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COAL RESERVES OF THE UNITED STATES—
A PROGRESS REPORT, JANUARY 1, 1960

By Paur Averrrr

ABSTRACT

As estimated in this. third progress report, the coal reserves of the United
States remaining in the ground on January 1, 1960, total 1,660,290 million tons.
This figure is about a 12 percent reduction of the previous Geological Survey
estimate. The new total is based on new, detailed, conservative estimates of
reserves in Alabama, Arkansas, Colorado, Indiana, eastern Kentucky, Michigan,
Montana, New Mexico, North Carolina, North Dakota, Oklahoma, South Dakota,
Virginia, and Wyoming, prepared since 1947 by the U.S. Geological Survey;
on new provisional, but equally conservative estimates of reserves in Alaska,
Georgia, Maryland, Oregon, and Utah, based on previous work of the U.S. Geo-
logical Survey and other agencies; on estimates of reserves in Illinois, Kansas,
Ohio, Pennsylvania, Tennessee, Texas (lignite), and West Virginia, prepared
by the geological surveys of those States; and on older and incompletely docu-
mented estimates for the few remaining States.

The older estimates were prepared on a highly generalized basis and were
intended to represent total possible reserves in beds of all ranges of thickness

-and depth, and in both explored and unexplored areas. The recent estimates
have been prepared on more conservative assumptions than the older estimates
and tend to be considerably smaller. New conservative estimates have now
been prepared for 26 coal-bearing States, which include roughly 90 percent of
the total estimated reserves of the United States.

The estimated recoverable reserves of the United States, as of January 1,
1960, total 830,145 million tons, based on the assumption that half of the coal
reserves in the ground will be lost in mining and half will be recovered. The
distribution of the remaining and recoverable reserves by rank is shown below.

Remaining and recoverable coal reserves of the United States, Jan. 1, 1960

Estimated recoverable reéerves,
Estimated total Jan. 1, 1960, assuming 50 percent
reserves remain- recovery in~—
Rank ing in the ground,
: Jan. 1, 1960
(millions of short | Millions of short { Quadrillions of
tons) - tons British thermal
units

Bituminous coal... .. __________ 760, 554 380, 277 9, 963
Subbituminous coal. . ____..____ 436, 812 218, 406 4, 150
Lignite. oo ___ 447, 596 223, 798 2, 999
Anthracite and semianthracite_..____ 15,328 7, 664 195
Total. oo eeeaaoo 1, 660, 290 830, 145 17, 307

1



2 COAL RESERVES OF THE UNITED STATES

The reserves in 15 States have been classified in considerable detail accord-
ing to thickness of beds, thickness of overburden, and relative abundance of
reliable information available for making estimates. These 15 States represent
several coal provinces and contain about half of the total estimated reserves
in the United States. An analysis of the distribution of reserves in these
States shows that 6 percent of the total is measured reserves in beds 28 inches
or more thick and less than 1,000 feet below the surface; and 19 percent is
indicated reserves within the same limit of thickness and less than 2,000 feet
below the surfacel The remaining 75 percent is inferred reserves, reserves in
thin beds, and reserves 2,000 to 3,000 feet below the surface.

The large percentage of inferred reserves obviously includes some coal in
thick beds, for which detailed information-is lacking. Although based accu-
rately on the data now available, the distribution percentages are subject to
considerable change as new work is completed, particularly in the transfer of
reserves from the indicated and inferred categories to the measured category.

- The figures serve, however, to indicate the present state of knowledge of the
Nation’s coal reserves, and they point to the need for additional geologic map-
ping and exploration. . ) .

A comparison on a uniform British thermal units basis of reserves of coal
and other fuels shows that coal constitutes 68 percent of the total estimated
-recoverable fuel reserves, and that petroleum and natural gas together consti-
tute about 16 percent. The remaining 16 percent is oil in oil shale, which is
- not currently used as fuel. 'The disparity in reserves is further emphasized
by the fact that petroleum and natural gas together are being produced and
consumed at a rate more than twice that of coal. S

The total recoverable reserves of coal, as of January 1, 1960, are 1,442 times
the recent average annual production. Even assuming a great increase in the

‘ rate of coal production, these reserves still will last many generations. On any
basis of analysis the coal reserves of the United States are very large and give
assurance that the fuel needs of the Nation can be met in any contingency for
many decades to come. i :

INTRODUCTION

The industrial supremacy of the United States is based. largely
~on the abundance and accessibility of the three mineral fuels—coal,
petroleum, and natural gas—of which coal is by far the most abun-
“dant source of energy. Although the total reserves of coal in the

United States are known only in a general way, and the total re-
serves of petroleum and natural gas are largely undefined and may

ultimately prove to be much larger than present estimates suggest, it
appears on the basis of information currently available that the
‘recoverable reserves of coal contain more than four times the energy
of the combined reserves of petroleum and natural gas. Although
apparently less abundant, petrolenm and natural oas dO not at pres-

ent differ greatly in cost from coal, and they are generally more

convenient to use. As a result, the fourfold increase in use of energy

in the United States that has taken place during the last 50 years
has been met largely by an increase in the use of petrolewm and

1 Measured reserves 1,000 to 2,000 feet below the surface are insignificant.



INTRODUCTION ‘ : 3

natural gas. The increase has been accelerated in recent years by
the extraordinary demands of World War II and by a considerable
increase both in population and in per capita use of energy.

The increase in use of petroleum and natural gas has been accom-
panied by a comparable increase in both proved and ultimate reserves
of these fuels, which attest to the ability of the petroleum industry
to supply an increased demand throughout the foreseeable future.
Nevertheless, petroleum and natural gas are nonrenewable resources.
Like other mineral resources, the ultimate reserves of these fuels
have finite limits. Regardless of where the limits may be estab-
lished, the continued upward trend in use serves as a reminder that
these fuels will not continue indefinitely in their present abundance.

It seems most likely that over the years the recovery of petroleum
and natural gas will gradually become more difficult and expensive.
At such time, the large consumers of energy will turn to the most
economical fuel available, and coal as an economical, abundant, and
highly versatile source of energy will be in a favored position.

Although coal is abundant and widespread in the United States
(figs. 1 and 8), reserves of coal also have limits. In the extensively
mined eastern coal fields, it is becoming increasingly difficult to
locate new areas containing thick beds of high-rank and high-quality
coal. This is particularly true for low-volatile bituminous coal, which
is the most important ingredient in the manufacture of coke and
which constitutes only about 1 percent of the total reserves. Further-
more, a large part of the total reserves of coal in the United States
consists of coal of lignite and subbituminous ranks, which yield less
heat than bituminous coal. Another large part is contained in thin
beds that can be mined only with great difficulty and expense.

Considering the importance of coal in the present and future fuel
economy, it is apparent that much more information is needed
about the amount and distribution of coal in the United States than
has been available in the past. Recognizing this need, the U.S.
Geological Survey began in 1947 to expand the program of detailed
geologic mapping in coal field areas, and simultaneously started the
preparation of new State-by-State summary estimates of coal reserves.
Several State geological surveys have embarked on reserve programs
in the respective States. The increasing volume of geologic data
available on the occurrence of coal, and the detailed and careful
methods now employed in calculating and classifying coal reserves,
already permit a much more reliable and useful estimate for the coal
reserves of the United States than has previously been available,
although much detailed and summary work remains to be done to
improve the accuracy and completeness of the estimate.



COAL RESERVES OF THE UNITED STATES

0al

9
2

[}

ino

Ia

°
3

Anthy
Low.
m- ind

Medi

8
g
£
E
3
3
a

3

Coal fields of conterminous United States.

Frevre 1.




4

STATUS OF AVAILABLE INFORMATION 5

This third report of progress on the results of the program to
reestimate the coal reserves of the United States supersedes “Coal
Resources of the United States, a Progress Report, October 1, 1953,”
published in 1954 as U.S. Geological Survey Circular 293.
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STATUS OF AVAILABLE INFORMATION

Estimates of coal reserves are based largely on detailed geologic
maps showing the outcrops and correlations of individual coalbeds
and on accompanying geologic reports giving detailed measurements
of coal thickness. This information is augmented locally by data
from exploratory and development drilling and from operating
mines. Unfortunately, many coal-bearing areas in the United States
have not been mapped geologically; many others have been mapped
only in reconnaissance; and few have been prospected other than
along the outcrops of the beds. In States where recent reserve
estimates have been prepared, many large areas known to be coal
bearing have been omitted from consideration for want of informa-
tion. In Colorado, for example, 75 percent of the coal-bearing area
was thus omitted; in Wyoming, 53.5 percent was omitted; and in
Montana, 9.3 percent was omitted. Even in the eastern fields where
information is generally considered to be more abundant, much of
the geologic mapping dates from the period 1900-20 and does not
provide the data necessary for a modern inventory of reserves.
Progress toward full knowledge of the coal reserves of the United
States depends, therefore, upon an active program of detailed geo-
logic mapping and exploratory drilling. Such detailed work is in
progress on a modest scale by the U.S. Geological Survey and
several State agencies.



6 COAL RESERVES OF THE UNITED STATES

Based as they are upon accumulated detailed information that is
obtained only by the laborious processes of mapping outcrops of
coalbeds and drilling holes to test the coal thickness, the present
estimates of coal reserves are only provisional estimates and are sub-
ject to change as mapping, prospecting, and development are con-
tinued. These estimates are valuable, however, in showing the
quantitative distribution of reserves, in selecting areas favorable for
further exploration or development, and in planning industrial
expansion. ,

The first considered estimate of the total coal reserves of the
United States was prepared by M. R. Campbell, of the Geological
Survey, and published at various times in the period before 1929
(Campbell, 1917, 1922, 1929). For more than 20 years this estimate
served as the principal reference on our National coal reserves and
was republished with only minor modifications by other individuals
and organizations. Campbell’s generalized estimate was necessarily
based on many broad assumptions concerning the thickness and
lateral extent of coalbeds in areas for which little geologic data
were then available. The estimate included all coal in the ground
in beds more than 14 inches thick under less than 3,000 feet of over-
burden, without attempting to distinguish between reserves of thick,
easily accessible coal and reserves of thin, deeply buried coal.

In the period 1928-47, new and more conservative estimates of coal
reserves in Pennsylvania, West Virginia, and Kansas were prepared
by the geological surveys of the respective States.2 These estimates
were more detailed than the older estimates and were correspondingly
more useful.

In the current U.S. Geological Survey program to reestimate the
coal reserves of the United States, which began in 1947, primary
emphasis has been placed on the amounts of coal in many separate
categories according to characteristics of the coal and thickness of
overlying rocks because of the obvious need for such classified infor-
mation in the proper utilization of reserves. Prepared as part of
this program to date are new detailed estimates of coal reserves in
14 States—Alabama, Arkansas, Colorado, Indiana, eastern Kentucky,
Michigan, Montana, New Mexico, North Carolina, North Dakota,

Oklahoma, South Dakota, Virginia, and Wyoming—which have been
presented previously in separate publications, or which are in ad-
vanced stages of preparation or publication. Also prepared to date
are new provisional estimates of reserves in 5 States—Alaska,
Georgia, Maryland, Oregon, and Utah—which are presented or cited
herein. In this same period the State Geological Surveys of Illinois,
Ohio, Tennessee, and Texas (lignite only) have published new re-

3 References cited under discussion of reserves in individual States.
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ports on reserves in their respective States; and the U.S. Bureau of
Mines has published reports on reserves in 44 counties in Pennsyl-
vania, West Virginia, eastern Kentucky, and Tennessee.

The estimates included in this report are based on reserve figures
from these varied sources, which are not strictly comparable. (See
tables 1 and 2, fig. 2.) In particular, the estimates for Towa, Mis-
souri, Texas (bituminous coal), and Washington, which were pre-
pared by or under the direction of M. R. Campbell before 1928, were
based on more generous assumptions than recent estimates, and allow-
ance should be made for this fact in considering them.

TaBLE 1.—Coal reserves of the United States, January 1, 1960, by rank

[In millions of short tons]

Reserves depleted Recover-
to Jan, 1, 1960 able
Date of reserves,
publica- | Estimated Remaining| Jan. 1,
State tion of original Produc- | reserves, | 1960, as-
. estimate.| reserves | Produc- | tion plus|Jap.1,1960| suming
tion 1 loss in 50
mining ? percent
recovery
Bituminous coal |
ALABAMA 2 ___ - 4 413,684 623 646 13,708 6,854
ALASEA . 7 21,401 5 10 21, 391 10, 696
AREKANSAS_ . 87 174 1, 821
COLORADO. 384 768 62,435 31,218
L€ 102 :{¢ ) 7 VIO P 12
ILLINOIS, ¥ 474 9948 136, 381 68, 190
INDIANA . 1,148 2,296 34,997 17,499
Iowa 0 _.__._ 357 714 28, 446 14, 223
KANSAS 913 9 26 20, 748 10,374
EENTUCKY..... 2,646 5,292 , 026 33,513
MARYLAND.... ¥ 12 1,188 594
MICHIGAN. 46 92 205 1
MiSSOUN m o e ceceecmcccmccc e 287 574 78,788 39,304
MONTANA._._.. 32 64 2,209 1,149
NEW MEXICO 91 182 10, 768 5,383
NORTH CAROLINA 1 2 110
[0):5 o TR 2,052 4,104 42,384 21,192
OELAHOMA ... 0 360 3,313 1,656
OREGON._.....- 0 20 0
PENNSYLVANIA.. 8,283 16, 566 58, 527 29,263
TENNESSEE..._. 126 1212 1,900 950
€X8S- e ocee 11 22 7,978 3,089
UTAH.- . 257 514 27,708 13,854
VIRGINIA....._ 772 1,544 10, 152 5,076
Washington... 129 258 11,155 5,578
WEST VIRGINTA. 6, 369 12,738 103, 880 51, 940
WYOMING...-. 261 522 12,713 6, 357
Other States 18 1 2
Total. 23,933 47,866 760, 554 380, 277
Subbituminous coal
ALASEA - cmeecccmccvmccme e mam () 471,136 8 16 71,120 35, 560
COLORADO. _ o 1959 18,492 116 232 18, 260 9,130
MONTANA. .. .| 1949 132, 151 137 274 131,877 65, 939
NEW MEXICO.. 1950 50, 801 33 66 50,735 25, 368
OREGON.... 1955 180 3 6 174 87
UTAH . cocacaaae (V) 156 3 6 150 76
Washington 1628 14 52,442 20 40 52,402 26,201
WYCMING..... 1950 14108, 319 141 282 108, 037 54,018
Other States 1. e acmecimaas 4,065 4 8 4,057 2,028
Total oo - 437,742 465 930 436,812 218,406
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TasLE 1.—Coal reserves of the United Slates, January 1, 1960, by rank—Continued

[In millions of short tons)

Reserves depleted Recover-
to Jan. 1, 1960 able
Date of reserves,
publica- | Estimated Remaining| Jan. 1,
State tion of original Produc- | reserves, | 1960, as-
estimate | reserves | Produc- | tion plus|Jan.1, 1960 | suming
. tion ! loss in 50
mining 2 percent
recovery
Lignite
ALABAMA -« o o oeoeemcae e O] 20 0 0 20 10
ALASEA.._. [Y) [0 I PR (R SN SR,
ARKANSAS_ 1960 350 ] 0 350 175
KANSAS____ 1952 (18) 0 [ U I,
"MONTANA.._. 1949 87,533 2 4 87, 529 43,765
NORTH DAKOTA 1953 350, 910 96 192 350,718 175,359
"OKLAHOMA..___ 1957 (19) [V [ | I PSSR O,
SOUTH DAKOTA. 1952 2,033 1 2 2,031 1,015
TEXAS. ... 1955 7,070 84 168 6, 3,451
‘Washington . 1928 [€3) S DU YRR IR DU
WYOMING.... 1950 (2 T PSSR (RSN SRR ISR
Other States 7. oo ]eian 50 2 4 46 23
B X017 USRI (U, 447,966 185 370 447, 596 223,798
Anthracite and semianthracite
FARE: ) ¢ Q)] 2,100 | |- 2,101 1,050
ARKANSAS. 1960 456 12 24 432 216
COLORADO . _.. 1959 90 6 12 78 39
NEW MEXICO.. 1950 6 1 2 4 2
PENNSYLVANIA 1945 22,805 5,225 10, 450 12, 355 6,178
VIRGINTA.. .. - 1952 355 10 20 335 168
Washington__ ..o 1928 b J [ I, 23 11
Total. oo vmec oo 25, 836 5,254 10, 508 15,328 7,664
Total, all ranks. .o ooooooo el 1,719,964 | 1829,837 59,674 | 1,660,290 830, 145

! Production, 1800 through 1885, from *“The first century and a quarter. of American coel industry,” by .
. N. Eavenson; privately printed, Pittsburgh, 1942; production, 1886 through 1923, from U.S. Geological
Survey Mineral”Resources, annual volumes; production, 1924 through 1957, from U.S. Bureau of Mines,
Minerals Yearbook, annual volumes, augmented for some States by records of State mine inspectors; pro-
.duction, 1958, from U.S. Bureau of Mines, Mineral Market Summary 2974, Sept. 9, 1959; production, 1959,
from U.S. Bureau of Mines weekly coal reports and partly estimated. -

3 Assuming past losses equal past production.

3 Reserve estimates of States in capital letters supersede earlier estimates of M. R. Campbell.

4+ New estimate from report in preparation or in press. See text.

3 Remaini'ng reserves, Jan. 1, 1958.

¢ Production 1958 and 1959 only. _

7 New estimate presented for first time in this report.

8 Remaining reserves, Jan. 1, 1950.

® Production 1950 through 1959.

10 Regerve cstimates of States in lowercase letters were prepared by or under the direction of M. R.
Campbell before 1928.

1t Remaining reserves, Jan. 1, 1059,

12 Egtimated- production fg;fl onﬁ:.b . 4 Nevad

13 AR1ZONA, CALIFORNIA 0, Nebraska, and Nevada.

e Smn}};ﬁéey}fs andlyé‘gﬁ;g,cgéﬂhof lignite included under subbituminous coal.

i T‘i';x‘lzall re’Sé‘l'Vé‘SmO?Tigi];ne iIil bods. 'ganﬁ-allydloss then 30 in. thick.
17 CALIFORNIA, Idaho, Louisiana, and Nevada.
it LAess than total recorded prodﬁction of about 34.8 billion tons. See footnotes 5, 6, 8, 9, 11, and 12,
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12 COAL RESERVES OF THE UNITED STATES

METHODS OF PREPARING AND REPORTING
COAL-RESERVE ESTIMATES

In preparing statewide estimates of coal reserves, all available
information is first gathered together and recorded on individual
coalbed maps. Sources of information include the publications and
records of the U.S. Geological Survey and State geological sur-
veys, maps and drill records of coal mining companies, information
in the files of State mine inspectors and railroad companies, records
of exploration for petroleum and natural gas, records of water-well
drilling companies, and occasionally private records obtained from
individuals. To translate this information accumulated from geo-
logic observation, mining, and drilling into estimates of tonnage,
a series of definitions and standardized procedures must be employed.

First, two cutoff points must be established—one at the minimum
thickness of coal included in the estimate, and the other at the
maximum thickness of overburden allowed above the coal. A very
conservative estimate may include only reserves in thick beds and
under -slight overburden—-in other words, reserves that could be
recovered profitably under current mining conditions. A more in-
clusive estimate, on the other hand, may consider thinner, more im-
pure, and more deeply buried coal as recoverable by improved
methods when more easily mined deposits have been exhausted.

Next, the weight or specific gravity of the coal must be deter-
mined or assumed, and where the continuity of a coalbed is un-
known a method must be selected to estimate its probable extent,
based on the available outcrop, mine, or drill data.

The way in which these and other factors are treated can vary
greatly with individual estimators, and the results of such varied -
treatment are apparent in the estimates for several States. For this
reason, an estimate of coal reserves has meaning only when considered
in relation to the methods used in obtaining it.

To produce reasonably uniform results in preparing coal-reserve
estimates, the U.S. Geological Survey has adopted a set of definitions
and standardized procedures for the guidance of Survey coal geolo-
gists. These definitions and procedures, which are discussed in the
following paragraphs, were prepared jointly by members of the

Geological Survey and the Bureau of Mines, and inelude recommen-
dations of the National Bituminous Coal Advisory Council.

RESERUVESY VERSUS RESOURCES

In discussing estimated quantities of coal in the ground, it is
necessary 0 employ & smgle general term such as “reserves” or ‘“re-

sources” to refer to the supply available for present and future use
or to refer to one or more, or all of the many categories of coal that
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have been established. The word “reserves” has been selected for
this purpose, primarily because it has long been associated with
estimates of quantities of coal, because it carries the connotation of
measured quantities, and because it does not imply the total quantity
that might ultimately be found. The companion word “resources”
has been rejected because it has come to mean undefined and un-
specified total quantities. '

In the metal mining industry the word “reserves” normally means
ore of immediate or very near-term economic interest. Many writers
have urged that this usage be applied as strictly as possible to all
mineral commodities, and that the term “resources” be used to con-
note the total but unspecified quantity of material that may ulti-
mately be found. Blondel and Lasky (1956) have recently proposed
an equation that expresses this relation very well:

Resources = reserves -~ marginal resources -+
submarginal resources - latent resources.

It is impossible to use the two words “reserves” and “resources”
with these definitions in this report because coal is very widespread
and abundant in the United States, and ocours in a variety of con-
ditions that require for discussion a detailed breakdown according
to selected physical and chemical characteristics of the coal and asso-
ciated rocks. These characteristics are summarized in the following
outline, and will be discussed in more detail in subsequent pages:

Rank (5 categories)
Thickness of beds (3 categories)
Thickness of overburden (3 categories)
Relative reliability of estimates (8 categories).

This breakdown yields 5 by 3 by 3 by 3, or 135 possible categories.
‘With this comprehensive classification system it is necessary to
emphasize the physical and chemical boundaries of the categories,
and in so doing the need remains for but a single term that can
be used to refer to the categories individually and collectively.
Although either word, “reserves” or “resources,” might be redefined
for this specific purpose, the selected word “reserves” seems to be
the most appropriate. As used in this report, therefore, the word
“reserves” means estimated quantities of coal in the ground within
stated limits of minimum bed thickness and maximum overburden
thickness. As thus defined, the word has no direct economic conno-
tation, although the selected limits of the various reserve categories
have economic application.

It must be emphasized that, in total, the many categories of coal
described in this report cover “reserves” plus “marginal resources”
and probably extend into “submarginal resources” as envisioned by
Blondel and Lasky, and thus probably cover roughly half of their
total resource spectrum.
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crease. This change took place progressively during the slow process
by which plant material deposited in swamps and marshes in the
geologic past was transformed into coal. The lower layers of plant
material in the swamps were first compacted under successive layers
of vegetation. Later, as marine or continental deposits covered the
coal swamps, the accumulated weight of sediment further compressed
the plant material and caused a progressive decrease in the amounts
of volatile matter and moisture. It has been estimated that a foot
of bituminous coal contains plant material accumulated over a period
of several centuries. The coal-forming process was speeded up or
intensified locally by deformation of the coal-bearing sediments or by
heat from nearby masses of intrusive igneous rock.

Rank of coal is thus a function of weight of original overburden,
age, and local deformation, and is a way of expressing successive
stages in the formation of coal. It is quite independent of grade,
or quality, which is in part a function of the amount of ash and
sulfur in the coal.

The standard classification of coal by rank in use in the United
States is that established by the American Society for Testing Ma-
terials (1954). This classification, which is shown in table 3, is used
uniformly in classifying all coal-reserve estimates. As coals of
different rank are adaptable to different uses, rank is the major
basis of differentiation used on figures 1 and 2 and in tables 1 and 2.

Most of the tables and illustrations in this report show reserves
of all ranks of coal in short tons as computed. In terms of ulti-
mate usefulness, however, comparison of the reserves of lignite and
subbituminous coal, which have relatively low heat values, with
reserves of bituminous coal and anthracite, which have higher heat
values, can best be made on a uniform Btu basis. Such a comparison
is presented in figure 4, which shows the remaining reserves in each
State as of Jan. 1, 1960, on both a tonnage and a Btu basis.

GRADE OF COAL

~ Coal is classified by grade, or quality, largely according to the
content of ash, sulfur, and other deleterious constituents. Thus far
in work on coal reserves it has not been possible to report on re-
serves in categories according to grade because the number of avail-
able coal analyses is small as compared to the total reserves, and
because the analyses are concentrated for the most part in areas of
active mining and limited to the line of outcrop of certain key beds.

Although the definitions and procedures used in calculating coal
reserves generally permit the inclusion of beds containing as much
as 33 percent ash, very little coal of such high ash content is in-
cluded in modern estimates, in part because of the natural con-
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TaBLE 3.—Classification of coals by rank

[Explanation: ¥ C, fixed carbon; VM, volatile matter; Btu, British thermal units. This classification does
not include a few coals which have unusual physical and chemical properties and which come within the
limits of fixed carbon on Btu of the high-volatile bituminous and subbituminous ranks. All of these coals.
either contain less than 48 percent dry, mineral-matter-free fixed carbon or have more than 15,500 moist,
mineral-matter-free Btu. From American Society for Testing Materials (1954)]

Class Group Limits of fixed carbon or Btu Requisite physical
mineral-matter-free basis properties
1. Anthracitic.__._.__. 1. Meta-anthracite._.... Dry FC, 98 percent or more
(dry VM, 2 percent or less).
2. Anthracite......_.... Dry .FC, 92 percent or more

and less than 98 percent
" (dry VM, 8 percent or less
and more than 2 percent).
3. Semianthracite.._.... Dry FC, 85 percent or more | Nonagglomerating.t
and less than 92 percent
(dry VM, 14 percent or less
and more than 8 percent).
II, Bituminous?....._ 1. Low-volatile bitumi- | Dry FC, 78 percent or more
nous coal. and less than 86 percent
(dry VM, 22 percent or less
and more than 14 pereent).
2. Medium-volatile bi- | Dry FC, 69 percent or more
tuminous coal. and less than 78 percent
(dry VM, 31 percent or less
and more than 22 percent).
3. High-volatile A bitu- | Dry FC, less than 69 percent
minous coal. (dry VM, more than 31 per-
cent); and moist3 Btu,
14,000 4 or more. :
4. High-volatile B bitu- |-Moist-2 Btu, 13,000 or more

minous coal. and less than 14,000.¢
5. High-volatile C bitu- | Moist Btu, 11,000 or more and | Either agglomerating
minous coal. less than 13,000.4 or nonweathering.’
III. Subbituminous..] 1. Subbituminous A | Moist Btu, 11,000 or more and | Both weathering and
coal. less than 13,000.4 nonagglomerating.

2. Subbituminous B | Moist Btu, 9,500 or more and
less than 11,0004

3. Subbituminous C | Moist Btu, 8300 or more and

. coal. less than 9,500.4
IV. Lignitie..__..___. 1. Lignite._____________. Moist, Btu, less than 8,300..._. Consolidated.
2. Browncoal.._..___.._ Moist Btu, less than 8,300..._.| Unconsolidated.

! If agglomerating, classify in low-volatile group of the bituminous class.
21t is recognized that there may be noncaking varieties in each group of the bituminous class.

ta %\/IoistlBtu refers to coal containing its natural bed moisture but not including visible water on the surface
of the coal.

¢ Coals having 69 percent or more fixed carbon on the dry, mineral-matter-free basis shall be classified:
according to fixed carbon, regardlcss of Btu.

¢ There are three varieties of coal in the high-volatile C bituminous coal group, namely, variety 1, ag-
glomerating and nonweathering; variety 2, agglomerating and weathering; variety 3, nonaggiomerating and
nonweathering,

servatism of the estimators, and in part because all layers of part-
ing and bone more than three-eighths of an inch thick are excluded
in determining the thickness of the beds. On the other hand, re-
serve estimates obviously include beds contalning higher ash and
sulfur contents than most beds now being actively mined. .

Fieldner and others (1942) have prepared a list of 642 typical
mine, tipple, and delivered samples of coal £rom bede in all parts
of the United States. In this hgt the ash contents range from 2.5
to 32.6 percent, and the average ash content is 8.9 percent. The
sulfur contents range from 0.3 to 7.7 percent, and the average sul-
fur content is 1.9 percent.

The maximum ash and sulfur contents of beds included in the
estimated reserves are probably about the same as the maximum

figures shown in the list of typical analyzed samples, whereas the
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1. Conversion factors: anthracite, 12,700 Btu per pound;
ALABAMA bituminous coal, 13,100 Btu per pound; subbituminous
ViRGINlAB ;g:lr.'dg.soo Btu per pound, and lignite, 6,700 Btu per
2. Reserve estimates of States in capital letters supersede
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SOUTH DAKOTA prepared by or under the direction of M. R. Campbetl
prior to 1928
TENNESSEE B 5. Includes ARIZONA, .CALIFORNIA, GEORGIA, Idaho,
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F16ure 4.—Remaining coal reserves of the United States, Jan. 1, 1960, by States,
according to tonnage and heat value.

average ash and sulfur contents of the estimated reserves are prob-
ably slightly higher than the averages derived from the list.

WEIGHT OF COAL

The weight of coal in the ground varies significantly with rank
and with differences in ash content. The following values, however,
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conform closely to the average of the recorded specific gravities of
coal in each of the four major rank categories:

Rank Specific gravity | Tons per acre- | Tons per square

foot mile-foot
Anthracite and semianthracite. ___.__ 1. 47 2, 000 1, 280, 000
Bituminous céoal_____ .- 1. 32 1, 800 1, 152, 000
Subbituminous coal__. oo _____ 1. 30 1,770 1, 132, 560
Lignite .o« . 1. 29 1, 750 1, 120, 000

Where most precise data are not available, these values are assigned
as the weight of the coal in the ground in all recent U.S. Geological
Survey estimates of coal reserves.

Persons closely associated with individual mining operations often
employ lower weight factors to allow for anticipated losses in min-
ing. Such a practice is not suitable for use in a general report,
however, for recoverability may vary greatly in different areas, in
different beds, and with different methods of mining. The selected
weight factors, therefore, are intended to yield reserves of coal in
the ground without regard to ultimate recoverability.

THICKNESS OF BEDS

According to the standard procedures of the U.S. Geological Sur-
vey, coal reserves are calculated and reported by beds in categories
of thickness as follows:

Thickness
Rank categories

Anthracite, semianthracite, and bituminous coal, in inches_._.__._.. >42
28 t0 42

14 t0 28
‘Subbituminous coal and lignite, in feet. ..o - oo >10

5t0 10

25 to 5

The thickness categories for anthracite and bituminous coal were"

selected to conform with present mining practices and past, proce-
dures in estimating reserves. The 14- to 28-inch category represents
coal that is suitable primarily for hand mining. Coal in this cate-
gory is of little present economic interest and is, therefore, segre-

gated in most estimates. The category is retained, however, because
(a) prudence dictates that occurrences of marginal reserves of coal

should be recorded for possible future use, just as marginal reserves
of other ugeful minerals are recorded; (b) some coal in this cate-

gory is mined; a'.nd (e) the information is obtained with httle add_i-
tional effort (‘]ﬂl‘mg work with the thicker coals and would be lost it

. . . . ‘
ignored. The minimum of 14 inches also permits comparison with
older estimates, which generally employed this same figure.

»-



.

PREPARING AND REPORTING COAL-RESERVE ESTIMATES 19

The 28- to 42-inch category represents coal that can be mined
using certain types of underground mechanical loading machinery.

The category of more than 42 inches represents coal that can be
mined by all types of mechanical cutting and loading machinery.

The thickness categories for subbituminous coal and lignite are
somewhat broader, to conform with occurrences of coal in these
ranks and with present interest in such coal.

A few recent estimates are classified into thickness categories of
14 to 24 inches, 24 to 36 inches, and more than 36 inches for
bituminous coal. Other estimates made at various times in the past
have used 18 inches as the minimum thickness for bituminous coal.
Such differences are noted under the discussion of reserves in in-
dividual States as an aid in making comparisons between estimates.

The thickness of a coalbed is evaluated wherever possible by the
use of isopach lines. Generally, however, the data are insufficient for
this purpose, and average figures, which are weighted according
to the approximate area of bed represented by each observation, are

used. If the points of observation are not evenly spaced, the weight-

ing is accomplished by assigning intermediate values for the thickness
at places where data are needed to fill out a system of evenly spaced

points. Where this procedure is followed to obtain the weighted

average thickness along the outcrop of a persistent bed, the two
end points of minimum thickness are also included in the average.
Where the points of observation are fairly evenly spaced, as in an
exploratory or development drilling program, a simple average is
deemed sufficient. '

Partings more than three-eighths of an inch thick are omitted in
determining the thickness of individual beds. Beds and parts of
beds made up of alternating layers of thin coal and partings are
omitted if the partings make up more than half the total thickness
or if the ash content exceeds 33 percent. Benches of coal of less
than the minimum thickness stated, which lie above or below
thick partings and which normally Would be left in mining, are
also omitted.

Occasionally, in older coal-reserve estimates, a formula termed
“the modulus of irregularity” has been used to determine the prob-
able minimum thickness of a coalbed. According to this formula,
the probable minimum thickness is obtained by multiplying the

average of the measurements of bed thickness by (1_§_), in which

8 is the sum of all the thickness measurements and SD is the sum
of the differences between each individual thickness measurement and
the average of all the thickness measurements.

The modulus of irregularity was originally adopted by the U.S.
Geological Survey as a mechanism in establishing the value of coal



20 . COAL RESERVES OF THE UNITED STATES

lands (Smith and others, 1913), but it is no longer used for this
purpose. It was devised as a safeguard for the buyer of coal lands
in areas where the coalbeds range in thickness within wide limits.
As stated by Smith, computation of the thickness of the coal by
using the modulus of irregularity permitted the

thickness of the coal under any tract of land to be considered as less than the
average of the measurements. For while the coal is as likely to be just above
the average as just below, and mathematically, is more likely to be just the
average thickness than any other, yet a cautious buyer bargaining for coal
would always want to discount the probability a little as a matter of safety.

The modulus of irregularity is no longer used in preparing esti-
mates of coal reserves.

AREAL EXTENT OF BEDS

The areal extent of coalbeds included in U.S. Geological Survey
reserve estimates is determined in several ways. Where the con-
tinuity of a bed is well established from maps of the outcrop, mine
workings, and drill holes, the entire area of the known occurrence
of the bed is taken, even though points of observation are widely
spaced. Persistent beds that have been traced around a basin or
spur are considered to underlie the area enclosed by the outcrop.
Otherwise, the length of outcrop within the thickness limits listed
is considered to determine the presence of coal in a semicircular
area having a radius equal to half the length of the outcrop. The
total area of coal is considered to extend beyond such a semicircle if
mine workings or drill holes so indicate, in which case coal is con-
sidered to extend no more than 1 mile beyond the limiting point
of information. An isolated drill hole too far removed to be in-
corporated in the area thus defined is considered to determine the
area of coal extending for a maximum radius of half a mile around

the hole.

Recent estimates by other agencies follow these or very similar
procedures. Minor points of difference are noted under discussions
of the various States.

The older estimates assumed much wider continuity for individual
beds<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>