian Plateau Province in West Virginia." Chang, H.Y., S.H. Advani, H.V.S.
Ganga Rao, and C.S. Dean, WVU, College of Engineering and METC, under
Contract No. EY-77-X-21-0368, no date, 74 p.

UGR #452 "Possible Interaction Between Thin-Skinned and Basement Tectonics in the
Appalachian Basin and Its Bearing on Exploration for Fractured Reservoirs
in the Devonian Shale." Dean, Claude S., and W.K. Overbey Jr., MERC, no
date, 27 p.

FRACTURE PREDICTION

UGR #137 "Fracture Intensity Predictions for Eastern Gas Shales." Wheeler, Russell
L., WVU, Dept. of Geol. & Geography, Final Report under Contract EY-77-
C-21-8087, Task Order No. 25, December 1978, 62 p.

UGR #5357
Paper SPE/DOE
8955

GAS CONTENT

UGR #S129

Paper EGS-9 "Wireline Logs and Sample Studies in Stratigraphy and Gas Occurrence of
the Devonian Shales Along the Southern Tier Section in Eastern Kentucky
and Vicinity." Wilson, Edward N., Jaffrey S. Zafar.

UGR #5129
Paper EGS-14

UGR S129
Paper EGS-34

UGR #S130
Paper EGS-60 "The Eastern Interior Aulacogen and its Relation to Devonian Shale Gas
Production. Harris, Leonard D.

UGR #5130

Paper EGS-63 "Natural Gas Occurrence Related to Regional Thermal Rank of Organic
Matter (Maturity) in Devonian Rocks of the Appalachian Basin." Claypool,
G.E.; C.N. Threlkeld, N.H. Bostick.

UGR #5130

Paper EGS-70 "A Practical Approach to Evaluating Shale Hydrocarbon Potential.® Smith,
Eric C.

GAS ESTIMATES

UGR #058  "Devonian Shales as a Source of Gas." Avila, John, in Natural Gas From
Unconventional Geologic Sources, Chapter 5, 1976, pp. 73-85.



UGR #062 "Energy From Shale--A Little Used Natural Resource." Brown, Porter J.,
in Natural Gas from Unconventional Geologic Sources, 1976, pp. 86-99.

UGR #128 "Reservoir Engineering Aspects and Resource Assessment Methodology of
Eastern Devonian Gas Shales." Kucuk, Fikri, Javaid Alam, and D.L. Streib,
SAl, prepared for USDOE/METC under Contract No. EY-78-C-21-8216,
October 5, 1978, 47 p.

UGR #5129
Paper EGS-35

UGR #5129
Paper EGS-40

UGR #5130

Paper EGS-57 "Characterization and Resource Assessment of the Devonian Shales in the
Appalachian and lllinois Basins." Zielinski, R.E., S.W. Nance, P.W. Sea-
baugh, R.J. Larson.

UGR #5130
Paper EGS-59 "Status Report on the Gas Potential from Devonian Shales of the Appala-
chian Basin." Robel, Robert J.

UGR #5130
Paper EGS-70

UGR #176 "Characterization and Resource Assessment of the Devonian Shales in the
Appalachian and llinois Basins." Zielinski, R.E., and Steven W. Nance,
Mound Facility, 1979, 16 p.

UGR #5223
Paper EGS-9

UGR #5223

Paper EGS-13

(Abstract "A Current Assessment of the Physicochemical Characterization Data for
Only) the Eastern Gas Shales." Nance, S.W., P.W. Seabaugh, R.E. Zielinski.

UGR #275 "Final Report of Special Geological, Geochemical, and Petrological Studies
of the Devonian Shales in the Appalachian Basin." Potter, Paul Edwin, J.
Barry Maynard, and Wayne A. Pryor, H.N. Fisk Laboratory of Sedimen-
tology, U. of Cin., under Contract No. DE-AC2|-76MC05201, January
1980, 86 p.

UGR #319
UGR #452
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UGR 468
GAS INDUSTRY INFRASTRUCTURE

UGR #5357

gggzr SPE/ DOE‘Af’rer the Technology, What Happens?" Merril, T.W. Jr.

GAS PRODUCTION
UGR #040
UGR #058
UGR #062
UGR #128

UGR #5129
Paper EGS-33

UGR #5130
Paper EGS-59

UGR #5130
Paper EGS-60

UGR #176

UGR #201 "Devonian Paleocurrents of the Appalachian Basin," Potter, Paul Edwin,
Wayne A. Pryor, Paul Lundegard, Neil Samuels, and J. Barry Maynard, H.N.
Fisk Laboratory of Sedimentology, U. of Cin., METC/CR-79/22, May 1979,
60 p.

UGR #243

UGR #5357
Paper SPE/DOE
8944

UGR #5357
Paper SPE/DOE,

8945 Economics of Devonian Shale, Coal Seam and Similar Special Appalachian

Gas Sources.”" Miller, R.M., N.E. Mutchler.

UGR #452

UGR #507 "The Importance of Regional and Local Structure to Devonian Shale Gas
Production from the Appalachian Basin.” Shumaker, Robert C., WVU,
Dept. of Geol. & Geography, February 1981, 28 p.
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GAS PRODUCTION BARRIERS

UGR #094 "Preliminary Investigation of Market, Institutional and Regulatory Barriers
to Natural Gas Production and Use Within Appalachia.! TRW, November
{977, 32 p.

UGR #8357
Paper SPE/DOE
8944

UGR #5357
Paper SPE/DOE
8945

GEOCHEMISTRY

UGR #117 "Geochemical Characterization of Devonian Gas Shalet Zielinski, R.E.,
Mound Facility, October 1977, 25 p.

UGR #5129
Paper EGS-13

UGR #5129
Paper EGS-14

UGR #5129
Paper EGS-34

UGR #5129
Paper EGS-35

UGR #130
Paper EGS-57

UGR #5130
Paper EGS-63

UGR #5130
Paper EGS-70

UGR #131 "Geochemical Evaluation of the Eastern Gas Shales--Part " Mclver,
Richard D., and Ronald E. Zielinski, Mound Facility, for USDOE under
Contract No. EY-76-C-04-0053, September 29, 1978, 33 p.

UGR #176
UGR #5223
Paper EGS-13

(Abstract
Only)

B-7




UGR #243
UGR #275
UGR #282

UGR #446

"Munsell Color Values as Related to Organic Carbon in Devonian Shale of
the Appalachian Basin." Hosterman, John W., and Sallie . Whitlow, USGS,
Open-File Report 80-660, no date, 8 p.

"Comparative Geochemistry of Devonian Shale Cores from the Appalachian
Basin: Mason, Monongalia, and Upshur Counties, West Virginia; lllinois
Basin: Tazwell (sic) County, lllinois; Clark County, Indiana; and Michigan
Basin: Sanilac County, Michigan." Leventhal, Joel S., USGS, Open File
Report 80-238, 1980, 32 p.

IN-SITU STRESS

UGR #413

LANDSAT STUDIES

UGR #5223

Paper EGS-8 "Digital Image Processing and Enhancement of Landsat Data for Lineament
Mapping and Natural Gas Exploration in Appalachian Region." Wescott,
Thomas F., Alan F. Smith.

LINEAMENT ANALYSIS

UGR #5008

Paper Vi

UGR #040

UGR #059

UGR #060 "Photolineament Mapping in the Appalachian Pleateau and Continental
Interior Geological Provinces--A Case Study. Werner, Eberhard, WVU,
Dept. of Geol. & Geography, in Remote Sensing of Earth Resources,
Shahrokhi, F., Editor, V. 5, March 29-30, 1976, pp. 403-417.

UGR #064

UGR #137

UGR #5223

Paper EGS-8

UGR #5223

Paper EGS-24
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MAPS

UGR #MO1

UGR #M02

UGR #MO05

UGR #M07

UGR #M09

UGR #M12

UGR #M13

UGR #M15

UGR #Mlé

UGR #M22

UGR #Mé8

UGR #M77

UGR #M90

"Preliminary Stratigraphic Cross Section Showing Radioactive Zones in the
Devonian Black Shales in the Eastern Part of the Appalachian Basin.
West, Mareta, USGS, Chart OC-86, 1978, 2 maps.

"Middle Huron Shale Member of Ohio Shale, Isopach Map." Provo, Linda J.,
U. of Cin., 1976, | map (microfiche).

"Preliminary Stratigraphic Cross Section Showing Radioactive Zones in the
Devonian Black Shales in the Western Part of the Appalachian Basin."
Wallace, Laure G., John B. Roen, and Wallace deWitt Jr., USGS, Chart OC-
80, 1977, 2 maps.

"Upper Huron Shale Member of Ohio Shale, Isopach Map." Provo, Linda J.,
U. of Cin., 1976, | map (microfiche).

"Preliminary Stratigraphic Cross Section Showing Radioactive Zones in the
Devonian Black Shales in the Central Part of the Appalachian Basin."
Roen, John B., Laure G. Wallace, and Wallace deWitt Jr., USGS, Chart OC-
80, 1977, 2 maps.

"Lower Huron Shale Member of Ohio Shale, Isopach Map." Provo, Linda J.,
U. of Cin., 1976, | map (microfiche).

"Cleveland Shale Member of Ohio Shale, Isopach Map." Provo, Linda J., U.
of Cin., 1976, | map (microfiche).

"Preliminary Stratigraphic Cross Section Showing Radioactive Zones in the
Devonian Black Shales in the Southern Part of the Appalachian Basin."
Kepferle, Roy C., Edward N. Wilson, and Frank R. Ettensohn, USGS, Chart
0C-95, 1978, | map.

"Three Lick Bed Member of Ohio Shale, Isopach Map." Provo, Linda J., U.
of Cin., 1976, | map (microfiche).

"Ohio, Olentangy and Marcellus (?) Shales, Isopach Map." Provo, Linda J.,
U. of Cin., 1976, | map (microfiche).

"Landsat Lineaments in Parts of West Virginia, Kentucky, Ohio, and
Virginia." Colton, George W., USGS, | map (microfiche) and 3 p. notes.

"Qil and Gas Data From Paleozoic Rocks in the Appalachian Basin: Maps
for Assessing Hydrocarbon Potential and Thermal Maturity (Conodont
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Influence of Sedimentation Rate." Maynard, J. Barry, U. of Cin., Novem-
ber 15, 1978, 27 p.
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Only) Black Shales in the Appalachian Basin' Roen, John B., Wallace deWitt Jr.,
Roy C. Kepferle, Laure G. Wallace, Mareta West.
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UGR #5129
Paper EGS-33

UGR #159

UGR #5223
Paper EGS-9
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