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PREFACE

Reports have been prepared on the extent of coal reserves of the United
States, by State, county, coalbed, rank, and sulfur content. The first report

(iC 8531), published in 1971, was devoted to the strippable reserves of bitu-
minous coal and lignite. The second report was a study of the reserves, pro-
duction, and consumption of bituminous coal in the Appalachian region. The
third report was an interim study of the resources and produc tion of coa 1 in
the United States. (The second and third reports, items 224 and 225 in the
bibliography of this publication, were prepared for the Environmental Pro-
tection Agency in 1971.) The fourth report (IC 8655), published in 1974, was
devoted to the reserve base of bituminous coal and anthracite for underground
mining in the Eastern United States. A fifth report (IC 8678) has been pre-
pared on western coals for underground mining. The present report is one part
of a two-part report on U.S. coals by sulfur content.
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THE RESERVE BASE OF U.S. COALS BY SULFUR CONTENT

(In Two Parts)

1. The Eastern States

by

Robert D. Thomson 1 and Harold F. York2

ABSTRACT

The Bureau of Mines has compiled coal reserve data for the United States
as of January 1, 1974, for bituminous and anthracite coalbeds 28 inches or
more in thickness to a maximum depth of 1,000 feet and for lignite beds 60
inches thick or greater. These data were organized by State, county, coalbed,
and rank. To evaluate the reserve by sulfur content, the reserve and analyti-
cal data from the Bureau of Mines energy data bank were synthesized using com-
puter techniques.

The reserve base in the Eastern States was determined to be 202.3 billion
tons. Bituminous coal accounts for the greatest reserve base: 161.5 billion
tons of deep-minable coal, and 32.5 billion tons of strip-minable coal. Vir-
tually all of the anthracite reserve base, 7.3 billion tons, is minable by

underground methods. All of the lignite, 1 billion tons, is strip minable.
Subbituminous coal is not significant in the Eastern United States.

About 14 percent of the bituminous coal reserve base, 26.5 billion tons,
contains 1.0 percent or less sulfur. About 87 percent of the anthracite
reserve base, 6.3 billion tons, is low-sulfur coal.

INTRODUCTION

In this report, estimates of the coal reserve base (bituminous coal,
anthracite, and lignite) are given for the States east of the Mississippi
River by county, coalbed, and rank. That portion of the reserve base poten-
tially minable by underground and strip mining methods has been identified by
sulfur content.

Various State and Federal agencies have previously made coal resource and
reserve estimates; however, because these estimates were often based upon dif-
ferent criteria and assumptions, the resulting reports varied widely in ton-
nage values. In contrast, this report contains determinations, developed by

1 Chief.
2Physical scientist (now with Energy and Minerals Staff, Bureau of Land

Management) .
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uniform cri teria, of the location and extent of the reserve base of coal min-
able by mining methods. Data were compiled from numerous sources, as
shown in the bibliography. Coal-quality data from the Bureau of Mines were
used, and a statistical apportionment of the reserve base by sulfur content
was developed by using a computer program.

This Bureau of
Protec tion Agency.

programs.

Mines study was initially funded by the U.S. Environmental
In 1972, the study was made a part of ongoing Bureau
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RESERVE BASE

The coal reserve base of the Eastern United States totals 202.3 billion
tons (fig. 1). Included in this estimate are bituminous coal (194 billion
tons), anthracite (7.3 billion tons), and lignite (l billion tons). The
reserve base is segregated into those coals minable by underground methods and
those minable by surface methods (fig. 2). The reserve base minable by under-
ground methods includes l6l.5 billion tons of bituminous coal and 7.2 billion
tons of anthracite. Lignite is not considered minable by underground methods.
The reserve base minable by surface methods includes 32.5 billion tons of bitu-
minous coal, 90 million tons of anthracite, and 1 billion tons of lignite.
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The coal reserve base
was compiled for bituminous
coal and anthracite in beds
28 inches or more in thick"
ness and lignite in beds 60
inches or more in thickness
within the reliability cate-
gories of measured and
indica ted.

KEY

The reserve base

inc ludes underground minab le
coal to a maximum depth of
1,000 feet; strippable coal
is usually to a maximum
depth of overburden of 120
feet, but this maximum may
be greater or less depending
on local condi tions. Exten-
sive use was made of previ-
ous reports on coal resources
and reserves as cited in the
bib 1 iogr aphy 0 f thi s repor t

and in table A-2, appendix A.
The coal reserves compiled
for each State, by county
and bed, were adjus ted to
compensate for cumulative
production and coal loss to
mining to January 1, 1974,
using production statistics
from Bureau of Mines files.

.. Negligible cool
rese ryes

A factor of 1.25 times
the strip produc tion was
used to de termine dep letion
of bituminous coal and lig-
nite due to strip mining and
l.ll for that of anthracite.

Dep Ie tion for deep and / or auger mining was as sumed to be twice the produc tion
by these methods. From the remaining total reserve base, the portion consid-
ered minable by strip mining was delineated, leaving a gross underground
reserve base. The coal reserve base was, through statistical probability,
dis tributed by increments throughout the range of sulfur contents determined
from coal-quality data on file in the energy data bank maintained by the
Bureau of Mines. Only raw-coal sulfur analyses were collated with the
reserve data to approximate the sulfur content of in-place coalbeds. In
appendix C, the distribution of the tonnages of the coal reserves by sulfur
content shows the range of sulfur for the coalbeds for which analytical data
are avai lab Ie. The computer dis tribution inc ludes all sulfur categories

FIGURE 1. - Coal reserve base (bituminous coal, anthra-
cite, and lignite) in the Eastern United

States. AI I Quantities are in mi II ion tons.



Of the total, 161.5
billion tons is minable by
underground methods and 32.5
billion tons is strip min-
ab Ie. I llinoi s has the
larges t reserve base, both
deep and strip, with 53.4
billion tons and 12.2 bil-
lion tons, respec tively

(fig. 3). West Virginia is
second with a deep -minab I.e

reserve base of 34.4 billion
tons and a strip-minable

reserve base of 5.2 billion tons. Pennsylvania has a deep-minable reserve
base of 22.8 billion tons. Western Kentucky has a strippable reserve base of
3.9 billion tons. The details for each State are shown in table l.
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between the extremes of
highest and lowest; no ton-
nages of coal are allotted
to sulfur categories higher
or lower than those levels
actually observed.

Bituminous Co a 1

The reserve base of
bituminous coal in the
Eastern United States is
194 billion tons (table 1).
This includes all coals in
the reliability categories
of measured and indicated,
in beds 28 inches or more in
thickness, to a depth of
1,000 feet. There are two
exceptions: Illinois coals
are to a depth of 1,200

feet; western Kentucky coals,
to a minimum coalbed thick-
ness 0 f 24 inches. The
reserve base for strippable
coal inc ludes that coal to
a maximum depth of over-
burden of 120 feet, except
for Illinois and western
Kentucky, which are l50
feet; 90 feet in Indiana;
and 100 feet in Michigan.
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TABLE 1. - Reserve base of bituminous coal in coalbeds greater
than 28 inches thick to a maximum depth of 1,000

feet, by mining method and sulfur content,
million short tons1

State Mining Sulfur content. wei ht -percent
method ~I. 0 I.l-3.0 :;3.0 Unknown Total2

Alabama. . . . . . . . . . Deep. .. . 589.32 1,016.74 14.79 l76.24 l, 798.09
Strip. . . 35.35 83.17 i. 56 36.65 157.24

Georgia. . . . . . . . . . Deep. . . . .33 0 0 . l7 .50
Strip. . . 0 0 0 0 0

Illinois. . . . . . . . . Deep... . l,034.68 5,848.37 33,647.64 l2,908.44 53.441. 86

Strip. . . i
60.37 l,493.04 9,32I.32 l,347.78 12,222.86

Indiana. . . . . . . . . . Deep... . 443.54 2,746.6l 4,355.l2 l,402.45 8,948.49
Strip. . . l05.25 559.23 907.20 10I. 56 l, 674.08

Kentucky, eastern Deep. . . . 5,042.70 2,39I.88 2l2.67 1 ,8l4. 03 9,466.48
Strip. .. l, 5l5. 65 929.90 86.82 915.32 3,450.16

Kentucky, western Deep... . 0 386.58 7,226.36 1,l07.11 8,719.89
Strip.. . .22 l77.83 2,OL7.45 l, 708.79 3,904.02

Maryland. .. .. .. .. Deep... . l06.45 623.94 17I. l8 0 90I. 9l
Strip. . . 28.56 66.59 16.24 34.57 l46.30

Michigan. . . . . . . . . Deep... . 4.59 84.93 20.78 7.03 117.64
Strip.. . 0 .49 .05 0 .56

North Carolina... Deep... . 0 0 0 3l.25 3I. 25

Strip. . . 0 0 0 .37 .37

Ohio. . .. . . . . . . . . . Deep... . 115.45 5,449.88 10,l09.36 l,754.09 l7,423.26
iStrip. . . i l8.87 990.96 2,524.87 117.93 3,653.89
i

Pennsylvania. . . . . Deep... . i
98I. l5 l6,013.46 3,568. l4 2,2l5.60 22,788.94

Strip.. . 55.45 717.2l 231.52 83.57 1,09l,07

Tennessee. . . . .. . . Deep... . 139.29 369.98 lOI. 37 53.87 667.13
Strip. . . 65.54 l63.l9 55.22 34.l2 3l9.59

Virginia. . . . . . . . . Deep. . . . l,676.05 945.42 l2.03 198.3l 2,833.24
Strip.. . 4lI. 58 218.06 2.06 46.69 679.24

West Virginia. . . . Deep. . .. i 11,086.60 l2,583.4l 6,552.88 4, l42. 92 34,377.77
Strin... 3.005.46 1.422.82 270.40 509.55 5 .2l2. 02

Total. . . . . . . Deep.... i 2l,220.l5 48,46I.20 65,992.32 25,8lI.5l l6l,5l6.45
Strin... I 5.302.30 6.822.49 l5 .434. 71 4 936.90 32.5l1.40

1 Inc ludes only measured and indicated reserves.
2 Distribution may not add to total because of rounding.
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FIGURE 3. . Reserve base of bituminous
coal in the Eastern Un ¡ted

States.

FIGURE 4. - Reserve base of low-sulfur bi.
tuminous coal in the Eastern United
States (~l.O percent sulfur).

About l4 percent of the total bituminous coal reserve base, amounting to
26.5 billion tons, contains l.O percent or less sulfur; the largest reserve
base of this quality of coal is in West Virginia, followed by eastern Kentucky
and Virginia (fig. 4). Twenty-eight percent of the bituminous coal reserve
base is in the range of 1. 1 to 3.0 percent sulfur, and 42 percent of the coal is
of an average sulfur content in excess of 3. a percent. Sixteen percent,
almost 3l billion tons, is without analytical data.

The details, by county, coalbed, and sulfur content, are shown in
table C-L, appendix C. The table includes only those beds for which there is
an estimated tonnage as defined previously. Excluded from the table are beds
regarded as too thin, or too deep, or those that have inferred tonnages. In
some instances, entire counties with coal resources have been omitted for
these reasons.
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TABLE l. - Reserve base of bituminous coal in coalbeds greater
than 28 inches thick to a maximum dep th 0 f L.OOO

feet, by mining method and sulfur content,
million short tons1

State Mining Sulfur content. wei ht -oercent
method :§L 0 i. l-3. 0 ~3.0 Unknown Totaia

Alabama.. . . . . . . . . Deep... . 589.32 1,016.74 l4.79 l76.24 l,798.09
Strip.. . 35.35 83.17 1. 56 36.65 l57.24

Georgia. . . . . . . . . . Deep. . . . .33 0 0 . l7 .50
Strip. . . 0 0 0 0 0

Illinois........ . Deep... . l,034.68 5,848.37 33,647.64 l2,908.44 53,441. 86
Strip.. . 60.37 l,493.04 9,321.32 l,347.78 l2,222.86

Indiana. . . . . . . . . . Deep... . 443.54 2,746.6l 4,355. l2 l,402.45 8,948.49
Strip. . . l05.25 559.23 907.20 L01. 56 l,674.08

Kentucky, eastern Deep... . 5,042.70 2,391.88 2l2.67 1 ,8l4. 03 9,466.48
Strip. . . l, 515.65 929.90 86.82 915.32 3,450.l6

Kentucky, western Deep... . 0 386.58 7,226.36 l,l07.11 8,719.89
Strip. . . .22 l77.83 2,017 .45 l, 708. 79 3,904.02

Maryland. . . . . . . . . Deep... . 106.45 623.94 171. l8 0 90L 9l
Strip.. . 28.56 66.59 16.24 34.57 146.30

Michigan. . .. . . . . . Deep... . 4.59 84.93 20.78 7.03 117.64
Strip. . . 0 .49 .05 0 .56

North Carolina... Deep... . 0 0 0 3l.25 31. 25

Strip. . . 0 0 0 .37 .37

Ohio. . . . . . . . . . . . . Deep... . 115.45 5,449.88 lO,109.36 l, 754.09 l7,423.26
Strip. . . 18.87 990.96 -2,524.87 117.93 3,653.89

Pennsylvania. . . . . Deep... . 981.l5 l6,013.46 3,568. l4 2,215.60 22,788.94
Strip. . . 55.45 717.21 231.52 83.57 l,09L07

Tennessee. . . . .. . . Deep... . 139.29 369.98 lO1.37 53.87 667.13
Strip.. . 65.54 l63.l9 55.22 34.l2 3l9.59

Virginia. . . . . . . . . Deep. ... l, 676.05 945.42 l2.03 198.3l 2,833.24
Strip.. . 4l1. 58 2l8.06 2.06 46.69 679.24

West Virginia. . . . Deep. . . . 11,086.60 l2,583.4l 6,552.88 4, l42. 92 34,377.77
Strio. . . 3 005.46 1.422.82 270.40 509.55 5.2l2.02

Total. . . . . . . Deep.. . . 2l,220.l5 48,46L20 65,992.32 25,8lL5l l6l,5l6.45
S trio. . . 5 302.30 6 822.49 l5 434.71 4.936.90 32.5l1.40

1 Inc ludes only measured and indicated reserves.
2Distribution may not add to total because of rounding.
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About l4 percent of the total bituminous coal reserve base, amounting to
26.5 billion tons, contains i.a percent or less sulfur; the largest reserve
base of this quality of coal is in West Virginia, followed by eastern Kentucky
and Virginia (fig. 4). Twenty-eight percent of the bituminous coal reserve
base is in the range of 1.1 to 3. a percent sulfur, and 42 percent of the coal is
of an average sulfur content in excess of 3.0 percent. Sixteen percent,
almost 31 billion tons, is without analytical data.

The details, by county, coalbed, and sulfur content, are shown in
table C-l, appendix C. The table includes only those beds for which there is
an estimated tonnage as defined previously. Excluded from the table are beds
regarded as too thin, or too deep, or those that have inferred tonnages. In
some instances, entire counties with coal resources have been omitted for
these reasons.
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Anthracite

The significant anthracite reserves of the Eastern United States are in
Pennsylvania and Virginia. The Virginia reserve base is ac tually semianthra-
cite, but is included as a matter of convenience (table 2).

TABLE 2. - Reserve base of anthracite, by mining method
and sulfur content, million short tons1

State Mining method Sulfur content wei ht -percent
~1. 0 Ll-3.0 ?3.0 Unknown Tota12

Pennsylvania. . . . . . . Deep. . . . . . . . . 6,198.53 18 i. 71 0 649.05 7,030.22
Strip. . . . . . . . 83.13 i. 18 0 5.90 90.31

Virginia.. ..... .... Deep. . . . . . . . . 52.49 0 0 84.96 137.49
Strip. . . . . . . . 0 0 0 0 0

Total. . . . . . . . . Deep. ..... . .. 6,25 i. 02 18 i. 71 0 734.01 7,167.71
Strip. . . . . . . . 83.13 i. 18 0 5.90 90.31

1 Includes only measured and indicated reserves.
2Distribution may not add to total because of rounding.

With a reserve base of 7.2 billion tons, virtually all of the eastern
anthraci te is located in 10 counties of Pennsylvania. Two Virginia counties,
Montgomery and Pulaski, contain 137 million tons. Some semianthracite also
occurs in Wythe County, Va., but this has been assigned to the "inferred reli-
ability" category, therefore these reserves are not included.

Anthracite is generally low in sulfur. Table 2 shows that 88 percent of
the Pennsylvania anthracite is l.O percent or less sulfur. Virginia semi-
anthraci te is also low in sulfur.

Tab le C -2, appendix C, shows the detailed dis tribu tion of anthracite by

county, coalbed, and sulfur content.

Lignite

In the Eastern United States, lignite occurs in Alabama, Mississippi, and
Tennessee. Only lignite of Alabama is included in this report.

To a maximum l20-foot depth of overburden, the reserve base of lignite in
Alabama is l,027 million tons in beds 60 inches thick or greater. Analytical
data are not available; however, total reserves, by county, are shown in
table C -3, appendix C. This lignite is not cons idered economically minable by
underground methods. Because tonnages in Henry County are assigned to the
inferred reliability category and those in Monroe County are too thin to be
economically mined, these reserves are not included.

Subbituminous Coal

Subbituminous coal is not significant in the Eastern United States, and
is not included in this report.
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Modified Distribution of the Reserve Base

Distribution of the coal reserve base, by sulfur content, as shown in
appendix G, is based on the assumption that the quality of coal remaining in
the ground is basically equivalent to that which has been mined. In Illinois
and Indiana, some seams have yielded low-sulfur coal. Although reserves of
low-sulfur coal may remain, the Illinois State Geological Survey and the
Geological Survey, Indiana Department of Natural Resources, contend that pre-
vious mining has substantially depleted the original supply.

Personnel from the geological surveys of Illinois and Indiana assisted Bureau
personnel in making a manual distribution of the reserve base for those States.
The distribution was based on personal knowledge and judgment of the local
coals. The modified tabulation of reserves, by sulfur content, is shown in
appendix D. The major difference between the two distributions (appendixes C
and D) is that in the manual distribution, some coals have been shifted to
higher sulfur categories, and tonnages of selected coalbeds shown as 'unknown"
have been distributed by sulfur content. For Illinois, some of the tonnages
unknown as to sulfur content are shown in table D-l with an asterisk indicat-
ing, by inference, that these coals probably contain 3.0 percent or more
sulfur.

CONSTRINTS TO RECOVERABILITY

Although reserves are known to be abundant, important factors affecting
coal recoverability relate to mining method, environmental aspects, and coal
quality.

The quantity of the reserve base that can be recovered depends on
whether the coalbed is suited for underground or surface mining. Recovery
percentages for coal mining have been investigated at various times. A study
of 200 underground mines showed an average recoverability of 57.0~1.7 percent

(222).3 With respect to the coal reserve base, average recovery by under-
ground mining methods would be about 50 percent, owing primarily to coal left
unmined to support the surface. Extraneous circumstances that may increase
the portion of the reserve base that may be lost to any mining are as follows:
Coal underlying urban areas; deep -minab le coal reserves lying beneath airpor ts,
parks, recreation areas, public institutions, or major waterways; and coal in
areas of active mining where there are multiple coalbeds, and beds overlying or
underlying worked-out beds that are hazardous and expensive to mine.

Recovery of coal by strip mining depends primarily on the ratio of the
thickness of the overburden to that of thecoalbed. Basically, a ratio of 15
feet of overburden per foot of coal thickness was used in calculating the
strippable reserve base but there are exceptions as noted in table A-I,
appendix A. However, another factor affecting the recoverability of coal is
topography: Recovery will vary depending on the type of mining (contour strip-
ping or area stripping), ranging from about 80 percent to over 90 percent.

3Underlined numbers in parentheses refer to items in the bibliography preced-

ing the appendixes.
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Environmental aspects related to mining, such as (1) land disturbance by
surface mining and subsidence due to underground mining, (2) waste disposal,
and (3) effects of mine drainage on water quantity and quality, also may
eliminate certain coalbeds from being mined.

The chemical and physical properties of coal itself limit the uses of the
coal, both from the standpoint of the consumption pattern and the type of com-
bustion equipment used. Excesses of sulfur, ash, and volatile matter may
restrict coal use and reduce the magnitude of a reserve is availability.

The sulfur content of eastern coals varies widely, ranging from a low of
0.3 percent to as much as 5.6 percent. However, as important as the amount of
S11 Ifur is the manner in which sulfur occurs. Sulfur is present in coal as

organic combinations, as
pyr i te or marc as i te, and as
sulfates. Substantial
amounts of the inorganic
sulfur, mostly pyritic sul-
fur, c an be removed by
mechanical cleaning. The
sulfate content is water
soluble and is readily
removed during mechanical
cleaning. However, sulfur
in the form of organic sul-
fur is affected little by
mechanical c leaning and, in
general, cannot be removed
by physical separation.
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FIGURE 5. - Plot of the maximum permissible sulfur
content versus Btu content of coal com-

mensurate wit~ EPA air quality stan-
dards.

1.0

In figure 5 the maximum
allowable sulfur content of
coal is plotted against the
corresponding heat content,
as indicated by the line
positioned right obliquely
from the vertical. Given
the heating value of a coal,
the horizontal distance to
the line establishes the
maximum percent of sulfur
compatible with the mandated
limit of l.2 pounds of sul-
fur dioxide per million Btu
of heat input. Sulfur con-
stitutes 50 percent of the
sulfur dioxide molecule;
thus, a 10,000-Btu coal
would have a maximum
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allowable sulfur content of 0.6 percent. With these parameters, the ideal
coal would have the characteristics of maximum heat value and minimum sulfur
content. Coals falling to the right of the line would not meet the emissions
standard stipulated by EPA.

Extensive research by the Bureau has shown that substantial quantities of
sulfur in coal can be removed by mechanical cleaning. In a recent study, coal
samples (l95 from the Northern Appalachian region, 19 from Southern Appalach-
ian region, and 82 from the Midwest region) were evaluated (218). Less than
30 percent of the samples tested could be worked to 1 percent or less total
sulfur. However, in more than half of the samples, the total sulfur content
could be reduced 50 percent. Plots of the State average analysis of sulfur
content and Btu content as shown in table E-l, appendix E, versus percent
yield and three crushing sizes are shown in appendix G.

Mechanical cleaning is a useful way to remove sulfur from coals. However,
further evaluation of the disqualified coals with relationship to the EPA emis-
sions standards will require development and testing programs to determine the
feasibility of desulfurization, such as mechanical cleaning and solvent refining
before combustion, and stack-gas cleaning after combustion. The future role
of stack-gas desulfurization depends not only on the progress made in solving
design and operational problems of scrubbers, but also on how extensively elec-
tric utilities will be permitted to use supplementary control systems.
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APPENDIX A. - -CLASSIFICATION SYSTEM FOR COAL RESOURCES AND RESERVES

This method of classification is in conformity with the provisions of the
Joint Geological Survey-Bureau of Mines Resource Classification Agreement of
November 21, 1973, covering all mineral resources. The classification is
being used in resource-reserve studies on coal conducted by agencies of the
Department of the Interior.

Classification System

The coal classification system employs a concept by which coalbeds are
classified in terms of their degree of geologic identification and economic,
techno logic, or legal feasibility of recovery.

Glossary of Coal Resource Terms

Resources. --Concentrations of coal in such forms that economic extraction
is currently or potentially feasible.

Identified resources. --Specific bodies of coal whose location, quality,
and quantity are known from geologic evidence supported by engineering measure-
ments with respect to the demonstrated category.

Undiscovered resources. - -Unspecified bodies of coal surmised to exist on
the basis of broad geologic knowledge and theory.

Reserve. --That portion of the identified coal resource that can be eco-
nomically and legally mined at the time of determination.

Reserve base. --Includes beds of bituminous coal and anthracite 28 inches
or more thick and beds of subbituminous coal 60 inches or more thick that
occur at depths to l,OOO feet. Include also thinner and/or deeper beds that
presently are being mined or for which there is evidence that they could be
mined commercially at this time. Include beds of lignite 60 inches or more
thick that can be surface mined--generally those that occur at depths no
greater than l20 feet. Also, it includes only coal from measured and indi-
cated categories of reliability.

Recoverability factor. --The percentage of the total tons of coal produc-
ible from a given area in relation to the total tonnage estimated to be in
place in the ground.

Identified-subeconomic resources. --Tonnage of coal in beds that are not
reserves, but may become so as a result of changes in economic and legal
condi tions.

Hypothetical resources. - -Tonnage of undiscovered coal in beds that may
reasonably be expected to exist in a known mining district under known geo-
logic conditions. Exp loration that confirms their existence and reveals quan-
tity and quality will permit their reclassification as a reserve or identified-
subeconomic resource.
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Speculative resources. --Tonnage of undiscovered coal in beds that may
occur either in known types of deposits in a favorable geologic setting where
no discoveries have been made, or in as yet unknown types of deposits that
remain to be recognized. Exploration that confirms their existence and
reveals quantity and quality will permit their rec lassification as reserves or
identified -subeconomic resources.

The following definitions for measured, indicated, and inferred are
applicable to both the reserve and identified-subeconomic resource components.

Measured. --Tonnage of coal for which estimates of the quality and quan-
tity have been computed, within a margin of error of less than 20 percent,
from sample analyses and measurements from closely spaced and geologically
well-known sample sites.

Indicated. --Tonnage of coal for which estimates of the quality and quan-
tity have been computed partly from sample analyses and measurements partly
from reasonable geologic projections.

Demonstrated. --A collective term for the sum of coal in both measured and
indicated resources.

Inferred. --Coal in unexplored extensions of demonstrated resources for
which estimates of the quality and size are based on geologic evidence and
projection.

Criteria for Coal Resource/Reserve Identification

Coal resource and reserve classification is based upon three criteria--

(1) thickness of the coalbed, (2) depth of the coalbed, and (3) the reliabil-
ity of the data upon which the estimate was based. The criteria for each
category are described as follows:

Identified resources. --Include beds of bituminous coal and anthracite
14 inches or more thick and beds of subbituminous coal and lignite 30 inches
or more thick that occur at depths to 3,000 feet, and the existence and quan-
tity of which have been delineated within specified degrees of geologic assur-
ance as measured, indicated, or inferred. Include also thinner and/or deeper
beds that presently are being mined or for which there is evidence that could
be mined commercially.

Undiscovered resources. --Inc lude beds of bituminous coal and anthracite
l4 inches or more thick and beds of subbi tuminous coal and lignite 30 inches
or more thick tha t are presumed to occur in unmapped and unexp lored areas
reasonably near the surface (to depths of 3,000 feet) or in deeper structural
basins of depths between 3,000 feet and 6,000 feet. All undiscovered coal
resources in the United States are considered to be in the hypothetical
category.

Reserve base. --Include beds of bituminous coal and anthracite 28 inches
or more thick and beds of subbituminous coal 60 inches or more thick that
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occur at depths to l,OOO feet. Include also thinner and/or deeper beds that
presently are being mined or for which there is evidence that they could be
mined commercially at this time. Include beds of lignite 60 inches or more
thick that can be surface mined--generally those that occur at depths no
greater than l20 feet. Also, it includes only coal from measured and indi-
cated categories of reliability.

Reserve. --Include that portion of the reserve base that can be mined
legally and economically at the time of classification.

Subeconomic resources. --Include all identified resources that do not fall
into the reserve category. Include in this category beds of bituminous coal
and anthracite 14 inches to 28 inches thick and beds of subbituminous coal 30
inches to 60 inches thick that occur at depths to 1,000 feet. Include also
beds of bituminous coal and anthracite 14 inches or more thick and beds of
subbituminous coal 30 inches or more thick that occur at depths between l,OOO
and 3,000 feet. Include lignite beds 30 inches or more thick that cannot be
surface mined--generally those that occur at depths greater than 120 feet, and
lignite beds 30 inches to 60 inches thick that can be surface mined. Include
the nonrecoverable portion of the reserve base.

TABLE A-I. - Criteria used in estimating strippable reserve base
of bituminous coal and lignite

Minimum coalbed Maximum overburden
State thickness, thickness for Stripping ratio,

inches computing reserves, feet1
feet

Alabama. . . . . . . . . . . . . . . l4 120 24: 1

Illinois............. . l8 l50 18: 1

Indiana. ... . . ..... .... l4 90 20: 1

Kentucky, eastern. . .. . 28 120 l4: 1

Kentucky, western... .. 24 ! 150 18: 1

Maryland. . . ... ....... . 28
I

120 15: 1

Michigan. . . . . . . . . . . . . . 28 LOO 20: 1

Ohio. . . . . . . . . . . . . . . . . . 28 120 l5: 1

Pennsylvania. . . . . . . . . . 28 120 l5: 1

Tennessee. . . . . . . . . . . . . 28 120 19: 1

Virginia. . . . . . . . . . . . . . 28 l20 15: 1

West Vir~inia. . . . . . . . . 28 120 15: 1

1 Based on maximum feet of overburden thickness at the highwall per foot of

coalbed thickness.
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APPENDIX B. --DEFINITIONS

Anthracite. --A hard, black lustrous coal having 92 percent or more but
less than 98 percent fixed carbon, and 8 percent or less but more than 2 per-
cent volatile matter, on a dry, mineral-matter-free basis.

Ash. --Mineral matter remaining after the combustible substances of the
coal are burned under specified conditions.

As-received. --Analytical results of tests on the analyzed sample calcu-
lated to the as-received (in the laboratory) or as-sampled basis.

Bituminous coal. --A solid, brittle coal relatively high in gaseous con-
stituents and having 69 percent or more but less than 86 percent fixed carbon,
and 31 percent or less and more than 14 percent volatile matter, on a dry,
mineral-matter-free basis. The calorific value ranges from 10,500 to over
14,000 Btu per pound on a moist,l mineral-matter-free basis, but the calorific
value does not determine the classification provided the fixed carbon is 69
percent or more; it is commonly agglomerating. Coal of a Btu content in the
range of LO,500 to ll,500 per pound, and nonagglomerating, is classified as
subbi tuminous.

British thermal units (Btu). --The amount of heat released in burning
1 pound of coal; 1 Btu is the heat needed to raise the temperature of 1 pound
of water io F and is equal to 252 calories.

Depletion. --The tonnage of coal mined plus the coal lost as a result of
the mining operation.

Depth. --The vertical distance below the ground surface, measured from the
mean elevation of the drainage of the area concerned. For coalbeds above the
general drainage level, depth refers to the maximum vertical distance below
the ground surface.

Dry basis. --Analytical results of tests on the analyzed sample calculated
to a moisture-free basis.

Lignite. --A brownish-black coal in which the alteration of vegetal mate-
rial has proceeded further than peat but not so far as subbituminous coal.
The Btu content is less than 8,300 on a moist, mineral-matter-free basis.

Moisture. --The total moisture retained by a coal sample, determined by
calculating the loss in weight of the sample when heated under controlled con-
ditions of temperature, time, and atmosphere.

Moisture and ash free (maf). --Determinations calculated from the air-dry,
as -received, or moisture -free ana lysis; useful in making comparisons.

lMoist refers to coal containing its natural inherent moisture but not includ-

ing visible water on the surface of the coal.
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Rank. --The position of a coal relative to other coals in the series from
lignite to anthracite, according to their degree of metamorphism or progres-
sive alteration.

Semianthracite. --A coal intermediate between anthracite and bituminous
coal. It is nonagglomerating and contains 86 percent or more but less than
92 percent fixed carbon, and 14 percent or less but more than 8 percent vola-
tile matter, on a dry, mineral-matter-free basis.

Strippable reserve base. --That part of the total reserve base under a
specified maximum depth of overburden and minable by stripping methods.

Subbituminous coal. --Coal of a rank greater than lignite but less than
that of bituminous coal and distinguished from lignite by its black color and
its lack of a distinctly woody structure and texture, and from bituminous coal
by its loss of moisture and slacking when exposed to weathering. Fixed carbon
is less than 69 percent, and volatile matter is more than 31 percent on a dry,
mineral-matter-free basis. The calorific value and nonagglomerating charac-
istic determine the classification provided the fixed carbon is less than
69 percent.

Sulfur. --In coal, sulfur is recognized in three forms: (1) Pyritic sul-
fur in the form of pyrite or marcasite in which the sulfur is combined with
iron, (2) organic sulfur or sulfur combined with the coal substance, and

(3) sulfate sulfur in the form of hydrous calcium sulfate or hydrous iron
sulfate.

Underground reserve base. --That part of the coal reserve base, excluding
the remaining strippable reserve base, but including coal minable by augering.
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APPENDIX E. --COAL ANALYSIS DATA

The Bureau of Mines has conducted an active program of coal analysis for
many years on coal purchased by the U.S. Government. Most of the analyses
determined between 1904 and 1910 were published by the Bureau in a bulletin

(209). Since then, many bulletins, reports of investigations, information
circulars, and technical papers have been published giving analysis of coals
purchased on Government contract. Most of these publications are included in
the bibliography of this report. The average raw coal analysis by State,
county, and coalbed is given in table E -l for the coals found in the Eastern
United States. Details on the analytical and test methods used by the Bureau
for characterizing coal are presented in a 1967 report (2l3).

The energy data bank maintained by the Bureau of Mines contains more than
72,000 coal analyses for the Eastern States. Using the sulfur analyses as
data points for constructing a distribution curve, the coal reserves were,
through statistical probability, distributed by sulfur category, as shown in
appendix C.
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APPENDIX G. --WASHABILITY

The Bureau of Mines has published the results of a number of washability
studies for the reduction of sulfur in coals. In the more recent study, 296
coalbed samples from the Eastern States were evaluated by crushing and washa-
bility analyses to determine the reduction in sulfur content (218). A total
of 195 Northern Appalachian region coalbed samples were evaluated (Maryland,
32; Ohio, 48; Pennsylvania, 90; and northern West Virginia, 25). Nineteen
samples from the Southern Appalachian region (Alabama, 6; Tennessee, 6; south-
ern West Virginia, 3; and Virginia, 4) and 82 from the Midwest region

(Illinois, 31; Indiana, 17; and western Kentucky, 34) were also tested.

In this investigation of the sulfur reduction potential of coals, less
than 30 percent of the samples tested could be washed to 1 percent or less of
total sulfur. However, in more than half the samples, the total sulfur con-
tent could be reduced almost 50 percent. Coals produced in the Northern
Appalchian region, averaging 2.03 percent pyritic sulfur and 3.07 percent
total sulfur, could not be washed to produce a coal of 1 percent sulfur con-
tent. The same is true of the Midwest coals, which contain 1.63 percent
organic sulfur on the average, although a 30- to 35-percent reduction in total
sulfur can be achieved. Coals of the Southern Appalachian region tested gen-
erally contained less than 1 percent total sulfur.

The following table shows average percent reduction
resul ted from crushing coals to three different sizes to
sulfur at yields of 90 and 60 percent:

in total sulfur that
re lease the pyri tic

Region and crushed size
ield

25.54 4L 89

32.60 46.25
39.65 52.78

8.02 7.71
9.92 9.62

12.02 10.79

22.02 37.05
23.16 38.73
24.98 40.84

16.71 18.83
19.17 20.59
23.91 28.l8

Northern Appalachian region:
1-1/2 inches............................
3/8 inch................................
14 mesh. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Southern Appalachian region (excluding
Alabama) :
1-1/2 inches............................
3/8 inch................................
14 me sh. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Midwest region:
1-1/2 inches............................
3/8 inch................................
14 mesh............ . . . . . . . . . . . . . . . . . . . . .

Alabama:
1-1/2 inches............................
3/8 inch................................
14 me sh. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Based on these data, six lines are plotted on figure G-l that indicate the
response of coals of the Nor thern Appalachian region to the washing process.
The lines are in two sets: (1) 90- and 60-percent yield and (2) crushed sizes
of l-1/2 inches, 3/8 inch, and l4 mesh. Deurbrouck (218, page 187) shows that
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the total sulfur content of Northern Appalachian coals can be reduced about
40 percent when crushed to l4 mesh with an anticipated yield of 90 percent.
Translated, this means that a 12,OOO-Btu coal with a maximum of 1.2 percent
total sulfur could be crushed to 14 mesh and, with a yield of 90 percent, be
made to meet the EPA standard for air quality. Thus, these lines indicate the
maximum sulfur content and the corresponding Btu content in ~ coal that ~
be washed to meet EPA standards, given stipulated crushed sizes and the
expected yield. If a 12,000-Btu coal is considered for a 90-percent yield,
the maximum sulfur content of raw coal is 0.97 percent for 1-l/2-inch coal;
1.07 for 3/8 inch; and l.2 for l4 mesh. For a 60-percent yield, the maximum
sulfur content is 1.24 percent for 1-1/2-inch coal; 1.34 for 3/8 inch; and
1.53 for l4 mesh.

Also shown on figure G-l are data points of the average analysis of sul-
fur content versus Btu content of Pennsylvania anthracite and of bituminous
coal for Maryland, Pennsylvania, Ohio, and West Virginia. These data points
represent the State average analysis on an as-received basis, as shown in
appendix E.

Taking the data points for Maryland as an example, figure G-l shows that
crushing a coal equivalent to the Maryland average coal (1.3 percent sulfur,

16

Northern Appolachian region

Pennsy!:onio

Anthracite

Northern
.West Virginia

15

14

13
'"
"0
Co
~ 12o~~
. '"

~.~ II
W Q)
i- ~

62u 10
:J

ãi

.Ohio

9

Crushing, size

-11/2in
3/8 in

14 mesh

8

7

6
o 0.2 0.4 0.6 0.8

I

1.0 1.2 1.4 1.6 1.8
SULFUR CONTENT, pct

(as received)

2.0 2.2 2.4 2.6 2.8 3.0

FIGURE G-l. - Washing potential of coals of t~,e Northern Appalachian region for meeting EPA
air qual ity standards.
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l3,680 Btu) to l-l/2 inches or 3/8 inch at 90-percent yield, the sulfur con-
tent of the coal to meet the EPA standard would have to be 1. 1 or less for
l-l/2-inch coal and l.22 or less for 3/8-inch coal. However, Maryland average
coals are too high in sulfur to meet the standard for these sizes at 90-
percent yield. Thus, the plot for Maryland is shown to the right of the l-1/2-
inch and the 3lB-inch lines. Crushing to l4 mesh would allow a coal of 1.36
percent sulfur to meet the standard. Therefore, Maryland average coals
crushed to l4 mesh would meet the standard and are shown to the left of the
l4-mesh line at 90-percent yield. If a 60-percent yield is considered satis-
factory, crushing to l-l/2 inches is adequate, as is crushing to 3/8 inch and
l4 mesh.

Figures G-l through G-4 compare average values of Btu and sulfur with
average washability results. It should be understood by the reader that the
figures show the relative potential of the coals of the various States that
might meet EPA air quality standards using the State average analysis of sul-
fur content and Btu given in appendix E. A precise determination can only be
accomp lished by analyzing individual coalbeds.

Alabama region

,160-pct yield, I~ in90-pet yield, i in

13

16
16

15 15

14 .Georgia.
. West Virginia

Tennessee
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13
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~

~
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~ 12

£ 'g

~.§ II
~ ~
6.3u 10-
"
(J

~z II
w
f-Z
8 10

iI
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Crushing, size
_ --"--I 1¡2 În

~---- 3/8 in

----14 mesh

8 --

7 -

6
o 0.2 04 0.6 0.8 1.0 1.2

SULFUR CONTENT, pet
(as received)

14 16 18
6

o 02 04 0.6 0.8 1.0 1.2
SULFUR CONTENT. pel

(as received)

14 1.6 1.8

FIGURE G-2. - Washing potential of coals of
the Southern Appalachian re-
gion for meeting EPA air
quality standards.

FIGURE G-3. - Washing potential of coals of
the Alabama region for meet-
ing EPA air qualitystandards.



16

Midwest region
15

14

13

12

""
~

~.~ II -
w ~
f- '"

Ô 2u 10-
~

ro

9 -

8 --

7

537

,~~! '-~'--'l

.Indiana
.lllinois

.
Western
Kentucky

j6
o 3.6 3.8

~
1.6 1.8 2.0 2.2 24
SULFUR CONTENT, pcl
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I
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FIGURE G-4. - Washing potential of coals of the Midwest region for meeting EPA air quality
standards.
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