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PREFACE

This report is a geologic screening effort to evaluate areas within West
Virginia that contain sufficient geologic and geochemical characteristics to
warrant industry exploration activity. The results are an integration of con-
tractor report data, maps, and logs generated in the Eastern Gas Shales Proj-
ect, 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 10
states from Illinois to Pennsylvania and Michigan to Mississippi, in the con-
tiguous Appalachian, TIllinois, 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 Tef of gas are
expected to be recoverable using presently available methods (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 began 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 explora-
tion 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 Easterm Gas Shales
Project (EGSP). The EGSP is designed not only to quantify the resource, but
also to test improved methods of inducing porosity and permeability to facili-
tate gas drainage, collection, and production. The ultimate goal of this proj-
ect 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 West Virginia. Geclogic data and interpretations are summarized, and
areas where the accumulation of gas may be large enough to justify commercial
production are outlined.

Information on the Devonian shales in West Virginia was compiled from
a variety of recent studies. A comprehensive study of the subsurface stra-
tigraphy and gas production of the Devonian shales in West Virginia was con-
ducted by Patchen (1977). West Virginia Devonian shale stratigraphy was
studied by Schwietering (1979), who made a thorough surface and subsurface
stratigraphic investigation of Upper and Middle Devonian shales throughout
the Appalachian basin. He produced a set of stratigraphic cross sections and
a series of isopach and structure contour maps of the radioactive Devonian
shales in West Virginia from this work. Roen, et al. (1978) also constructed
a regional cross section for West Virginia as part of a study of the Devonian
black shales in the central portion of the Appalachian basin.



Neal (1979) and Dowse (1980) concentrated on the subsurface stratigraphy
of the Devonian sequence and its relationship to gas production in southern
and northwestern West Virginia, respectively. Bagnall and Ryan (1976) also
reported on Devonian shale geology, reserves, and production characteristics
in the southwestern portion of the state. A report by Marten and Nuckols
(1976) characterized the geology as well as oil and gas occurrences in Devonian
shales in northern West Virginia. A revised map showing producing oil and
gas fields in West Virginia was compiled by Cardwell (1976) along with a report
on the same topic (1977).

The relationship for the determination of stress ratios in the Devonian
shales of the Appalachian basin was developed by Komar and Bolyard (1981).
The geochemical data were compiled by Streib (1980).

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.

SUMMARY AND CONCLUSIONS

In West Virginia, all significant areas of current Devonian shale gas
production are situated where the radiocactive shale units are thicker than
200 feet. Most areas of current gas production exhibit a close correlation
with the trend of the Rome trough structure, and nearly all lie within the
optimum stress-ratio zone. In addition, most of the current gas-producing
areas are located within the zone of optimum shale thermal maturity, and
optimum shale thermal maturity nearly coincides with the optimum shale stress-
ratio value (0.43) in western and southwestern West Virginia.

Areas adjacent to existing gas fields, within northeastern Cabell County,
northern Lincoln County, and central Wayne County, are excellent prospects
for future production. Additional deeper drilling in existing gas fields within
the main trend may tap potential new reservoirs in the Rhinestreet and Marcellus
Shales. The area east of the Warfield anticline in central Boone, Logan, and
eastern Mingo Counties also may be favorable for gas exploitation of the radio-
active Huron Shale. Fractures associated with the flank of the anticline and
possible reactivation of basement faults in this area should be sufficient to
provide the means for production. Further drilling should also be conducted
along extensions of the border fault zone of the Rome trough in the western
portion of the state. However, the subsurface trend of the trough must be
carefully delineated to successfully develop gas production from potential
fractured reservoir systems.

GEOLOGIC SETTING AND STRUCTURE

The Devonian shales in West Virginia occupy the stratigraphic section
between the lower Middle Devonian Onondaga Limestone and the Lower Mississippian
Berea Sandstone. The Devonian shales outcrop in the eastern portion of the



state along the Deer Park anticline, around Browns Mountain anticline, and
east of the Allegheny Front in the Valley and Ridge province (fig. 1). The
shales extend westward in the subsurface from this outcrop area throughout the
remainder of the state. Within this area, the shale thickness ranges from
less than 1,000 feet in southwestern West Virginia to more than 7,000 feet in
the east-central portion of the state (fig. 2).

The major geologic structures existing in West Virginia are shown in
figure 3. Of special interest is the regional basement feature (graben)
known as the Rome trough. Subsurface stratigraphic data indicate that,
although the trough formed during Lower Cambrian time, it influenced sedi-
mentation during deposition of the Devonian, Mississippian, and Pennsylvanian
systems. Although some authors Woodward (1961), Silberman (1972), and Horn
and others (1976) show normal fault movement for the graben, studies by Heyl
(1972) and Murany (personal communication 1980) suggests that right lateral
strike—-slip fault movement may be the dominant displacement on the Rome trough,
and probably has been very influential in causing fractures to be developed
in the Devonian shales. The location of the Big Sandy gas field in Kentucky
and West Virginia proximal to the Rome trough suggests that accumulation and
production is controlled by the fracture system generated by Rome trough move-
ments (Fig. 4). The phenomenon is especially noticeable where recent exten-

sions of the gas field in West Virginia are close to the border fault zones
of the trough.

Two additional geologic features shown in figure 3 are the Parsons and
Petersburg cross-strike structural discontinuities. Recent studies (Sites,
1978; Wheeler, 1980) have shown that these structural lineaments represent zones
of increased fracture intensity within the Middle Devonian shales that the
lineaments intersect. The documented presence of more intense jointing in these
shales may increase their porosity and permeability, thereby producing a fracture
gas reservoir.

A basement depth map of West Virginia is shown in figure 5. Depth to
the basement ranges from less than 8,000 feet in the extreme western portion
of the state to more than 28,000 feet in the east.

The depth to the base of the Devonian shale (top of the Onondaga Limestone)
in West Virginia is presented in figure 6. Depths range from 2,000 feet below
sea level in the extreme western portion of the state to more than 6,500 feet
below sea level in north-central West Virginia. Actual drilling depths from
the surface to the base of the Devonian shales vary from 3,000 feet in western
West Virginia to 8,000 feet in the north-central portion of the state (fig. 7).

STRATIGRAPHY

As shown in figure 2, the thickness of the entire Devonian shale sequence
ranges from less than 1,000 feet In southwestern West Virginia to more than
7,000 feet in the east—central region of the state. Only about 10 to 60 per-
cent of this interval is black or dark gray, so-~called "brown shale'", ranging
from less than 300 feet to more than 1,000 feet thick (fig. 8). In northern
Wayne County, where the total shale section is about 1,000 feet thick, the
black shale facies are 600 feet thick (60 percent). These dark shales thin
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Outcrop areas of the Devonian shales in West Virginia.
SAT (1980), after Patchen (1977).
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Isopach map of the Devonian shales in West Virginia.
SAI (1980), after Patchen (1977).
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Comparison of the location of the faults of the Rome trough
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eastwardly to about 300 feet thick in northeastern Kanawha County, where the
entire section is 3,000 feet thick (10 percent). East of Kanawha County, the
black shales thicken to a maximum of 1,000 feet, and the entire shale sequence
ranges from 5,000 to 7,000 feet thick (20 to 15 percent). Therefore, even as
the black shales thicken to the east, they comprise a smaller percentage of
the total Devonian shale section and occur at greater depths.

The total thickness of radioactive shale within the Devonian black
shale units is presented in figure 9. Thickness values range from 500 feet
in the extreme western area to less than 50 feet in the northern, easternm,
and southeastern portions of the state. Aggregate radioactive shale thick-
nesses average only about 75 feet in the eastern half of West Virginia.

The stratigraphic framework developed for use in the subsurface of West
Virginia is based on a combination of Ohio and New York nomenclature (fig.10).
Radioactive black shales within the Devonian shale sequence include the
Marcellus Shale (Hamilton Group), Geneseo Shale (Genesee Formation),

Middlesex Shale (Sonyea Formation), Rhinestreet Shale (West Falls Formatiom),
Pipe Creek Shale (Java Formation), Huron and Cleveland Shales (Ohio Shale
Group). The Middle and basal Upper Devonian nomenclature is that used in New
York; the Upper Devonian sequence correlates with Ohio terminology.

Generalized stratigraphic cross sections of the Devonian shale sequence
in the western two-thirds of West Virginia are presented in plates 1 through
6. These cross sections show the interval thickening to the east and north-
east, with facies becoming more coarsely clastic. In the north-central portion
of the state, numerous siltstones and sandstones have replaced much of the
Devonian shale section, particularly the radioactive black shales. Relatively
good lateral continuity of the units is indicated for the western region of
the state.

Plates 4 through 6 show the lateral and vertical relationships of the
Middle and Upper Devonian sequence in southwestern West Virginia. The
cyclic nature of the formations, with a basal high radiocactive black shale
overlain by less radiocactive gray shale and siltstone, is most apparent in
the interval between the base of the Ohio Shale and the Middle-Upper Devonian
unconformity. The boundaries between formations are not as prominent in
the east as in the west, primarily because of the eastward decrease in the
volume of radioactive black shale and the corresponding increase in the volume
of gray shale and siltstone. These cross sections illustrate the eastward
loss of radioactive black shale units above the lower part of the Huron Shale
Member of the West Falls Formation.

Marcellus Shale

The Marcellus Shale is the only recognizable formation of the Hamilton
Group in West Virginia and is more widespread in its geographical distribu-
tion than any of the other radioactive Devonian shales. The Marcellus attains
its maximum thickness of nearly 125 feet in the north-central portion of the
state (fig. 11). The elevation of the base of the Marcellus approximately
corresponds to the elevation of the base of the Devonian shales in West
Virginia (fig. 6), ranging from 2,000 feet below sea level in the southwest
to more than 6,300 feet below sea level in the north-central area of the
state.
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Genesee Formation

The Genesee Formation exists within the central portions of West Virginia,
where its maximum thickness of about 25 feet occurs at several scattered
locations (fig. 12). The elevation of the base of the Genesee ranges from
3,000 feet below sea level in the southwest to 6,300 feet below sea level in
the north-central portion of the state (fig. 13). In southwestern West
Virginia, the Genesee Formation has been separated into the Geneseo Shale
and West River Shale Members (plates 4 and 5). The Geneseo Shale, the basal
member of the formation, is a black pyritic shale with some minor olive-gray to
black siltstone. The Geneseo varies from zero to 30 feet thick in West Virginia.
The radioactivity of the Geneseo is higher than the overlying West River Shale,
but is significantly lower than the underlying Marcellus Shale. The West
River Shale Member represents the upper unit of the Genesee cycle and occurs
in West Virginia as a dark gray shale containing olive-gray siltstone. The
thickness of this unit varies from zero to slightly more than 100 feet.

Sonyea Formation

The Sonyea Formation exists in the western two-thirds of the state and
reaches a maximum thickness of slightly more than 50 feet (fig. 14). The
elevation of the base of the Sonyea occurs at 2,500 feet below sea level in
the western portion of the state and deepens to more than 6,000 feet below
sea level in the north-central region (fig. 15). In West Virginia, the
Sonyea Formation is comprised of the Middlesex and Cashaqua Shale Members.

The Middlesex is the basal black shale of the depositional cycle and is

zero to 30 feet thick. The Cashaqua Shale Member overlies the Middlesex and
is further divided into two intervals in southwestern West Virginia--beds o
and B (plates 4 through 6). Beda consists of medium-dark to dark gray shale
with interbedded olive-gray toolive-black siltstone and varies from zero to
200 feet thick. The boundary between beds o and B is evidenced by a consider-
able shift from lower (beda ) to higher (bedp ) radiocactivity. Bed B is com-
prised of interbedded black shale and dark gray siltstone and ranges in thick-
ness from zero to more than 600 feet.

West Falls Formation

The radioactive shale facies of the West Falls Formation is present
throughout the western half of the state and reaches its greatest thickness
of 125 feet in the northwest area (fig. 16). In West Virginia, the West Falls
Formation is comprised of two units—~the Angola Shale Member, a gray silty
shale with scattered siltstone, and the Rhinestreet Shale Member, a basal
black shale. The Angola has been further subdivided in the southwestern
portion of the state into two subunits, o and B (plates 4 through 6). TUnit g
contains interbedded gray siltstone and shale and ranges in thickness from
less than 50 feet to more than 250 feet. Unit B is composed primarily of
slightly calcareous, gray siltstone and varies in thickness from 40 to 120
feet. The Rhinestreet Shale Member is a massive black, pyritic shale with
minor amounts of siltstone, and has a high radioactivity. The elevation of
the base of the West Falls ranges from 2,000 feet below sea level in the
extreme western part of the state to more than 5,500 feet below sea level in
the north-central region (fig. 17).
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Java Formation

The Java Formation occurs only in the western third of the state where
it attains a maximum thickness of slightly more than 25 feet (fig. 18).
The elevation of the base of the Java varies from 2,000 feet below sea level
in western Wayne County to 4,500 feet below sea level in north-central West
Virginia (fig. 19). In southeastern West Virginia, two informal subdivisions
of the Java are identified, which do not correspond to members recognized in
the New York stratigraphic section (plates 4 through 6). The lower section,
bed o , is an interval of interbedded shale and siltstone that ranges in
thickness from 60 to 200 feet. The upper unit, bed £ , is a 30 to 55 foot
thick calcareous siltstone which exhibits a lower radiocactivity than the
overlying Huron Member of the Ohio Shale in southwestern West Virginia.

Huron Shale Member

The radioactive shale facies of the Huron Shale Member of the Ohio Shale
occurs throughout the western half of the state and attains a maximum thick-
ness of about 400 feet (fig. 20). The Huron accounts for most of the radio-
active shale thickness in the western half of West Virginia, as shown in
figure 8. The basal portion of the Huron Shale correlates with the Dunkirk
Shale of New York. The elevation of the base of the Huron ranges from 2,000
feet below sea level in the westernmost region of the state to 4,000 feet
below sea level in north-central West Virginia (fig. 21). The lower part of
the Huron is a massive interval of highly radiocactive black shale, with in-
creasing interbeds of less radiocactive gray shale near the top of the unit.
Due to its geographical distribution and thickness, the lower section of the
Huron should prove to be the single most important radicactive shale unit
in terms of gas exploration. The upper zone of the Huron is a tongue of
black shale that originates in the main black shale body to the west and
thins to the east. This tongue is separated from the lower portion of the
Huron by a section of Chagrin Shale, which thins to the west and eventually
pinches out in the black shale of the Huronm., The lower portion of the Huron
intertongues with and feathers out in gray silty shale to the east (plates
1, 2, and 4).

Chagrin Shale

The Chagrin Shale occupies the interval between the Cleveland and Huron
Members of the Ohio Shale. The Chagrin is composed of gray silty shale and
siltstone. In West Virginia, the Chagrin is easily recognized where both the
Cleveland and Huron Members of the Ohio Shale exist, but is not readily dis-
cernible from coarser eastern equivalents. Boundaries are indistinct as a
result of intensive intertonguing between the Huron and Chagrin Shales
(plates 4 through 6).

Cleveland Shale Member
The Cleveland Shale Member of Ohio Shale is the eastward extension of

the youngest major unit of the Ohio Shale. The Cleveland occurs only in
southwestern West Virginia where its maximum thickness is only about 25 feet
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(fig. 22 and plate 4). It thins rapidly to the east, where it pinches out
between the Bedford Shale and the Chagrin Shale (plates 4 through 6). The
elevation of the base of the Cleveland varies from about 1,200 to 1,500 feet
below sea level (fig. 23).

GEOCHEMISTRY

Chemical data available on the Devonian shale in West Virginia and
neighboring states include vitrinite reflectance, outgas volume, organic
carbnn, and carbon isotopes. Data were obtained from the following wells:

Well Designation Well Name County

NY-1 National Fuel Gas Supply Corp. Allegany
No. 6213 (Jo) EGSP NY No. 1

PA-1 Minard Run 0il Co. McKean
No. 1 Minard Run Exploration

PA-2 C. E. Power Systems Allegheny
No. 1 C. E. Power Systems

WV-5 Reel Drilling Co. Mason
No. 3 D/K Farm

WV-6 U.S. Department of Energy Monongalia
No. 1 MERC

WV-7 Mobay Chemical Corp. Wetzel

No. 1 H. Enich & A. Pyles Unit

R-109 (OH) River Gas Co. Washington
No. R-109 Florence L. House

OH-3 Thurlow Weed & Associates Knox
No. 1 Louise Beckholt

20402 (WV) Columbia Gas System Lincoln
No. 20402

20403 (WV) Columbia Gas System Lincoln
No. 20403

Ky-2 Columbia Gas Transmission Corp. Martin

No. 20336 Columbia Gas

KY-4 Ashland 0il Co. Johnson
No. 3-RS Skaggs/Kelley Unit

VA-1 Columbia Gas Transmission Corp. Wise
No. 20338 Penn. Va. Corp.
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Vitrinite Reflectance

A parameter that significantly effects the shale hydrocarbon generation is
thermal maturation. Thermal maturation is the cumulative effect of the tempera-
ture and duration of heating of the shale during burial. Tn general, with increas-
ing temperature, organic matter will initijally yield dry gas, then wet gas and
petroleum, and finally upon severe thermal alteration these products will be
degraded to primarily a dry gas. Hydrocarbon generation will also proceed with
increasing time at a given temperature. The minimum temperature for signifi-
cant hydrocarbon generation is approximately 50°C.

The optical reflectance of vitrinite particles in the Kerogen concentrate
isolated from shale, expressed at % R,, is a measure of the maturity of the
kerogen. As the value of R, increases, the thermal maturity of the kerogen
increases. Similarly significant hydrocarbon generation does not occur below
a mean R, of approximately 0.5 and commercial reserves are not known in rocks
with maturities greater than 3.2 R;.

Vitrinite reflectance values increase from less than 1.0 in southwestern
West Virginia to greater than 2.0 in the northeastern section of the state
(figure 24).

Cutgas Volume

Outgas volume, expressed in MCF of gas per Acre-~Foot of shale (MCF/A.F), is

a measure of the free hydrocarbon gas that evolved from an encapsulated shale
sample. This measurement is used to differentiate between stratigraphic =zones
of high and low gas content. Outgas volume data are available from sites in
Monongalia, Wetzel, Mason and Lincoln Counties in West Virginia, and Martin
County, Kentucky. Tables 1 through 5 show the stratigraphic unit, thickness
and gas volume of these five sites. Outgas volume should not be construed as
the free hydrocarbon content of the shale but more a conservative estimate of
that content. Mound in studies using the Pressure Core Barrel and controlled
off-gassing techniques has demonstrated that outgas wolumes can be extremely
conservative.

Organic Carbon Distribution

The weight percentage of the shale composed of organic carbon indicates
the richness of the rock as a potential gas source. The higher the percentage
of organic carbon, the more likely that the shale will contain gas, because
stratigraphic units with high-gas content have high organic-carbon content.
The percentage of organic carbon generally increases westward in the Appalachian
basin. Figure 25 shows an increased organic carbon percentage eastward in the
Middle Devonian Rhinestreet Shale. The Upper Devonian Huron and Cleveland
Members of the Ohilo Shale illustrate the westward trend of increasing organic
carbon percentage (figs. 26 and 27, respectively).
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Figure 24. Distribution of vitrinite reflectance (R,) for the Devonian
shales in Ohio, Pennsylvania, and West Virginia. From SAI
(1980), after Mound (1980).
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Table 1. Monongalla County, West Virginia, gas volume (WV-6)
From SAT (1980), modified by Mound Facility (1981).

Thickness Free Hydrocarbon Gas
Stratigraphic unit (feet) (MCF/A.F)
Mahantango Shale 205 13.33
Marcellus Shale 110 14.71

Table 2. Wetzel County, West Virginia, gas volume (WV-7)
From SAI (1980), modified by Mound Facility (1981).

Thickness Free Hydrocarbon Gas
Stratigraphic unit (feet) (MCF/A.F)
Rhinestreet Shale 72 19.4
Cashaqua Shale 222 11.1
Middlesex Shale 28 21.2
Genesee Shale 83 17.0
Mahantango Shale 57 28.3
Marcellus Shale 55 12,8

Table 3. Mason County, West Virginia, gas volume (WV-5)
From SAI (1980), modified by Mound Facility (1981).

Thickness Free Hydrocarbon Gas
Stratigraphic unit (feet) (MCF/A.F)
Huron Shale 372 11.1
Hanover Shale 46 6.0
Pipe Creek Shale 63 11.2
Angola Shale 170 20.4
Rhinestreet Shale 78 44.2
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Table 4. Lincoln County, West Virginia, gas volume (20402)
From SAT (1980), modified by Mound Facility (1981).

Thickness Free Hydrocarbon Gas
Stratigraphic unit (feet) (MCF/A.F)
Cleveland Shale 63 3.9
Chagrin Shale 219 3.1
upper Huron Shale 122 6.5
Chagrin-Chemung Shale 208 5.7
lower Huron Shale 258 15.7
upper Olentangy Shale 162 9.2
Pipe Creek Shale 18 20.0
Rhinestreet Shale 70 37.9
lower Olentangy Shale 10 33.1
Marcellus Shale 23 49.2

Table 5. Martin County, Kentucky, gas volume (KY-2)
From SAI (1980), modified by Mound Facility (1981).

Thickness Free Hydrocarbon Gas
Stratigraphic (feet) (MCF/A.F)
Cleveland Shale 80 21.6
Chagrin Shale 142 1.6
upper Huron Shale 141 5.7
Chagrin-Chemung Shale 115 5.9
lower Huron Shale 218 14.9
upper Olentangy Shale 81 10.3
Pipe Creek Shale 23 9.3
upper Olentangy Shale 148 8.8
Rhinestreet Shale 49 20.4
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Figure 25. Distribution of organic carbon (percent) within the Rhinestreet
Shale Member of the West Falls Formation. After SAT (1980).
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Figure 26. Distribution of organic carbon (percent) within the Huron Member
of the Ohio Shale. After SAT (1980).
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FRACTURE AND PRODUCIBILITY INDICATORS

Recent studies have been conducted to determine regional stress-ratio
relationships (or fracturing gradients) for the Appalachian basin. Correla-
tion of historical production with the stress ratio (the ratio of minimum
horizontal stress to overburden stress) indicates that a regional mapping of
this factor could delineate prospective areas for commercial development of
shale gas production. Maximum natural fracturing density should occur in the
areas of maximum horizontal stress (tensional relief), indicated by a low
stress ratio. Typical stress-ratio values range from slightly less than 0.43
to greater than 1.0. A stress-ratio map based on theoretical values deter-
mined for each county containing Devonian shales within the Appalachian basin
is presented in figure 28. Portions of western, southwestern, and eastern
West Virginia lie within the area where stress-ratio values range from 0.43
to 0.7. Theoretically, gas production from the Devonian shale sequence should
be optimized within these areas, especially within the counties intersected
by the 0.43 minimum line.

The importance of fractures with respect to gas production was demon-
strated by Bagnall and Ryan (1976) for Devonian shale wells in three south-
western West Virginia counties. Wells that displayed the highest average
initial production--greater than 300 thousand cubic feet (Mcf) per day--
showed a steep production decline curve, but leveled off at approximately
45 Mcf and continued at that rate for years. Wells ranging from 200 to 300
Mcf per day leveled off more quickly but at lower production rates, as did
wells averaging between 100 and 200 Mcf. Wells with average initial flows of
less than 100 Mcf per day were nearly horizontal lines from the first year
to year 25.

These findings substantiate the conclusion that gas production is con-
trolled by the presence or absence of fractures within the Devonian shale
reservoirs. The wells that produced better initially intersected more frac-
tures, and produced free gas and adsorbed fracture gas at higher rates than
wells that intersected fewer fractures. Once the "flush production" (i.e.,
production from free and adsorbed fracture gas) is over, the larger blocks of
shale between fractures yield their adsorbed gas very slowly to the fractures
and then to the wellbore. When this occurs, the production decline curves
are nearly horizontal and remain so for many years as this type of gas con-
tinues to bleed off very slowly. Thus, wells intersecting more fractures
level off at higher flow rates than wells intersecting fewer fractures.

GAS PRODUCTION

Areas of concentrated gas well drilling in West Virginia are shown in
figure 29. Few wells have been drilled entirely through the Upper and Middle
Devonian sequence in the north-central portion of the state where gas is
produced from 17 named Upper Devonian Hampshire (Catskill) and Chemung Sand-
stones. In the southwestern counties, however, gas is produced from several

38



NOILDNAOYHd SVv9 TVvIIHOLSIH J0 Sv3HV HOFMYW

3IVHS NVINOAZ3CQ
Ol LN3OVIraVy ONVS S3LON3d

JIAIYHS NVINOAJQ S3LON3Q
‘331831 SNOILVAWHOA

AHVONNOSB NISVE 3LVYWIXOHddV

(301S NMOHHLdN NO s8YVvE)
LInv4 LSNHHL

1INVvd d17S-3INIYLS
ON3HL HOHY HO INOQ

(3Q1S NMOQ NO SX01l)
N3I8VHY HO L7AaVd TVWHON
INITOILNY

1
S3TIN GG 0

AN3D 3T

SIdYVvH QYVYNO3IT H3ILIV %

ONILINVY LSAHHL 40 30N3S3AHd 2t <
ALISNIQ Ovd4d 40 3DN3SAY L '1-6

ALISNIQ OVHd MO 8°-9°

ALISN3Q OVHd HOIH S -€°

:3ONIHIINI OI1LVH SSIHILS

(18/€ 'AGHVATIQ8 "1 'HYWOX "D A8 GIUIWOD)

NISY8 NVIHOV1VddV 3H1
NIHLIM SdIHSNOILV13Y
Ollvd SS3H1S / 3HNLONYHLS |

Structure/stress ratio relationships within

Figure 28.

Compiled by Komar

the Appalachian basin.
and Bolyard (1981).

39



8l° 80° 79°

78°

PENNSYLVANIA

- - —— e SE—

SCALE

60

MILES

79°

Figure 29.

€ Brown shale gas
Upper Devonian sands
@) Oriskany-Newburg fields

Areas of concentrated gas well drilling in West Virginia.
From SAT (198Q), after Patchen (1977).

40

78°




Devonian shale zones. Between these two areas, underlying an area of Missis-
sippian gas production, occurs the key facies change from productive sand-
stone to organic-rich black shales.

Gas has been produced from the Devonian shale sequence for over 50 years
from wells in southwestern West Virginia. Approximately 3,000 wells have
been drilled in this area, although many of these did not penetrate the entire
shale section to the Onondaga. Gas production from this area has been
primarily from the Huron Member of the Ohio Shale, with the lower portion of
the unit constituting the primary source of the gas. Thin intervals of gray
shale, are intercalated with the black radiocactive shale. Gas shows have often
been observed immediately below these gray shales, suggesting that these shales
may form a barrier to the vertical migration of gas within the interval.

Most Devonian shale gas wells have been drilled just through the Huron
Shale interval. In wells drilled through the entire Devonian shale sequence
to test the Oriskany or Huntersville, a second gas-producing black shale
section often is encountered. This interval consists of the Rhinestreet
Shale Member of the West Falls Formation and older units. Gas shows have
been recorded most often from two parts of this interval: the lower part,
which corresponds to the older units (Sonyea Formation, Genesee Formaticn,
and/or Marcellus Shale), and at the upper boundary, which is probably due to
the interbedding of black Rhinestreet Shale and the overlying gray Amngola
Shale.

The third area of concentrated gas well drilling presented in figure 29
is the so-called "Benson trend" in north-central West Virginia. Although
more than 4,000 wells have been drilled within this trend to produce from
various Upper Devonian sands, 99 percent have penetrated only the upper
2,500 feet of Upper Devonian strata, down to the Benson sand. The lower
3,500 to 4,500 feet of Upper and Middle Devonian shales are relatively un-
tested in this area. '

The black radioactive Devonian shale is the main reservoir in 27 named
gas fields in southwestern West Virginia (fig. 30), which extend over 500,000
acres (nearly 781 square miles). Reserve estimates calculated from the
3,000 plus wells producing in these fields approach 1 Tecf. However, in 21 of
these fields, Devonian shale gas production is comingled with production from
other shallow pays, especially Mississippian sandstones from the Maxton to
the Berea or from the Greenbrier Limestone. Additionally, gas is produced
from the deeper Onondaga Limestone and Oriskany Sandstone in three other fields.
The net result is that accurate data for calculating Devonian shale gas pro-
duction and reserves are not available. Brown (1976) has estimated that 10 to
25 percent of the gas now considered to be from the Devonian shales is actually
being produced from Mississippian sandstones and limestones.

The success ratio for Devonian shale gas wells in these southwestern
West Virginia fields has been quite high, exceeding 90 percent. Further-
more, wells are reasonably shallow with an average depth of about 3,500 feet.
Initial open flows are low, averaging only 350 Mcf per day. Per well reserves
have been estimated at 350 million cubic feet by Brown (1976), assuming a 150-
acre well spacing.
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Figures 31 through 34 are a series of maps showing areas of current gas
production and radio active shale thickness, major geologic structures, stress
ratios, and vitrinite reflectance. These maps were used to construct a final
map (fig. 35) delineating favorable zones for development of Devonian shale
gas production in West Virginia.

The areas of favorable or potentially favorable trends, shown in Figure 35,
include parts of or all of twenty-three counties in southwestern and west-
central West Virginia. Wells penetrating the Devonian sequence in this area
should be evaluated for shale gas potential, either as a primary target or as
a dual completion possibility. Reserve estimates generated by the National
Petroleum Council (1980) provide a state-of-the-art calculation of in-place
reserves (Table 6). Recoverable reserves will be the result of optimal geologic
and geochemical conditions and technological advances.

Table 6. Devonian Shale resource assessment for West Virginia
(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 128 22,984 49 640 22,984 246
Gray Shale 3,252 22,984 209 2,741 22,984 176
Average Average
Depth Total Average Depth Total Average

(Feet) (TCF) (BCF/Sq Mi) (Feet) (TCF) (BCF/Sq Mi)

Total Shale
Resource 6,275 258 11 6,275 422 18

*Land area encompasses that portion considered as having Devonian Shale
potential, and does not necessarily represent the total area of the state.

42



Figure 30. Areas of gas production from Devonian black shales in West Virginia.
From SAI (1980), after Patchen (1977).
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Figure 31.

Areas of gas production from Devonian black shales and radioactive
shale thickness greater than 200 feet in West Virginia. From SAI,
(1980) and figures 9 and 30.
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From SAI (1980).
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APPENDIX
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DEVONIAN SHALE POTENTIAL
IN
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from the Appalachian Basin, Mason, Monongalia, and
Upshur Counties, West Virginiaj Illinois Basin,
Tazwell (sic) County, Illinois; Clark County, Indiana;
and Michigan Basin, Sanilac County, Michigan." ZLeventhal,
Joel S., USGS, Open File Report 80-938, 1980, 32 p.

"A Hydrologic Study of Water Well Yields and Ground-
Water Quality Related to Stratigraphic and Structural
Settings in Western Jackson County, West Virginia."
Jones, D. Scott, and Henry W. Rauch, January 1978, 24 p.

"Lineaments and Ground-Water Chemistry as Exploration
Tools for Devonian Shale Gas in the Mid-Way Extra Field
of West Virginia." Beebe, R.R., H.W. Rauch.

"A Study of Hydrogeologic Trends in Exploration for
Devonian Shale Gas in the Midway-Extra Gas Field of
Putnam County, West Virginia.”" Beebe, Robert R.,

WVU, Dept. of Geol. & Geography, September 1979, 146 p.
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HYDRAULIC FRACTURING

UGR {036

UGR #5129
Paper EGS-23

UGR #5129
Paper EGS-24
UGR #5129
Paper EGS-25

UGR #5129
Paper EGS-26

UGR /5130
Paper EGS-58

UGR {182
UGR #199

UGR #489

IN SITU STRESS

UGR {#030

UGR {108

UGR #116

"Rock Mechanics Studies Related to Massive Hydraulic
Fracturing of Eastern United States Devonian Shales
Final Core Analysis Report." Roberts, L.A., A.S.
Abou-Sayed, E.R. Simonson, R. Lingle, L.M. Buchholdt,
and A.H. Jones, Terra Tek, Inc., TR77-16, March 1977,
64 p.

"Novel Fracturing Treatments in the Devonian Shale."
Cremean, Stephen P.

"Rock Mechanics Aspects of MHF Design in Eastern
Devonian Shale Gas Reservoirs." Jones, A.H., A.S.
Abou-Sayed, L.A. Rogers.

"Tilt Monitoring of Massive Hydraulic Fracture Experi-
ments in Devonian Shale of West Virginia.'" Wood, M.D.

"Results from a MHF Surface Electrical Potential
Mapping Experiment." Schuster, Carl L., Leon J. Keck.

"Investigation of Hydraulie Fracturing Technology in
the Devonian Shale.'" McKetta, Steven T.

"Investigation of Hydraulic Fracturing Technology in
Tight Gas Reservoirs." TForrest, Robert M. and Steven F.
McKetta, Col. GSSC, 1979, 14 p.

"Massive Hydraulic Fracturing Experiments of the
Devonian Shale in Lincoln County, West Virginia."
Cremean, S.P., R.M. Forrest, S.F. McKetta, M.F. Morse,
G.L. Owens, and E.C. Smith, Col. GSSC for USDOE/METC,
METC/CR-79/17, September 1979, 99 p.

"Summary of Devonian Shale Research by Columbia Gas
System Service Corporation Credited Toward ERDA

Contract E(46-1) -8014." Cremean, S.P., R.M. Forrest,
and W.F. Morse, Columbia Gas System Service Corporation,
January 22, 1976, 17 p.

"In Situ Stress Determination in the Devonian Shale

(Ira McCoy 20402) Within the Rome Basin.' Brechtel, C.E.,
A.J. Abou-Sayed, Terra Tek, Inc. and R.J. Clifton,

Brown University, TR76-36, July 1976, 45 p.

"In-Situ Stress Measurement at the MERC Well." Brechtel,
C.E, Terra Tek, Inc., TR78-34, May 1978, 20 p.
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UGR {8129 "Stress Trajectory Simulation Across the Appalachian

Paper EGS-28 Plateau Province in West Virginija.'" Advani, Sunder H.,
et al.

KEROGEN

UGR #121 "Isolation of Kerogen from Eastern Gas Bearing Shale."
Lamey, Steven, and Edward Childers, METC, July 1978,
26 p.

UGR #8129

Paper EGS5-36

UGR {8223

Paper EGS-~34

LINEAMENTS

UGR #063

UGR #123

UGR #5130

Paper EGS5-79

UGR #207 "Bedding Orientation of Middle Mountain Syncline,
Valley and Ridge Province West Virginia." Wilson,
Thomas H., WVU, Dept. of Geol. & Geography, July 1979,
39 p.

UGR {5223

Paper EGS-20

UGR #5223

Paper EGS-24

UGR #227

UGR #231 "The 38th Parallel Lineament in West Virginia."
Werner, Eberhard, W.V.U. Dept. of Geol. & Geography,
In Proceedings of the Second International Conference
on Basement Tectonics, July 13-17, pp. 406-409,

UGR #260

UGR #263

UGR #274

UGR #296

UGR {#406

A-15



UGR {414

UGR #498

MAPS

UGR #MO4

UGR #M19

UGR #M25

UGR

UGR

UGR

UGR

UGR

UGR

UGR

UGR

26

e

#M39

#M40

#iM41

fiM42

#M43

Ma4

"Preliminary Stratigraphic Cross Section Showing
Radiocactive Zones in the Devonian Black Shales in
Southeastern Ohic and West Central West Virginia."
Wallace, Laure G., John B. Roen, and Wallace deWitt,
Jr., USGS, Chart 0C~-83, 1977, 1 map.

"Cottageville Gas Field.'" Nuckols, E.B., WVU, no date,
1 map (microfiche).

"Preliminary Structure Map on Base of Huron Shale,
Contour Interval 500 Feet." WVGS, 1978, 1 map (Xerox).

"Preliminary Isopach Map of Lower Huron Shale, Comntour
Interval 50 Feet." WVGS, 1978, 1 map (Xerox).

"Preliminary Isopach Map of Upper Huron Shale, Contour
Interval 25 Feet.'" WVGS, 1978, 1 map (Xerox).

"Stratigraphic Cross Sections, Devonian Clastic Sequence
in Southern West Virginia, Index Map.”" WVGS, January -
1979, 1 map (microfiche).

"Gamma-Ray Log Cross Section of the Middle and Upper
Devonian Clastic Sequence in Southern West Virginia,
Plate 1/A through A'." WVGS, January 1979, 1 map
(microfiche).

"Gamma-Ray Log Cross Section of the Middle and Upper
Devonian Clastic Sequence in Southern West Virginia,
Plate 2/B through B'." WVGS, January 1979, 1 map
(microfiche).

"Gamma—~Ray Log Cross Section of the Middle and Upper
Devonian Clastic Sequence in Southern West Virginia,
Plates 4/D through D' and 3/C through C'." January
1979, 1 map (microfiche).

"Isopach Map of Radioactive Shale in Cleveland Member

of Ohio Shale, Contour Interval 25 Feet." Maps with and
without coordinates (M43 and M43a), Schwietering, Joseph
F., WVGS, January 1979, 1 map (microfiche).

"Isopach Map of Radiocactive Shale in Huron Member of

Ohio Shale, Contour Interval 25 Feet.'" Schwietering,
Joseph F., WVGS, December 1978, 1 map (microfiche).
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UGR IM45 "Isopach Map of Radioactive Shale in Huron Member of
Ohio Shale, Contour Interval 50 Feet." Schwietering,
Joseph F., WVGS, December 1978, 1 map (microfiche).

UGR {M46 "Structure Contour Map on Base of Cleveland Member of
Ohio Shale, Contour Interval 100 Feet." Schwietering,
Joseph F., WVGS, December 1978, 1 map (microfiche).

UGR #M47 "Structure Contour Map on Base of Huron Member of
Ohioc Shale, Contour Interval 100 TFeet." Schwietering,
Joseph F., WVGS, December 1978, 1 map (microfiche).

UGR #M48 "Structure Contour Map on Base of Cleveland Member of
Ohio Shale, Contour Interval 500 Feet.' Schwietering,
Joseph F., WVGS, January 1979, 1 map (microfiche),

UGR #M49 "Structure Contour Map on Base of Huron Member of
Ohio Shale, Contour Interval 500 Feet.'" Schwietering,
Joseph F., WVGS, December 1978, 1 map (microfiche).

UGR #M50 "Structure Contour Map on Base of Genesee Formation,
Contour Interval 100 and 500 Feet." Schwietering,
Joseph F., WVGS, January 1979, 1L map (microfiche).

UGR #M51 "Isopach Map of Radiocactive Shale in Genesee Formation,
Contour Interval 25 Feet." Schwietering, Joseph F.,
WVGS, January 1979, 1 map (microfiche).

UGR {#M52 "Structure Contour Map on Base of West Falls Formation,
Contour Interval 100 Feet," Schwietering, Joseph F.,
WVGS, January 1979, 1 map (microfiche).

UGR {M53 "Isopach Map of Radioactive Shale in West Falls Formation,
Contour Interval 25 Feet.' Schwietering, Joseph F., WVGS,
January 1979, 1 map (microfiche).

UGR M54 Structure Contour Map on Base of Java Formation,
Contour Interval 100 Feet." Schwietering, Joseph F.,
WVGS, January 1979, 1 map (microfiche).

UGR #M55 "Isopach Map of Radioactive Shale in Java Formation,
Contour Interval 25 Feet." Schwietering, Joseph F.,
WVGS, January 1979, 1 map (microfiche).

UGR #M56 "Structure Contour Map on Base of Sonyea Formation,
Contour Intexrval 100 Feet." Schwietering, Joseph F.,
WVGS, January 1979, 1 map (microfiche).

UGR #M57 "Isopach Map of Radioactive Shale in Sonyea Formation,

Contour Intermval 25 Feet." Schwietering, Joseph F.,
January 1979, 1 map (microfiche).
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UGR

UGR

UGR

UGR

UGR

UGR

UGR

UGR

#M58

#M68

#M100

#M106

#M153

#M154

#M155

#M156

"Isopach Map of Radioactive Shale in Hamilton Group,
Contour Interval 25 Feet." Schwietering, Joseph F.,
WVGS, January 1979, 1 map (microfiche).

"Landsat Lineaments in Parts of West Virginia, Kentucky,
Ohio and Virginia.'" Colton, George W., USGS, 1 map
(microfiche) and 3 p. notes.

"Devonian Shale Production and Potential Maps, West
Virginia." WVGS, July 1958, 54 maps (plates).

"Joint Patterns in Six Lithologies in the Clarksburg
19 x 2° Quadrangle, West Virginia, Ohio, and
Pennsylvania." Perry, William J. Jr., and David G.
Becker, USGS, Open File Reports, 1980, 1 map.

"Preliminary Cross Section (A-D-A') of Middle and
Upper Devonian in West Virginia." Neal, Donald W.,
WVGS, METC/EGSP Series No. 205, 1980, 1 map.

"Preliminary Cross Section (A'-B'-D") of Middle and
Upper Devonian in West Virginia." Schwietering,
Joseph F., WVGS, METC/EGSP Series No. 211, 1980, 2 maps.

"Preliminary Cross Section (B-D'-B') of Middle and
Upper Devonian in West Virginia." Schwietering,
Joseph F., WVGS, METC/EGSP Series No. 209, 1980, 2 maps.

"Preliminary Cross Section (D-D') of Middle and
Upper Devonian in West Virginia." Schwietering,
Joseph F., WVGS, METC/EGSP Series No. 207, 1980, 2 maps.

MATHEMATICAL MODELING

UGR

UGR

#406

#495

MIDDLE MOUNTAIN SYNCLINE

UGR

#207

UGR #498

MIDWAY EXTRA GAS FIELD

UGR

Paper EGS-20

#5223

UGR #8223

Paper EGS-37

UGR # 227

UGR # 442
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MODELING

UGR #5129
Paper EGS-28

UGR #S223
Paper EGS-25

UGR #5223 "The Characterization of the Production Mechanism

Paper EGS-29 in the Devonian Shale and its Sensitivity to Change
in Various Reservoir Parameters.'" Ford, W.K.

UGR #406

UGR #419

UGR #495

UGR #498

OIL. PRODUCTION

UGR #419

OSTRACODES

UGR #109 "Ostracode Biostratigraphy in the Bottom 395 feet
of CGTC Well No. 20403, Lincoln County, West Virginia.'
Warshauer, Steven M., WVGS, July 15, 1978, 11 p.

UGR #251

PALEONTOLOGY

UGR #035 "Mountain State Geology." Erwin, Robert B., WVGS,
December 1977, 59 p.

UGR #109

UGR #158

UGR #251

UGR #419

PARSON'S LINEAMENT

UGR #169

UGR #8223
Paper EGS-24
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UGR #8223
Paper EG5-32

UGR #260
UGR #263

UGR #498

PETERSBURG LINEAMENT

UGR #8223
Paper EGS-24

UGR #260
UGR #263
UGR #296
UGR 498
PETROGRAPHY
UGR #021

UGR #5129
Paper EGS-17

UGR #8130
Paper EGS-62

UGR #278
PETROLOGY

UGR #S008
Paper 1T

UGR #069

UGR #S129
Paper EGS5-17

"A Petrologic Study of the Devonian Shales from
Central Tennessee and West Virginia." Jojok, Sumartojo,
Peter Waldstein.

See UGR #069.

"'Stratigraphy and Petrology of the Devonian Brown
Shale in West Virginia." Patchen, Douglas G., and
Richard Larese, WVGS, In Proceedings of the Seventh
Annual Appalachian Petroleum Geology Symposium,
March 1-4, 1976, pp.4-19.
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UGR #5129
Paper EGS-42

UGR #138

UGR #157

UGR #171

UGR #8223
Paper EGS-10

UGR #359

UGR {495

REMOTE SENSING

UGR #196
UGR #414

ROME THROUGH

UGR #030

UGR #5129
Paper EGS-32

UGR #5130
Paper EGS-60

"Petrology of Lower Huron Devonian Shale, Columbia
Gas Transmission Co. Well No. 20403, Lincoln County,
West Virginia.” Vinopal, Robert J.

"Report of Petrologic Characterization of Lincoln Co.,
(Columbia Gas Transmission Co. Well No. 20403)." Erwin,
Robert B., WVGS, Preliminary Report Submitted to USDOE,
Januvary 1979, 203 p.

"Report of Petrologic Characterization of Jackson 1369
(Columbis Gas Transmission Co. Well No. 11940)." Erwin,
Robert G., WVGS, no date 140 p.

"Report of Petrologic Characterization of Jackson 1371
(Consolidated Gas Supply Co. Well 12041)." Erwin,
Robert B., WVGS, April 1979, 109 p.

SEDIMENTATION MODEL

UGR #419

SEISMIC STUDIES

UGR #8129
Paper EGS-2
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UGR #S130
Paper EGS-77

UGR #464

STRATIGRAPHY

UGR #5008
Paper TII

UGR #s008
Paper 1V

UGR #009

UGR #022

UGR #025

UGR {035
UGR {069
UGR {099
UGR {107

UGR #113

UGR #8129
Paper EGS-9

URG #5129
Paper EGS-12

UGR #5129
Paper EGS-15

UGR #5129
Paper EGS-41

"Three Lick Bed: Useful Stratigraphic Market in
Upper Devonian Shale in Eastern Kentucky and Adjacent
Areas of Ohio, West Virginia, and Tennessee." Provo,
Linda J., Roy C. Kepferle, and Paul Edwin Potter,

U. of Cin. and USGS, MERC/CR-77-2, no date, 56 p.

"Lithologic Description of Cored Wells No. 20402 and

No. 20403 in the Devonian Shale in Lincoln County,

West Virginia." Byrer, C.W., M.K. Vickers, 5.J. Rhoades,
and B.G. Easterday, MERC/TPR-76-9, October 1976, 58 p.

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

"Preliminary Model of Catskill Delta in West Virginia."
Schwietering, Joseph F.

"Devonian Harrel and Millboro Shales in Parts of Pennsyl-
vania, Maryland, West Virginia, and Virginia." Hasson,
Kenneth 0., John M. Dennison.
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UGR {5130
Paper EGS-56

UGR #8130
Paper EGS~60

UGR #5130
Paper EGS-75

UGR #S130 "Tully (?) Limestone and Hamilton Group in North-Central

Paper EGS-84 and East-Central West Virginia." Schwietering, Joseph F.,
Donald W. Neal, Mary E. Dowse. _

UGR #138

UGR #157

UGR #171

UGR #209

UGR #8223
Paper EGS-26

UGR #5223
Paper EGS-27

UGR #264

UGR #276

UGR #5357

Paper SPE/DOE

8953

UGR #358

UGR #359

UGR {360 "Stratigraphic Description of DOE/EGSP Core 41 (W.V.5)
Point Pleasant, WV." Rhoades, Stewart, Brian Easterday,
Mike Vickers, George R. Clarkson, Keith Hallorhan, and
Steve Gerrard, WVGS, June 1980, 12 p.

UGR #361

UGR #362

UGR #408

UGR #410

UGR #419
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UGR #442
UGR #495

UGR #498

STRUCTURAL GEOLOGY

UGR #063
UGR #101
UGR #102
UGR #107

UGR #8129

Paper EGS-32

UGR {8129

Paper EGS-36

UGR #S130

Paper EGS-76

UGR #5130

Paper EGS-77

UGR #180
UGR #207

UGR #8223

Paper EGS-10

UGR #8223

Paper EGS-32

UGR {8223

Paper EGS-37

UGR #442
UGR {#464

UGR {498

THERMAL MATURITY

UGR #419
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THREE LICK BED

UGR #009

VALLEY AND RIDGE

UGR #498
WELL LOGS

UGR #L072

UGR #L074

UGR #L075

UGR #1076

UGR {#L0O77
UGR #1080
UGR #L089
UGR #L090

UGR #L146

"Jackson County, West Virginia, W.B. Barmett No. 12501
Well (Logs)." Consolidated Gas Supply Corporation,
1978: coMpP. D, DI, 3D, FIL, N, S. Logs for 12501 can
also be found under UGR #274, new longs include: BORND,
DC.

"Lincoln County, West Virginia, Col., GTC No. 20402
Well (Logs)." Columbia Gas Transmission Corporation,
1976: AMP, BOND, C, COMP, D, DI, 3D, EP, GR, I, LL, MLL,
N, S, T, TDT.

"Lincoln County, West Virginia, Col. GIC No. 20401

Well (Logs).'" Columbia Gas Transmission Corporation,
1976: BOND, C, D, DI, DLL, 3D, EP, GR, I, MLL, N, S, SIB,
I, TDT.

"Lincoln County, West Virginia, Col. GTC NO. 20403
Well (Logs).'" Columbia Gas Transmission Corporatiom,
1976: BOND, C, COMP, D, DI, DIP, 3D, GR, LL, MLL, N,
NOISE, S, SIB, T, TDI.

"Mason County, West Virginia, D/K Farm No. 3 Well
(Logs)." Reel Drilling Company, 1978: AMP, COMP, D,
pc, DI, 3D, FIL, GR, I, MLL, N, S, SIB, T, VD, WTP.

"Jackson County, West Virginia, Con. GSC No. 12041
Well (Logs).'" Consolidated Gas Supply Corporatiom,
1975: ¢, D, CR, I.

"Jackson County, West Virginia, L.A. Baler, N. 11940
(Logs)." Consolidated Gas Supply Corporation, 1975:
D, E, GR, I, N, T.

"Monongalia County, West Virginia, MERC No. 7 Well
(Logs)." U.S. Dept. of Energy, 1978: AMP, COMP, DC,
DI, DIR, FIL, MLL, VD.

"Lincoln County, West Virginia, PTC No. 1 Well (Logs).™

Petroleum Technology Corporation, 1977: C, CCL, D. I,
N.

A-25



UGR #L147 "Lincoln County, West Virginia, PTC No. 2 Well (Logs)."
Petroleum Technology Corporation, 1977: D, E, GR, I, N,

SIB, T.

UGR {1148 "Lincoln County, West Virginia, PTC No. 3 Well (Logs)."
Petroleum Technology Corporation, 1977: D, GR, I, N.
S, T.

UGR {#L152 "Wetzel County, West Virginia, H. Emch & A Pyles Unit

No. 1 Well (Logs)." Mobay Chemical Corporation, 1978:
CCL-PR, D, DLL, FIL, N, S.

WELL REPORTS, CORE GEOLOGY AND CHEMISTRY

UGR {007

UGR #013

UGR {020

UGR {#021

UGR {025

UGR #030

UGR #032 "Environmental Impact Assessment for the Proposed MERC-1
Gas Well to be drilled at the Morgantown Energy Research
Center, Morgantown, WV.' DOE/MERC, January 1978, 59 p.

UGR #036

UGR {052

UGR #099

UGR #108

UGR {113

UGR 121

UGR #124

UGR #127

UGR {128

UGR #5129
Paper EGS-16

UGR #5129
Paper EGS-17
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UGR #5129
Paper EGS-42

UGR #5130 "Deep Devonian Shale Gas Test in Northern West Virginia."
Paper EGS-71 Frohne, K-H.

UGR #1131

UGR #138

UGR #150

UGR #158

UGR #168

UGR #171

UGR #176

UGR #194

UGR #211

UGR #213

UGR #251

UGR #259

UGR #276

UGR #354 "“Cliffs Minerals, Inc. Eastern Gas Shales Project,
West Virginia Well #5 - Mason County, Phase II and
Phase III Reports.' Preliminary Laboratory Results
and Summary of Testing Results, Cliffs Minerals, Inc.,
October 1979 and June 1980, 66 p. plus 1 plate and
44 p. .

UGR #355 "Cliffs Minerals, Inc. Eastern Gas Shales Project,
West Virginia Well #6 - Monongalia County, Phase
IT Report." Preliminary Laboratory Results, Cliffs
Minerals, Inc., March 1980, 40 p. plus 1 plate.

UGR #356 "Cliffs Minerals, Inc. Eastern Gas Shales Project,

West Virginia Well #7, Phase I Report." Field
Operations, Cliffs Minerals, Inc. no date, 8 p.

UGR #358
UGR {359

UGR #360
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UGR #362

UGR

UGR

UGR

UGR

#408
#410
446

#495

WELL STIMULATIONS AND TESTING

UGR

UGR

UGR

UGR

UGR

UGR

UGR

UGR

UGR

Paper EGS-21

UGR

Paper EGS-23

- UGR
Paper EGS-24

UGR

Paper EGS-25

UGR

Paper EGS-26

#007
#010

#017

#031

#033

#036
#112
#116

#5129

#5129

#5129

#5129

#5129

UGR #5130

Paper EGS-58

"Devonian Shale-Fracturing Fluids Studies.'" Chenevert,
Martin E., Chenevert & Associates, Inc., Final Report,
September 9, 1977, 24 p.

"DOE-METC Gas Well Testing Service Contract No.
EW-78-C-21-8096, Well Test Analysis for Pacifice
States Gas and 0il Company L. Bonnet No. 1 Well."
Gruy Federal, Inc., 2 Vols., December 6, 1978, 111 p.

"Test Prognosis for Pacific States Gas and 0il Company
Well, Gilmer County, West Virginia.'" Gruy Federal, Inc.
February 1979, 10 p.
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UGR #5130
Paper EGS-71

UGR #5130
Paper EGS-72

UGR #143
UGR #182
UGR #186
UGR #199

UGR #5223
Paper EGS-29

UGR #245

"UGR #274
UGR #322

UGR {8357

Paper SPE/DOE

8960
UGR #379
UGR #489

UGR #502

"DOE~METC Gas Well Testing Service Contract No.
DE~AC21-78MC08096, Well Test Analysis for Morgantown
Energy Technology Center No. 1 Well." Gruy Federal,
Inc., 2 Vols., November 6, 1979, 43 p.

"Test Results of Stimulated Wells in Devonian Shales."
Kumar, R.M., J.H. Harsock, K-H. Frohne.

WIRELINE LOG STUDIES

UGR #8129
Paper EGS-9

UGR #5129
Paper EGS-19
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APPENDIX
EVALUATION OF
DEVONIAN SHALE POTENTIAL
IN THE
APPATACHIAN 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.



APPALACHIAN BASIN REFERENCES

BRALLIER INFORMATION

UGR #S130 "Preprints for Second Eastern Gas Shales Symposium."
Paper EGS-56 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. Samuels, Wayne A. Pryor.

UGR #319 "Sedimentology, Petrology, and Gas Potential of the
Brallier Formation - Upper Devonian Turbidite Facies
of the Central and Southern Appalachians." ILundegard,
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 "Proceedings, First Eastern Gas Shales Symposium,
Paper EGS-40 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 #CO054 "Characterization and Analysis of Devonian Shales as
Related to Release of Gaseous Hydrocarbons.' Battelle
Columbug Laboratories Quarterly Reports (DE-AC21-76MC
05205): 78Ql1, Q2-2, Vols., Q3, Q4, 79Q1, Q2.

UGR #CO55 "Study of Hydrocarbon-Shale Interaction." Juniata
College Quarterly and Annual Reports (DE-AS05-76MC
05197) : 77Ql, Q3, Q4, A77, 7802, Q4-4 Vols., 79Ql-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, 78Ql, Q2, Q3, Q4, 79Ql, Q2,
Q3, Q4, 80Ql, 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-
76MC05201) : 77Q3, 78Q2, Q4, A78, 79Ql, Q2, Q3.

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) : A78.
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GAMMA-RAY LOG CROSS SECTION OF
MIDDLE AND UPPER DEVONIAN CLASTIC SEQUENCE

IN SOUTHERN WEST VIRGINIA
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