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CHAPTER D—A DIGITAL RESOURCE MODEL OF
THE MIDDLE PENNSYLVANIAN UPPER FREEPORT
COAL BED, ALLEGHENY GROUP, NORTHERN
APPALACHIAN BASIN COAL REGION

By Leslie F. Ruppert,! Susan J. Tewalt,' Rachel N. Wallack,? Linda J. Bragg,! David K. Brezinski,?
Richard W. Carlton,* David T. Butler,> and Fred J. Calef, I11°

ABSTRACT

The Middle Pennsylvanian Upper Freeport coal bed is a
significant resource in the northern Appalachian Basin coal
region. In 1998, the Upper Freeport coal bed was ranked
fourteenth among producing coal beds in the United States
and third in the northern Appalachian Basin coal region.
The resource model for the Upper Freeport coal bed is based
on comprehensive stratigraphic and geochemical digital
databases and geographic information system (GIS) cover-
ages of the coal bed. The resource model indicates that the
Upper Freeport coal bed originally contained 34 billion
short tons of coal, and currently, less than 31 billion short
tons remain. However, most of the remaining coal does not
meet year 2000 emission requirements which mandate that
emissions do not exceed 1.2 pounds of sulfur dioxide (SO,)
per million British thermal units (Btu) (0.6 pounds of sulfur
per million Btu). Remaining coal resources are generally
thinner, deeper, and more costly to mine than coal that has
already been mined.

1U.S. Geological Survey, MS 956, Reston, VA, 20192.

2Current address: Intertox, Inc., 2819 Elliott Avenue, Seattle, WA 98121.
3Maryland Geological Survey, 2300 St. Paul Street, Baltimore, MD 21218.
4Ohio Division of Geological Survey, retired

5Current address: MTA, Inc./Earth Tech, Inc., 5575 DTC Parkway, Suite
200, Englewood, CO 80111.

6CH2M Hill, 625 Herndon Parkway, Herndon, VA 20170

Any use of trade, product, or firm names is for descriptive purposes only
and does not imply endorsement by the U.S Government.

INTRODUCTION

The Middle Pennsylvanian Upper Freeport coal bed
(fig. 1) is located in the northern Appalachian Basin coal
region (fig. 2) and has been extensively mined for nearly
200 years in both underground and surface operations. As of
1998, it remained the third most productive coal bed in the
northern Appalachian Basin coal region and the fourteenth
largest producing coal bed in the United States (Freme and
Hong, [1999]). Throughout most of the region, the Upper
Freeport coal bed is a medium-volatile steam and coking
coal with medium to high ash yield and sulfur content. In
contrast to the more areally consistent Lower Kittanning
and Pittsburgh coal beds, minable coal deposits identified as
belonging to the Upper Freeport coal bed exist in irregular-
ly shaped pods that rarely exceed 15 mi in lateral extent.

The Upper Freeport coal-bed assessment area covers
more than 14,000 mi*> and parts or all of 55 counties in
Pennsylvania, West Virginia, Ohio, and Maryland (fig. 3).
The coal bed extends from Clearfield County, Pa., in the

This chapter, although in a U.S. Geological Survey Professional Paper, is
available only on CD-ROM and is not available separately.

This chapter should be cited as:

Ruppert, L.F., Tewalt, S.J., Wallack, R.N., Bragg, L.J., Brezinski, D.K.,
Carlton, R.W., Butler, D.T., and Calef, F.J., III, 2001, Chapter D—A
digital resource model of the Middle Pennsylvanian Upper Freeport
coal bed, Allegheny Group, northern Appalachian Basin coal region, in
Northern and Central Appalachian Basin Coal Regions Assessment
Team, 2000 resource assessment of selected coal beds and zones in the
northern and central Appalachian Basin coal regions: U.S. Geological
Survey Professional Paper 1625-C, CD-ROM, version 1.0.
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Figure 1. Generalized stratigraphic chart showing relative posi-
tions of the six top-producing coal beds or zones assessed in this
study. The Lower Kittanning coal bed was assessed for areal
extent and geochemistry only. All six coal beds are Pennsylvanian
in age.

east to Lawrence County, Ohio, in the west. The northern-
most occurrence of the Upper Freeport coal bed is Elk
County, Pa., and the southernmost occurrence is Lawrence
County, Ohio. The coal bed may extend further to the south
into southern West Virginia and eastern Kentucky but strati-
graphic correlations are highly uncertain and do not warrant
extrapolation south of the areas shown on figure 3 at this
time.

There are numerous publications, dissertations, theses,
open-file reports, and maps that include information on the
Upper Freeport coal bed (see Appendix 1). None of these
publications encompass the scope of the present regional,
bed-specific assessment. Because of the variable character
of different Upper Freeport pods or deposits, only a few
citations are appropriate in this overview. Among these are
several benchmark geologic studies that were conducted in
cooperation with the coal industry during the late 1970’s
and early 1980’s (Pedlow, 1977; Clark, 1979; Hohos, 1979;
Sholes and others, 1979; Cecil and others, 1981; Skema and
others, 1982).

The coal resource assessment of the Upper Freeport
coal bed was conducted by the U.S. Geological Survey
(USGS) in cooperation with the Pennsylvania Bureau of
Topographic and Geologic Survey (PAGS), the West
Virginia Geological and Economic Survey (WVGES), the

Ohio Division of Geological Survey (OGS), and the
Maryland Geological Survey (MGS).
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GEOLOGY

GEOLOGY OF THE ALLEGHENY GROUP

The Upper Freeport coal bed was described first from
exposures along the Allegheny River near the town of
Freeport, in Armstrong County, Pa. (Rogers, 1858). The top
of the Upper Freeport coal bed is used throughout the north-
ern Appalachian Plateaus as the stratigraphic contact
between the Middle Pennsylvanian Allegheny Group and
the overlying Upper Pennsylvanian Conemaugh Group (fig.
4). The contact is inferred where the coal bed is thin or
absent. The coal-rich Allegheny Group, termed the Lower
Productive Measures or Lower Coal Measures by early
workers (Rogers, 1858), overlies the Pottsville Group,
which is mostly Middle Pennsylvanian in age in western
Pennsylvania (fig. 4).
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Figure 2. Map showing location of the northern, central, and southern coal regions in the Appalachian Basin. In 1998, over 50 coal beds
from these two regions produced about 40 percent of the Nation’s coal (Energy Information Administration, 1998).

In the study area, the Allegheny Group ranges from
approximately 200 to 300 ft in thickness. The rocks are ter-
restrial to marine in origin and consist of claystone, silt-
stone, sandstone, conglomerate, coal, ironstone, and fresh-
water to marine limestone units. The units were deposited
mainly by northeastwardly prograding depositional systems
within a foreland basin adjacent to the Allegheny fold and
thrust belt during Middle Pennsylvanian time (Ferm, 1970,
1974; Donaldson, 1974; Donaldson and Shumaker, 1981).
Seven principal coal beds (which are, in ascending strati-
graphic order, the Brookville, Clarion, Lower Kittanning,
Middle Kittanning, Upper Kittanning, Lower Freeport and
Upper Freeport coal beds and (or) their approximate strati-
graphic equivalents (fig. 4)) are mined in the Allegheny
Group in the study area of this report. The five latter coal

beds tend to be regionally extensive. In contrast, none of the
coal beds of the overlying Conemaugh Group are of region-
al economic significance. The paucity of economic coals led
earlier workers to refer to the Conemaugh Group as the
Lower Barren Measures (Rogers, 1858).

White (1925), and later Cecil and others (1985) and
Cecil (1990), suggested that the absence of economic coal
overlying the Allegheny Group may have been climatically
controlled. Cecil (1990) postulated that thick and areally
extensive peat deposition occurs in tropical climates where
sediment and dissolved solid loads in rivers and streams are
low. These conditions, which were prevalent in the
Appalachian Basin in the Early Pennsylvanian and early
Middle Pennsylvanian (fig. 5), resulted in abundant low-
sulfur coal beds. The Upper Freeport coal bed, which con-
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Figure 3. Map showing extent of the Upper Freeport coal bed (shaded). The Upper Freeport coal bed covers more than 14,000 mi? and
parts or all of 55 counties in Pennsylvania, West Virginia, Ohio, and Maryland. The coal bed may extend southward into eastern Kentucky
but correlations are highly uncertain and were not extrapolated south of the areas shown here.

tains moderate sulfur (mean value of 2.24+1.02 weight per-
cent, as-received basis), formed during the transition to a
drier but humid, more seasonal climate in the late Middle
and Late Pennsylvanian. Coal formed in more seasonal cli-
mates tends to have statistically higher ash yield and sulfur
content than coal that formed in more ever-wet tropical cli-
mates (Cecil and others, 1985).

GEOLOGY OF THE UPPER FREEPORT COAL BED

The Upper Freeport coal bed consists of multiple
minable coal bodies that are distinctly pod shaped in cross
section and are separated by broad areas where the coal is

very thin or absent (fig. 6). Even within individual pods of
thick coal there are areas of little or no coal where contem-
poraneous channels prevented peat accumulation or subse-
quent fluvial channels scoured or completely removed the
peat. The Upper Freeport coal pods are irregular in outline
and measure from 2 to 20 mi? in areal extent. In an unpub-
lished dissertation based upon confidential industry data,
Pedlow (1977) described thick coal in western Pennsylvania
as peat islands; subsequent reports that utilized these data
(Knapik, 1981; Ferm and Staub, 1984) disclosed that the
coal was the Upper Freeport.

Thick deposits of Upper Freeport coal consist of multi-
ple coal facies (fig. 7), or megascopically recognizable sub-
units or benches, that are separated generally by thin part-



Figure 4. Stratigraphic chart showing the position of the Upper Freeport coal
bed (highlighted in red). Coal beds are shown by thick, black lines. The
Upper Freeport coa bed is stratigraphically at the boundary between the
Middle Pennsylvanian Allegheny and Upper Pennsylvanian Conemaugh
Groups throughout most of the Appalachian foreland basin in Pennsylvania,
West Virginia, Ohio, and Maryland. The top of the Allegheny Group is
defined as the top of the Upper Freeport coal bed in al four States, and as a

PRINCIPAL ROCK STRATIGRAPHIC UNITS
= o
ol I
Bl E 8 WESTERN PENNSYLVANIA WEST VIRGINIA OHIO MARYLAND
> | w
Q
ol ® Modified from Martino and others (1996) Modified from Sholes and others (1979) Modified from Couchot and others (1980) Modified from Lyons and Jacobsen (1981)
2
=|& | ¢
S|
| O §
w| < 2
CS =)
o - Washington coal
< Waynesburg coal Waynesburg coal Waynesburg coal Waynesburg coal
E Uniontown coal == Uniontown coal — Uniontown coal Uniontown coal
<
) Sewickley coal = Meigs Creek coal Meigs Creek coal
8
2
o Redstone coal Redstone coal = Redstone coal Redstone coal
x| = Pittsburgh coal ﬂbumh coal |\l Pittsburgh coal Pittsburgh coal
w
= Morantown coal )
=) Skelley limestone
ﬁ Ames Limestone Ames Limestone Ames Limestone Ames Limestone
> 3 Zrielndsvillelshale . ; Zrie;vdsvillelshale
arlem coa arlem coa Hin [ arlem coa
‘E" E Upper Bakerstown coal Portersville limestone Upper Bakerstown coal
< o Pine Creek limestone Cambridge limestone Cambridge limestone
2 (%) Brush Creek Limestone Brush Creek Limestone Brush Creek Limestone
& Brush Creek coal -l Brush Creek coal —| Brush Creek coal
2 Mahoning coal Mahoning coal Mahoning coal
&
o
>
2
w
I
Q
=
al =
=]
=
w
-
=
>
»n
E
o
o

result, the coal has been projected as the group boundary in many areas where
it is thin or even absent. (All names are informal unless the rank term’s first
letter is capitalized. Rank terms (such as Group, Formation, or Member) were
chosen to ensure uniformity in entering data into the stratigraphic database.
Uses of these terms do not constitute formal changes in the status of a strati-
graphic unit name.)

d349 V0D 190d334d d3ddN ‘d 431dVHO

sd



CHAPTER D: UPPER FREEPORT COAL BED D6

s PALEOCLIMATE
w |
A GROUP ARID TROPICAL
= |G RAINY
DUNKARD (part)
E MONONGAHELA
[ conemaugH
2
2 ALLEGHENY RAINFALL
-
S
2|y
=)
g a
2=
= POTTSVILLE
e |
w
; A
3
-

Figure 5. Chart showing paleoclimatic conditions during the
Pennsylvanian. Paleoclimatic conditions are thought to control the
distribution of thick and laterally extensive minable coals in the
Appalachian Basin coal regions. Based on the distribution of sili-
ciclastic and chemical rocks, Cecil and others (1985) and Cecil
(1990) have suggested that climatic conditions in the Early and
lower Middle Pennsylvanian changed from ever-wet to seasonally
wet and drier in the upper Middle Pennsylvanian. The Upper
Freeport coal bed was deposited in the transitional, but drier, upper
Middle Pennsylvanian (modified from Cecil, 1990).

ings of carbonaceous claystone. The upper parting (fig. 7) is
regionally persistent in the northern Appalachian Basin coal
region and is thought to represent an extensive flooding
event. Peat accumulation continued in some areas where
there was protection from active sedimentation. This
allowed thick, minable pods of coal to form, which are now
recognized as the upper coal facies. The coal generally
becomes dull in luster upwards and, where not scoured by
clastic deposits, is overlain by several inches of bone coal.
Nearly all thick deposits of Upper Freeport coal are
overlain closely or directly by sandstone deposits (fig. 8), a
factor that hinders both underground and surface mining.
Channels within these sandstone deposits may scour down-
ward and remove part or all of the coal bed. These features
are known by many mining terms (faults, roof rolls,
washouts, cutouts). Because these features can be of very
limited extent, they often cannot be detected or defined by
exploration drilling. In underground mines, the roof may
become incompetent when mudstones between the top of
the coal and the base of the overlying sandstone have under-

gone compactional stress. Additional roof-control problems
may occur in areas where channel deposits are present close
to the top of the coal. Basal channel conglomerate, channel-
bank slumps, and channel-fill mudstone are among the
channel-related deposits that are difficult, if not impossible,
to support.

Variation in Upper Freeport coal quality corresponds to
coal-bed geometry (Pedlow, 1977; Cecil and others, 1981).
Both sulfur content and ash yields are elevated in the bot-
tom and top parts of the seam and increase abruptly
throughout the seam toward the margins of the peat islands.
Within the Upper Freeport pods, coal quality also diminish-
es sharply in areas adjacent to coal-seam discontinuities that
are related to contemporaneous or subsequent channels
(Kertis, 1984; Ruppert and others, 1991).

The distribution of thick Upper Freeport coal deposits
may have been influenced by deep-seated structures that
influenced topography during the Middle Pennsylvanian
(Root and Hoskins, 1977; also see Chapter B, this report).
Similar tectonic features and their relation to coal occur-
rences and coal quality have been documented in the central
and southern Appalachian Basin coal regions (Weisenfluh
and Ferm, 1984; Staub, 1985; Ferm and Weisenfluh, 1989;
Staub and others, 1991). In the northern Appalachian Basin
coal region, structural influence is most evident in Ohio,
where several major transcurrent features coincide with
lithofacies changes in the Upper Freeport coal bed interval
and other parts of the Allegheny and Conemaugh Groups
(Root, 1992, 1996). Subsequent folding in Pennsylvania,
West Virginia, and Maryland may mute the expression of
similar structural patterns in these regions.

Several modern analogues have been offered as models
for the development of the Upper Freeport coal bed
(Pedlow, 1977; Clark, 1979; Hohos, 1979; Cecil and others,
1981; Kertis, 1984) but thus far, no single analogue has pro-
vided the combination of tectonic, climatic, and deposition-
al regimes that adequately characterize the upper Allegheny
Group of the northern Appalachian Basin coal region.

MINING HISTORY

The Upper Freeport coal bed was first mined commer-
cially in the northern Appalachian Plateaus during the mid-
dle 19th century in scattered small underground mines for
local use. By the turn of the century, the Upper Freeport coal
bed was mined at numerous locations in drift, slope, or shaft
mines, mostly to serve the burgeoning coke and steel indus-
try. Company towns (fig. 9) spread quickly and attracted
skilled British miners and, later, immigrants from other
European nations. In the late 19th and early 20th century,
most of the towns were located on rail lines. In Ohio, com-
paratively little Upper Freeport coal was used in coke man-
ufacturing because of impurities; rather, it was used mainly
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Figure 7. Stratigraphic column showing coal-bed facies. These megascopically recognizable subunits within the coal
reflect changing environmental conditions within the Upper Freeport paleoswamp. The Upper Freeport coal formed on
a rooted and weathered soil and was initially fed by ground water (lower bench). Drowning of the peat swamp, as indi-
cated by the persistent parting at the top of the lower bench, ended peat deposition except in areas protected from sili-
ciclastic input. Where peat deposition resumed, additional facies of thick coal formed the top bench of coal.
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Figure 8. Photograph of the Upper Freeport coal bed in
Pennsylvania. Person is pointing to the upper contact of the coal
bed. Note the overlying sandstone. (Photograph courtesy of
James Shaulis, Pennsylvania Bureau of Topographic and
Geologic Survey.)

as a fuel by the railroads and the ceramic industry. The early
1900’s saw the rise of several major coal companies that
bought or otherwise consolidated vast numbers of small
operators in the northern Appalachian Basin coal region.
These large companies fostered increased mechanization of
underground mining (fig. 10), a trend that started in the
1920’s and that continues to this day. Mechanization
increased production, required a smaller labor force, and
resulted in lower costs.

Today’s active underground mines in the Upper
Freeport coal bed produce approximately 10.5 million short
tons of coal annually (Energy Information Administration,
1999) with fewer workers than in the past. The Mettiki mine
in Garrett County, Md., mines about 2.7 million short tons
of coal annually and over 11,000 short tons daily (Keystone,
Coal Industry Manual, 1998) with longwall mining meth-
ods. However, most of the underground mines are room-
and-pillar and utilize both conventional and continuous
mining techniques (fig. 11).

Figure 9. Photograph showing a company town. Increased
demand for coal, beginning in the early 20th century, attracted
skilled workers to mine coal. Company towns, such as the one pic-
tured here in Hocking Valley, Ohio, grew up throughout the
Appalachian Basin coal fields. (Photograph courtesy of Douglas
Crowell, Ohio Division of Geological Survey, 1995; reprinted
with permission from the Ohio Historical Society.)

In general, Upper Freeport coal production decreased in
the latter part of the 20th century (fig. 12; Appendix 2). In
1997, about one quarter (4.2 million short tons) of Upper
Freeport coal was produced from surface mines (Energy
Information Administration, 1998). In the last 20 years, the
number of surface mines has decreased because of costs
related to heightened environmental regulations, greater
overburden-to-coal ratios impacting profitability, and mar-
ket changes. With the exception of 1994 and 1995, Upper
Freeport coal production is decreasing overall in
Pennsylvania (Appendix 3), remaining somewhat steady in
West Virginia (Appendix 4), and increasing slightly in Ohio
(Appendix 5) and Maryland (Appendix 6). Upper Freeport
production data, by top-producing counties in each State,
are shown in figures 13 to 16.

COALBED METHANE

There are two coalbed methane (CBM) plays in the
northern Appalachian Basin coal region: the Northern
Appalachian Syncline Play and the Northern Appalachian
Anticline Play (fig. 17; also see Chapter B, this report).
Although the Upper Freeport extends into both plays,
only a few wells in Indiana and Greene Counties, Pa.,
produce limited quantities of CBM. Because the few
exploratory wells that have been drilled in the deeper
parts of the Appalachian Basin did not identify thick
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Figure 10. Photograph showing coal miners loading coal by hand onto a conveyor in 1918. In the 19th century,
most of the mining was done by hand. Mechanization increased rapidly throughout the early 20th century and

led to increased coal production. (Photograph courtesy of Douglas Crowell, Ohio Division of Geological Survey,
1995; originally from The Coal Trade Bulletin, 1918, v. 39, no. 11, p. 47.)

Figure 11. Photograph showing a continuous mining machine in an Upper Freeport coal bed mine, Homer City
region, Indiana County, Pa. Continuous miners were introduced in the late 1940's and are currently used to pro-
duce over 50 percent of the underground coal tonnage mined in the Appalachian Basin (Reid and Richardson,
1995). (Photograph courtesy of Ronald Stanton, USGS.)
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Figure 12. Graph showing recent reported annual production (in thousands of short tons) from the Upper Freeport coal bed in Pennsylvania,
West Virginia, Ohio, and Maryland, assembled from State agencies. In general, Upper Freeport coal-bed production is declining. Sources:
Ohio Division of Labor Statistics (1945-1946, 1947-1965, 1966-1981, 1982-1993), Maryland Bureau of Mines (1969-1995),
Commonwealth of Pennsylvania (1975-1995), Gayle H. McColloch (West Virginia Geological and Economic Survey, unpublished search
of West Virginia Office of Miner's Health, Safety, and Training—Safety Information System (MHST-SIS) database, 1997).
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Figure 13. Graph showing recent reported annual production (in thousands of short tons) from the Upper Freeport coal bed in the five top-
producing counties in Pennsylvania from 1975 to 1995. No data for 1994. Source: Commonwealth of Pennsylvania (1975-1995).
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Figure 14. Graph showing recent reported annual production (in thousands of short tons) from the Upper Freeport coal
bed in the eight top-producing counties in West Virginia from 1982 to 1996. Source: Gayle H. McColloch (West Virginia
Geological and Economic Survey, unpublished search of West Virginia Office of Miner's Health, Safety, and Training—
Safety Information System (MHST-SIS) database, 1997).
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Figure 15. Graph showing
recent reported annual pro-
duction (in thousands of short
tons) from the Upper
Freeport coal bed in the five
top-producing counties in
Ohio from 1945 to 1994.
Tuscarawas and Columbiana
Counties have been the top
producers throughout the
1990's.  Sources:  Ohio
Division of Labor Statistics
(1945-1946,  1947-1965,
1966—1981, 1982-1994).

D12



CHAPTER D: UPPER FREEPORT COAL BED D13

2

S 3,000

S EXPLANATION

S 9500|| ——ALLEGANY COUNTY :

° —=—GARRETT COUNTY

=]

c

S 2,000 .\\/\

>

o

£

= 1,500

S

©

)

S 1,000

o

7; P

©

=]

£ 0“‘\”‘\—!"‘/“\'/5'*:"1111:::

8. o o~ < © o o N < © 0o o ~ -
~ ~ ~ ~ ~ © 0 © <) =] =4 S =3

o 2 222 2 2 2 2 2 =2 2 =2 2

Year

Figure 16. Graph showing recent reported annual production (in thousands of short tons) from the Upper Freeport coal bed in Maryland,
by county, from 1969 to 1995. The Mittiki longwall underground mine, Garrett County, opened in 1985 and is now almost solely respon-
sible for Upper Freeport coal production in the State. Source: Maryland Bureau of Mines (1969-1995).
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Figure 17. Map of part of the Appalachian Basin coal region showing location of coalbed methane plays. The Upper
Freeport coal bed extends over two coalbed methane plays in the northern Appalachian Basin coal region, the Northern
Appalachian Anticline Play (black lines) and the Northern Appalachian Syncline Play (dark blue). Wells in Indiana and
Greene Counties, Pa., have produced limited quantities of coal-bed methane. Modified from Rice (1995).
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Upper Freeport coal deposits, the potential for further
production is minimal.

ASSESSMENT METHODOLOGY

DATABASES

Two databases, a stratigraphic database and a geochem-
ical database, were the primary tools used to assess the
Upper Freeport coal bed. The stratigraphic database, which
was used to construct cross sections and structure-contour
and isopach maps, contains approximately 12,400 drill-
hole, mine, and outcrop descriptions; 1,421 of these records
contain coal elevation data only. Approximately two-thirds
of the records in the stratigraphic database (fig. 18) are pub-
licly available and can be downloaded in ASCII format
from Appendix 7.

The Upper Freeport coal bed geochemical database con-
sists of data for 3,781 analyses (Appendix 8) from in-
ground, mine, run-of-mine, tipple, and delivered samples,
reported on an as-received whole-coal basis. The database
was derived from a variety of sources including the USGS,
the U.S. Bureau of Mines, The Pennsylvania State
University, other Federal and State agencies (see Appendix
10), and company confidential data. About three-fourths of
the 3,781 analyses in the geochemical database are located
by latitude and longitude coordinates; about one-sixth of the
analyses are publicly available and are shown in figure 19.
Locations of the others are considered to be reliable and
accurate to at least a county scale. Two-hundred and fifty-
nine records contain analyses of as many as 86 different
trace elements; the remaining records contain analyses of
ash yield, sulfur content, and gross calorific value (Btu/Ib).
Because many of the Upper Freeport coal bed samples were
collected as subsamples from discrete benches or facies,
they were aggregated to obtain representative analyses of
the entire coal bed chemistry at any one location for the pur-
poses of this study. Additional information on data source,
handling, averaging, and formatting is given in Appendix 9.
The public geochemical records, metadata, and references
shown in Appendixes 8, 9, and 10 can be downloaded in
ASCII format.

GEOGRAPHIC INFORMATION SYSTEM (GIS)

The map that shows the areal extent and mined areas of
the Upper Freeport coal bed (fig. 20) was completed by col-
lecting and digitally converting, transforming, and combin-
ing data from 191 geologic and coal-outcrop paper maps

that ranged in scale from 1:24,000 to 1:500,000 (Appendix
11). One-hundred 1:24,000-scale maps were digitized and
joined to provide continuous coverage of the Upper
Freeport coal bed in Ohio. Seventy-nine 1:24,000-scale
maps likewise were compiled for West Virginia. Maps of
varying scales from ten county reports were digitized to
cover most of the Upper Freeport outcrop in Pennsylvania;
for Beaver, Clearfield, Elk, and Lawrence Counties, the
Allegheny-Conemaugh contact was digitized from the
1:500,000-scale geologic map of Pennsylvania (Berg and
others, 1980). Finally, USGS working maps at 1:24,000
scale and a 1:100,000-scale map of Garrett and Allegany
Counties, Md., were digitized to complete the areal extent
of the Upper Freeport coal bed. Map references are includ-
ed in Appendix 11 and are arranged by State, scale, and
author.

In the central part of the basin where subsurface data are
limited, a thickness boundary of 14 inches (1.17 ft) was gen-
erated from the stratigraphic database to truncate the assess-
ment area. The southern boundaries of Lawrence County,
Ohio, and Upshur County, W. Va., were used to terminate
the extent of the Upper Freeport coal bed for this assessment
because correlations are highly tentative south of these
counties. The resulting areal extent map (fig. 20) was used
to delimit subsequent structure-contour, overburden-thick-
ness, and isopach GIS coverages.

The completeness and accuracy of mined areas shown
for the Upper Freeport coal bed (fig. 20) varies based upon
whether and when mine data were compiled (Appendix 11).
For Ohio, the extent of underground mines was derived
from a series of 1:24,000-scale maps that have been com-
piled by the Ohio Division of Geological Survey; the extent
of surface mining was estimated from disturbed areas
shown on 1:24,000-scale topographic maps and from Ohio
Division of Mines and Reclamation permit maps. Where
available, county reports by the Pennsylvania Bureau of
Topographic and Geologic Survey were used to define sur-
face and underground mining areas in most of western
Pennsylvania. The West Virginia Geological and Economic
Survey plotted maps of mines in West Virginia on 1:24,000-
scale open-file maps through the middle 1980’s. These
maps were digitized and included in the mined-area cover-
age. In all three states, the compilation of mine maps is
incomplete and the currentness of the mine maps is depend-
ent on the date of the mine source and the availablility of
mine maps (Appendix 11).

Mine map compilation is not complete for Garrett
County, Md., and mine maps were not compiled for
Allegany County, Md., and Beaver, Clearfield, Elk, and
Lawrence Counties, Pa. (fig. 3). Additional work by the
State geological surveys and the USGS will correct this
omission in the future.

Structure contours on the top of the Upper Freeport coal
bed (fig. 21) were generated by contouring a grid created
from elevations taken from the stratigraphic database and



CHAPTER D: UPPER FREEPORT COAL BED D15

83° 82° 81°
| |

80° 79° 78°
|

EXPLANATION

Areas where resources are known

ame |+ Stratigraphic data locations

39

20 MILES

Figure 18. Map showing point locations of stratigraphic records that are publicly available and were used to model the coal resources of
the Upper Freeport coal bed. Point identifier or record name, latitude, longitude, coal elevation, and coal thickness for all records can be
downloaded from Appendix 7 in ASCII format. See figure 3 for county names.

digitized lines from published structure-contour maps of the
Upper Freeport coal bed. In Greene County, Pa., where few
control points exist, approximate elevations were derived by
subtracting the total thickness of the Conemaugh Group
(approximately 400 ft) from the top of the Pittsburgh coal
bed (see Chapter C, this report). Lower Freeport and Lower
Kittanning structure-contour maps in Armstrong, Cambria,
Clarion, Elk, Indiana, Jefferson, and Westmoreland
Counties, Pa., were projected (elevations raised) to the
Upper Freeport horizon and used as input. Although the
structure contours were generated at 100-ft intervals, only-
200 ft contours are shown for the sake of clarity.
Approximately 12,000 elevations were used to generate the
map. Elevations for the Upper Freeport coal bed range from
500 ft below sea level in Greene County, Pa., and Wetzel,

Monongalia, and Marion Counties, W. Va., to 3,900 ft above
sea level in Tucker County, W. Va. (fig. 3).

Overburden thickness (fig. 22) was calculated by sub-
tracting the structure-contour grid on the top of the Upper
Freeport coal bed from a topographic grid made from
1:250,000- and 1:100,000-scale digital elevation models.
The contour intervals used for overburden thickness were 0
to 200 ft, >200 to 500 ft, >500 to 1,000 ft, and >1,000 to
2,000 ft and are based upon criteria from Wood and others
(1983). Although the deepest category is classified as up to
2,000 to 3,000 ft, the greatest overburden thickness is
approximately 2,000 ft in Wetzel County, W. Va.

Thickness contours, or isopach lines, of the Upper
Freeport coal bed were generated from 11,950 stratigraphic
records (fig. 23). Thickness values for the Upper Freeport
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Figure 19. Map showing point locations of geochemical samples of the Upper Freeport coal bed for which records are publicly available
and located by latitude and longitude. All of the geochemical data can be downloaded in ASCII format from Appendix 8. Appendix 9 con-
tains geochemical metadata, and Appendix 10 contains references for the geochemical data and analyses. See figure 3 for county names.

were exported as an ASCII x,y,z file from the stratigraphic
database. Identified partings and bone coal greater than 0.38
inches in thickness were excluded based upon the criteria of
Wood and others (1983) and are not included in the sum-
mation of coal thickness. Thickness values were gridded
and contoured into 14-inch, or 1.17-ft, intervals (fig. 23).

RESOURCE MODELING AND METHODOLOGY

Original and remaining resources were calculated for
the Upper Freeport coal bed from the thickness and over-
burden coverages described above. USGS reliability cate-
gory coverages of identified resources (calculated for areas

within 3 mi of a coal-thickness measurement point) and
hypothetical resources (calculated for areas farther than 3
mi from a coal-thickness measurement) (Wood and others,
1983) were generated in order to assess areas around all
available coal-thickness points and then were combined in a
single coverage for resource calculations.

In order to retain all criteria required for resource calcu-
lations (Wood and others, 1983), contour-line coverages for
coal-bed and overburden thicknesses were combined with
coverages of mined areas, reliability, and county lines
(USGS, 1:100,000 digital line graphs). Resources were cal-
culated by multiplying the area of each polygon by the aver-
age coal thickness within the polygon and a tonnage factor
for bituminous coal of 0.445 short tons/ft-m? (the weight of
bituminous coal per unit volume). The resulting calculations
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Figure 20. Map showing areal extent of the Upper Freeport coal
bed where resources are known (dark gray) and mined areas (red).
The coal bed cannot be confidently mapped south of Upshur
County, W. Va., and Lawrence County, Ohio. In the central part of
the basin where data are sparse, a line representing coal thickness
of 14 inches (1.17 ft) was generated from the stratigraphic data-

were exported to a spreadsheet for the summation of origi-
nal and remaining resources for each county by reliability,
coal-thickness, and overburden-thickness categories.

The total original and remaining resources are shown by
county in table 1. Appendixes 12 and 13 contain resources
for overburden, reliability, and coal-bed thickness cate-
gories, by county. In table 1, the remaining resources in
Allegany and Garrett Counties, Md., and in Beaver,

base to truncate the assessment area. Currentness of mined areas is
dependent on the date of the mine source and the availability of
mine maps (Appendix 11). Mine map compilation is not complete
for Garrett County, Md., and mine maps were not compiled for
Allegany County, Md., and Beaver, Clearfield, Elk, and Lawrence
Counties, Pa. See figure 3 for county names.

Clearfield, Elk, and Lawrence Counties, Pa., are shown in
bold type and preceded by a “<” because mine map compi-
lation is incomplete or missing. Therefore, the grand total
remaining resource, calculated at 31 billion short tons, is also
shown in bold type and preceded by a “<” sign. In some
counties, the hypothetical resources (Wood and others, 1983)
are >60 percent of the total county resource; these county
names and totals are shown in bold and italicized type.
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Figure 21. Structure-contour map of the Upper Freeport coal bed. The contours are presented on the top of the coal bed at 200-ft inter-
vals; however, for visual acuity, most contours were colored in 600-ft intervals. Approximately 12,000 elevation measurements were used

to generate the map. See figure 3 for county names.

PREVIOUS RESOURCE STUDIES

The State geological surveys have published resource
estimates for the Upper Freeport coal bed dating back to the
beginning of the 20th century. Some of the coal identified
and assessed as Upper Freeport coal in the past has been
recorrelated in this study, resulting in improved and refined
resource estimates. Estimates of resources from this study,
with one exception, compare well with past studies in areas
where the assessments overlap.

In Pennsylvania, Reese and Sisler (1928) estimated
original resources to be about 16 billion short tons, whereas

the USGS estimate totals 15.7 billion short tons, a differ-
ence of less than 2 percent. The West Virginia Geological
and Economic Survey, in a series of county reports
(Grimsley, 1907; Hennen and White, 1909, 1912; Hennen
and others, 1913; Krebs and Teets, 1913; Hennen and
Reger, 1914; Reger and White, 1916; Hennen and
Gawthrop, 1917; Reger and Teets, 1918; Reger and others,
1923; Reger and Tucker, 1924) identified total Upper
Freeport resources in 16 counties to be about 3.7 billion
short tons. In the 12 counties that were also studied in this
USGS resource assessment, the USGS estimate is within
0.1 billion short tons. The Ohio Division of Geological
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Figure 23. Map showing thickness contours, or isopach lines, for the Upper Freeport coal bed. The thickness isopachs, presented in 14-
inch (or 1.17-ft) intervals, were generated from 11,950 stratigraphic records. The isopach map clearly shows the thick pods of Upper

Freeport coal bounded laterally by thin coal. See figure 3 for county names.
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Table 1. Original and remaining resources by State and county for the Upper Freeport coal bed, rounded to millions of short tons.

[In some counties, the hypothetical resources (Wood and others, 1983) are >60 percent of the total county resource; these county names and totals are shown in bold and itali-
cized type. Remaining resources preceded by "<" and shown in bold type are uncertain because mine map compilations are not complete; therefore, values are less than shown.]

State/County Original Remaining State/County Original Remaining
PENNSYLVANIA Tucker 260 160
Allegheny 3,000 2,200 Upshur 160 160
Armstrong 1,100 750 Wetzel 430 430
Beaver 340 <340 West Virginia Total 5,000 4,500
Blair 14 2.6
Butler 980 910 OHIO
Cambria 1,100 880 Athens 490 480
Centre 0.23 0.23 Belmont 820 820
Clarion 60 40 Carroll 840 830
Clearfield 390 <380 Columbiana 950 860
Elk 3.8 <3.8 Coshocton 1.2 1.2
Fayette 1,300 1,300 Gallia 470 470
Greene 460 460 Guernsey 1,400 1,200
Indiana 1,600 1,100 Harrison 1,200 1,200
Jefferson 170 150 Hocking 59 54
Lawrence 5.1 <51 Holmes 0.018 0.018
Somerset 1,300 1,300 Jackson 36 32
Washington 1,700 1,700 Jefferson 1,200 1,200
Westmoreland 2,400 2,100 Lawrence 350 350
Pennsylvania Total 16,000 <14,000 Meigs 290 290
Monroe 1,000 1,000
WEST VIRGINIA Morgan 460 460
Barbour 580 570 Muskingum 790 780
Brooke 76 76 Noble 1,100 1,100
Grant 620 510 Perry 220 210
Hancock 130 130 Stark 41 35
Harrison 0.037 0.037 Tuscarawas 270 260
Marion 400 400 Vinton 99 96
Marshall 400 400 Washington 230 230
Mineral 130 120 Ohio Total 12,000 12,000
Monongalia 370 340
Ohio 240 240 MARYLAND
Preston 1,000 750 Allegany 200 <200
Randolph 2.0 2.0 Garrett 710 <610
Taylor 190 190 Maryland Total 910 <810

Grand Total 34,000 <31,000




CHAPTER D: UPPER FREEPORT COAL BED D22

83° 82° 81°

EXPLANATION

Areas of known

mining

oal thickness (in feet)
>10.51-11.67
>9.34 —10.51
>8.17-9.34
>7.00-8.17
>5.83-7.00 R~
>4.67-5.83 S
>3.50 - 4.67 -
>2.33-3.50 Ex e
>1.17-233
<1.17 By &%
&

OH

a1°

o

40°

-
-

39°

KY

38°

20 0 20 MILES

80° 79° 78°
| | |
e
AR .
8 Y ::‘?‘
N 'h
: o "t O
g 8 PA
MD
&
éa °/J D
.E&. =
g2
&
< VA
2 G
0 oy

Figure 24. Map showing mined areas overlying the thickness map of the Upper Freeport coal bed. Note that many of the thick coal bod-
ies have been mined. Relatively large bodies still remain and are roughly centered in Jefferson, Harrison, Belmont, Monroe, Noble, and
Carroll Counties, Ohio; and Allegheny, Washington, Fayette, and Westmoreland Counties, Pa. See figure 3 for county names.

Survey has just completed an assessment of the Upper
Freeport coal bed and estimated an original resource of 10.7
billion short tons (James McDonald, Ohio Division of
Geological Survey, written commun., 1999) which is 13
percent lower than the resource estimate reported in this
study. The difference is thought to be the result of utilizing
different stratigraphic databases.

RESULTS AND DISCUSSION

The depositional surface of the Upper Freeport coal bed
was extensive (approximately 14,000 mi?), but thick (>3.5
ft) Upper Freeport coal pods are separated from one anoth-
er by large areas of thin or absent coal (fig. 23). Although
most of the thick pods are 5 to 15 mi® in area, some are as

small as 2 and as large as 20 mi%. By area, about 43 percent
of the original Upper Freeport coal resource was >2.33 ft
thick and 23 percent was >3.5 ft thick. Only about 1 percent
was >7.0 ft thick. The thickest and largest Upper Freeport
coal bodies (>7.0 ft) were located in Allegheny County, Pa.,
and Tucker and Grant Counties, W. Va. (fig. 3); they are
essentially mined out (fig. 24). Relatively large bodies
remain that range in thickness from 3.5 to 7.0 ft, approxi-
mately centered in Jefferson, Harrison, Belmont, Monroe,
and Guernsey Counties, Ohio; and Allegheny, Washington,
Fayette, and Westmoreland Counties, Pa. Overburden thick-
ness (fig. 22) for these coal bodies ranges from >250 to
>2,000 ft. The deeper bodies probably will not be mined
given current economic conditions and technological
restrictions.

Both contemporaneous and postdepositional sedimenta-
tion controlled the distribution of thick minable bodies of
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Figure 25. Generalized cross section (4-4") of the Upper Freeport coal bed trending south to north-northeast from Lawrence County, Ohio,
to Butler County, Pa. This section shows pods of thick coal bounded by shale and sandstone. Columns represent individual coal cores
along the line of section. Vertical exaggeration X16,585.

Upper Freeport coal. Thick bodies are commonly bounded  lain by flint clay or fireclay, which indicates fluctuations in
by sandstone, shale, siltstone and claystone (figs. 25, 26), the water table during peat formation. In addition, the Upper
indicating that peat deposition or preservation was delimit-  Freeport coal was, in part, scoured and eroded or thinned by
ed by active fluvial or deltaic processes. The coal is some-  channels that were later filled in with mud or sand (fig. 25).
times bounded by freshwater limestone (fig. 27) and under-
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Figure 26. Generalized cross section (B-B") of the Upper Freeport coal trending west to east, from Clearfield County east and north-
east to Butler County, Pa. The sandstone separating two of the thicker pods of coal may have been penecontemporaneous with peat

deposition. Columns represent individual coal cores along the line of section. Vertical exaggeration X6,054.
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Figure 27. Generalized cross section (C-C”) of the Upper Freeport coal bed trending south to north from Westmoreland to Jefferson County, Pa.
This section shows the coal adjacent to freshwater limestone and overlying fireclay. The occurrence of coal, freshwater limestone, and fireclay
together indicates that the water table fluctuated. Columns represent individual coal cores along the line of section. Vertical exaggeration X7,467.
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The close proximity or juxtaposition of sandstone and
coal (figs. 28, 29) may seriously affect the minability of the
Upper Freeport coal bed. Ruppert and others (1991) have
shown that Upper Freeport coal quality is affected by the
proximity to sandstone channels. Kertis (1984) has shown
that the presence of sandstone overlying and dissecting
thick Upper Freeport coal bodies can cause roof stability
problems and water and coalbed methane traps, all of which
may effectively eliminate blocks of Upper Freeport coal
from being mined.

GEOCHEMISTRY

Most of the sample localities in the geochemical data-
base are located along the edges of the extent of the Upper
Freeport coal bed and in areas that have been mined (figs.
19, 20); therefore, they may not be representative of the
entire Upper Freeport coal resource. Samples having ash
yields (fig. 30) greater than 33.33 percent on an as-received
whole-coal basis are not defined as coal (Wood and others,
1983) and were removed from the database.

Of the 3,781 analyses in the geochemical database, only
those that are publicly available and located by latitude and
longitude (Appendix 8) are shown in maps labeled A in fig-
ures 30 to 32, 34, and 36 to 48. All data, both public and
proprietary, are represented by the county average maps
labeled B on the same figures and were used to generate the
statistical parameters in tables 2 to 18. All analyses are on
an as-received whole-coal basis. Ash yield, sulfur content,
and sulfur-dioxide (SO,) content data are classified into cat-
egories of low (>0 to <8 weight percent ash; >0 to <1 weight
percent sulfur; >0 to <1.2 pounds SO, per million Btu),
medium (>8 to <15 weight percent ash; >1 to <3 weight per-
cent sulfur; >1.2 to <2.5 pounds SO, per million Btu), and
high (>15 weight percent ash; >3 weight percent sulfur;
>2.5 pounds SO, per million Btu ). Ash yield and sulfur
content are classified according to Wood and others (1983).
Sulfur-dioxide content is classified based on criteria speci-
fied by past and present Clean Air Acts. Ash yield, sulfur
content, and sulfur-dioxide content are presented as both
data points (Map A, figs. 30-32), and as county means
(Map B, figs. 30-32). Gross calorific value, total moisture
content, and trace element contents, reported in figures 34
and 36 to 48, are classified into five data categories, or quin-
tiles, each representing 20 percent of the data values.
Because the 20 percent intervals are based on different sets
of data (point data (Appendix 8) versus county means
(tables 2—18)), the ranges of the 20 percent intervals will be
different for each data set and each chemical parameter.

Maps of ash yields (weight percent, as-received whole-
coal basis) (fig. 30A, B) do not show distinct trends on a

regional scale, probably because the Upper Freeport coal
bed is composed of individual pods that developed in sepa-
rate and correlative peat mires. However, ash yields tend to
be higher (>8 to <15 weight percent category) in the south-
ern half of the Upper Freeport coal bed extent. This is most
clearly seen in fig. 30B. Overall, the Upper Freeport is clas-
sified as a medium-ash coal bed (mean value for 3,434 sam-
ples is 12.31£3.98 weight percent); however, there is a large
regional variation observed when examining ash yield sta-
tistics broken down by State (table 2). Mean ash yields
range from 11.28+3.52 weight percent in West Virginia to
14.53+5.46 weight percent in Maryland.

Sulfur contents (weight percent, as-received whole-coal
basis), much like ash yields, tend to be higher in the south-
ern half of the Upper Freeport coal bed (fig. 31). Overall,
the Upper Freeport is a medium-sulfur coal (fig. 31; table 3)
with a mean sulfur content of 2.24+1.02 weight percent. On
a State scale, sulfur contents range from a mean of
2.01£1.13 weight percent in West Virginia to 2.90+1.54
weight percent in Maryland.

The electric power industry is Federally mandated to
comply with the Clean Air Act Amendments of 1990
(Public Law 101-549), which legislate the amount of sulfur
dioxide (SO,) that can be released into the environment.
Beginning in the year 2000, the compliance level was
reduced from 2.4 lIbs SO, per million Btu to 1.2 1bs SO, per
million Btu, which equates to 0.6 pounds of sulfur per mil-
lion Btu. Although a few Upper Freeport coal samples (fig.
32A; table 4) meet pre-2000 emission standards, examina-
tion of data means (table 4) and county mean maps (fig.
32B) clearly shows that, overall, the Upper Freeport coal as
mined is noncompliant. Examination of coal delivered to
power plants shows that virtually none of the Upper
Freeport coal meets the 2000 standard (fig. 33), even though
much of it is washed or cleaned to remove mineral matter
and pyrite, one of the primary sources of sulfur in coal.
However, usage continues because of long-term contracts.
For now, electric utility companies can meet air quality
standards by coal blending; installation of flue-gas desulfu-
rization units; retiring older, less efficient units; or purchas-
ing emission allowances from companies that emit less sul-
fur than the maximum allowed by Phase II regulations in the
Clean Air Act Amendments of 1990 (Attanasi, 1998).

Upper Freeport coal bed gross calorific values appear to
decrease from east to west (fig. 34). The mean gross calorif-
ic value for the Upper Freeport coal bed is 12,950+730
Btu/lb and ranges from 13,300+660 Btu/lb in West Virginia
to 12,280+660 Btu/lb in Ohio (fig. 34; table 5). The
decrease in gross calorific values reflects rank changes from
low-volatile bituminous through medium-volatile bitumi-
nous to high-volatile C bituminous observed from east to
west (fig. 34) that resulted from regional metamorphism
that occurred during Permian tectonism (Puglio, 1983).
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Figure 28. Generalized cross section (D-D’) of the Upper Freeport coal bed trending southwest to northeast from Preston County, W. Va., to Cambria
County, Pa. The Upper Freeport coal is not of minable thickness over much of its depositional surface. Columns represent individual coal cores along the
line of section. Vertical exaggeration X6,279.
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Figure 30. Maps showing ash yield (weight percent, as-received
whole-coal basis) of the Upper Freeport coal bed in Pennsylvania,
West Virginia, Ohio, and Maryland. Map A shows ash yields of the
278 geochemical samples for which records are publicly available
and located by latitude and longitude (Appendix 8). Map B shows
county averages for ash yields using all 3,434 records in the geo-
chemical database, including those that are located only to a coun-
ty level; ash yields range from 0.28 to 33.32 weight percent with a

mean value of 12.3143.98 weight percent (table 2). Ash yields are
classified into low (>0 to <8 percent), medium (>8 to <15 percent),
and high (>15 percent) categories as specified by Wood and others
(1983). In Barbour County, W. Va., where the Upper Freeport coal
is thin, and in Monroe and Belmont Counties, Ohio, where two of
the thick pods (>3.5-7 0 ft) remain, the ash-yield tends to be high-
est (table 2). See figure 3 for county names.
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Table 2. Ash yield (weight percent; American Society for Testing and Materials method) means, ranges, and standard deviations for sam-

ples of the Upper Freeport coal bed on an as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 12.31 0.28 33.32 3.98 3,434
PA na 12.40 0.28 33.32 3.98 3,002
WV na 11.28 5.18 27.60 3.52 228
OH na 11.63 3.60 27.70 4.01 175
MD na 14.53 7.17 25.40 5.46 29
PA Allegheny 11.78 4.78 21.74 3.94 35
PA Armstrong 12.32 0.28 30.01 3.63 1,002
PA Beaver nd 10.31 10.31 nd 1
PA Butler 13.33 6.25 32.62 5.52 84
PA Cambria 9.89 6.63 15.13 1.91 56
PA Clarion 9.63 6.58 12.29 1.91 7
PA Clearfield 11.12 6.72 22.20 2.59 78
PA Elk 8.65 6.18 11.12 3.49 2
PA Fayette 14.27 6.74 33.32 6.93 13
PA Greene nd 9.70 9.70 nd 1
PA Indiana 12.66 3.60 32.65 4.07 1,275
PA Jefferson 12.48 0.80 28.00 4.64 122
PA Lawrence 7.01 5.57 8.50 1.47 3
PA Somerset 12.15 6.31 23.80 3.61 65
PA Washington nd 13.12 13.12 nd 1
PA Westmoreland 12.31 6.35 27.40 4.21 257
WV Barbour 17.33 6.70 27.60 5.93 12
WV Grant 13.51 8.68 22.54 3.1 30
WV Mineral 9.79 6.80 11.78 1.75 12
WV Monongalia 10.27 5.65 14.55 3.35 13
WV Preston 10.99 5.18 18.76 2.47 116
WV Tucker 9.62 5.18 19.98 3.45 39
Wv Upshur 8.36 7.19 9.60 0.92 5
WV Wetzel nd 16.20 16.20 nd 1
OH Athens 11.52 6.40 17.80 4.02 9
OH Belmont 16.91 10.40 27.70 7.38 5
OH Carroll nd 19.70 19.70 nd 1
OH Columbiana 10.94 5.60 18.80 3.55 25
OH Gallia nd 12.40 12.40 nd 1
OH Guernsey 11.51 3.60 24.03 3.88 47
OH Harrison 11.93 6.70 15.95 2.85 17
OH Hocking 7.95 5.60 10.30 3.32 2
OH Holmes 6.59 4.67 8.56 1.62 4
OH Jackson nd 13.90 13.90 nd 1
OH Jefferson 12.18 6.65 17.70 4.46 5
OH Lawrence 10.17 7.05 13.18 1.93 10
OH Monroe 17.92 16.88 20.40 1.66 4
OH Muskingum 12.30 5.22 21.20 418 18
OH Noble 13.48 9.60 20.79 3.73 11
OH Perry 8.33 7.30 9.60 1.07 4
OH Stark 12.58 11.25 14.87 1.99 3
OH Tuscarawas 9.31 5.60 14.65 3.32 5
OH Vinton 8.84 6.05 10.57 2.44 3
MD Allegany 15.07 9.58 24.35 5.80 6
MD Garrett 14.39 7.7 25.40 5.50 23
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Figure 31. Maps showing sulfur content (weight percent, as-
received whole-coal basis) of the Upper Freeport coal bed in
Pennsylvania, West Virginia, Ohio, and Maryland. Map A shows
sulfur contents of the 318 geochemical samples for which records
are publicly available and located by latitude and longitude
(Appendix 8). Map B shows county averages for sulfur contents
using all 3,482 records in the geochemical database, including

those that are located to only a county level; sulfur contents range
from 0.38 to 5.85 weight percent with a mean value of 2.24+1.02
weight percent (table 3). Sulfur contents are classified into low (>0
to <1 percent), medium (>1 to <3 percent), and high (=3 percent)
categories as specified by Wood and others (1983). As with ash
yield, sulfur content tends to be higher in the southern half of the
Upper Freeport coal bed. See figure 3 for county names.



CHAPTER D: UPPER FREEPORT COAL BED D32

Table 3. Sulfur content (weight percent; American Society for Testing and Materials method) means, ranges, and standard deviations for
samples of the Upper Freeport coal bed on an as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples

ALL na 2.24 0.38 5.85 1.02 3,482
PA na 2.21 0.38 5.82 0.98 3,049
WV na 2.01 0.49 5.40 1.13 228
OH na 2.83 0.64 5.85 1.17 177
MD na 2.90 0.48 5.77 1.54 28
PA Allegheny 1.7 0.49 2.84 0.61 35
PA Armstrong 2.33 0.49 5.82 0.93 1,005
PA Beaver nd 1.81 1.81 nd 1
PA Butler 2.18 0.75 4.60 0.91 84
PA Cambria 1.55 0.68 3.30 0.65 56
PA Clarion 1.96 1.10 4.24 1.07 7
PA Clearfield 1.68 0.38 5.70 0.99 78
PA Elk 1.30 0.59 2.01 1.00 2
PA Fayette 2.80 1.28 5.10 1.19 13
PA Greene nd 2.80 2.80 nd 1
PA Indiana 217 0.45 5.80 1.02 1,319
PA Jefferson 2.06 0.53 4.56 0.83 122
PA Lawrence 1.64 0.76 2.16 0.77 3
PA Somerset 1.76 0.47 5.73 0.97 65
PA Washington nd 3.23 3.23 nd 1
PA Westmoreland 2.52 0.72 5.45 0.91 257
WV Barbour 3.07 0.85 5.15 1.27 12
WV Grant 2.92 0.57 5.14 1.35 30
WV Mineral 1.40 0.53 2.60 0.76 12
Wv Monongalia 1.1 0.61 2.05 0.42 13
WV Preston 2.02 0.49 5.40 0.95 116
WV Tucker 1.43 0.52 4.54 0.94 39
WV Upshur 1.56 1.45 1.65 0.10 5
WV Wetzel nd 4.40 4.40 nd 1
OH Athens 3.39 2.00 5.55 1.27 9
OH Belmont 3.57 3.30 4.00 0.29 5
OH Carroll nd 3.06 3.06 nd 1
OH Columbiana 2.47 0.64 4.40 1.06 25
OH Gallia nd 1.80 1.80 nd 1
OH Guernsey 2.65 0.70 5.63 1.23 47
OH Harrison 2.64 0.94 3.94 0.73 17
OH Hocking 3.35 1.70 5.00 2.33

OH Holmes 3.63 2.87 4.23 0.66 4
OH Jackson nd 3.08 3.08 nd 1
OH Jefferson 2.88 1.90 418 0.87 5
OH Lawrence 2.63 0.80 5.26 1.50 12
OH Monroe 2.88 1.61 4.10 1.17 4
OH Muskingum 3.49 0.65 5.85 1.28 18
OH Noble 2.81 0.90 4.30 0.94 11
OH Perry 2.97 1.27 5.80 1.99 4
OH Stark 2.02 1.70 2.51 0.43 3
OH Tuscarawas 2.09 1.00 3.00 0.97 5
OH Vinton 4.07 3.39 4.56 0.60 3
MD Allegany 3.65 2.58 4.72 0.86 5

MD Garrett 2.74 0.48 5.77 1.63 23
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Figure 32. Maps showing sulfur-dioxide (SO,) content (lbs/mil-
lion Btu. as-received whole-coal basis) of the Upper Freeport coal
in Pennsylvania, West Virginia, Ohio, and Maryland. Map A
shows SO, contents of 278 geochemical samples for which records
are publicly available and located by latitude and longitude
(Appendix 8). Map B shows county averages for SO, contents
using all 1,735 records in the geochemical database, including

those that are located only to a county level; SO, contents range
from 0.58 to 10.59 Ibs/million Btu with a mean value of 3.46+1.72
(table 4). The values are classified into three categories, low (0 to
<1.2 Ibs/million Btu), medium (>1.2 to <2.5 Ibs/million Btu), and
high (>2.5 1bs/million Btu), and are based on criteria specified in
past and present Clean Air Acts. See figure 3 for county names.

Figure 33. Graph showing sulfur in Upper Freeport
coal delivered to power plants from 1989 to 1997.

During Phase I of the Clean Air Act Amendments of
1990 (Public Law 101-549), only a fraction of the
total Upper Freeport production delivered to power

plants was compliant at 1.2 Ibs of sulfur per million
Btu (1.2 Ibs of sulfur is equivalent to 2.4 1bs of sul-

fur dioxide (SO,) per million Btu). However, under
Phase 11, virtually none of the Upper Freeport coal

meets emission standards of 0.6 Ibs of sulfur per mil-
lion Btu (which is equivalent to 1.2 lbs of SO, per
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Table 4. Sulfur-dioxide (SO,) content (Ibs/million Btu) means, ranges, and standard deviations for samples of the Upper Freeport coal bed
on an as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples

ALL na 3.46 0.58 10.59 1.72 1,735
PA na 3.33 0.58 10.59 1.55 1,315
WV na 3.15 0.73 8.40 1.84 216
OH na 4.65 0.99 9.79 2.01 176
MD na 4.57 0.71 10.16 2.64 28
PA Allegheny 2.67 0.69 4.69 1.00 34
PA Armstrong 3.59 0.81 9.82 1.56 473
PA Beaver nd 2.89 2.89 nd 1
PA Butler 3.33 1.66 7.02 1.48 44
PA Cambria 2.27 0.96 4.87 0.96 54
PA Clarion 3.29 2.08 6.69 1.94 5
PA Clearfield 2.50 0.58 8.60 1.57 65
PA Elk 1.94 0.86 3.02 1.53 2
PA Fayette 4.75 1.86 10.59 2.43 12
PA Greene nd 4.10 4.10 nd 1
PA Indiana 3.41 0.77 9.61 1.55 375
PA Jefferson 3.25 0.88 7.50 1.36 88
PA Lawrence 2.45 1.17 3.15 1.1 3
PA Somerset 2.76 0.71 9.67 1.64 63
PA Washington nd 5.10 5.10 nd 1
PA Westmoreland 3.48 1.24 7.26 1.27 94
WV Barbour 5.07 1.23 8.39 2.20 12
WV Grant 4.53 0.87 8.34 2.16 30
WV Mineral 1.96 0.80 3.76 1.11 10
WV Monongalia 1.69 0.86 3.22 0.67 12
WV Preston 3.10 0.81 8.40 1.49 114
WV Tucker 2.22 0.73 7.83 1.60 35
WV Upshur 2.29 2.15 2.43 0.20 2
WV Wetzel nd 7.08 7.08 nd 1
OH Athens 5.56 3.17 9.01 2.11 9
OH Belmont 6.06 5.19 6.67 0.58 5
OH Carroll nd 4.69 4.69 nd 1
OH Columbiana 3.98 0.99 7.89 1.85 25
OH Gallia nd 3.14 3.14 nd 1
OH Guernsey 4.31 1.08 9.13 2.05 46
OH Harrison 4.23 1.50 5.69 1.16 17
OH Hocking 5.70 2.83 8.57 4.06

OH Holmes 6.15 4.92 7.71 1.30 4
OH Jackson nd 5.07 5.07 nd 1
OH Jefferson 4.49 2.83 6.57 1.36 5
OH Lawrence 4.53 1.35 9.19 2.65 12
OH Monroe 4.92 2.74 6.99 1.94 4
OH Muskingum 5.89 1.04 9.52 2.24 18
OH Noble 4.47 1.42 6.76 1.45 11
OH Perry 4.93 2.02 9.79 3.41 4
OH Stark 3.22 2.92 3.82 0.52 3
OH Tuscarawas 3.40 1.69 4.77 1.52 5
OH Vinton 6.97 5.57 8.00 1.26 3
MD Allegany 5.59 3.77 7.86 1.61 5

MD Garrett 4.35 0.71 10.16 2.79 23
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Figure 34. Maps showing gross calorific value (Btu/lb, as-
received whole-coal basis) of the Upper Freeport coal bed in
Pennsylvania, West Virginia, Ohio, and Maryland. Map A shows
gross calorific values of 279 geochemical samples for which
records are publicly available and located by latitude and longitude
(Appendix 8). Map B shows county averages for gross calorific

values using all 1,736 records in the geochemical database; gross
calorific values range from 9,630 to 15,090 Btu/lb with a mean
value of 12,950+730 Btu/lb (table 5). The values are classified into
five categories, each representing 20 percent of the data values.
Gross calorific values clearly increase from the west to the east.
See figure 3 for county names.
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Table 5. Gross calorific value (Btu/lb; American Society for Testing and Materials method) means, ranges, and standard deviations for
samples of the Upper Freeport coal bed on an as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples

ALL na 12,950 9,630 15,090 730 1,736
PA na 12,980 9,630 14,340 690 1,315
Wv na 13,300 10,880 15,090 660 216
OH na 12,280 10,490 13,840 660 177
MD na 13,000 11,220 14,060 840 28
PA Allegheny 12,860 11,260 14,060 740 34
PA Armstrong 12,810 10,210 13,970 630 473
PA Beaver nd 12,530 12,530 nd 1
PA Butler 12,810 10,950 13,720 720 44
PA Cambria 13,460 12,190 14,230 490 54
PA Clarion 12,770 12,550 12,900 150 5
PA Clearfield 13,250 11,070 14,150 490 65
PA Elk 13,500 13,290 13,700 290 2
PA Fayette 12,640 9,630 13,900 1,180 12
PA Greene nd 13,410 13,410 nd 1
PA Indiana 13,010 10,230 14,290 730 375
PA Jefferson 12,950 11,120 14,340 760 88
PA Lawrence 13,300 13,020 13,720 370 3
PA Somerset 13,130 10,940 14,140 690 63
PA Washington nd 12,560 12,560 nd 1
PA Westmoreland 13,410 11,390 14,200 560 94
WV Barbour 12,280 10,880 13,840 820 12
WV Grant 13,030 11,930 14,190 620 30
WV Mineral 13,960 13,320 14,440 330 10
WV Monongalia 13,430 12,650 14,200 570 12
Wv Preston 13,260 11,920 14,500 490 114
WV Tucker 13,760 11,610 15,090 700 35
WV Upshur 13,580 13,570 13,580 10 2
WV Wetzel nd 12,430 12,430 nd 1
OH Athens 12,240 11,470 12,630 370 9
OH Belmont 11,820 10,490 12,710 1,010 5
OH Carroll nd 13,030 13,030 nd 1
OH Columbiana 12,610 10,840 13,800 760 25
OH Gallia nd 11,470 11,470 nd 1
OH Guernsey 12,380 10,740 13,010 530 46
OH Harrison 12,480 11,310 13,840 740 17
OH Hocking 11,840 11,660 12,020 250

OH Holmes 11,860 10,980 12,540 690 4
OH Jackson nd 12,150 12,150 nd 1
OH Jefferson 12,850 11,710 13,450 690 5
OH Lawrence 11,700 10,980 12,260 350 12
OH Monroe 11,670 11,250 11,930 290 4
OH Muskingum 11,970 10,500 13,060 690 18
OH Noble 12,480 11,300 13,250 540 12
OH Perry 12,170 11,850 12,540 300 4
OH Stark 12,460 11,650 13,100 740 3
OH Tuscarawas 12,220 11,840 12,610 370 5
OH Vinton 11,720 11,390 12,180 410 3
MD Allegany 13,200 12,000 13,870 730 5

MD Garrett 12,960 11,220 14,060 870 23
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Figure 35. Map showing apparent rank of the Upper Freeport coal
bed based on 394 analyses. The coal tends to decrease in rank from
low-volatile bituminous in the east to high-volatile C bituminous
in the west. It is important to note that some of the regularity of the
rank trend is due to the absence of data in the central and deep
parts of the basin. Small, bullseye-shaped pods of high-volatile B
coal (Indiana County, Pa.) and high-volatile C coal (Armstrong

County, Pa.) are observed. Methodology for rank determinations is
based on the percentage of fixed carbon in the sample. When dry,
mineral-matter-free (dmmf) fixed carbon is greater than 69 per-
cent, rank is determined on dmmf fixed carbon; when dmmf fixed
carbon is less than 69 percent, rank is determined from moist, min-
eral-matter-free gross calorific values (American Society for
Testing and Materials, 1996). See figure 3 for county names.
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Figure 36. Maps showing total moisture content (weight percent,
as-received whole-coal basis) of the Upper Freeport coal bed in
Pennsylvania, West Virginia, Ohio, and Maryland. ASTM
(American Society for Testing and Materials) moisture was
replaced by equilibrium moisture values where available for the
Upper Freeport coal bed. Map A shows total moisture contents of
278 geochemical samples for which records are publicly avail-
able and are located by latitude and longitude (Appendix 8). Map

B shows county averages for total moisture content using all
2,015 records in the geochemical database, including those that
are located only to a county level; total moisture contents range
from 0.05 to 10.37 weight percent with a mean value of
2.63£1.60 (table 6). The values are classified into five categories,
each representing 20 percent of the data values. The Upper
Freeport coal bed is a bituminous coal and the moisture content
is relatively low. See figure 3 for county names.
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Table 6. Total moisture content (weight percent) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an
as-received whole-coal basis, by State and county.

[ASTM (American Society for Testing and Materials) moisture was replaced by equilibrium moisture values where available. Abbreviations are as follows: na, not applicable;

nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples

ALL na 2.63 0.05 10.37 1.60 2,015
PA na 2.45 0.05 10.37 1.33 1,582
WV na 2.43 0.20 7.74 1.40 228
OH na 4.66 0.54 10.30 2.53 176
MD na 1.60 0.60 4.40 0.92 29
PA Allegheny 2.79 1.60 5.50 1.02 35
PA Armstrong 2.54 0.10 10.37 1.42 620
PA Beaver nd 5.56 5.56 nd 1
PA Butler 2.60 0.98 5.90 0.91 61
PA Cambria 2.95 1.04 6.20 1.14 56
PA Clarion 4.32 3.60 5.56 0.72 7
PA Clearfield 2.89 0.64 6.13 1.13 70
PA Elk 2.70 2.40 3.00 0.42 2
PA Fayette 2.12 0.99 3.70 0.80 13
PA Greene nd 1.50 1.50 nd 1
PA Indiana 2.14 0.05 7.73 1.32 469
PA Jefferson 2.51 0.05 7.40 1.59 84
PA Lawrence 3.68 2.89 4.96 1.12 3
PA Somerset 2.72 0.96 7.30 1.10 65
PA Washington nd 217 217 nd 1
PA Westmoreland 2.19 0.95 4.30 0.70 94
wv Barbour 1.52 0.60 4.20 0.94 12
wv Grant 3.34 0.26 7.74 2.34 30
wv Mineral 1.33 0.40 4.00 0.96 12
wv Monongalia 1.73 0.61 2.90 0.67 13
wv Preston 2.54 0.28 4.70 0.96 116
wv Tucker 2.27 0.20 5.90 1.56 39
wv Upshur 2.54 2.10 2.90 0.30 5
wv Wetzel nd 0.62 0.62 nd 1
OH Athens 4.77 0.71 7.99 2.46 9
OH Belmont 2.49 1.70 3.10 0.65 5
OH Carroll nd 1.90 1.90 nd 1
OH Columbiana 4.26 1.00 10.00 2.25 25
OH Gallia nd 7.60 7.60 nd 1
OH Guernsey 4.31 0.54 9.10 2.39 47
OH Harrison 4,05 0.83 7.19 2.14 17
OH Hocking 8.00 7.10 8.90 1.27

OH Holmes 8.75 8.00 10.30 1.05 4
OH Jackson nd 6.63 6.63 nd 1
OH Jefferson 2.29 0.76 3.26 0.94 5
OH Lawrence 7.83 3.80 9.80 1.51 12
OH Monroe 2.81 2.10 3.14 0.48 4
OH Muskingum 4.82 0.80 9.30 2.43 17
OH Noble 2.74 1.12 3.90 0.90 1
OH Perry 5.86 1.56 7.80 2.90 4
OH Stark 3.67 1.85 6.57 2.54 3
OH Tuscarawas 6.41 2.83 7.90 212 5
OH Vinton 8.20 7.40 8.90 0.75 3
MD Allegany 1.34 1.19 1.70 0.19 6

MD Garrett 1.67 0.60 4.40 1.03 23
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Figure 37. Maps showing antimony content (parts per million
(ppm), as-received whole-coal basis) of the Upper Freeport coal
bed in Pennsylvania, West Virginia, Ohio, and Maryland. Map A
shows antimony contents of 224 samples for which geochemical
records are publicly available and located by latitude and longi-
tude (Appendix 8). Map B shows county averages for antimony

contents using all 250 records in the geochemical database,
including those that are located only to a county level; antimony
contents range from 0.19 to 4.5 ppm with a mean value of
1.14£0.83 ppm (table 7). The values are classified into five cate-
gories, each representing 20 percent of the data values. See figure
3 for county names.
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Table 7. Antimony content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an
as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 1.1 0.19 4.5 0.83 250
PA na 1.2 0.20 4.5 0.90 180
WV na 0.55 0.21 1.4 0.38 11
OH na 1.1 0.19 2.8 0.62 46
MD na 0.77 0.32 1.7 0.43 13
PA Allegheny nd 1.0 1.0 nd 1
PA Armstrong 0.89 0.50 1.7 0.33 13
PA Butler 2.6 0.68 4.5 1.1 13
PA Cambria 1.9 0.67 4.4 1.2 12
PA Clarion nd 2.2 2.2 nd 1
PA Clearfield 2.0 0.46 2.9 0.91 6
PA Elk 2.4 1.1 3.6 1.7 2
PA Fayette 1.1 0.20 2.9 1.0 6
PA Greene nd 1.3 1.3 nd 1
PA Indiana 0.82 0.27 2.3 0.46 95
PA Jefferson 2.7 1.5 4.4 1.2 6
PA Lawrence nd 1.8 1.8 nd 1
PA Somerset 0.92 0.39 1.9 0.49 16
PA Washington nd 0.86 0.86 nd 1
PA Westmoreland 0.57 0.21 0.80 0.26 6
WV Grant nd 1.0 1.0 nd 1
Wv Monongalia nd 0.36 0.36 nd 1
WV Preston 0.39 0.21 0.77 0.20 6
WV Tucker 0.46 0.26 0.66 0.28 2
WV Wetzel nd 1.4 1.4 nd 1
OH Belmont 1.7 0.97 2.8 0.78 4
OH Columbiana 1.1 0.50 2.6 0.60 10
OH Guernsey 0.80 0.19 1.2 0.32 8
OH Harrison 1.0 0.86 1.2 0.21 2
OH Hocking 1.2 0.48 1.9 0.98 2
OH Jefferson nd 0.81 0.81 nd 1
OH Monroe 1.1 0.62 1.7 0.43 4
OH Muskingum 0.41 0.28 0.67 0.22 3
OH Noble 1.6 0.79 2.1 0.44 6
OH Perry 0.64 0.19 1.4 0.70 3
OH Stark nd 2.3 2.3 nd 1
OH Tuscarawas 0.53 0.48 0.57 0.062 2
MD Garrett 0.77 0.32 1.7 0.43 13
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Figure 38. Maps showing beryllium content (parts per million
(ppm), as-received whole-coal basis) of the Upper Freeport coal
bed in Pennsylvania, West Virginia, Ohio, and Maryland. Map A
shows beryllium contents of 226 samples for which geochemical
records are publicly available and located by latitude and longitude
(Appendix 8). Map B shows county averages for beryllium con-

tents using 257 records in the geochemical database, including
those that are located only to a county level; beryllium contents
range from 0.21 to 5.0 ppm with a mean value of 1.8+0.81 (table
8). The values are classified into five categories, each representing
20 percent of the data values. See figure 3 for county names.
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Table 8. Beryllium content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an
as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 1.8 0.21 5.0 0.81 257
PA na 1.7 0.39 4.3 0.72 186
WV na 1.1 0.36 3.7 0.98 11
OH na 2.3 0.96 5.0 0.88 47
MD na 1.8 0.21 2.7 0.65 13
PA Allegheny nd 3.3 3.3 nd 1
PA Armstrong 1.9 1.2 3.4 0.63 14
PA Beaver nd 1.9 1.9 nd 1
PA Butler 2.6 0.88 4.3 1.1 13
PA Cambria 1.7 0.61 2.3 0.49 12
PA Clarion nd 2.3 2.3 nd 1
PA Clearfield 1.7 0.46 3.1 0.92 7
PA Elk 2.8 2.5 3.1 0.39 2
PA Fayette 1.7 1.1 2.9 0.66 6
PA Greene nd 1.2 1.2 nd 1
PA Indiana 1.5 0.55 3.2 0.47 95
PA Jefferson 2.6 1.7 3.3 0.57 6
PA Lawrence 2.0 1.6 2.3 0.33 3
PA Somerset 1.8 0.39 3.8 1.0 17
PA Washington nd 2.0 2.0 nd 1
PA Westmoreland 1.2 0.50 1.6 0.38 6
WV Grant nd 0.84 0.84 nd 1
Wv Monongalia nd 1.7 1.7 nd 1
WV Preston 1.3 0.41 3.7 1.3 6
WV Tucker 0.5 0.36 0.65 0.21 2
WV Wetzel nd 0.79 0.79 nd 1
OH Belmont 2.5 1.7 3.9 0.98 4
OH Columbiana 2.9 1.7 4.7 1.1 10
OH Guernsey 1.9 0.96 3.2 0.66 8
OH Harrison 2.3 1.6 3.1 1.0 2
OH Hocking 2.2 2.2 2.2 0.021 2
OH Jackson nd 3.0 3.0 nd 1
OH Jefferson nd 1.4 1.4 nd 1
OH Monroe 1.8 1.7 1.9 0.11 4
OH Muskingum 1.9 1.6 2.2 0.28 3
OH Noble 2.0 1.4 2.7 0.44 6
OH Perry 3.6 2.0 5.0 1.5 3
OH Stark nd 2.4 2.4 nd 1
OH Tuscarawas 2.1 1.7 2.6 0.63 2
MD Garrett 1.8 0.21 2.7 0.65 13
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Figure 39. Maps showing cadmium content (parts per million
(ppm), as-received whole-coal basis) of the Upper Freeport coal
bed in Pennsylvania, West Virginia, Ohio, and Maryland. Map A
shows cadmium contents of 214 samples for which geochemical
records are publicly available and located by latitude and longitude
(Appendix 8). Map B shows county averages for cadmium con-
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tents using all 250 records in the geochemical database, including
those that are located only to a county level, cadmium contents
range from 0.0053 ppm in West Virginia to 0.42 ppm in
Pennsylvania with a mean value of 0.093+£0.069 ppm (table 9).
The values are classified into five categories, each representing 20
percent of the data values. See figure 3 for county names.
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Table 9. Cadmium content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an
as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 0.093 0.0053 0.42 0.069 250
PA na 0.098 0.013 0.42 0.072 180
WV na 0.10 0.0053 0.32 0.099 11
OH na 0.073 0.013 0.28 0.050 46
MD na 0.086 0.022 0.16 0.045 13
PA Allegheny nd 0.089 0.089 nd 1
PA Armstrong 0.1 0.020 0.22 0.066 13
PA Butler 0.10 0.023 0.17 0.046 13
PA Cambria 0.071 0.040 0.15 0.028 12
PA Clarion nd 0.098 0.098 nd 1
PA Clearfield 0.070 0.037 0.1 0.033 6
PA Elk 0.077 0.059 0.095 0.026 2
PA Fayette 0.079 0.036 0.15 0.046 6
PA Greene nd 0.20 0.20 nd 1
PA Indiana 0.10 0.013 0.42 0.087 95
PA Jefferson 0.081 0.066 0.12 0.022 6
PA Lawrence nd 0.037 0.037 nd 1
PA Somerset 0.12 0.039 0.28 0.063 16
PA Washington nd 0.21 0.21 nd 1
PA Westmoreland 0.068 0.047 0.10 0.025 6
WV Grant nd 0.15 0.15 nd 1
WV Monongalia nd 0.0053 0.0053 nd 1
WV Preston 0.097 0.029 0.24 0.080 6
WV Tucker 0.042 0.026 0.058 0.022 2
WV Wetzel nd 0.32 0.32 nd 1
OH Belmont 0.14 0.069 0.28 0.095 4
OH Columbiana 0.056 0.018 0.11 0.027 10
OH Guernsey 0.075 0.013 0.17 0.045 8
OH Harrison 0.058 0.041 0.075 0.024 2
OH Hocking 0.091 0.059 0.12 0.046 2
OH Jefferson nd 0.024 0.024 nd 1
OH Monroe 0.079 0.056 0.10 0.019 4
OH Muskingum 0.075 0.038 0.1 0.034 3
OH Noble 0.086 0.024 0.23 0.073 6
OH Perry 0.056 0.033 0.091 0.031 3
OH Stark nd 0.062 0.062 nd 1
OH Tuscarawas 0.018 0.017 0.019 0.0012 2
MD Garrett 0.086 0.022 0.16 0.045 13
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Figure 40. Maps showing chlorine content (parts per million
(ppm), as-received whole-coal basis) of the Upper Freeport coal
bed in Pennsylvania. Map A shows chlorine contents of 166 sam-
ples for which geochemical records are publicly available and
located by latitude and longitude (Appendix 8). Map B shows
county averages for chlorine contents using all 191 records in the
geochemical database, including those that are located only to a
county level; chlorine contents range from 12 to 2,300 ppm with a

mean value of 1,100+490 ppm. High concentrations are found in
the northern part of the coal bed. In Armstrong County, Pa., the
coal has a minimum chlorine content of 1,100 ppm, a maximum
chlorine content of 2,300 ppm, and a mean chlorine content of
1,400+380 ppm (table 10), based on eight samples. The values are
classified into five categories, each representing 20 percent of the
data values. See figure 3 for county names.
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Table 10. Chlorine content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an

as-received whole-coal basis, by State and county. No data are available for West Virginia.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 1,100 12 2,300 490 191
PA na 1,200 94 2,300 450 139
OH na 770 12 1,800 430 45
MD na 980 520 1,400 310 6
PA Allegheny nd 940 940 nd 1
PA Armstrong 1,400 1,100 2,300 380 8
PA Beaver nd 1,790 1,790 nd 1
PA Butler 1,300 1,000 1,600 210 10
PA Cambria 1,100 590 1,300 200 11
PA Clearfield 1,100 94 1,600 490 8
PA Elk 1,200 1,100 1,300 130 2
PA Fayette 1,200 300 2,200 800 5
PA Indiana 1,300 150 2,200 440 66
PA Jefferson 1,500 1,400 1,800 170 5
PA Lawrence 1,500 970 1,900 500 3
PA Somerset 590 190 970 210 13
PA Washington nd 1,040 1,040 nd 1
PA Westmoreland 1,600 1,300 1,800 180 5
OH Belmont 950 900 980 42 4
OH Columbiana 1,000 390 1,700 460 10
OH Guernsey 910 680 1,200 190 8
OH Harrison 990 820 1,200 240 2
OH Hocking 120 96 140 30 2
OH Jackson nd 470 470 nd 1
OH Jefferson nd 1,800 1,800 nd 1
OH Monroe 620 500 740 99 4
OH Muskingum 320 220 410 95 3
OH Noble 1,000 740 1,300 240 4
OH Perry 180 12 440 230 3
OH Stark nd 120 120 nd 1
OH Tuscarawas 400 270 530 180 2
MD Garrett 980 520 1,400 310 6
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Figure 41. Maps showing chromium content (parts per million
(ppm), as-received whole-coal basis) of the Upper Freeport coal
bed in Pennsylvania, West Virginia, Ohio, and Maryland. Map A
shows chromium contents of 226 samples for which geochemical
records are publicly available and located by latitude and longitude
(Appendix 8). Map B shows county averages for chromium con-

tents using all 258 records in the geochemical database, inclcuding
those that are located only to a county level; chromium contents
range from 4.6 to 42 ppm with a mean value of 19+7.1 ppm (table
11). The values are classified into five categories, each represent-
ing 20 percent of the data values. See figure 3 for county names.
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Table 11. Chromium content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an
as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 19 4.6 42 7.1 258
PA na 20 4.6 42 6.8 187
WV na 20 11 39 8.5 11
OH na 16 6.9 34 6.6 47
MD na 23 13 40 8.1 13
PA Allegheny nd 25 25 nd 1
PA Armstrong 17 8.6 24 3.8 14
PA Beaver nd 24 24 nd 1
PA Butler 20 13 29 5.0 13
PA Cambria 19 13 34 5.8 12
PA Clarion nd 18 18 nd 1
PA Clearfield 18 14 28 5.0 7
PA Elk 14 11 17 4.2 2
PA Fayette 26 13 42 13 6
PA Greene nd 18 18 nd 1
PA Indiana 20 4.6 41 6.9 96
PA Jefferson 14 12 17 2.2 6
PA Lawrence 12 11 12 0.81 3
PA Somerset 24 14 37 6.6 17
PA Washington nd 19 19 nd 1
PA Westmoreland 15 11 23 4.3 6
WV Grant nd 39 39 nd 1
Wv Monongalia nd 16 16 nd 1
WV Preston 16 11 26 5.5 6
WV Tucker 17 13 22 6.1 2
WV Wetzel nd 27 27 nd 1
OH Belmont 22 14 34 8.8 4
OH Columbiana 18 9.0 29 6.5 10
OH Guernsey 12 7.3 16 3.0 8
OH Harrison 10 7.6 13 4.0 2
OH Hocking 11 11 12 0.89 2
OH Jackson nd 6.9 6.9 nd 1
OH Jefferson nd 10 10 nd 1
OH Monroe 25 20 30 5.3 4
OH Muskingum 16 8.7 22 6.6 3
OH Noble 18 14 24 4.5 6
OH Perry 12 7.1 16 4.6 3
OH Stark nd 14 14 nd 1
OH Tuscarawas 10 8.4 13 2.9 2
MD Garrett 23 13 40 8.1 13
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Figure 42. Maps showing cobalt content (parts per million (ppm),
as-received whole-coal basis) of the Upper Freeport coal bed in
Pennsylvania, West Virginia, Ohio, and Maryland. Map A shows
cobalt contents of 225 samples for which geochemical records are
publicly available and located by latitude and longitude (Appendix
8). Map B shows county averages for cobalt contents using all 254

records in the geochemical database, including those that are locat-
ed only to a county level; cobalt contents range from 0.76 to 20
ppm with a mean value of 6.143.1 ppm (table 12). The values are
classified into five categories, each representing 20 percent of the
data values. See figure 3 for county names.
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Table 12. Cobalt content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an as-
received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 6.1 0.76 20 3.1 254
PA na 6.0 1.4 18 2.9 183
WV na 7.7 3.2 18 4.0 11
OH na 5.4 0.76 14 2.7 47
MD na 9.5 4.5 20 4.5 13
PA Allegheny nd 5.4 54 nd 1
PA Armstrong 4.2 2.7 9.1 1.8 13
PA Beaver nd 7.5 7.5 nd 1
PA Butler 7.4 4.0 12 2.4 13
PA Cambria 5.1 1.4 7.6 1.8 12
PA Clarion nd 6.2 6.2 nd 1
PA Clearfield 7.4 4.4 14 3.1 7
PA Elk 10 8.9 12 2.2 2
PA Fayette 6.6 3.9 9.6 2.3 6
PA Greene nd 9.9 9.9 nd 1
PA Indiana 55 2.4 18 2.6 95
PA Jefferson 7.8 4.8 15 3.7 6
PA Lawrence nd 5.7 5.7 nd 1
PA Somerset 7.6 2.1 18 4.3 17
PA Washington nd 7.6 7.6 nd 1
PA Westmoreland 4.5 2.6 9.8 2.7 6
WV Grant nd 5.6 5.6 nd 1
WV Monongalia nd 8.5 8.5 nd 1
WV Preston 8.6 3.2 18 53 6
WV Tucker 5.7 5.6 5.7 0.080 2
WV Wetzel nd 7.1 7.1 nd 1
OH Belmont 7.6 5.2 11 2.6 4
OH Columbiana 4.3 1.7 9.8 2.6 10
OH Guernsey 4.3 0.76 6.4 1.7 8
OH Harrison 4.7 2.9 6.5 2.5 2
OH Hocking 7.0 6.5 7.6 0.77 2
OH Jackson nd 14 14 nd 1
OH Jefferson nd 2.4 2.4 nd 1
OH Monroe 6.6 5.2 8.0 1.5 4
OH Muskingum 3.1 2.8 3.5 0.36 3
OH Noble 6.5 5.2 8.2 1.2 6
OH Perry 6.0 2.6 8.8 3.2 3
OH Stark nd 8.7 8.7 nd 1
OH Tuscarawas 2.1 1.3 2.9 1.1 2
MD Garrett 9.5 4.5 20 4.5 13
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Figure 43. Maps showing lead content (parts per million (ppm),
as-received whole-coal basis) of the Upper Freeport coal bed in
Pennsylvania, West Virginia, Ohio, and Maryland. Map A shows
lead contents of 225 samples for which geochemical records are
publicly available and located by latitude and longitude (Appendix
8). Map B shows county averages for lead contents using all 254

D52

records in the geochemical database, including those that are locat-
ed only to a county level; lead contents range from 1.3 to 27 ppm
with a mean value of 8.6+4.4 ppm (table 13). The values are clas-
sified into five categories, each representing 20 percent of the data
values. See figure 3 for county names.
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Table 13. Lead content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an as-
received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 8.6 1.3 27 4.4 254
PA na 8.7 1.6 27 4.4 183
WV na 8.0 4.6 13 2.8 11
OH na 8.6 1.3 23 4.5 47
MD na 7.9 1.7 21 5.3 13
PA Allegheny nd 7.4 7.4 nd 1
PA Armstrong 7.5 4.9 12 2.5 13
PA Beaver nd 19 19 nd 1
PA Butler 14 3.8 27 6.4 13
PA Cambria 8.9 5.3 15 3.3 12
PA Clarion nd 17 17 nd 1
PA Clearfield 11 5.7 18 4.2 7
PA Elk 8.8 6.1 11 3.7 2
PA Fayette 9.0 3.9 15 4.3 6
PA Greene nd 13 13 nd 1
PA Indiana 7.7 1.6 19 3.6 95
PA Jefferson 13 5.4 21 5.9 6
PA Lawrence nd 7.9 7.9 nd 1
PA Somerset 8.3 3.2 17 3.7 17
PA Washington nd 4.8 4.8 nd 1
PA Westmoreland 5.9 3.1 7.9 1.9 6
WV Grant nd 9.0 9.0 nd 1
Wv Monongalia nd 7.9 7.9 nd 1
WV Preston 7.8 4.6 13 3.3 6
WV Tucker 6.4 4.9 7.9 2.1 2
WV Wetzel nd 11 11 nd 1
OH Belmont 9.9 8.8 11 1.1 4
OH Columbiana 11 3.7 23 6.3 10
OH Guernsey 8.0 1.3 15 4.1 8
OH Harrison 8.1 3.7 13 6.2 2
OH Hocking 8.7 3.3 14 7.7 2
OH Jackson nd 8.8 8.8 nd 1
OH Jefferson nd 7.0 7.0 nd 1
OH Monroe 8.1 6.5 9.4 1.4 4
OH Muskingum 3.9 1.9 5.6 1.8 3
OH Noble 11 9.2 14 1.8 6
OH Perry 5.7 2.3 11 4.4 3
OH Stark nd 9.9 9.9 nd 1
OH Tuscarawas 2.9 2.8 3.0 0.15 2
MD Garrett 7.9 1.7 21 5.3 13
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Figure 44. Maps showing manganese content (parts per million
(ppm), as-received whole-coal basis) of the Upper Freeport coal
bed in Pennsylvania, West Virginia, Ohio, and Maryland. Map A
shows manganese contents of 226 geochemical samples for which
records are publicly available and located by latitude and longitude
(Appendix 8). Map B shows county averages for manganese con-

tents using all 258 records in the geochemical database, including
those that are located only to a county level; manganese contentes
range from 2.4 to 65 ppm with a mean value of 18+13 ppm (table
14). The values are classified into five categories, each represent-
ing 20 percent of the data values. See figure 3 for county names.
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Table 14. Manganese content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an
as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 18 2.4 65 13 258
PA na 19 3.2 65 13 187
WV na 12 2.4 22 6.0 11
OH na 17 2.4 56 13 47
MD na 11 3.2 33 8.1 13
PA Allegheny nd 31 31 nd 1
PA Armstrong 13 8.0 35 7.8 14
PA Beaver nd 20 20 nd 1
PA Butler 12 3.2 39 9.2 13
PA Cambria 21 4.0 63 16 12
PA Clarion nd 9.9 9.9 nd 1
PA Clearfield 14 7.7 21 4.5 7
PA Elk 9.4 5.2 14 6.0 2
PA Fayette 24 5.5 63 21 6
PA Greene nd 9.6 9.6 nd 1
PA Indiana 21 3.6 65 13 96
PA Jefferson 5.8 3.3 9.9 2.4 6
PA Lawrence 48 40 53 7.5 3
PA Somerset 15 3.9 48 12 17
PA Washington nd 46 46 nd 1
PA Westmoreland 8.5 6.4 13 2.4 6
WV Grant nd 12 12 nd 1
Wv Monongalia nd 8.9 8.9 nd 1
WV Preston 12 3.1 20 55 6
WV Tucker 6.4 2.4 10 5.6 2
WV Wetzel nd 22 22 nd 1
OH Belmont 22 13 37 11 4
OH Columbiana 16 3.7 46 12 10
OH Guernsey 10 2.4 35 11 8
OH Harrison 9.9 5.5 14 6.3 2
OH Hocking 7.7 3.0 12 6.6 2
OH Jackson nd 19 19 nd 1
OH Jefferson nd 4.0 4.0 nd 1
OH Monroe 36 23 56 16 4
OH Muskingum 18 16 21 2.7 3
OH Noble 17 7.1 31 10 6
OH Perry 11 3.7 18 7.3 3
OH Stark nd 39 39 nd 1
OH Tuscarawas 32 29 36 5.2 2
MD Garrett 11 3.2 33 8.1 13
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Figure 45. Maps showing nickel content (parts per million (ppm),
as-received whole-coal basis) of the Upper Freeport coal bed in
Pennsylvania, West Virginia, Ohio, and Maryland. Map A shows
nickel contents of 226 samples for which geochemical records are
publicly available and located by latitude and longitude (Appendix
8). Map B shows county averages for nickel contents using all 258
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records in the geochemical database, including those located only
to a county level; nickel contents range from 2.6 to 48 ppm with a
mean value of 16+£7.6 ppm (table 15). The values are classified
into five categories, each representing 20 percent of the data val-
ues. See figure 3 for county names.
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Table 15. Nickel content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an as-
received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 16 2.6 48 7.6 258
PA na 17 5.1 48 7.9 187
WV na 16 9.3 32 7.1 11
OH na 15 3.4 36 6.2 47
MD na 17 2.6 28 7.4 13
PA Allegheny nd 18 18 nd 1
PA Armstrong 14 7.2 31 6.5 14
PA Beaver nd 12 12 nd 1
PA Butler 26 59 42 11 13
PA Cambria 15 10 37 7.2 12
PA Clarion nd 21 21 nd 1
PA Clearfield 17 7.5 27 6.8 7
PA Elk 28 19 37 12 2
PA Fayette 18 8.3 44 14 6
PA Greene nd 21 21 nd 1
PA Indiana 16 5.1 48 6.8 96
PA Jefferson 20 9.3 28 6.7 6
PA Lawrence 17 12 24 6.7 3
PA Somerset 18 7.9 37 6.8 17
PA Washington nd 26 26 nd 1
PA Westmoreland 10 7.4 17 3.5 6
WV Grant nd 15 15 nd 1
Wv Monongalia nd 10 10 nd 1
WV Preston 17 9.3 32 8.9 6
WV Tucker 11 11 11 0.22 2
WV Wetzel nd 19 19 nd 1
OH Belmont 17 13 21 3.8 4
OH Columbiana 17 10 36 8.1 10
OH Guernsey 13 3.4 21 55 8
OH Harrison 16 12 19 4.6 2
OH Hocking 14 13 14 0.59 2
OH Jackson nd 17 17 nd 1
OH Jefferson nd 16 16 nd 1
OH Monroe 12 9.0 14 2.4 4
OH Muskingum 9.6 7.5 12 2.6 3
OH Noble 16 9.5 30 7.7 6
OH Perry 13 9.5 17 3.7 3
OH Stark nd 26 26 nd 1
OH Tuscarawas 6.4 4.0 8.8 3.4 2
MD Garrett 17 2.6 28 7.4 13
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Figure 46. Maps showing selenium content (parts per million
(ppm), as-received whole-coal basis) of the Upper Freeport coal
bed in Pennsylvania, West Virginia, Ohio, and Maryland. Map A
shows selenium contents of 224 samples for which geochemical
records are publicly available and located by latitude and longitude
(Appendix 8). Map B shows county averages for selenium con-

tents using all 250 records in the geochemical database, including
those located only to a county level; selenium contents range from
0.098 to 6.0 ppm with a mean value of 2.0+1.1 ppm (table 16). The
values are classified into five categories, each representing 20 per-
cent of the data values. See figure 3 for county names.
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Table 16. Selenium content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an
as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 2.0 0.098 6.0 1.1 250
PA na 1.9 0.098 6.0 1.0 180
WV na 1.1 0.17 2.7 0.97 11
OH na 2.6 0.78 5.7 1.1 46
MD na 2.7 0.63 55 1.3 13
PA Allegheny nd 0.96 0.96 nd 1
PA Armstrong 2.1 0.67 6.0 1.5 13
PA Butler 1.6 0.66 2.2 0.45 13
PA Cambria 1.2 0.26 2.5 0.65 12
PA Clarion nd 0.45 0.45 nd 1
PA Clearfield 1.9 0.19 3.6 1.2 6
PA Elk 2.1 0.70 3.4 1.9 2
PA Fayette 1.9 0.27 3.7 1.2 6
PA Greene nd 0.63 0.63 nd 1
PA Indiana 2.1 0.38 6.0 0.94 95
PA Jefferson 1.6 0.42 2.4 0.72 6
PA Lawrence nd 1.7 1.7 nd 1
PA Somerset 1.9 0.098 5.1 1.5 16
PA Washington nd 3.8 3.8 nd 1
PA Westmoreland 1.6 0.43 2.8 0.84 6
WV Grant nd 0.68 0.68 nd 1
Wv Monongalia nd 2.5 2.5 nd 1
WV Preston 1.1 0.20 2.7 1.1 6
WV Tucker 0.42 0.17 0.66 0.35 2
WV Wetzel nd 1.3 1.3 nd 1
OH Belmont 3.1 2.7 3.6 0.41 4
OH Columbiana 3.3 2.2 5.6 0.96 10
OH Guernsey 2.3 1.3 3.0 0.52 8
OH Harrison 1.6 1.4 1.8 0.28 2
OH Hocking 4.4 3.1 5.7 1.8 2
OH Jefferson nd 2.0 2.0 nd 1
OH Monroe 2.5 1.9 3.3 0.58 4
OH Muskingum 2.9 2.0 3.4 0.77 3
OH Noble 2.0 1.1 2.9 0.72 6
OH Perry 2.1 0.87 4.3 1.9 3
OH Stark nd 0.78 0.78 nd 1
OH Tuscarawas 1.4 1.2 1.6 0.31 2
MD Garrett 2.7 0.63 5.5 1.3 13
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Figure 47. Maps showing arsenic content (parts per million (ppm),
as-received whole-coal basis) of the Upper Freeport coal bed in
Pennsylvania, West Virginia, Ohio, and Maryland. Map A shows
arsenic contents of 224 samples for which geochemical records are
publicly available and located by latitude and longitude (Appendix
8). Map B shows county averages for arsenic contents using all

250 records in the geochemical database, including those that are
located only to a county level; arsenic contents range from 0.72 to
130 ppm with a mean value of 34425 ppm (table 17). The values
are classified into five categories, each representing 20 percent of
the data values. See figure 3 for county names.
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Table 17. Arsenic content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an as-
received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples

ALL na 34 0.72 130 25 250
PA na 33 0.73 130 23 180
WV na 16 0.72 41 14 11

OH na 44 3.9 120 29 46
MD na 32 4.3 90 24 13
PA Allegheny nd 3.3 3.3 nd 1

PA Armstrong 32 16 60 13 13
PA Butler 38 17 56 14 13
PA Cambria 34 6.8 100 26 12
PA Clarion nd 46 46 nd 1

PA Clearfield 74 33 130 37 6
PA Elk 25 3.2 47 31 2
PA Fayette 50 15 97 31 6
PA Greene nd 26 26 nd 1

PA Indiana 27 0.73 130 19 95
PA Jefferson 50 31 71 16 6
PA Lawrence nd 8.2 8.2 nd 1

PA Somerset 38 2.0 110 34 16
PA Washington nd 30 30 nd 1

PA Westmoreland 22 8.3 41 13 6
WV Grant nd 9.1 9.1 nd 1

Wv Monongalia nd 1.2 1.2 nd 1

WV Preston 17 0.72 34 13 6
WV Tucker 11 1.3 20 13 2
WV Wetzel nd 41 41 nd 1

OH Belmont 49 36 78 19 4
OH Columbiana 68 26 120 32 10
OH Guernsey 36 3.9 110 31 8
OH Harrison 34 33 35 1.4 2
OH Hocking 25 9.2 41 23 2
OH Jefferson nd 56 56 nd 1

OH Monroe 43 10 81 29 4
OH Muskingum 17 9.0 28 10 3
OH Noble 54 11 90 29 6
OH Perry 20 8.8 30 11 3
OH Stark nd 32 32 nd 1

OH Tuscarawas 23 13 33 14 2
MD Garrett 32 4.3 90 24 13
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Figure 48. Maps showing mercury content (parts per million
(ppm), as-received whole-coal basis) of the Upper Freeport coal
bed in Pennsylvania, West Virginia, Ohio, and Maryland. Map A
shows mercury contents of 225 samples for which geochemical
records are publicly available and located by latitude and longi-
tude (Appendix 8). Map B shows county averages for mercury

contents using all 253 records in the geochemical database,
including those that are located only to a county level; mercury
contents range from 0.0012 to 0.97 ppm with a mean value of
0.30+0.17 ppm (table 18). The values are classified into five cat-
egories, each representing 20 percent of the data values. See fig-
ure 3 for county names.



CHAPTER D: UPPER FREEPORT COAL BED D63

Table 18. Mercury content (parts per million) means, ranges, and standard deviations for samples of the Upper Freeport coal bed on an
as-received whole-coal basis, by State and county.

[Abbreviations are as follows: na, not applicable; nd, no data available.]

STATE COUNTY Mean Minimum Maximum Standard No. of
deviation Samples
ALL na 0.30 0.0012 0.97 0.17 253
PA na 0.32 0.0012 0.97 0.17 182
WV na 0.21 0.0030 0.39 0.13 11
OH na 0.25 0.033 0.50 0.12 47
MD na 0.26 0.0012 0.75 0.23 13
PA Allegheny nd 0.0099 0.0099 nd 1
PA Armstrong 0.31 0.17 0.81 0.17 13
PA Beaver nd 0.21 0.21 nd 1
PA Butler 0.29 0.17 0.52 0.10 13
PA Cambria 0.29 0.044 0.50 0.19 12
PA Clarion nd 0.33 0.33 nd 1
PA Clearfield 0.36 0.15 0.57 0.17 7
PA Elk 0.17 0.0012 0.34 0.24 2
PA Fayette 0.25 0.10 0.44 0.11 6
PA Greene nd 0.39 0.39 nd 1
PA Indiana 0.33 0.0012 0.96 0.17 95
PA Jefferson 0.26 0.047 0.49 0.15 6
PA Lawrence nd 0.010 0.010 nd 1
PA Somerset 0.36 0.040 0.97 0.26 16
PA Washington nd 0.22 0.22 nd 1
PA Westmoreland 0.28 0.099 0.52 0.14 6
WV Grant nd 0.17 0.17 nd 1
WV Monongalia nd 0.0030 0.0030 nd 1
WV Preston 0.26 0.069 0.39 0.12 6
WV Tucker 0.13 0.030 0.24 0.15 2
WV Wetzel nd 0.28 0.28 nd 1
OH Belmont 0.32 0.079 0.45 0.17 4
OH Columbiana 0.27 0.17 0.48 0.097 10
OH Guernsey 0.26 0.11 0.50 0.13 8
OH Harrison 0.36 0.27 0.44 0.12 2
OH Hocking 0.23 0.19 0.28 0.065 2
OH Jackson nd 0.50 0.50 nd 1
OH Jefferson nd 0.37 0.37 nd 1
OH Monroe 0.16 0.070 0.23 0.076 4
OH Muskingum 0.14 0.067 0.21 0.073 3
OH Noble 0.21 0.033 0.35 0.11 6
OH Perry 0.21 0.12 0.35 0.12 3
OH Stark nd 0.20 0.20 nd 1
OH Tuscarawas 0.27 0.24 0.31 0.05 2
MD Garrett 0.26 0.0012 0.75 0.23 13
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Because the Upper Freeport coal bed is bituminous in rank,
its total moisture (fig. 36; table 6) tends to be relatively low
with a mean of 2.6341.60 percent for the entire bed (2,015
analyses).

The Clean Air Act Amendments of 1990 listed 12 ele-
ments that may adversely affect the environment. These ele-
ments include antimony, beryllium, cadmium, chlorine,
chromium, cobalt, lead, manganese, nickel, selenium,
arsenic, and mercury. For the Upper Freeport coal bed, 258
samples were analyzed for these 12 elements (figs. 37—48;
tables 7-18).

ARSENIC AND MERCURY

Two of the elements thought to have particularly
adverse effects include arsenic and mercury (figs. 47, 48).
The mean arsenic concentration (as-received whole-coal
basis) for 250 Upper Freeport coal bed samples is 34+25
ppm (table 17). This compares well to the mean arsenic
concentration of 35 ppm for all Appalachian Basin coal
(Finkelman and others, 1994), but is significantly higher
than the mean of 24 ppm for all U.S. coal (Finkelman,
1993).

For the Upper Freeport coal bed, 253 samples were ana-
lyzed for mercury on an as-received whole-coal basis (fig.
48). The mean mercury content of the Upper Freeport coal
bed is 0.30+0.17 ppm (table 18). These values are slightly
higher than the mean of 0.21 ppm for all Appalachian Basin
coal (Finkelman and others, 1994) and almost twice as high
as the mean of 0.17 ppm for all U.S. coal (Finkelman,
1993).

RESOURCES

Based on our resource calculations, the original total
resource of the Upper Freeport coal bed was 34 billion short
tons (table 1). This total resource number includes 22 billion
short tons of identified and 12 billion short tons of hypo-
thetical coal (Appendix 12). Because mine maps were not
compiled for Allegany and Garrett Counties, Md., and
Beaver, Clearfield, Elk, and Lawrence Counties, Pa., the
remaining resource estimate of 31 billion short tons (table 1;
Appendix 13) is a maximum value. The remaining Upper
Freeport coal exhibits similar characteristics of the
Pittsburgh coal bed (see Chapter C, this report); it tends to
be thinner (fig. 24), it is under somewhat deeper cover (fig.
22), and has a higher ash yield (fig. 30) and sulfur content
(fig. 31) than the coal that has already been mined.

In Maryland, the Upper Freeport coal bed underlies
much of the Georges Creek basin in western Allegany and
eastern Garrett Counties and in the Potomac, Castleman,

and Upper Youghiogheny river basins in Garrett County.
The original resource of the Upper Freeport coal bed in
Maryland is estimated to be 910 million short tons (table 1;
Appendixes 12, 13), and about four fifths, or 710 million
short tons, was located in Garrett County. About two-thirds
of the Upper Freeport coal is in the >3.5- to 7.0-ft and >7.0-
to 14.0-ft thickness categories (fig. 49). Only about 3 per-
cent of the coal is under deep (1,000-2,000 ft) overburden
(fig. 50); the remaining coal is fairly evenly dispersed
between the three shallower overburden categories (0-200
ft, 200-500 ft, and 500-1,000 ft). About 75 percent of the
original and remaining coal is in the identified reliability
category (fig. 51).

The Upper Freeport coal in Maryland is high in ash
(14.53+5.46 weight percent, as-received whole-coal basis),
sulfur (2.90+1.54 weight percent, as-received whole-coal
basis), and gross calorific value (13,000+840 Btu/lb as-
received whole-coal basis) in comparison to Upper Freeport
coal in Pennsylvania, West Virginia, and Ohio (tables 2, 3,
5). Upper Freeport coal has not been produced from
Allegany County, Md., since 1985, with a single exception
of 599 short tons in 1991 (Appendix 6). Virtually all of
Maryland’s Upper Freeport production (fig. 16) is from the
Mettiki underground mine in Garrett County.

In Pennsylvania, the original and remaining resource of
the Upper Freeport coal bed is estimated at 16 billion short
tons (table 1; Appendixes 12, 13). The Commonwealth of
Pennsylvania reported that Upper Freeport coal production
from 1975 to 1995 in Beaver, Clearfield, Elk, and Lawrence
Counties (counties where mine maps were not compiled)
was about 0.59, 11, 0.67, and 0.27 million short tons,
respectively (Appendix 3). Therefore, the USGS remaining
resource number of 14 billion short tons is a maximum.
Nevertheless, substantial Upper Freeport coal resources
remain in Pennsylvania. The coal is relatively thick and
shallow with about 40 percent of the remaining coal in the
two greatest thickness categories (>3.5 to 7.0 ft and >7.0 to
14.0 ft) (fig. 49) and the shallowest overburden categories
(0 to 500 ft) (fig. 50), but only 24 percent of this is in the
identified category (fig. 51). The Upper Freeport coal in
Pennsylvania is moderate in quality with a mean ash yield
of 12.40+3.98 weight percent, as-received basis (table 2); a
mean sulfur content of 2.21+0.98 weight percent, as-
received basis (table 3); and a mean gross calorific value of
12,980+£690 Btu/lb, as-received basis (table 5). The coal
generally increases in rank from high-volatile A bituminous
in the west to low-volatile bituminous in the east (fig. 35).

In West Virginia, only about 10 percent of the original
resource has been mined (4.5 of the original 5.0 billion short
tons remaining; Appendixes 12, 13), probably because geo-
logic conditions were not conducive to the deposition and
preservation of abundant thick Upper Freeport coal pods.
The remaining unmined thick pod, located in southern
Marshall and northern Wetzel Counties (fig. 24) is under
deep overburden cover (>1,000-2,000 ft; fig. 22) and is
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Figure 49. Bar graphs showing original and remaining Upper Freeport coal bed resources (millions of short
tons), by State and USGS thickness categories. Most of the Upper Freeport coal is in the >2.33- to 3.5-ft and

>3.5- to 7.0-ft thickness categories (Appendixes 12, 13).
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den category is classified as up to 3,000 ft, the greatest overburden thickness is actually about 2,000 ft and is in
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unlikely to be mined. In general, the coal that has been
mined was thick (in the >3.5- to 7.0-ft and >7.0- to 14.0-ft
categories; fig. 49) and under shallow overburden cover
(fig. 50). West Virginia has the deepest Upper Freeport coal
(2,000 ft in Wetzel County) and the highest overall gross
calorific values (13,300+£660 Btu/lb; table 5). The mean ash
yield is moderate (11.28+3.52 weight percent, as received
basis) but means range from 8.36+0.92 in Upshur County to
17.33£5.93 weight percent in Barbour County (table 2).
Sulfur contents in West Virginia are low in comparison to
Upper Freeport coal in Pennsylvania, Ohio, and Maryland,
but are still high enough to be placed in the moderate range,
with a mean of 2.01+1.13 weight percent (table 3).

More than 95 percent of Ohio’s original Upper Freeport
resource of 12 billion short tons has not been mined. Most
of the mining that has occurred has been from surface
mines. Although thick pods (fig. 24) remain under relative-
ly shallow overburden (200-500 ft; fig. 50), the sulfur con-
tent (with a mean of 2.83+1.17 weight percent; table 3) is
relatively high in comparison to Upper Freeport coal in
Pennsylvania and West Virginia. The gross calorific value
mean is 12,280+£660 Btu/lb (table 5).

CONCLUSIONS

The Middle Pennsylvanian Upper Freeport coal bed of
the Allegheny Group has been mined throughout the 20th
century and is currently actively mined today, yet a maxi-
mum of 31 billion short tons remain out of the original
resource of 34 billion short tons. The Upper Freeport coal
formed on an extensive surface, and, where peat-forming
conditions were optimum, formed thick pods of coal that
represent much of the minable resource. Some of these thick
pods remain in the northern panhandle of West Virginia and
in Ohio, but most appear to be moderately high in ash yield
and sulfur content. Some of the remaining Upper Freeport
coal in Pennsylvania, West Virginia, Ohio, and Maryland
that has not yet been permitted for mining will be mined.
However, much of the remaining resource cannot be mined
economically under current market conditions. Virtually all
Upper Freeport coal is noncompliant (<1.2 pounds of sulfur
dioxide (SO,) per million Btu; fig. 33). For long-term con-
tracts, the electric utility companies can meet air quality
standard regulations by coal blending and purchasing emis-
sion allowances. In addition, some power plants that burn
Upper Freeport coal have installed flue-gas desulfurization
units to meet emission requirements. However, all of these
options are expensive. On a per-ton basis of sulfur dioxide,
the annualized cost of constructing and retrofitting flue-gas
desulfurization units designed to meet the year 2000 sulfur-
dioxide emission standards (less than or equal to 0.6 pounds
of sulfur per million Btu) mandated by the Clean Air Act
Amendments of 1990 (Public Law 101-549) is estimated at

$322.00 per ton (Attanasi, 1998). This cost compares to
$167.00 per ton to switch to low-sulfur bituminous coal and
$113.00 per ton to switch to low-sulfur subbituminous
Western coal (Attanasi, 1998).
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RECENT REPORTED ANNUAL PRODUCTION (IN SHORT TONS) OF THE UPPER FREEPORT COAL BED
IN PENNSYLVANIA, WEST VIRGINIA, OHIO, AND MARYLAND, ASSEMBLED FROM STATE AGENCIES

[Sources: Ohio Division of Labor Statistics (1969-1981, 1982-1993), Maryland Bureau of Mines (1969-1995), Commonwealth of Pennsylvania
(1975-1995), Gayle H. McColloch (West Virginia Geological and Economic Survey, unpublished search of West Virginia Office of Miner's Health, Safety,
and Training—Safety Information System (MHST-SIS) database, 1997). Abbreviations are as follows: nd, no data available or the absence of production.]

YEAR PA wv OH MD

1969 nd nd 1,443,182 416,165
1970 nd nd 1,249,644 197,076
1971 nd nd 793,756 251,622
1972 nd nd 605,583 101,015
1973 nd nd 94,517 249,304
1974 nd nd 314,402 578,638
1975 11,019,575 nd 350,270 545,473
1976 12,033,840 nd 323,912 474,386
1977 12,981,419 nd 457,427 484,354
1978 10,328,550 nd 464,221 431,166
1979 12,896,799 nd 633,907 684,191
1980 13,023,004 nd 426,851 1,269,116
1981 10,355,499 nd 300,351 2,043,014
1982 10,771,263 4,952,422 679,185 1,702,566
1983 10,020,722 5,290,557 599,583 1,582,449
1984 10,210,588 6,879,469 748,813 2,191,556
1985 9,119,023 6,475,363 949,756 1,927,983
1986 8,557,916 6,384,920 1,002,421 2,724,625
1987 9,095,785 6,791,271 639,329 2,434,082
1988 8,855,779 7,591,719 1,027,384 2,069,017
1989 1,420,665 7,202,189 1,227,553 1,917,351
1990 9,184,665 7,902,442 1,248,328 2,089,386
1991 8,474,109 6,340,573 983,140 2,622,105
1992 7,719,539 6,336,578 1,399,707 2,481,803
1993 4,839,093 4,042,018 1,779,194 2,608,687
1994 nd 5,037,266 1,861,773 2,678,887
1995 5,146,086 6,173,398 nd 2,618,022
1996 nd 6,416,773 nd nd
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APPENDIX 3

RECENT REPORTED ANNUAL PRODUCTION (IN SHORT TONS) OF THE UPPER FREEPORT COAL BED
IN PENNSYLVANIA, BY COUNTY

[Source: Commonwealth of Pennsylvania (1975-1995). Abbreviations are as follows: nd, no data available or the absence of production.]

Year Allegheny Armstrong Beaver Bedford Blair Butler Cambria Clarion
1975 610,522 2,742,375 165,740 nd 1,901 423,823 372,232 82,616
1976 517,677 2,998,402 99,003 nd 1,088 456,058 324,133 84,307
1977 647,568 3,059,029 30,398 nd nd 717,037 365,139 118,471
1978 469,855 2,616,622 27,460 nd 5,340 322,861 369,193 39,066
1979 660,481 2,957,278 27,460 nd nd 640,594 416,187 39,714
1980 778,124 2,682,742 11,729 nd nd 325,551 544,894 7,492
1981 592,276 1,970,252 nd nd nd 162,149 46,064 22,010
1982 679,196 2,171,084 6,482 16,535 nd 437,020 118,607 64,719
1983 583,713 2,160,974 nd nd nd 647,741 71,839 41,882
1984 624,065 2,211,762 nd nd 32,936 858,326 179,804 33,619
1985 595,503 2,150,177 4,296 nd nd 991,651 157,774 16,709
1986 528,004 2,419,446 15,306 nd nd 1,047,623 157,097 6,830
1987 530,587 2,643,712 12,248 nd nd 603,966 379,068 16,823
1988 555,482 2,518,939 41,387 nd nd 1,146,987 115,658 21,577
1989 632,949 2,209,563 50,197 nd nd 1,188,414 140,495 nd
1990 625,357 2,507,724 31,688 nd nd 1,298,350 74,577 9,204
1991 475,752 2,788,247 63,647 nd nd 766,341 165,888 nd
1992 269,253 3,093,575 nd nd nd 354,806 94,289 nd
1993 nd 2,495,248 nd nd nd 15,971 120,988 18,355
1995 nd 2,831,160 nd nd nd 58,192 142,454 nd
Total 10,376,364 51,228,311 587,041 16,535 41,265 12,463,461 4,356,380 623,394
Year Clearfield Clinton Elk Fayette Fulton Greene Indiana Jefferson
1975 252,146 nd 46,913 28,112 nd nd 3,982,574 168,874
1976 430,553 nd 55,975 120,268 nd nd 4,358,578 416,113
1977 500,349 nd 66,672 356,054 nd nd 4,097,717 582,510
1978 730,497 nd 61,485 284,834 nd nd 3,217,392 370,674
1979 1,189,427 nd 34,359 188,039 nd nd 4,217,308 365,980
1980 1,138,262 nd 121,994 135,590 nd nd 4,905,981 323,339
1981 1,317,037 4,407 136,136 62,577 nd nd 3,869,196 374,106
1982 583,820 nd 13,211 258,514 nd nd 4,804,468 379,203
1983 875,534 nd 5,052 130,049 nd nd 4,721,626 301,514
1984 761,154 nd 35,663 nd nd nd 4,109,269 307,574
1985 203,997 nd 28,761 nd nd nd 4,151,591 330,957
1986 567,655 nd 968 8,957 nd nd 2,549,345 237,152
1987 351,306 nd 2,529 nd nd nd 3,305,743 221,474
1988 581,310 nd 31,278 50,930 73,153 nd 2,458,067 244,233
1989 270,355 nd 14,345 1,570 nd nd 1,822,904 149,879
1990 238,205 nd 13,034 6,784 nd nd 3,935,861 155,860
1991 166,002 nd nd 9,603 nd nd 3,660,256 113,075
1992 295,355 nd nd 45,754 nd nd 3,214,850 93,686
1993 213,544 nd nd 26,951 nd nd 1,553,186 56,894
1995 195,739 nd 2,352 51,706 nd nd 1,480,998 102,253

Total 10,862,247 4,407 670,727 1,766,292 73,153 nd 70,416,910 5,295,350
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APPENDIX 3—CONTINUED

Year Lawrence Lycoming Somerset Tioga Washington Westmoreland Total annual

Production
1975 nd 38,360 1,163,939 16,147 nd 923,301 11,019,575
1976 nd nd 1,311,464 nd nd 860,221 12,033,840
1977 nd nd 1,332,249 nd nd 1,108,226 12,981,419
1978 13,361 nd 1,250,181 nd nd 549,729 10,328,550
1979 nd nd 1,477,367 nd nd 682,605 12,896,799
1980 nd nd 1,520,691 nd nd 526,615 13,023,004
1981 nd nd 1,309,602 nd nd 489,687 10,355,499
1982 nd nd 961,374 nd nd 277,030 10,771,263
1983 2,375 nd 463,738 nd nd 14,685 10,020,722
1984 nd nd 514,267 nd nd 542,149 10,210,588
1985 143,827 nd 330,847 nd nd 12,933 9,119,023
1986 32,426 nd 267,119 nd nd 719,988 8,557,916
1987 46,553 nd 242,318 nd nd 739,458 9,095,785
1988 44,251 nd 166,253 nd nd 806,274 8,855,779
1989 nd nd 95,823 nd 843,956 215 7,420,665
1990 4,398 nd 283,623 nd nd nd 9,184,665
1991 nd nd 220,650 nd nd 44,648 8,474,109
1992 nd nd 219,386 nd nd 38,585 7,719,539
1993 nd nd 337,956 nd nd nd 4,839,093
1995 nd nd 265,372 nd nd 15,860 5,146,086
Total 287,191 38,360 13,734,219 16,147 843,956 8,352,209 192,053,919




APPENDIX 4

RECENT REPORTED ANNUAL PRODUCTION (IN SHORT TONS) OF THE UPPER FREEPORT COAL BED IN WEST VIRGINIA, BY COUNTY.

[The Upper Freeport coal bed could not be reliably correlated south of Barbour County, W. Va., and therefore counties further to the south were not assessed in this report. However, coal companies do
report Upper Freeport coal production south of Barbour County, in Mingo and Logan Counties, and these production numbers have been inluded in this Appendix. Source: Gayle H. McColloch (West Virginia
Geological and Economic Survey, unpublished search of West Virginia Office of Miner's Health, Safety, and Training—Safety Information System (MHST-SIS) database, 1997). Abbreviations are as fol-
lows: nd, no data available or the absence of production.]

Year Boone Grant Logan Mingo Monongalia Nicholas Ohio Preston Tucker Upshur Wayne Webster Total annual

production
1982 nd 1,969,817 100,183 nd 34,249 nd nd 2,219,624 203,183 333,262 nd 92,104 4,952,422
1983 nd 1,672,564 14,625 nd 161,304 nd nd 2,319,842 285,494 336,781 nd 499,947 5,290,557
1984 nd 2,234,757 nd 520 364,307 nd nd 2,809,342 243,407 367,361 nd 859,775 6,879,469
1985 nd 2,471,593 nd nd 403,576 nd nd 2,666,279 153,000 354,470 nd 426,445 6,475,363
1986 nd 1,815,132 80,209 nd 344,092 29,855 nd 3,025,955 162,815 307,681 nd 619,181 6,384,920
1987 nd 1,972,153 nd 7,434 225,014 161,757 nd 3,604,245 101,238 73,347 1.0 646,082 6,791,271
1988 nd 2,441,789 nd 208,615 140,382 206,342 nd 3,754,971 93,424 nd nd 746,196 7,591,719
1989 nd 3,081,488 28,492 26,806 148,386 4,331 nd 3,815,420 97,266 nd nd nd 7,202,189
1990 nd 3,878,798 nd nd 27,648 217,390 nd 3,580,870 197,736 nd nd nd 7,902,442
1991 nd 3,375,373 nd nd 2,873 nd nd 2,815,540 132,226 nd nd 14,561 6,340,573
1992 nd 3,518,831 nd nd 38,427 nd nd 2,479,094 107,765 192,461 nd nd 6,336,578
1993 nd 1,265,594 nd nd 47,131 nd nd 2,070,074 91,706 567,513 nd nd 4,042,018
1994 nd 2,695,267 nd nd 65,443 nd 591 1,682,558 123,394 470,013 nd nd 5,037,266
1995 329,104 3,164,032 nd nd 104,070 nd nd 1,648,516 127,713 799,963 nd nd 6,173,398
1996 618,817 3,030,087 nd nd 26,531 nd nd 1,736,331 133,648 871,359 nd nd 6,416,773
Total 947,921 38,587,275 223,509 243,375 2,133,433 619,675 591 40,228,661 2,254,015 4,674,211 1.0 3,904,291 93,816,958
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RECENT REPORTED ANNUAL PRODUCTION (IN SHORT TONS) OF THE UPPER FREEPORT COAL BED IN OHIO, BY COUNTY

[Sources: Ohio Division of Labor Statistics (1945-1946, 1947-1965, 1966—1981, 1982—-1994). Abbreviations are as follows: nd, no data available or the absence of production.]

Year Athens Belmont Carroll Columbiana Coshocton Gallia Guernsey Harrison Hocking Holmes Jackson Jefferson
1945 204,646 nd 14,465 100,893 nd 48,227 205,985 9,508 16,970 nd 3,121 49,321
1946 292,550 nd 16,012 48,777 26,340 61,122 259,894 9,945 188 nd 18,494 33,007
1947 314,630 nd 30,357 241,979 51,966 71,411 387,681 8,986 1,109 nd 17,304 105,903
1948 263,174 nd 21,058 320,680 61,407 62,476 225,881 27,237 1,277 nd 14,560 214,783
1949 150,382 nd 106,724 240,815 71,572 43,874 144,422 15,536 233 nd 29,295 52,611
1950 165,099 nd 178,910 344,620 85,613 49,731 79,536 24,584 184 8,623 16,148 91,053
1951 124,924 nd 12,251 385,625 194,569 38,863 94,328 47,330 nd 9,630 13,689 111,410
1952 198,069 nd 3,138 354,104 139,076 36,951 118,648 53,075 nd 2,292 6,406 71,669
1953 109,613 nd 53,984 281,659 155,216 32,903 72,712 9,764 nd nd 5,613 18,532
1954 102,811 3,516 32,013 186,467 131,166 14,673 57,971 4,904 nd nd 2,699 45,016
1955 125,708 3,026 186,881 113,280 148,427 nd 59,651 10,486 43,702 nd 5,361 109,784
1956 89,510 nd 111,173 229,243 148,641 nd 55,547 7,541 29,382 nd 11,904 136,087
1957 83,883 nd 36,056 252,788 182,743 nd 77,270 10,836 45,022 nd 7111 78,570
1958 47,471 nd 27,579 334,551 101,241 nd 73,831 47,544 35,267 nd 3,031 69,218
1959 52,169 nd 155,800 317,918 137,277 nd 42,739 17,617 10,693 nd 2,837 130,503
1960 77,800 nd 135,220 216,208 62,241 nd 28,188 10,022 15,466 nd nd 93,881
1961 51,065 nd 127,552 143,946 nd nd 18,100 37,171 5,783 nd nd 107,738
1962 37,305 nd 43,878 112,553 nd nd 23,083 57,242 7,856 nd nd 99,665
1963 71,297 nd 19,220 171,779 nd nd 32,745 125,353 10,024 nd 54,280 39,283
1964 96,596 nd 19,000 248,944 nd nd 279 132,547 15,965 nd 101,593 21,035
1965 114,091 nd 1,158 165,482 nd 56,186 170 288,216 14,595 nd nd 82,429
1966 84,935 nd 37,286 30,240 nd 12,302 88 179,046 14,290 nd nd 101,818
1967 90,172 nd 147,679 19,029 nd nd 2,781 137,670 9,958 nd nd 6,544
1968 67,367 nd 161,533 54,806 nd 11,298 22,542 457,850 5,822 nd nd 4,407
1969 60,132 nd 9,864 3,293 nd 21,479 8,447 1,102,531 28,297 nd nd 32,370
1970 27,654 nd 143,863 30,142 nd 53,547 7,545 813,404 31,799 nd nd 36,490
1971 nd nd 114,475 52,497 nd 14,150 10,000 404,366 40,946 nd nd 85,619
1972 nd nd 30,018 75,168 nd 16,243 369,400 nd 52,125 nd nd 26,357
1973 nd nd nd 94,517 nd nd nd nd nd nd nd nd
1974 nd nd nd 106,092 nd 67,294 nd nd nd nd nd nd
1975 nd nd 19,952 717,303 nd 94,335 48,898 nd nd nd nd nd
1976 1,580 nd 11,664 75,086 nd nd 133,731 44,283 nd nd nd nd
1977 5,049 nd 30,603 133,303 nd nd 125,759 467 nd nd nd nd
1978 nd nd 10,670 133,753 nd 21,729 150,561 nd nd nd 4,374 nd
1979 nd nd 24,193 80,397 nd nd 157,140 6,840 153,124 nd nd nd
1980 nd nd 17,436 65,220 nd nd nd 14,417 135,042 nd nd nd
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APPENDIX 5—CONTINUED

Year Athens Belmont Carroll Columbiana  Coshocton Gallia Guernsey Harrison Hocking Holmes Jackson Jefferson

1981 nd nd nd 87,822 nd 7,417 89,938 8,811 nd nd nd nd

1982 nd nd nd 199,192 nd nd 130,947 113,005 73,923 nd nd nd

1983 nd nd 1,490 139,422 nd nd 125,853 167,269 nd nd nd nd

1984 nd nd nd 229,714 nd nd 119,846 241,165 nd nd nd nd

1985 9,786 nd 147,657 223,021 nd nd 73,362 292,693 nd nd nd nd

1986 21,441 nd 12,236 285,043 nd nd 113,311 328,765 nd nd nd 20,164

1987 18,114 5,216 4,987 281,364 nd nd 69,186 35,379 nd nd 7,800 10,389

1988 2,361 nd 30,481 206,282 nd nd 120,133 58,167 6,675 nd 8,815 nd

1989 nd 3,029 30,225 259,701 18,217 nd 124,435 37,356 15,306 nd 10,314 nd

1990 nd 7,267 1,155 411,208 nd nd 156,140 43,062 nd nd 5,538 nd

1991 3,076 nd 9,734 150,076 nd nd 212,459 2,569 nd nd 480 nd

1992 nd nd nd 369,921 nd nd 274,677 8,223 42,147 nd 7,530 178,851

1993 nd nd 18,622 358,261 nd nd 240,515 15,701 nd nd 46,097 269,778

1994 nd nd 47,490 477,337 nd nd 182,062 nd nd nd nd 360,405

Total 3,164,460 22,054 2,395,742 9,521,521 1,715,712 836,211 5,128,417 5,468,483 863,170 20,545 404,394 2,894,690

Year Lawrence Mahoning Meigs Muskingum Noble Perry Stark Tuscarawas Vinton Washington Total Annual
Production

1945 nd nd 198 14,021 nd 4,492 nd 9,754 18,866 nd 700,467

1946 125 nd 311 8,747 nd 5,781 nd 7,477 35,500 nd 824,270

1947 30 nd 580 17,930 nd 2,968 nd 39,815 143,581 nd 1,436,230

1948 170 nd 270 45,974 353 1,282 5,152 57,788 167,747 6,333 1,497,602

1949 172 nd nd 153,207 19,267 nd 12,048 17,800 186,113 12,163 1,256,234

1950 nd nd nd 302,819 nd 2,073 3,350 8,711 151,282 nd 1,512,336

1951 17,919 nd nd 269,646 nd nd 13,855 14,813 25,283 nd 1,374,135

1952 4,661 nd nd 186,380 183,775 nd nd 25,081 nd nd 1,383,325

1953 379 nd nd 294,036 144,298 nd nd 5,072 nd nd 1,183,781

1954 nd nd nd 76,708 21,460 25 nd 4,671 7,505 nd 691,605

1955 18 nd nd 113,476 7,171 nd nd 6,018 1,950 nd 934,939

1956 nd nd nd 52,699 nd nd nd 59,104 nd nd 930,831

1957 212 43,137 nd 50,267 6,000 128,012 1,565 92,112 nd nd 1,095,584

1958 27,412 10,046 nd 48,868 nd 242,240 nd 229,747 nd nd 1,298,046

1959 99,374 33,223 nd 46,903 nd 202 nd 253,483 nd nd 1,300,738

1960 146,363 40,036 nd 44,576 nd nd nd 189,820 nd nd 1,059,821
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APPENDIX 5—CONTINUED

Year Lawrence Mahoning Meigs Muskingum Noble Perry Stark Tuscarawas Vinton Washington Total Annual
Production
1961 73,001 56,602 nd 9,400 nd nd nd 123,873 nd nd 754,231
1962 79,680 52,010 nd 15,541 nd nd nd 129,427 nd nd 658,240
1963 nd 896 nd 14,837 nd nd nd 68,744 nd nd 608,458
1964 nd nd nd 20,802 nd nd nd 53,322 nd nd 710,083
1965 nd nd nd 51,368 nd nd nd 114,158 nd nd 887,853
1966 399 nd nd 109,956 nd nd nd 196,870 nd nd 767,230
1967 nd nd nd 64,319 nd nd nd 99,616 740 nd 578,508
1968 nd nd nd 36,372 nd nd nd 36,683 nd nd 858,680
1969 nd nd nd 45,774 nd nd nd 130,995 nd nd 1,443,182
1970 1,257 nd nd nd nd nd nd 103,376 567 nd 1,249,644
1971 nd nd nd 4,000 nd nd nd 63,920 3,783 nd 793,756
1972 nd nd nd nd nd nd nd 36,272 nd nd 605,583
1973 nd nd nd nd nd nd nd nd nd nd 94,517
1974 nd nd nd 68,444 nd 25,726 nd 46,846 nd nd 314,402
1975 nd nd nd nd nd 30,569 nd 79,213 nd nd 350,270
1976 nd nd nd nd nd 32,235 390 24,943 nd nd 323,912
1977 nd nd nd 100,443 nd 13,868 10,489 25,903 11,543 nd 457,427
1978 nd nd nd 122,560 nd nd 11,372 9,202 nd nd 464,221
1979 nd nd nd 166,077 nd 8,141 nd 19,182 18,813 nd 633,907
1980 nd nd nd 146,164 nd nd nd 39,094 9,478 nd 426,851
1981 nd nd nd 49,863 nd 3,081 nd 53,419 nd nd 300,351
1982 nd nd nd 92,743 nd nd 3,479 65,896 nd nd 679,185
1983 nd nd nd 71,267 nd nd 13,332 69,889 11,061 nd 599,583
1984 nd nd nd 20,521 nd 31,453 6,637 99,477 nd nd 748,813
1985 nd nd nd 1,495 nd 19,906 2,551 179,285 nd nd 949,756
1986 nd nd nd 14,984 nd 26,139 1,002 170,940 8,396 nd 1,002,421
1987 nd nd nd nd nd 22,962 nd 183,932 nd nd 639,329
1988 nd nd nd nd nd 69,156 nd 524,689 625 nd 1,027,384
1989 nd nd nd nd nd 63,083 nd 665,887 nd nd 1,227,553
1990 nd nd nd nd nd 174,275 nd 449,683 nd nd 1,248,328
1991 nd nd nd nd 5,451 118,222 nd 449,302 31,771 nd 983,140
1992 nd nd nd nd 12,967 15,399 nd 489,992 nd nd 1,399,707
1993 nd nd nd 389 11,089 nd nd 737,068 81,674 nd 1,779,194
1994 nd nd nd nd nd nd nd 663,599 130,880 nd 1,861,773
Total 451,172 235,950 1,359 2,953,576 411,831 1,041,290 85,222 7,225,963 1,047,158 18,496 45,907,416
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APPENDIX 6

RECENT REPORTED ANNUAL PRODUCTION (IN SHORT TONS) OF THE UPPER FREEPORT COAL BED
IN MARYLAND, BY COUNTY

[Between 1978 and 1995, the Maryland Bureau of Mines reported Freeport production only, without differentiating between the Lower Freeport coal bed
and the Upper Freeport coal bed production. Lower Freeport coal production is not significant in Maryland and Freeport production (in red) is used in lieu
of Upper Freeport coal bed production data. Source: Maryland Bureau of Mines (1969-1995). Abbreviations are as follows: nd, no data available or the
absence of production.]

Year Allegany Garrett Total annual
production
1969 nd 416,165 416,165
1970 nd 197,076 197,076
1971 nd 251,622 251,622
1972 nd 101,015 101,015
1973 nd 249,304 249,304
1974 nd 578,638 578,638
1975 nd 545,473 545,473
1976 nd 474,386 474,386
1977 99,863 484,354 484,354
1978 13,950 431,166 431,166
1979 8,793 684,191 684,191
1980 nd 1,269,116 1,269,116
1981 66,276 2,043,014 2,043,014
1982 98,633 1,702,566 1,702,566
1983 nd 1,582,449 1,582,449
1984 33,114 2,191,556 2,191,556
1985 15,166 1,927,983 1,927,983
1986 nd 2,724,625 2,724,625
1987 nd 2,434,082 2,434,082
1988 nd 2,069,017 2,069,017
1989 nd 1,917,351 1,917,351
1990 nd 2,089,386 2,089,386
1991 599 2,622,105 2,622,105
1992 nd 2,481,803 2,481,803
1993 nd 2,608,687 2,608,687
1994 nd 2,678,887 2,678,887
1995 nd 2,618,022 2,618,022

Total 336,395 39,374,038 39,374,039
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APPENDIX 7

UPPER FREEPORT COAL BED STRATIGRAPHIC DATABASE

[This spreadsheet contains all of the public records used to model the Upper Freeport coal bed and includes (1) record identifier, (2) longitude (decimal
degrees), (3) latitude (decimal degrees), (4) elevation of the Upper Freeport coal bed, and (5) Upper Freeport coal bed thickness, excluding parting. Records
that contain a -999 in the elevation or thickness field, were omitted from that coverage.]

CLICK HERE TO GO TO APPENDIX 7

APPENDIX 8

UPPER FREEPORT COAL BED GEOCHEMICAL DATABASE

[This ASCILI file contains all of the public records used to model the coal quality for the Upper Freeport coal bed and includes NCAID (northern and cen-
tral Appalachian index number used for bed data records), source, State, county, longitude (decimal degrees), latitude (decimal degrees), coal province, coal
region, coal field, district, coal formation, coal group, coal bed, sample thickness (ft), system, series/epoch, comments, map, collector, pointid (field iden-
tification number), estimated rank, lab code, sample type, analytical type, value represented, moisture (percent), total moisture (percent), volatile matter
(percent), fixed carbon (percent), ASTM ash (American Society for Testing and Materials; percent), hydrogen (percent), carbon (percent), nitrogen (per-
cent), oxygen (percent), sulfur (percent), SO, (Ibs/million Btu), gross calorific value (Btu/Ib), air dried loss (percent), sulfate sulfur (percent), pyritic sul-
fur (percent), organic sulfur (percent), free swelling index, ash deformation temperature (degrees Fahrenheit), ash softening temperature (degrees
Fahrenheit), ash fluid temperature (degrees Fahrenheit), Hardgrove grindability index, equilibrium moisture (percent), USGS ash (U.S. Geological Survey;
percent), Si (percent), Al (percent), Ca (percent), Mg (percent), Na (percent), K (percent), Fe (percent), Ti (percent), S ( percent), Ag (ppm), As (ppm), Au
(ppm), B (ppm), Ba (ppm), Be (ppm), Bi (ppm), Br (ppm), Cd (ppm), Ce (ppm), Cl (ppm), Co (ppm), Cr (ppm), Cs (ppm), Cu (ppm), Dy, (ppm), Er (ppm),
Eu (ppm), F (ppm), Ga (ppm), Gd (ppm), Ge (ppm), Hf (ppm), Hg (ppm), Ho (ppm), La (ppm), Li (ppm), Lu (ppm), Mn (ppm), Mo (ppm), Nb (ppm), Nd
(ppm), Ni (ppm), P (ppm), Pb (ppm), Pd (ppm), Pr (ppm), Rb (ppm), Sb (ppm), Sc (ppm), Se (ppm), Sm (ppm), Sn (ppm), Sr (ppm) Ta (ppm), Tb (ppm),
Th (ppm), Tl (ppm), Tm (ppm), U (ppm), V (ppm), W (ppm), Y (ppm), Yb (ppm), Zn (ppm), Zr (ppm)]

CLICK HERE TO GO TO APPENDIX 8

APPENDIX 9

METADATA FOR THE UPPER FREEPORT COAL BED GEOCHEMICAL DATABASE

CLICK HERE TO GO TO APPENDIX 9
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APPENDIX 11

DATA SOURCES FOR THE UPPER FREEPORT COAL BED AREAL EXTENT AND MINED AREA MAP
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ing areas of coal removed by underground mining for all
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ing updated in mid-1980°s].
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Economic Survey Open-File Report 07, scale 1:24,000 [min-
ing updated in mid-1980’s].
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ing updated in mid-1980’s].

1997sss, Upper Freeport coal mined out extent—working
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major coal seams in WV: West Virginia Geological and
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major coal seams in WV: West Virginia Geological and
Economic Survey Open-File Report 07, scale 1:24,000 [min-
ing updated in mid-1980’s].

1997vvv, Upper Freeport coal mined out extent—working
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major coal seams in WV: West Virginia Geological and
Economic Survey Open-File Report 07, scale 1:24,000 [min-
ing updated in mid-1980’s].
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ing map, Terra Alta quadrangle, West Virginia, in Maps
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major coal seams in WV: West Virginia Geological and
Economic Survey Open-File Report 07, scale 1:24,000 [min-
ing updated in mid-1980’s].
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1997yyy, Upper Freeport coal mined out extent—working
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ing areas of coal removed by underground mining for all
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Economic Survey Open-File Report 07, scale 1:24,000 [min-
ing updated in mid-1980’s].
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APPENDIX 12

ORIGINAL COAL RESOURCES BY OVERBURDEN, RELIABILITY, AND COAL-BED THICKNESS CATE-
GORIES FOR THE UPPER FREEPORT COAL BED, BY COUNTY

[Resources are rounded to millions of short tons. Reliability categories are as follows: identified, resources calculated for area within 3 mi of a coal-thick-
ness measurement point; hypothetical, resources calculated for area farther than 3 mi from a coal-thickness measurement. Asterisk indicates less than 10,000
short tons. Abbreviations are as follows: St., State.]

CLICK HERE TO GO TO APPENDIX 12

APPENDIX 13

REMAINING COAL RESOURCES BY OVERBURDEN, RELIABILITY, AND COAL-BED THICKNESS CATE-
GORIES FOR THE UPPER FREEPORT COAL BED, BY COUNTY
[Resources are rounded to millions of short tons. Reliability categories are as follows: identified, resources calculated for area within 3 mi of a coal-thick-

ness measurement point; hypothetical, resources calculated for area farther than 3 mi from a coal-thickness measurement. Asterisk indicates less than 10,000
short tons; <, mine map compilation not complete, remaining resource values less than shown. Abbreviations are as follows: St., State]

CLICK HERE TO GO TO APPENDIX 13
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