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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.
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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
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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.

»-
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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
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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, and, in general, this is the major reason why the older esti-

mates tend to be larger than the recent estimates.

o THICKNESS OF OVERBURDEN
Wherever possible, coal-reserve data reporced by the U.S. Geo-

logical Survey are divided into 9 major categories accordlng. to

thickness, in feet, of overburden, as follows: 0 to 1,000, 1,000 to 2,000,
and 2,000 to 3,000. In a few States where the overburden is thin,

the reserves have been calculated in several subcategories within the
0- to 1,000-foot category, and in others, where the overburden is
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thicker or where information is inadequate, one or more of the
major categories may be combined.

In Indiana, for example, where all the estimated reserves are
less than 1,000 feet below the surface and where a large part of
the productlon is by strip mining, the coal considered to be suitable
,for strip mining is divided into three categories as follows:

Thickness of .
beds included

Overburden range (feet) ) (inches)
01040, oo e mmmmm i mmm—mmm e ———— 14 to 28
040 60, - - e 28 to 42
010 90 - e e mmmmmmmmm———em————————— >42

The remainder, which is considered suitable primarily for under-
ground mining, is contained in a single category.

In Arkansas, the reserves are divided into 5 categories according
to the thickness of overburden, in feet, as follows: 0 to 60, 60 to
500, 500 to 1,000, 1,000 to 2,000, and 2,000 to 3,000.

In Michigan, where all the coal is less than 400 feet below the
surface, the reserves are divided into 4 categories according to over-
burden, in feet, as follows: 50 to 100, 100 to 200, 200 to 300, and
300 to 400.

In two States, Montana and North Carolina, calculation of re-
serves in the 0- to 1,000-foot category of overburden was not prac-
ticable, and, therefore, a single 0- to 2,000-foot category was used.

In some States no overburden categories were employed, but in
all of these the maximum overburden is 3,000 feet, in several it is
less than 2,000 feet, and in a few it is less than 1,000 feet.

The overburden categories used and the maximum overburden
considered in each State are dlscussed in the individual State sum-
maries.

CLASSIFICATIOI\T ACCORDING TO RELATIVE ABUNDANCE OF
INFORMATION

Wherever possible, coal reserve estimates reported.by the U.S.
Geological Survey are divided into three categories according to the
relative abundance and reliability of data used in preparing the
estimates. These classes are termed “measured,” “indicated,” and

“inferred.”
: MEASURED RESERVES

Measured reserves are reserves for which tonnage is computed from
dimensions revealed in outcrops, trenches, mine workings, and drill
holes. The points of observation and measurement are so closely
spaced, and the thickness and extent of the coal are so well defined
that the computed tonnage is judged to be accurate within 20 per-
cent or less of the true tonnage. Although the spacing of the points
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of observation necessary to demonstrate continuity of coal varies in
different regions according to the character of the coalbeds, the points
of observation are, in general, about half a mile apart.

INDICATED RESERVES

Indicated reserves are reserves for which tonnage is computed
partly from specific measurements and partly from projection of
visible data for a reasonable distance on geologic evidence. In gen-
eral, the points of observation are about 1 mile apart, but they may
be as much as 114 miles apart for beds of known continuity.

INFERRED RESERVES

Inferred reserves are reserves for which quantitative estimates
are based largely on broad knowledge of the geologic character of
the bed or region and for which few measurements of bed thickness
are available. The estimates are based on an assumed continuity
for which there is geologic evidence. In general, inferred coal lies
more than 2 miles from the outcrop or from points of mining or
drill hole information. :

In several States, particularly Montana and Colorado, where the
amount of measured reserves is very small, the measured and indi-
cated categories have been combined in a single category. In other
States for which only gross, generalized estimates are available, all
three categories are combined.

DISTINCTION BETWEEN ORIGINAL, REMAINING, AND
RECOVERABLE RESERVES

Coal reserves may be calculated and presented according to one
or all of three different points of view as defined below: .

ORIGINAL RESERVES

Original reserves are reserves in the ground before the beginning
of mining operations. In the calculation of original reserves, no
allowance is made for past production and losses in mining or for
future losses. Most older estimates are for original reserves only.

REMAINING RESERVES

Remaining reserves are unmined reserves in the ground, as of the
date of the estimate, and may be obtained by subtracting past pro-
duction and losses from original reserves.

RECOVERABLE RESERVES

Recoverable reserves are reserves in the ground, as of the date of

the estimate, that past experience suggests can actually be produced
in the future. Much coal thus classified can be mined at or near
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present costs, measured in man-hours and equipment. The re-
mainder in thinner and less accessible beds can be mined either at
gradually increased cost according to the present mining technology,
or possibly with little or no increase in cost according to a future,
improved mining technology. Recoverable reserves are obtained by
subtracting estimated future losses in mining from remaining re-
serves.

The preparation of an estimate of original reserves aids in the
determination of remaining and recoverable reserves because it
provides a base figure from which other figures can be derived. An
estimate of original reserves, although subject to revision with new
mapping and exploration, is essentially a constant, needing no date
nor explanation to make it understandable. From this estimate the
figures for remaining and recoverable reserves, which must be dated,
can be determined annually, if desired, from available informa-
tion on production and losses or from surveys of mined-out areas.

Coal reserves can be calculated successfully without reference to
original reserves where adequate records have been kept of mined-
out areas, and several modern estimates, particularly those for
Alabama, Illinois, Kansas, Maryland and Tennessee, have been
made on this basis, However, in most coal areas of the United
States, and particularly in the West where little mining has been
done, remaining reserves and original reserves are so nearly the
same that it is generally preferable to calculate original reserves.

In tables 1 and 2, estimates are presented for original, remaining,
and recoverable reserves, as a means of emphasizing the distinctions
between these terms. For the five States mentioned above, the esti-
mates presented in the original reserves columns of tables 1 and 2
are for remaining reserves as of the dates the estimates were pre-
pared. These figures have then been reduced by the amount of pro-
duction plus losses from the dates of the estimates to Jan. 1, 1960,
so that all figures in the remaining reserves columns of tables 1
and 2 are comparable.

PERCENTAGE OF COAL RECOVERED IN MINING

In estimating remaining and recoverable reserves, it is necessary
to take into account not only past production, but also both past and
estimated future losses in mining. Reasonably accurate figures for
past production can be obtained from the annual statistics of pro-
duction published by the U.S. Bureau of Mines and by various
State agencies. The figures for past and estimated future losses in
mining are less easily obtained, partly because the percentages of
coal recovered and lost in mining differ considerably in different
areas and mines, with different operators, and with different methods
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of mining. In localities covered by detailed mine maps, past losses
in mining can be determined by comparing production figures with
measurements of areas known to be mined out. The necessary de-
tailed maps are not available, however, for many of the coal-mining
areas in the United States, and the estimates of individuals familiar
with local mining operations provide, in general, the only indication
of the relative tonnages of coal that are recovered and lost in mining.

In calculating remaining and recoverable reserves on a regional or
national scale, therefore, an average figure for the estimated per-
centage of recovery in the past and in the future must be derived
from a consideration of the relatively few detailed studies available.

UNDERGROUND MINING

Most studies of recoverability in underground mining involve con-
sideration of individual mines or small areas and typically indicate
a higher recoverability than studies of larger areas. In some indi-
vidual mines, for example, as much as 80 or 90 percent of the coal
in the block actually being mined may be recovered. From the total-
resource point of view, however, recoverability seems to be only
about 50 percent of the coal in the ground. This marked difference
is due to the fact that studies of recoverability -in larger areas in-
clude consideration of coal that is left in barrier pillars, in restricted
areas around oil and gas wells, under towns, railroads, roads, and
streams, in rider beds, and in local areas of complex faulting and
folding, as well as the more conspicuous losses in the block or blocks
of coal actually being mined. .

The results of an investigation by Cady (1949) of the coal re-
sources of Franklin County, Ill., for example, have shown a re-
covery of less than 50 percent of the coal originally present in the

No. 6 bed in that county. A similar study by Flint (1951) has
indicated that the recovery of coal in Perry County, Ohio, between

1838 and 1948 was only 43 percent of the amount originally pres-

ent. In Michigan the recovery of coal has averaged about 60 per-
cent of the total coal in the ground, according to the estimates of
individuals familiar with mining operations in the State (Cohee and
others, 1950, p. 5). B. W. Dyer has stated (oral communication,

1049) that, in his opinion, mining operations in Utah have not been
able to recover more than 50 percent of the total coal in the ground.

Eavenson (1946) has estimated that the actual recovery from
the Pittsburgh bed in Pennsylvania is no more than 50 to 60 per-

cent because of the large amount of coal that is left in the barriers,
in reservations for oil and gas wells, under buildings, and in the

rider above the main bed, In calculating the remaining reserves
of bituminous coal in Pennsylvania, Ashley (1944) assumed a re-

™
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covery of 50 percent for all coal in the State with the exception”
of that in the Pittsburgh bed, for which he "assumed a recovery
of 66.6 percent. Ashley’s ﬁgures were based on the percentage
recovery of coal in Fayette County, Pa., as determined by Moyer
(Hickok and Moyer, 1940).

The welghted averages of recovery in mlmng bituminous coal in
44 counties in. the Appalachian region, as determined by the U.S.
Bureau of Mines, ranged from 45.4 to 65.4 percent and averaged
about 54 percent (Dowd and others, 1950-56; Wallace and others,
1952-55; Williams and others, 1954-56; Hershey and others, 1955—
56; Blaylock and others, 1955-56; Travis and others, 1956; Lowe
and others, 1956; Tavenner and others, 1956).

- In Oklahoma, Trumbull (1957, p. 367) has estimated that recov-
erability in past mining operations has averaged only 39 percent.-

As the results of these recently completed studies cluster around
50 percent, the estimated remaining and recoverable reserves of coal
shown in tables 1 and 2 are based on the assumption that past
mining operations have recovered only 50 percent of the coal in the
ground and that this rate will be maintained in the future. Many
individual operations recover more than 50 percent of the coal in
the ground, however, and it is to be hoped that the general intro-
duction of more efficient mining methods will result in a hlgher
average recoverability in the future.

As production statistics of separate States generally include only
the output of the larger mines, the recorded production figures used
in tables 1 and 2 are somewhat less than actual production. Thus,
the past losses in mining, which are assumed in tables 1 and 2
to be equal to past production, are also somewhat less than actual
losses. Therefore, the remaining and recoverable reserves as re-
ported in tables 1 and 2 are somewhat higher than they would be
if full and complete data were available for the amounts of coal
mined and lost in mining. ~

A considerable amount of the coal recovered in mining is ulti-
mately lost in the process of mechanical cleaning. In 1958, for
example, 63 percent of the bltummous coal and lignite produced’
was cleaned mechanically, and an average of 19 percent of this:
amount was discarded as refuse (U.S. Bur. Mines, 1959a, p. 71).

STRIP MINING

According to Koenig (1950, p. 28) recoverability in strip mining-
may, under favorable conditions, be as much as 90 percent of the
coal originally in the ground. Other operators agree that the aver-.
age ‘recoverability in strip mining is of the order of 80 percent,.
and this figure is used preparing many estimates of recoverable.
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strip-mining reserves. Because strippable coal constitutes only a
small part of the total reserves and only a modest part of past total
production, the use in tables 1 and 2 of the 50-percent recoverability
factor for all coal seems to be justified.

DISTRIBUTION OF RESERVES IN SELECTED
CATEGORIES

Coal-bearing rocks underlie about 13 percent of the surface area
of the United States, including Alaska and Hawaii, and about 14
percent of conterminous United States. (See table 4, fig. 1; Trum-
bull, 1960, Barnes, 1961.) These rocks are present in 37 States, in-
cluding a few, such as Mississippi, New York, and Nevada, in
which the coal-bearing areas are small or the reserves insignificant,
and others, such as Illinois and West Virginia, in which coal-bear-
ing areas represent more than half the total area of the State. The
wide distribution of accessible coal has contributed greatly to the
industrial growth of the United States.

The distribution of reserves on a tonnage basis is roughly pro-
portional to the distribution of coal-bearing rocks, although in a
few large areas of coal-bearing rocks, such as those in Michigan
and Texas, the reserves are relatively small, and in other areas, such
as some in the Rocky Mountain region, the coal-bearing rocks are

deeply buried, and the contained coal is not included in current
estimated reserves.

DISTRIBUTION ACCORDING TO RANK

The large tonnage of coal in the United States is distributed quite

unequally among five categories of rank. As determined from the
totals in tables 1 and 2, about 47 percent of the original reserves
in the United States is bituminous coal, including 1.1 percent of
low-volatile bituminous coal. By comparison, 25.5 percent is sub-
bituminous coal, 26 percent is lignite, and only 1.5 percent is anthra-
cite. This percentage distribution is presented graphically on fig-
ure 54: It should be noted that the comparisons shown on figure 5

are based on tons. A comparison based on the contained heat value
would show longer columns for bituminous coal and progressively

shorter columns for subbituminous coal and lignlte.
The geographic distribution of reserves of the different ranks is

also unequal. About 60 percent of the reserves of the higher rank

bituminous coal and anthracite is found east of .the Mississippi
River, although this part of the United States contains only 40
percent of the total esfcimated reserves. West of the Mississippi
River, reserves of the higher ranks of coal are present enly in com-

paratively small quantities in Arkansas, Oklahoma, Colorado, and
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TaABLE 4.—Size and percentage distribution of coal-bearing areas in the United States

Total area of

Area underlain by
coal-bearing rocks

State State ! (square
miles)
(Square miles) | (Percent)

Alabama. oo ____ 51, 609 9, 700 19
Alaska. oo e 586, 400 35, 000 6
Arizona. oo oo ___. 113, 909 3, 040 3
Arkansas. . oo l____._. 53, 104 1,700 3
California. - oo oo oo 158, 693 230 .1
Colorado. - - v oo e 104, 247 29, 600 28
Georgia . - - oo lo_ 58, 876 170 .2
Idaho. oo .. 83, 557 500 .6
TIHNOIS o v o o oo e 56, 400 37, 700 67
Indiana._ . oo ... 36, 291 6, 500 18
JoWa . e 56, 290 23, 100 41
Kansas. oo 82, 276 18, 800 23
KentueKy oo oome oo 40, 395 14, 600 36
Louisiana. ..o o ... 48, 523 1, 360 3
Maryland_ . ______ 10, 577 440 4
Michigan. oo ____.__ 58, 216 11, 600 20
L STTIEES ) o3 o) H R 47,716 1, 000 2
MiSSOUTT « oo oo oo oo 69, 674 24, 700 35
Montana. - - oo e 147, 138 51, 300 35
Nebraska - oo oo 77,227 300 .4
Nevada._ .o oo e 110, 540 50 |oceoaeo
New Mexico- o n oo 121, 666 14, 650 12
New Yorko oo 49, 576 10 |-
North Carolina. ... _____________ 52,712 155 .3
North Dakota_ ... _____________ 70, 665 32, 000 45
Ohio. _ oo 41, 222 12, 350 25
Oklahoma. - oo oo L. 69, 919 14, 550 21
Oregon. - - - e e 96, 981 600 .6
Pennsylvania__ . _______________.___ 45, 333 15, 000 33
South Dakota._.__________________________ 77,047 7,700 10
Tennessee . - - - oo 42, 244 4, 600 11
Texa.sf ................................ 267, 339 16, 100 6
Utah !l .. 84,916 15, 000 18
Virginia. - - L. ... 40, 815 1,940 5
Washington._.________._______ e 68, 192 1, 150 2
West Virginia___ . ____._____.__ 24, 181 16, 800 69
Wyoming. .- ... 97, 914 40, 055 41
Other States including Hawaii-.._._______ 312, 830 0 0

United States total_______________ 3, 615, 210 464, 050 13

1 U.S. Bureau of the Census, 1958, Statistical abstract of the United States; 79th ed., p. 160.

Washington. The 60 percent of the United States reserves west of
the Mississippi River is mostly lignite, subbituminous coal, or high-

volatile C bituminous coal.

The reserves of lignite and subbituminous coal in the West have
only local value at present, though it is certain that they will have

586968—61——3
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greater usefulness in the future. Coals of these ranks tend to
crumble during transportation and to ignite by spontaneous com-

bustion if stored for too long a period without special precautions.
They also have lower heat value than other coals. On the other hand,

the low-rank coals are well suited for the production of electric
power and the production of synthetic gas and liquid fuels, and in
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many parts of the West they can be mined efficiently by stripping
methods. ,

The geographic distribution of the different ranks of coal is re-
lated principally to differences in geologic age. Nearly all the coal
in States east of the Mississippi River anr in Iowa, Kansas, Mis-
souri, Oklahoma, and Arkansas is of Pennsylvanian age; in the
Western States, on the other hand, nearly all the coal is of much
younger, Cretaceous or Tertiary age. The younger western coal
attains high rank only where it has been deformed and altered by
the forces that accompanied mountain building and by the intrusion
of igneous rock. ‘

DISTRIBUTION ACCORDING TO RESERVE CATEGORIES OTHER
THAN RANK

Figures 5B, 5C, 5D, and figure 6 show the percentage distribution
of estimated original reserves in categories other than rank in 15
States, which contain about half of the total estimated reserves in
the United States. These 15 States, Alabama, Arkansas, Colorado,
eastern Kentucky, Illinois, Indiana, Michigan, Montana, New Mexico,
North Carolina, North Dakota, Oklahoma, South Dakota, Virginia,
and Wyoming, are those in which reserve information is classified
in sufficient detail to permit statistical conclusions about the distri-
bution of reserves in the additional categories. The sample pre-
sented by the 15 States is fairly large, however, and the observed
distribution should show the general order of magnitude of distri-
bution for the United States as a whole.

DISTRIBUTION ACCORDING TO THICKNESS OF OVERBURDEN

Figure 5B shows the percentage distribution of-original reserves
in 3 categories according to thickness, in feet, of overburden: 0 to
1,000, 1,000 to 2,000, and 2,000 to 3,000. It is noteworthy that 88
percent of the estimated reserves in the 15 States is less than 1,000
feet below the surface, and that only 10 percent and 2 percent, re-
spectively, are present in the 1,000- to 2,000-foot and 2,000- to 3,000-
foot categories. The impressive concentration of reserves in the 0-
to 1,000-foot category is due in part to the fact that coal-bearing
rocks lie near the surface in many places and in part to the fact
that less information is available for the more deeply buried beds.
Most of the coal mined in the United States today, for example, is
taken from beds less than 1,000 feet below the surface, and only
a small amount is mined from beds 1,000 to 2,000 feet below the
surface. In the United States no significant amount of coal is
mined from beds more than 2,000 feet below the surface, though
in Belgium mining has been carried to a depth of nearly 4,000 feet.
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As exploration and development are carried to greater depths, it is
certain that the total estimated reserves in the United States will
be considerably increased by the addition of reserves in the deeper
overburden categories.
DISTRIBUTION ACCORDING TO RELATIVE ABUNDANCE AND
RELIABILITY OF INFORMATION

Figure 5C shows the percentage distribution of original reserves
in the measured, indicated, and inferred categories, as previously
defined. Of the large tonnage of classified reserves in the 15 States,
8 percent is classed as measured, 26 percent as indicated, and 66
percent as inferred. The larger figure for inferred reserves of course
reflects the lack of precise data for many of the coal-bearing areas.
It is, however, a convenient method of expressing the amount of coal
that can be inferred with confidence to be present on the basis of
current geologic information. Additional geologic mapping and
exploration in any of the coal-bearing areas included in this distri-
bution study would undoubtedly serve to increase the tonnage of
measured and indicated reserves and might also increase the tonnage
of inferred reserves.

DISTRIBUTION ACCORDING TO THICKNESS OF COAL

The terms “thick,” “intermediate,” and “thin,” as used in figure 5D,
refer to beds of coal in three thickness categories, which differ for
the different ranks of coal. Included as “thick” are bituminous
coal and anthracite more than 42 inches thick and subbituminous
coal and lignite more than 10 feet thick. Included as “intermediate”
are anthracite and bituminous coal 28 to 42 inches thick and sub-
bituminous coal and lignite 5 to 10 feet thick. Included as “thin”
are anthracite and bituminous coal 14 to 28 inches thick and sub-
bituminous coal and lignite 214 to 5 feet thick.

As recorded in the diagram, coal in thick beds makes up -30 per-
cent of the total, coal in beds of intermediate thickness makes up
26" percent, and coal in thin beds makes up 44 percent. The rela-
tively low percentage of reserves in beds of intermediate thickness is
probably due in part to a human tendency to assign-minimum
thicknesses to beds in the inferred category and thus increase the
amount of coal in the thin category.

. DISTRIBUTION IN ALL CAT’EGORIES

Flgure 6 summarizes the distribution of reserves in the three
major categories presented in figures 5B, 5C, and 5D. The figure
clearly shows the preponderance of reserves in the 0- to 1,000-foot
category and the relatively small quantities of measured reserves in
all categories. Reserves are present in each of the 27 possible cate-
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gories allowed for in figure 6, except the one representing measured
reserves in thin beds 2,000 to 3,000 feet below the surface. The
amounts in several categories are less than 1 percent of the total
and could not be shown on a diagram of this scale.

Like figures 5B, 5C, and 5D, figure 6 also shows the conservative
character of the estimates for the reserves in the 15 selected States.
The relatively large percentages of reserves in the indicated and
inferred categories and the small percentages in the measured cate-
gory are due to a lack of data—not a lack of coal. The relatively
small percentage of coal in the 1,000- to 2,000-foot category as com-
pared to the 0- to 1,000-foot category is also due primarily to lack
of data; the deeper overburden categories contain much larger
reserves than the estimates show.

COKING-COAL RESERVES

Coke is usually manufactured from blends of two or more coals of
different composition and may incorporate small amounts of other
ingredients such as anthracite fines, petroleum coke, or low-tempera-
ture char. In spite of the common use of the term “coking coal,”
very little coal can be used alone to produce coke suitable for metal-
lurgical processes. When a single coal is used, it is of medium-
volatile bituminous rank and reasonably free of ash and sulfur.
Reserves of such coal are small and are rapidly being depleted. The
desired properties are more readily obtained by blending two or
more coals of different rank and composition. Generally, 15 to 30
percent of low-volatile bituminous coal, which is very strongly
coking, is blended with 85 to 70 percent of high-volatile bituminous
coal, which is weakly coking. In 1957, high-volatile bituminous
coal constituted 66 percent of the total coal made into coke, whereas
medium-volatile constituted 11 percent, and low-volatile 23 percent
-(U.S. Bur. Mines, 1959b, p. 213). The nature of the original plant
constituents also is a factor in determining coking properties, as

-are the deleterious constituents, ash and sulfur. With these several
variables to be taken into account, modern coking-coal blends have

become complex mixtures of carbonaceous material.

Most reserves of high-rank and high- quality coal best suited for
the production of coke and coal chemicals are in the East, principally
in West Virginia, Pennsylvania, Kentucky, and Virginia.

In a few areas in the West, principally in Colorado, Utah, Okla-
homa, Arkansas, Washington, and New Mexico, coal is produced
that is satisfactory for the manufacture of coke when used in
blends. The most important areas in the West are the Raton Mesa
region, Colorado-New Mexico; the Sunnyside field, Utah; and the
-Somerset-Crested Butte-Carbondale region, Colorado. These areas
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stand out prominently in plans for the industrial development of
the West. Summary information about reserves of coking coal
in the West is contained in reports by Berryhill and Averitt (1951),
Landis (1959), and Trumbull (1957).

Because of the almost limitless possibilities of blending coals and
hydrocarbons in the manufacture of coke, and because of the cer-
tainty that the acceptable amounts of impurities in coke will be
allowed to increase and coking properties to decrease as the higher
rank and higher grade coals are depleted, it is impossible to define
coking coal in precise terms.

It is possible, however, to consider separately the reserves of low-
volatile bituminous coal, which is the important blending component
that permits use of the vastly larger quantities of high-volatile
bituminous coal. As shown in the accompanying table, the esti-
mated reserves of low-volatile bituminous coal are contained largely
in 6 States, and represent only 1.1 percent of total United States
reserves calculated on a simple tonnage basis.

COKING-COAL RESERVES

Relation of original reserves of low-volatile bituminous coal to original reserves of
coal of all ranks in the United States

[In millions of short tons)

Reserves of low- Total coal Percent of total
State volatile bitumi- reserves coal reserves
nous coal )

Pennsylvania. ... ... ... 5, 673 97, 898 58
West Virginia_ ... ... _________ 10, 251 116, 618 8.8
Maryland ' _ ... 700 1, 200 58.3
Virginia. . .- oo ... 300 12, 051 2.5
Arkansas_ . _ .o ____._ 1, 816 2, 622 69. 2
Oklahoma_ _ .. __________________ 747 3, 673 20. 3
Other States___ .. ____________...__ 50| 1,485,902 | .. .___.__
United States total___________ 19, 537 1,719, 964 1.1

! Remaining reserves, Jan. 1, 1950.

The State estimates shown in the table may be changed in time
as new information is obtained and as progress in estimating re-
serves is continued. Nevertheless, the ratio of original low-volatile
bituminous coal reserves to total original reserves can be expected
to remain about the same, because any change in the tonnage figure
for low-volatile reserves will probably be accompanied by a change
in the figure for total reserves. Therefore, the most significant
figures in the table are the percentage figures, particularly the over-
all figure of about 1 percent, which is certainly not subject to any
significant future change.

Mining has been carried on extensively in the areas containing
low-volatile bituminous coal because of its many desirable qualities.
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As a semismokeless fuel with a high heat value, it is in great de-
mand for many purposes other than the production of coke. In 1947,
for example, only 25 percent of the low-volatile bituminous coal
produced was used in the manufacture of coke. In that year the
total output of low-volatile bituminous coal was 84 million tons,
or about 12 percent of the total coal production (Fieldner, 1950,
p. 13-14).

In many areas of less desirable and less readily accessible coal
in the United States, the remaining reserves are very nearly equal
to the original reserves because little mining has been done. The
areas containing low-volatile bituminous coal, on the other hand,
are rapidly being mined out, and the remaining reserves of this coal
are now much less than 1 percent of the total coal remaining in the
United States, of which no more than half can be regarded as
recoverable. With only a limited supply of low-volatile bituminous
coal available, it is apparent that coking operations and metallur-
gical processes soon must be adjusted to permit increasing use of
lower rank coal.

STRIPPING-COAL RESERVES

The continuous increase in strip mining that has taken place since
World War I has been brought about by the substantially lower
operating costs of strip mining, due primarily to improvement in
earth-moving machinery. In 1920, strip mining accounted for only
1.5 percent of the total coal mined in the United States, whereas by
1958 strip mining accounted for 28.3 percent. In 1920 there were
312 power shovels and draglines in operation, whereas by 1958 there
were 3,515 (U.S. Bur. Mines, 1959a, p. 43). The largest electric
shovel operating in 1959 was capable of removing as much as 70
cubic yards, or 105 tons, of earth at a single bite—a capacity many
times that of the small steam shovels of only a few years ago.

Because of the newer, more efficient strip mining machinery, the

ratio of overburden thickness to coal thickness that can be handled

profitably has steadily increased, and many beds previously con-
sidered inaccessible for strip mining are now readily accessible.

For overburden not exceeding 60 feet, ratios of overburden thickness

to coal thickness as much as 20 to 1 are entirely practicable, though
much depends on the density and hardness of the overburden, rank

and quality of the coal, distance to transportation facilities and
market, and other purely ecomomic factors. For overburden ex-
ceeding 60 feet, somewhat smaller ratios are practicable, although
the ratios decrease markedly with increase in thickness of over-
burden above 60 feet, which represents the lifting capacity of most

existing shovels.
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The maximum thickness of overburden that can be removed eco-
nomically is also increasing steadily as the very large shovels with
increased lift and swing come into use. In 1955, the maximum
overburden handled in mining bituminous coal and lignite was
about 70 feet (U.S. Bur. Mines, 1959b, p. 70), whereas by 1959
the maximum was about 100 feet. Anticipating the trend toward
stripping to greater depths, the Illinois Geological Survey in out-
lining areas suitable for strip mining has presented data on over-
burden to a maximum of 150 feet.

Some of the more spectacular coal mining operations are those
in which the coal is being recovered by stripping methods. The
thickest bed now being mined by stripping in the United States is
at Wyodak, Wyo., where the coal is 90 feet thick. The deepest strip
pits in the United States are in the Pennsylvania anthracite fields,
where an overburden of about 120 feet is being removed. A feature
of the mining in this area is that the outcrops are now being worked
for the third time. The first time was by underground mining,
which recovered only a small percentage of the coal near the out-
crops. The second time was by stripping along the outcrop with
small shovels. The third time is by stripping the partly mined-
out zone just below the older stripped zone with large draglines
and shovels.

In 1958, Ohio was the leading State in strip-coal production,
followed in order by Illinois, Pennsylvania, Kentucky, Indiana, and
West Virginia.

The total stripping-coal reserves in the United States have not
been estimated. Although the amount must be considerable, as
demonstrated by the size of the industry, it must inevitably be only
a small part of total reserves because of the ultimate practicable
limit to the amount of overburden that can be removed. The amount
of strippable coal in the East, where most strip mining is carried
on, is certainly less than the amount in the northern Great Plains
province, particularly in North Dakota, Montana, and Wyoming,
where the reserves are very large.

The reserves of strippable coal have been calculated for Kansas,
Indiana, and part of Illinois. The proved strippable reserves in
Kansas, as of 1947, totaled 60 million tons, based on an ‘assumed
weight of 1,500 tons per acre-foot (Abernathy and ofhers, 1947).
This figure represents 0.3 percent of the total estimated original
coal reserves in the State.

In Indiana, the strippable coal reserves, as of 1950, totaled 3,524
million tons, based on an assumed weight of 1,800 tons per acre-foot
(Spencer, 1953). This tonnage is 9.4 percent of the total estimated
original coal reserves in the State.
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In 1957 and 1958 the Illinois Geological Survey published two
reports describing stripping-coal reserves in 11 counties in the south-
ern part of the Illinois basin (Smith, W. H., 1957, 1958). In these
counties the original strippable reserves, 1nclud1ng beds to a maxi-
mum depth of 150 feet, total 4,643 million tons, which is about 25
percent of the total reserves. This high ratio obviously applies only
to coal on the edges of the coal basin and not to the more deeply
buried coal in the interior.

The U.S. Geological Survey has published five reports on a num-
ber of selected areas favorable for large-scale strip mining in Mon-
tana and North Dakota but the reserves included in these reports
represent only a small part of the total strippable coal available
(Brown and others, 1954; Culbertson, 1954; Kepferle, 1954; Kep-
ferle and Culbertson, 1955; May, 1954) '

The use of stripping methods in mining greatly increases the
total amount of coal that is ultimately recoverable, for strip min-
ing recovers an average of about 80 percent of the total coal in
the ground. Strip mining also adds to the total recoverable coal
reserves by making possible the mining of coal under shallow
overburden, in badly faulted areas, or in' small isolated pockets,
where underground mining would not be practicable.

In some individual operations, when stripping has been extended
as far as is justified for reasons of economy and safety, additional
coal is recovered by the use of a horizontal auger which bores into
the coalbed at the base of the highwall. A large-size coal auger
has a diameter of 60 inches and penetrates a maximum of 200 feet
into the bank. This method permits a theoretical recovery of 75 per-
cent of the coal in a block of ground being mined. In 1958, about
7.3 million tons, or 1.8 percent of the total bituminous coal produced,
was mined by augers (U.S. Bur. Mines, 1959a, p. 43).

Recently, mining at the outcrop of the coalbed has been further
extended by the use of a continuous mining system in which a
machine equipped with four overlapping cutting heads produces a
hole about 10 feet wide and 3 feet high. The full height of the
coalbed can be recovered by means of successive cuts. Currently,

the depth of the hole is limited to 1,000 feet, the length of the
cable supplying power. The thickness of the pillar left between

borings depends upon roof conditions, but, in general, recovery of
coal by means of this continuous mining system is approximately
65 percent.

PRODUCTION OF COAL IN THE UNITED STATES

The United States produces about 20 percent of the coal mined
annually throughout the world. By way of comparison, the U.S.S.R.,
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Fi1GURE 7.—Distribution of cumulated coal production in conterminous United States
to Jan. 1, 1960.

excluding satellite countries, also produces about 20 percent, and
the rest of Europe produces about 45 percent.2

The cumulative production of coal in the United States to Janu-
ary 1, 1960, totals about 34,800 million tons, which is equivalent
to a solid cube of coal 1.8 miles on a side. Half this total has
been mined since 1926.

The accompanying diagram (fig. 7) shows the distribution by
States of cumulative production in conterminous United States to
January 1, 1960. Most conspicuous on the diagram is the pre-
ponderance of production from West Virginia and Pennsylvania
and the fact that more than 90 percent of production has come
from coal fields east of the Mississippi River.

Before the Revolutionary War, coal was mined only in a very
small way by the American colonists and was used mostly in black-

3 All statistical data in this section taken from U.S. Bureau of Mines Minerals Year-
books for 1957 and prior years.
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'smith forges. In the early 1800%, production began to increase
rapidly and more than doubled during some decades in the first
half of the century. Production continued to double every 10 years
or so until about the time of World War I. An early peak in coal
production was reached in 1918 when 678 million tons was mined.
Following World War I, coal production fluctuated below the
1918 peak, due in part to the great expansion in use of petroleum
and natural gas, which began in the 1920’s and has continued until
the present time, and in part to the business depression of the
1930’s. World War II brought about an increase in coal production,
and a second, alltime peak of 688 million tons was reached in 1947.
Following 1947, coal production tapered off, and in the 10-year
period from 1950 to 1959 the annual production ranged from 427
to 524 million tons and averaged about 484 million tons. This
average amount would fill 20 continuous lines of coal cars extending
from New York to San Francisco.*

The mining and distribution of coal is the second largest min-
eral industry in the United States. The coal produced in 1957, an
average recent year, had an estimated value_of $2,736 million. This
is more than the value of any other mineral or fuel commodity
except petroleum and is more than that of all metallic minerals
combined.

In 1957 there were 8,539 operating bituminous coal and lignite
mines in the United States, ranging in size from small mines pro-
ducing as little as 1,000 tons per year to the largest mines produc-
ing more than 500,000 tons a year. Almost half of the 1957 produc-
tion was obtained from 245 mines of the largest class.

Most of the coal mined in the United States is obtained from
moderately thick beds. According to a study of 1955 production
from bituminous coal and lignite mines by Young and Anderson
(1957), 40 percent of 1955 production was obtained from beds 4 to
6 feet thick, and smaller quantities were obtained from beds in other
thickness categories, as shown in the following tabulation:

Thickness, in feet, of Percent of 1955
beds mined production
< 4 34
4to6 — — - 40
6to8 — 20
> 8 6
Total - 100

Coal-mining methods have changed greatly through the years.
In 1920, for example, less than 1 percent of bituminous coal and

4 Assuming that a line of loaded coal cars 1 mile long holds 7,500 tons. -
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lignite production by underground methods was mechanically loaded,
whereas by 1958 a record 85 percent was mechanically loaded. In
1920 strip mining accounted for only 1.5 percent of the coal pro-
duced, whereas by 1958 strip mining accounted for 28.3 percent of

the coal produced.
. USES OF COAL

In addition to serving as an economical source of heat and energy,
coal is a highly versatile chemical raw material and is the source
or the main component of hundreds of chemical products.

As shown in the following table, the fast-growing electric utility
industry is now the largest single user of coal, followed in order
by the steel and manufacturing industries:

A Consumers of bituminous coal and lignite in 1957
{U.S. Bureau of Mines Minerals Yearbook, 1957, p. 120-122.]

Consumer class Percent

Utilities_ oo . e eedemeaan 38
Steel industry:

. Coke produetion_ .- _ ... 26

" Steel and rolling mills. .. . oo 2

Manufacturing. - - - - o e 23

Retail deliveries. .. . oo oo e o 8

Railroads . - o oo e -2

All other_ o e m—man 1

Total e e m———————— 100

The growth of the utilities is being impelled steadily upward by
the growth in population, the increased use of electric appliances,
partlcularly air conditioning, and by the growth of the alummum
and uranium industries.

The steel industry has always been an important and ste’tdlly
growing customer for coal. Most of the annual coke production,
which is recorded separately in the table, is used by the steel in-
dustry, for about 1 ton of coke is needed to produce 1 ton of steel.
Most of the coke is manufactured in byproduct ovens, which also
yield the basic coal chemicals—coal gas, sulfate of ammonia, light
oils, and tar—from which are derived a myriad of other chemicals
and products, including exploswes, pamts, dyes, fertilizers, plastlcs,
nylon, and drugs.

The manufacturing industries, which constitute the third most
important consumer class, use coal largely as a source of heat and
power. :

Very little coal is now consumed for household heating -bécause
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of the increased use of oil and natural gas for this purpose. Such
coal as is used for household heating is included under the heading
‘of “Retail deliveries,” which accounted for 8 percent of 1957 con-
sumption.

Railroads, the largest single users of coal up to the end of World
War II, have turned almost completely to diesel locomotives and in
1957 accounted for only 2 percent of coal consumption. Much of
the coal consumed by railroads in 1957 was used in powerhouses and
shops.

Coal has several minor uses that are not recorded in the table.
Lignite mined in Amador County, Calif., is an important source of
montan wax (Jennings, 1957, p. 158), and bituminous coal mined
in Carbon County, Utah, is a source of resins.

In North Dakota, weathered lignite, locally known as leonardite,
has been processed to manufacture brown wood stains and also to
form a stabilizing agent .for mud used in oil and gas drilling
(Brant, 1953, p. 58). In Arkansas, lignite has been used to manu-
‘facture the dye “Vandyke brown.”

Ash from utility plants is used in the manufacture of concrete
and cinder blocks, and crushed coal is being studied experimentally
for use in road construction.

Some Pennsylvania anthracite of very uniform density has been
shaped and polished to form jetlike ornamental objects.

Coal also contains several minor elements of great interest and
potential economic 1mportance, which are discussed under a separate

Heading below.

MINOR ELEMENTS IN COAL

Coal contains small quantities of essentially all metallic and non-
metallic elements, which were introduced in one or all of four
different ways:

1. As inert material washed into the coal swamp at the time of

plant accumulation.

As a chemical precipitate from the swamp water.
As a minor constituent of the original plant cells.
As a later addition, introduced after coal formation primarily

by downward and laterally moving ground water.
‘When coal is burned, most of these elements are concentrated in
the coal ash. Analyses of coal ash show that it is composed largely
of the oxides of silicon, aluminum, iron, calelum, magnesium, potas-

sium, sodium, and sulfur, which typically make up 93 to 98 percent
of the total weight of ash (Selvig and Gibson, 1956). Sulfur is

present in coal in several forms and m total amount generally

Sl N
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ranges from less than 1 to a maximum of about 8 percent. When
coal is burned, the sulfur is partly dissipated as sulfur dioxide

(SO.) and is only partly retained in the coal ash. As the quan-

tity of sulfur reported in ash is less than the total in coal, and as
sulfur is a well-known constituent of coal, it will not be considered
further in this short discussion of minor elements. The remaining
few percent of coal ash is made up of about 25 different minor elements,
the concentration of which differs greatly in different areas and beds.

Most of these minor elements occur in coal in about the same
concentration as in the earth’s crust, but a few, notably uranium,
molybdenum, arsenic, boron, and germanium, oceur locally in vastly
greater concentrations, and a few others, including barium, stron-
tium, and lead, occur in significantly greater concentrations (Fran-
cis, 1954, p. 98; Krauskopf, 1955, p. 418; Mason, 1958, p. 44). Sev-
eral noteworthy minor elements in coal are discussed in the follow-
ing paragraphs. .

URANIUM

Uranium occurs locally in coal as compounds or complexes inti-
mately associated with the organic constituents. In a few localities
the uranium content is high enough to suggest the possibility of
mining the coal as uranium ore. As a result, a large amount of
study has been directed toward such coals (Kehn, 1957; and Page and

others, 1956, p. 405-444, particularly bibliographies, p. 410, 418, 430,

438, 444).

Some beds of lignite and carbonaceous shale in southwestern
North Dakota and northwestern South Dakota contain an average of
0.18 percent uranium, 0.3 percent molybdenum, 0.09 percent phos-
phorus, and 0.01 percent vanadium. These figures apply to the full
thickness of the carbonaceous beds, which contain an average of
about 45 percent ash. These rocks also contain anomalously high
amounts of arsenic, germanium, selenium, cobalt, and zirconium.

Carbonaceous material has a strong chemical affinity for uranium,
and uranium in solution is readily absorbed or precipitated by con-
tact with lignite or carbonaceous shale. It is generally believed that
the uranium and associated elements in the Dakota lignite deposits
were leached by ground water from overlying tuffaceous rocks and
carried downward and precipitated on and in the underlying lignite.
(Denson and Gill, 1956; Denson and others, 1959).

GERMANIUM

In the United States, germanium is produced primarily as a by-
product of zinc smelting. The expanded use of germanium in
crystal diodes and transistors in the period following World War II
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greatly stimulated interest in coal as a secondary source of this ele-
ment, and, as a result, much new information was obtained (Stad-
nichenko and others, 1953; Headlee and Hunter, 1951; Schleicher
and Hambleton, 1954). -

Germanium is concentrated locally in the top and bottom layers,
or just above a thick parting in a coal bed, and is much more
abundant in the bright (vitrain) bands than in the dull bands.

The highest concentration of germanium in the United States
discovered to date has been in coalified logs and pieces of woody
coal in sediments of Cretaceous age in the Atlantic Coastal Plain.
Some of these logs contain as much as 7.5 percent germanium in
the ash. The commercial coal richest in germanium is the Lower
Kittanning bed in eastern Ohio. In this bed the germanium is
concentrated in the lower layer. Samples of this layer contain 0.2
percent germanium in the ash, and the ash ranges from 3.54 to 6.86
percent (Stadnichenko and others, 1953, p. 1, 9).

BARIUM AND STRONTIU'M

Barium and strontium both show 51gn1ﬁcant but not large, con-
centrations in the ash of some coals. Analyses of the ash of 35
samples of coal, as reported by Deul and Annell (1956, p. 163),
showed averages of 0.54 percent SrO and 0.31 percent BaO.

The barium and strontium seem to be, in large part, remaining
constituents of the original plant cells and, in small part, the result
of enrichment by circulating ground water.

BORON

The concentration of boron in certain coals is also much higher
than the apparent concentration of boron in the earth’s crust. Analy-
ses of the ash of 319 samples of low-rank coal from Texas, Colorado,
North Dakota and. South Dakota showed an average of about 0.1
percent’ boron, and individual beds elsewhere have been reported to
‘contain as much ‘as 2 percent boron in the ash (Deul and Annell,
1956, p. 163—164:)

Boron is a minor constituent of 11v1ng plants, and at least some

of the boron in coal was derived from the original plant constituents.
OWNERSHIP OF COAL LANDS

The coal lands of the United States are held largely by several
broad classes of owners, including the Federal and State Govern-
ments, mining and manufacturing corporations, railroads, Indian
tribes, and private individuals. Information about the ownership
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of the surface, coal, and mineral rights for any individual tract of
land can be ascertained fairly readily from the records of appro-
priate county, State, or Federal agencies. However, no study of
the overall distribution of ownership has been made to date because
of the size and complexity of the task.

Most of the coal lands in the East and in the Mississippi Valley
region are privately owned. In the Appalachian Basin, many
large tracts of coal land are held by mining, manufacturing, or
landholding corporations. In this area also the three or four main
eastern coal-hauling railroads own some coal lands along their
right-of-ways. In areas remote from transportation facilities, some
coal acreage is owned by individual counties, having been acquired
through failure of the owners to keep up real estate tax payments.
A few small tracts in State Parks and Forests and elsewhere are
held by the Federal Government, but, in general, such federally
owned coal lands constitute only a very small part of the total in
the East.

Most of the coal lands in the Rocky Mountain and northern
Great Plains regions are owned by the U.S. Government. In dis-
posing of lands in the public domain according to public land laws
before 1920, the Federal Government appraised each tract of land
for its coal value and fixed the sales price accordingly. Following
passage of the Mineral Leasing Act of 1920, the Federal Govern-
ment reserved coal rights on all lands classified as valuable for coal
when such lands were sold. Although thousands of acres of coal
lands, including coal rights, were sold before 1920, the Federal
Government is still the largest single owner of coal lands, or coal
rights, in the Rocky Mountain and northern Great Plains regions.
The Government-owned coal in these regions and elsewhere is avail-
able for lease on a modest royalty basis.

In the early days of construction of the transcontinental railroads,
the railroad companies received as a form of subsidy considerable
areas of land, including mineral rights, adjoining the right-of-ways.
As a result, the western railroads as a group probably hold the
second largest acreage of coal land in the West. Many individual
States in the West own two or three sections per township, which
were allotted originally to help support the State school systems.

In Oklahoma and New Mexico and other States, fairly large
acreages of coal land are owned by various Indian tribes. This
land is leased and administered by the U.S. Bureau of Indian
Affairs.

In Washington and Oregon the percentage of coal land owned
privately is somewhat higher than it is in the Rocky Mountain

586968—61——4
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region, but even in these States the Federal Government owns large
areas of coal land. : ’

STATE ESTIMATES

Because somewhat different assumptions and procedures were
used to prepare many of the State reserve estimates presented in
this report, it is necessary in comparing or evaluating individual
estimates to consider how the estimates were obtained. Even in the
recent estimates of reserves prepared by the U.S. Geological Sur-
vey according to the basic procedures and definitions discussed in a
previous section, minor differences in procedure were necessary
because of differences in the occurrence of the coal and in the
amount of information available. Somewhat greater differences in
assumptions and procedures exist between estimates prepared by the
State Geological Surveys of Illinois, Kansas, Ohio, Pennsylvania,
Tennessee, and West Virginia. For a few States, particularly
Iowa, Missouri, Texas (bituminous coal), and Washington, the only
estimates available are those prepared by or under the direction
of M. R. Campbell before 1928. These are more generalized than
modern estimates. :

The following State summaries, arranged in alphabetical order,
describe and evaluate the various methods followed in preparing
individual estimates. Wherever possible, the reserve figures for each
State are further classified according to thickness of coalbeds, thick-
ness of overburden, and relative abundance of reliable information,
in order to give the estimates additional significance and usefulness.

ALABAMA
BITUMINOUS COAL

As estimated by Culbertson (written communication, 1959), the re-
maining reserves of bituminous coal in Alabama, as of Jan. 1, 1958,
totaled 13.8 billion tons, of which 7.9 billion tons is in beds more than

98 inches thick. The total reserves are divided among four coal
fields as follows: Warrior field, 11.9 billion tons; Cahaba field, 1.8
billion tons; Coosa field, 41 million tons; and Plateau field, 41 mil-
lion tons. Except for 15 million tons of low-volatile bituminous
coal in northeast Alabama, all the coal is of high-volatile A or
medium-volatile bituminous rank.

The reserves remaining in the Warrior and Cahaba coal fields

were determined by first calculating the original reserves in each
bed and then subtracting a tonnage equal to twice the production
to allow for coal mined and lost in mining. The remaining reserves
in the Coosa and Plateau coal fields were calculated directly.

»
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Estimated remaining bituminous coal reserves of Alabama, January 1, 1958

(In millions of short tons]

Reserves’
Overburden Thickness of bed Total
(feet) (inches) Measured )
and indi- | Inferred
cated

. 14t028 ... o L4420 | 3,186.1 | 4,628.1
0£01,000 e 328tod42 . ... 1,117.1 | 2,179.0 3,296.1
’ 42 s 860.6 | 1,202.6 | 2,063.2
3,419.7 | 6,567.7 9,987. 4
: 13.8 | 1,008.5 1,022.3
1,000 £0 2,000 e mem e ee e emme e mmmmee 1.6 | 1,082.8 | 1,094.4
39.7 1,316.2 1,355.9
65.1 | 3,407.5 3,472.6
14t028 ool 210.8 210.8
2,000 60 3,000 - - - oo e e e eeeeeee 28042 oooooi|ioaian] 74.5 74.5
y 2R P, 8.4 8.4
.......... 203.7 203.7
B 51 7Y U .-| 3,484.8 | 10,268.9 | 13,7583.7

-The southwestern half of the Warrior coal field was omitted from
consideration because of lack of data on the coal-bearing strata,
which are under a thick cover of Cretaceous sediments. In the pro-
ductive part of the Warrior field, however, the coal beds thin and
pinch out in a westerly direction; therefore it .is not anticipated
that large reserves of coal will be found in the southwestern half
of the field.

In the Plateau and Coosa fields most of the coalbeds are lenticular,
and few data are available on their thickness. Therefore, reserves
were estimated in only a few small areas where thickness data were
sufficiently dense or where the beds were known to be persistent.
Intensive exploration in these coal fields, however, would undoubt-
edly reveal other small areas underlain by coal of minable thickness.

LIGNITE

Lignite occurs in Alabama mostly as thin lenticular beds in forma-
tions of Cretaceous, Paleocene, and Eocene ages. None of the lig-
nite has been mined commercially. Analyses from outcrops and
auger holes indicate that, in general, the Alabama lignite has a rela-
tively low heating value compared with lignite from other States.
Sparse evidence indicates that in a few areas lignite beds 4 feet or
more thick may be found in Paleocene strata under shallow over-
burden. One such area, in T. 14 N,, R. 1 E., Marengo County, is
estimated to contain at least 20 million tons of lignite of a relatively
good grade.



46 COAL RESERVES OF THE UNITED STATES

ALASKA

" Coal is known to occur in substantial quantities at many places
in Alaska. (See fig. 8.) Detailed mapping or exploration has been.
carried on in only a few of the coal-bearing areas, however, and only
a generalized estimate of the total coal reserves of the State can be
made at present. As shown in the accompanying table prepared by
F. F. Barnes (written communication, 1959), the original coal re-
serves of Alaska total 94,638 million tons, including 21,401 million
tons of bituminous coal, 71,136 million tons of subbituminous coal
and lignite, and 2,101 million tons of anthracite. This estimate is.
based in part on a previous estimate made by Clyde Wahrhaftig in
1944 and published in an earlier edition of this report (Averitt and
others, 1953, p. 37) and in part on later fieldwork by the Geological
Survey.

Estimated original coal reserves of Alaska
[In millions of short tons]

Subbitu- | Anthracite

Coal field Bitumi- minous and semij- Total
nous coal | coal and | anthracite
lignite

Northern Alaska____ . __._______________ 20, 000 | 60,000 |________ 80, 000 -
enana_._____ 3 5, 000:
Jarvis Creek... ‘ - .
Broad Pass. . . 63
Matanuska 202:
Kenai_._._______ : - " 2, 400:
Bering River_ - _______________________ 11,100 {_____._ 12100 3, 200
Other fields_ .- ... ___ 2100 133,600 |---__.__ 3, 700
Total.— oo oo ._.| 21,401 | 71,136 | 2,101 | 94,638

1 Available data suggest that most of the coal in the Bering River field probably is too badly crushed and
faulted to be economically recoverable.

2 Includes the Herendeen Bay and Chignik fields.

$ Includes the Eagle, Susitna, and Unga Island fields.

The coal reserves of most Alaska coal fields cannot be classified by
thickness of bed or overburden because of the scarcity of detailed
information. Of the total reserves as presently estimated, about 1.5
billion tons, or 1.6 percent, is based on detailed surveys and is classi-

fied according to standard U.S. Geological Survey definitions and
procedures. Most of this coal is in the Nenana, Jarvis Creek, Broad

Pass, Matanuska, and Kenai fields, which are reasonably accessible
by road or railroad. The much larger remainder is based on recon-
naissance surveys in more remote areas, and the estimated reserves
cannot be classified in the usual detail. The total figure thus derived
is intended to give the general order of magnitude of the coal po-

tential of the State.
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By Jan. 1, 1959, the total recorded production of coal in Alaska
was 11.9 million tons, most of which came from the Matanuska and
Nenana coal fields on the Alaska Railroad. High costs of mining
and shipping limit Alaska coal to use within the State.

ARKANSAS

As estimated by Haley (1960), the original coal reserves of
Arkansas total 2,622 million tons, of which 1,816 million tons is
low-volatile bituminous coal, 456 million tons is semlanthraclte, and
350 million tons is lignite.

BITUMINOUS COAL AND SEMIANTHRACITE
The reserves of coal other than lignite were calculated and classi-
fied according to standard U.S. Geological Survey procedures as

previously defined, except that five categories of overburden were
used instead of the usual three. These 5 categories, according to

Estimated original coal reserves of Arkansas

[In millions of short tons]

Reserves- )
Overburden (feet) Thickness of beds Total
(inches) .
Measured | Indicated | Inferred
Semianthracite
14 t028_ ... ____ 3.8 4.1 6.0 13.9
0to 60 ______.-.____ 28to42 . _______ 4.5 1.6 23. 8 29.9
>42. .. 1. 4 - N I 1.7
9.7 6.0 29. 8 45. 5
7.0 12. 6 47. 8 67. 4
29, 9 27.9 71. 6 129. 4
5.7 4.9 44. 6 55. 2
42. 6 45. 4 164. 0 252. 0
144028 ... 4.6 3.2 45. 6 53. 4
500 to 1,000 _______ 28t042__________ 2.5 10. 5 46. 0 59.0
Y 2.0 5.2 23.5 30.7
9.1 18. 9 115. 1 143. 1
144098 | _)ieieoean 4.6 4.6
1,000 to 2,000.._____ 28to42__________ 0.7 1.9 8.0 10. 6
S42 L
0.7 1.9 12. 6 15.2
14t0 28 o || e -
2,000 to 3,000_______ 28 to 42 || |mmmmmm e
{>42 .............................................
Total . __. 62. 1 72.2 321. 5 455. 8
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. - Reserves
Overburden (feet) Thickness of beds Total
. . (inches) : .
Measured | Indicated | Inferred
* Low-volatile bituminous coal
: 14t028 .. ... 38. 2 20. 0. 54. 8 .113. 0
0to60.._______.___ 28 to42 ... 18. 0 5 8 7.5 3L.3
>42 . 33.0 7.7 .7 41. 4
' 8.2 33.5| 630 187
14t0 28 _________ 23. 5 42,1 | 3312 396. 8
60 to 500 ... ... ___ 28to42..._______ 46. 4 73.8 160. 4 280. 6
>42 ... 885 59. 2 24. 3 172. 0
115.8. 4| .175. 1 515. 9 849, 4
140 28— ... 0.6 7.5| 186.2| 1943
500 to 1,000 _____~-._ 28to42__________ - 81 -23.5 167. 1 198. 7
>42 .. 19. 8 45. 8 42. 5 108. 1
‘ 28.5| 76.8| 395.8| 50L1
144028 oo || _ 60. 3 60. 3
1,000 to 2,000___.___ 28to42.____.____ 1.9 9.6 102. 5 114.0
42in_ ... 3.3 6. 6 23. 6 33.5
5.2 16. 2 186. 4 207. 8
14to28. .| _. 19. 1 19.1
2,000 to 3,000.__..__ 28t0 42 .. ____ 0. 6 1.4 29. 5 31. 5
>42 | . .1 21. 0 21. 1.
0.6 1.5 69. 6 7.7
'_l‘ota] ___________________________ 281. 9 303.1{1,230.7 | 1,815. 7
Lignite
0to100.___________ ' S>30 e 32.0 | ._.__ 32.0
1004 oL >80 e e 318.0 318.0
Total et 32.0 318. 0 350. 0
Total, all ranks.__ ... ... _.__ 344.0 | 407.3 |1,870.2 | 2,621. 5

thickness, in feet, were as follows: 0 to 60, 60 to 500, 500 to 1,000,
1,000 to 2,000, and 2,000 to 3,000 feet. The 0- to 60-foot category
was intended to aid in determining the quantity of strippable coal

in the State.

The distribution of original reserves of bituminous coal and
semianthracite in Arkansas in various categories is given in the
accompanying table. As recorded in the table, the 60- to 500-foot
overburden category contains the largest reserves, and successively
smaller amounts are present in deeper categories.
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By far the larger proportion of Arkansas reserves is concen-
trated in seven counties in the Arkansas Valley coal field, namely,
Crawford, Franklin, Johnson, Logan, Pope, Scott, and Sebastian.
The coal-bearing rocks of this area contain at least 19 coal beds of
which 4, the Lower and Upper Hartshorne, Charleston (Philpot),
and Paris, contain coal of present commercial interest. All the
reserves calculated for the Arkansas Valley field are contained in
these four beds.

The distribution of original reserves in the Arkansas Valley field
according to county and coalbed is shown in the accompanying
table. As recorded in the table, the larger proportion of the esti-
mated original reserves is in the Lower Hartshorne bed and in
Sebastian County.

Distribution of original reserves of bituminous coal end semianthracite in the
Arkansas Valley field according to county and bed

[In millions of short tons]

Bed
County
Lower Upper | Charleston Paris Total
Hartshorne] Hartshorne| (Philpot)

Crawford. ... iceeeeeee 252 X T O PSR FOI 289.9
Franklin. _ . 181.3 40.3 8.8 230.4
Johnson.._ 336.7 25.1 Joceemcacaeen 361.8
gan. ... 166.5 4 31.9 198.8
Pope___..__..... 2 3 N (N FUNUNSUNUUI SN 23.4
Seott. ... § (17072 (N M SR, 104.2
ian 1,014.2 20.9 | .. 1,083.0

Total 2,116.2 86.7 40.7 2,271.5

LIGNITE

Lignite occurs sporadically in thin beds in 17 counties in the
Coastal Plain region of Arkansas. In general, the beds cannot be
traced or correlated with any certainty over distances greater than
half a mile, and for this reason the estimated reserves must be
classed as indicated or inferred.

As estimated by Haley (1960), the indicated original reserves
of lignite in beds 30 inches or more thick and lying less than 100

feet below the surface total 32 million tons. Most of the lignite in
this category is in Pulaski, Saline, Ouachita, and Dallas Counties.

The inferred original reserves in beds of the same thickness, but
lying at depths of more than 100 feet below the surface, total 318
million tons.

COLORADO

The original coal reserves of Colorado, as estimated by Landis
(1959), total 81,785 million tons, of which 90 million tons is anthra-
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cite and semianthracite, 63,203 million tons is bituminous coal, and
18,492 million tons is subbituminous coal. The reserves were cal-
culated and classified according to standard U.S. Geological Survey
procedures and definitions with two minor exceptions as follows:
The categories of measured and indicated reserves were combined in
a single category termed “Measured and indicated,” and in some
parts of the State the reserves were calculated on a coal-zone basis
rather than on an individual bed basis. This procedure was neces-
sary because in some areas the coal-bearing zones are very per-
sistent even though individual beds may be of limited extent. Re-
serves calculated on a coal-zone basis usually cannot be assigned
to the standard thickness categories, and in some areas the reserves
cannot be assigned to the standard overburden categories. Most
of the reserves estimated on a coal-zone basis are included in the
inferred reserves category and are segregated in the accompanying
table.

The estimated reserves in Colorado are contained in an area of
5,276 square miles, mostly confined to the edges of the coal-bearing
basins. It is estimated that a total area of about 20,600 square
miles in Colorado may contain minable reserves less than 3,000 feet
below the surface. No estimates were made for the probable reserves
in the remaining area of about 15,000 square miles because the coal
is remote from outcrops and little information is available as to the
thickness and continuity of the coal beds. An additional area of
9,000 square miles is underlain by coal-bearing rocks at depths
greater than 3,000 feet. As exploration and development of Colorado
coal continues into the future, it is certain that the estimated re-
serves will be increased.

Because of lack of detailed data on the thickness of overburden
no attempt was made to differentiate strippable coal from coal
that will have to be mined by underground methods. The amount
of coal that can be mined by stripping methods is, however, very
small as compared to the total amount of coal in Colorado. Never-
theless, the relatively few strip mines in the State produce a sig-
nificant part of the total annual production. In 1955, for example,
less than 5 percent of the operating mines in Colorado were strip
mines, but they yielded almost 11 percent of the total production.

Coking coal is present in Colorado in the Trinidad, Somerset,
Crested Butte, and Carbondale fields. This coal ranges in rank
from high-volatile to low-volatile bituminous, but most is high
volatile. The total original reserves of coal in Colorado with
coking properties is probably more than 10,000 million tons.
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Estimated original coal reserves of Colorado

[In millions of short tons]

COAL RESERVES OF THE UNITED STATES

Reserves
Overburden (feet) Thickness of bed (inches)
Measured
an Inferred Total
indicated
Anthracite and semianthracite
4,07 5.52 9.59
12.36 10.13 22,49
15.37 10. 64 26.01
31.80 26. 29 58.09
14to 28 . 0.69 2.65 3.34
2.42 5.04 7.46
4.23 4.43 8.66
7.34 12.12 19. 46
1.59 1. 59
2.32 2.82
7.46 8.42
1.46 11.37 12.83
17 RN 40. 60 49.78 90. 38
Bituminous coal

14028 . 966. 42 1,134.92 2,101. 34
0 to 1,000 28 tod42.__ 1,476.90 1,341.60 2,818, 50
Attt bttt 42, . 8, 168,63 4, 209. 58 12,378.21
Unclassified. 40.39 5, 205. 64 5,246.03
10,652.34 | 11,8091.74 22, 544.08
gl pa| ma

3 . 21 1.
1,000 £0 2,000 - ococeooeecce e 4 3,177.11 | 384142 7,018 53
55. 54 6,478.62 6. 534. 16
3,746.91 11,099. 80 14,846.71
2,000 80 8,000+ - - -ovononoooooeee >4z 56210 | 1,648.66 |  2,210.85
" Unclassified. .cocuoumeeaaae e 4,100, 42 4,100. 42
6, 164. 22 6, 823.90
7.10 12.00
7.60 19.00
0403,000- oo 42 4,50 3830
18, 918. 66 18, 018. 66
50.10 | 18,937.86 18, 987. 96
TOtal. e eicccetacrammmamcamemmmmeccemammmcamana 15,109.03 | 4¢8,093.62 63, 202. 65

Subbituminous coal
‘Thickness of bed (feet)

1, 706. 42 1,353.19 3,058. 61
2, 346. 44 1,462.14 3, 808. 658
2,366. 69 1,964.80 4,331,490
............ 3,034.49 3,034.49
6,418. 55 7,814. 62 14, 233.17
{2% to 5. 66. 74 200. 31 357.05
1,000 0 2,000 - o oo eecemaeoo 5't0 10" 174.18 1,047.77 1,221.95
b3 (1 S 741, 62 658. 34 1, 399. 86
082.44 | 1,006.42 2,078.86
b2 (N TR 31.35 34.79 66. 14
2,000 £0 3,000 - . ooooiicacaaee 5t010.... 2.97 190. 54 213.51
>0 el 426.98 572,94 099, 92
481. 30 798, 27 1, 279. 57
B X0 7Y U 7,882.29 | 10, 609.31 18, 491. 60
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GEORGIA

The original coal reserves of Georgia are here assumed to be 100
million tons on the basis of work by Sullivan (1942, p. 45-51),
Johnson (1946), and Butts and Gildersleeve (1948, p. 109). This
figure has been selected to reconcile the estimates of 198, 40, and 155
million tons, respectively, as published or derived from the data
published by the three workers. Most of the difference between the
three estimates is due to differences in the assumptions on which
they were based, and it can be shown by an analysis of the esti-
mates that the figure of 100 million tons is a fair approximation of
the original reserves in all categories in all beds 14 inches or more
thick.

The coal-bearing rocks in Georgia cover about 170 square miles
in parts of Dade, Walker, and Chattooga Counties in the north-
western part of the State. The geology of this area is described
in a report by McCallie (1904), which includes much useful in-
formation about the coal but does not include estimates of reserves.
Each of the three recent reports mentioned above describes only
the Sand and Lookout Mountains area in Dade and Walker Coun-
ties, which covers about 120 square miles or about 70 percent of the
total coal-bearing area. At least 11 coalbeds have been identified
in the Sand and Lookout Mountains area, but mining on a com-
mercial scale has been limited to 5 or 6 beds, which, in general, are
considered to contain all the reserves.

The area to the south, which is not considered in the three reports,
covers about 30 percent of the total coal-bearing area in Georgia,
but the coalbeds are reported to be thinner and less extensive than
those in the area to the north.

Sullivan (1942, p. 45-51), who prepared the first of the three

reports on the Sand and Lookout Mountains area, calculated orig-
inal reserves for 5 coalbeds and arrived at a total of 198 million
“tons. He omitted reserves in the Durham (No. 3) bed and the
A (No. 1) bed which, although of small areal extent, have been
computed in other estimates; but he included the Red Ash bed,
‘which is reported to be generally less than 14 inches thick and is
not included in other estimates. .Other assumptions used in pre-
paring the Sullivan estimate were not specified in the report.

Johnson (1946), who prepared the second report on the Sand and
Lookout Mountains area, estimated that the remaining coal reserves
as of 1945 totaled about 24 million tons and that the original re-
serves totaled about 40 million tons (oral cominunication, 1953).
This estimate includes the reserves in 5 beds with average thick-
nesses ranging from 1.3 to 3.3 feet.

Butts and Gildersleeve (1948, p. 109), who prepared the third
report on the area, considered the reserves in 6 beds with average
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thicknesses ranging from 2.0 to 3.3 feet. They listed for each
bed the average thickness, acreage, percentage of area mined out,
and percentage of the area unworkable. Assuming that the coal
weighs 1,800 tons per acre-foot, calculations based on their data
show that the original workable reserves totaled 155 million tons,
of which 35 million tons had been mined out as of the date of their
estimate. :

The estimates made by Sullivan and by Butts and Gildersleeve
are considerably larger than the estimate made by Johnson. Much
of this difference may be attributed to different interpretations of
the Dade and the Rattlesnake beds. Johnson considered Dade and
Rattlesnake as local names for a single coalbed, the No. 9 bed of
his report, which in his estimate accounts for about 1 percent of
the total estimated reserves. Sullivan and Butts and Gildersleeve,
however, considered them to be two separate beds, which in their
estimates account for more than 70 percent of the estimated coal
reserves. If only one bed is assumed to be present, in the interest
of conservatism, the Butts and Gildersleeve estimate would be re-
duced to something between 89 to 103 million tons, and the Sullivan
figure would range from 97 to 156 million tons.

Although Johnson’s figure of 40 million tons is based conserva-
tively on careful detailed work, the fact that other later workers
arrived at higher figures, and the fact that about 30 percent of the
coal-bearing areas is not covered by recent detailed mapping sug-
gest that a higher figure should be selected for the original re-
serves of the State. The 100-million figure selected to serve this
purpose is intermediate between the published figures and should
be serviceable until further detailed work is done.

ILLINOIS

As estimated by the Illinois Geological Survey (Cady and others,
1952), the remaining coal reserves of Illinois on Jan. 1, 1950, totaled

137,329 million tons, all of which is of bituminous rank. In pre-
paring this estimate the minimum thickness of coal considered was

28 inches, except for areas of strippable coal where an average thic]i-
ness of 24 inches was used. Coal underlying large towns was not

included; nor was coal underlying known oil .ﬁeldS &nd areas of
closely spaced rotary drilling, except for an area in Franklin County,

where such drilling was done in close cooperation with active min-
ing. About 90 percent of the estimated reserves is less than 1,000
feet below the surface; the remainder is between 1,000 and 1,200

feet below the surface. i
e
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A fourfold classification of reserves was used in the Illinois Geo-
logical Survey estimate as follows: I-A, proved reserves; I-B, prob-
able reserves; IT-A, strongly indicated reserves; and II-B, weakly
indicated reserves.

Class I-A, proved reserves, includes coal extending no more than,
one-half mile from a mined-out area, diamond-drill hole, or an out-
crop. This category corresponds approximately to the measured
reserve category of the U.S. Geological Survey.

Class I-B, probable reserves, includes coal extending no more
than 2 miles from a mined-out area, diamond-drill hole, outcrop, or
churn-drill hole known to have been drilled for coal. This cate-
gory corresponds approximately to the indicated reserve category of
the U.S. Geological Survey.

Class II-A, strongly indicated reserves, includes coal extending
no more than 4 miles from a mined-out area; diamond-drill hole;
outcrop; churn-drill coal test hole; churn-drill hole drilled for oil,
gas, or water, if sufficiently detailed logs were available; and “con-
trol” rotary-drill holes that were sampled and logged in the field
by members of the Illinois Geological Survey.

Class II-B, weakly indicated reserves, includes coal in areas not
in¢luded in previous categories, where geologic information sug-
gested that the coal was at least 28 inches thick. All reserves in
this category were calculated on the assumed minimum thickness of
28 inches.

Where the strict application of the above definitions produced a
number of closely spaced areas all in the same category, and the coal
was known to be relatively uniform, the areas were joined.

In all calculations the coal was assumed to weigh 1,800 tons per
acre-foot. Where data permitted, isopach lines were drawn on the
coalbeds at 28 inches, 42 inches, and at succeeding 1-foot intervals;
and reserves were calculated in each of these categories. If the
data were too widely spaced to permit the use of isopachs, average
thicknesses were estimated for each township.

The results of the Illinois Geological Survey study are summar-
ized in the accompanying table, which presents the total remaining
reserves in Illinois as of Jan. 1, 1950, classified by beds and by
reserve categories. The report by Cady and others (1952) gives
the data in greater detail by beds, counties, reserve categories, and
thickness categories, and includes maps of the individual coalbeds.

It should be noted that the Illinois estimate, which is for remain-
ing reserves as of Jan. 1, 1950, in beds more than 28 inches thick,
is markedly more conservative than estimates for some other States,
which are for original reserves in beds more than 14 inches thick.
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Estimated remaining coal reserves of Illinois, January 1, 1960

[In millions of short tons}

Reserve category
Coalbed
I-A I-B II-A II-B
Proved Probable | Strongly Weakly Total
indicated | indicated

Trowbridge. . oo 8 L2 P BRI 16
Friendsville. ... IR IS, 25 70 5 100
Danville (Sparland) No. 7 1,003 3,413 2,924 500 7,840
Jamestown. . ________________.. - 42 191 368 |-eooeaoo - 601
Herrin No. 6 (includes Grape Creek).._.__ 12, 300 21,101 25,144 4,093 62, 638
Harrisburg (Springfield) No. 5. ...___._._ 4,168 9, 593 19, 777 4,972 38,510
Summum No. 4......... - 52 62 [i3: 1 P, 182
Indiana IV__________.______ 12 58 6l |oeeoe 131
La Salle (Colchester) No. 2. - 1,359 3,623 6,216 6,288 17,486
Dekoven ...l 92 845 1,548 { ... 2,485
168 965 [ocoocoaa__- 1,821
123 |- 1,062 1,883 364 3, 432

T 1SRRI ISP PRSI
27 39 5 1 72
[ 1 P PRI AN 9
Murphysboro....._.__ - 34 86 147 124 391
Rock Island No. 1._____.. - 111 65 86 7 269
Assumption-Litchfield... N 28 266 1,011 {oe. 1,305

Wibs. .l /) P IR EU N
Makanda. .o b2 [ N IS 2

Coalbeds of unknown correlation below
LR 21 |- - 3] PO 27
Total. e . 19, 571 41,125 60, 279 16, 354 137,329
INDIANA

As estimated by Spencer (1953), the original coal reserves of
Indiana totaled 37,293 million tons, all of which is of bituminous
rank. This figure includes remaining reserves as of Jan. 1, 1951,
totaling 35,806 million tons, plus an estimate of coal mined and
lost in mining to Jan. 1, 1951, totaling 1,487 million tons. The
tonnage estimated as mined and lost in mining was computed from
information on available maps of mined-out areas and is, therefore,
a minimum figure. For this reason, and also for the sake of sim-
plicity, the larger figure of two times past production has been used
in tables 1 and 2.

All the estimated reserves are less than 1,000 feet below the
surface, and 8,524 million tons, or about 9.5 percent of the total, is
less than 90 feet below the surface and is classified as strippable.

The estimated recoverable reserves, based on an assumed 80 per-
cent recovery for strippable coal and on 50 percent recovery for
nonstrippable coal, totaled 18,779 million tons as of Jan. 1, 1951.

The reserves were calculated and classified according to standard

U.S. Geological Survey procedures and definitions, but additional
categories were established for the strippable reserves. The coalbeds

under 90 feet or less of overburden were considered strippable pro-
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viding the ratio of overburden thickness to the coalbed thickness
was no more than 20 to 1. Where the information was adequate
and where the ratio of overburden to bed thickness was small enough
to classify the coal as strippable, the reserves were classified into
one of three overburden categories, in feet, as follows: 0 to 40, 0
to 60, 0 to 90.

The accompanying table shows the estimated original coal re-
serves of Indiana, classified according to various reserve categories.

Estimated original coal reserves of Indiana

[In millions of short tons)

Reserves
Overburden Thickness of bed Total
(inches)
Measured | Indicated | Inferred
14t028. ... .. 71 112 41 224
Strippable, 90 ft or less_....... 286042, ... 308 306 112 726
DT . 1,572 672 330 2,574
1,951 1,090 483 3,524
14t028 .. 264 767 1,085 2,116
Nonstrippable, more than 90t |{28 to 42. ..o .- 430 1,600 4,877 6, 907
>42 o eiieas 3,710 5,200 15,836 24,746
4,404 7,567 21,798 33,769
2 R 6,355 8,857 22,281 37,293
IOWA

The original coal reserves of Towa total 29,160 million tons, all
of bituminous rank, according to an early estimate by Campbell and
Parker (1909). This estimate is intended to include all classes of
reserves in beds 14 inches or more thick throughout the area of coal-
bearing rocks in Iowa. Persons familiar with the geology and past
coal production in Iowa feel that the estimate is high as compared
to the more recent estimate for Kansas. For example, Rice (1921),
who prospected for coal in Towa for many years, has stated that
less than 25 percent of the area of the large Des Moines River
district contains workable coal.

Considering the age of the Campbell estimate and the Rice state-
ment, it is obvious that a revision of the Campbell estimate is in
order. Up to the present, however, it has not been possible to pre-
pare a new estimate, and the Campbell estimate has been retained
in tables 1 and 2 with the above qualifying remarks.

The main problem in establishing a useful, valid estimate of Iowa
coal reserves is the blanket of glacial drift that conceals most of
the area of coal-bearing rocks. This blanket ranges from a few
feet to several hundred feet thick, except along the courses of the
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major streams. For this reason information on the occurrence and
distribution of coal is less abundant than elsewhere and can be sig-
nificantly increased only by exploratory drilling.

Nevertheless, Iowa must contain considerable quantities of coal,
for coal-bearing rocks cover an area of 23,100 square miles, or 41
percent of the total area of the State.

It is to be hoped that a systematic collection and analysis of the
data available on Towa coal can be undertaken in the near future.

KANSAS

BITUMINOUS COAL

The estimated remaining reserves of bituminous coal in Kansas
as of Jan. 1, 1950, total 20,774 million tons, which include 1,245
million tons of proved reserves and 19,529 million tons of potential
reserves. This estimate is a revision by Schoewe (1951a) of an
earlier appraisal by Abernathy and others (1947). The new figures
differ from previously published figures in part because of recent
studies by Schoewe, which show that 15 million tons of coal in
Linn County, Kans., previously classified as potential should be
reclassified as proved, and in part because of a revision in the as-
sumed weight of the coal in the ground. In the 1947 estimate the
coal was assumed to weigh 1,500 tons per acre-foot, whereas in the
1951 estimate it was assumed to weigh 1,800 tons per acre-foot.

Proved reserves were defined as reserves lying within a reasonable
distance from a known occurrence of coal, based on the experience
of the coal industry and on geological observations of the continuity
of coal beds in Kansas. In general, the category of proved reserves
includes only beds that can be mined with profit under existing
conditions. In calculating proved reserves, a measured thickness of
the coalbed was considered to prove the presence of coal of the same
thickness in an area of 1 square mile. Two or more known occur-
rences of the same coalbed in a distance of 4 miles or less along the
general line of strike were agsumed to prove the bed to be con-
tinuous between these points.

In caleulating potential reserves, a measured thickness of coal
indicated the presence of coal at the same thickness under 400 square
miles.

The maximum overburden used in outlining areas of proved re-
serves was 1,200 feet, and the maximum overburden for potential
reserves was 3,000 feet.

In estimating proved reserves the minimum thickness considered
minable by underground Inethods at various depths is shown in the

following tabulation:
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Mazimum depth to coal Mintmum thickness of coal
(feet) (inches)
100--—— 16
150. 18
200. 22
600. 32
1,200 SO 36

A minimum thickness of 10 inches was assumed in estimating po-
tential reserves and strippable coal reserves.

Strippable coal was defined as coal lying not more than 60 feet
below the surface, or coal having an overburden of not more than

35 cubic yards per ton.
LIGNITE

As estimated by Schoewe (1952) the original reserves of lignite
in Kansas total 198 million tons, including 55 million tons of mar-
ginal reserves and 143 million tons of alleged reserves. These two
terms were applied, rather than the terms “proved” and “potential,”
which were used for bituminous coal, because the lignite is ex-
tremely variable in thickness and pertinent information was scarce.
Marginal lignite reserves were defined as reserves in beds 30 inches
or less thick. Alleged reserves, which are not associated with any
mining activity, were defined as reserves in beds, the extent and
thickness of which are suggested by broad geologic field relations.
In estimating marginal reserves, the lignite was assumed to extend
for a radius of half a mile from isolated points of measured thickness.
The minimum average thickness considered was 12 inches; the
maximum overburden employed was 1,000 feet; and the lignite was
assumed to weigh 1,750 tons per acre-foot.

Because most of the lignite in Kansas is contained in beds less
than the minimum of 30 inches used in other areas, this estimate
is not included in tables 1 and 2.

EKENTUCKY

As estimated by Huddle and others (in press) the estimated
original coal reserves of Kentucky total 72,318 million tons, of which
33,440 million tons is in eastern Kentucky and 38,878 million tons
is in western Kentucky. All this coal is of bituminous rank. The
estimate for eastern Kentucky was prepared according to standard
U.S. Geological Survey procedures. It is based on a large amount
of detailed and reconnaissance geologic mapping, supplemented by
exploratory data from mining and drilling companies. The esti-
mate for western Kentucky was obtained by extrapolation of reserve
data from adjoining States and is not classified in detail.

The accompanying table shows the distribution of reserves in
eastern Kentucky in several reserve categories:

586968—61——5
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Estimated original coal reserves of eastern Kentucky !

{In billions of short tons]

Reserves .
Thickness of beds (inches) Total
Measured .Indicated Inferred
14t0 28 o _ 1. 4 4.7 6. 6 12.7
28to 42 L ___ 3.2 5. 4 4.2 12. 8
SA42 e 4.5 2.5 1.0 8.0
Total. .. 9.1 12. 6 11. 8 33.5

! For Floyd, Harlan, Knott, Letcher, and Pike Counties, includes remaining reserves estimated by the
U.S. Bureau of Mines.

The reserves in eastern Kentucky are contained in 33 widespread
coalbeds, but are largely concentrated in 7 main beds as follows:

Original regerves
(biltions of

Bed short tons)
Upper Elkhorn No. 3 ___________ 4.9
Fire Clay ___ - e 42
Upper Elkhorn No. 1 - — 2.7
Fire Clay Rider ——_ e 2.7
Amburgy - - e memcmcoae 2.3
Upper Elkhorn No. 2 N — 22
Hazard No. 7 - - --- 1.8

More than half the total reserves of eastern Kentucky are con-
tained in Pike, Harlan,vKnott, Perry, and Floyd Counties.

Most of the total estimated reserves in eastern Kentucky are
less than 1,000 feet below the surface and only a small fraction

are between 1,000 and 2,000 feet.
MARYLAND

The remaining coal reserves In Mary]and, as Of J anuary 1, 19509
are here estimated to total approximately 1.2 billion tons. This

éstimate is based in part on two reports by Toenges and others
(1949, °1952) describing the results of recent investigations by the

US. Bureau of Mines, the Maryland Department of Geology, Mines,

and Water Resources, and the U.S. Geological Survey in three of

the five coal fields in Maryland.

The first report (Toenges and others, 1949) pertains to the
Georges Oreek basin and the northern part of the Upper Potomac

basin and the second to the Castleman basin. In the areas covered

by the two reports, the estimated remaining reserves, as of the
pBI'iOd January 1, 19047-50, total 859 million tons. The total esti-

mated remaining reserves of the State are derived by extrapolation
of this figure on the basis of the proportionate distribution of re-
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serves as calculated by Campbell in 1928. According to the earlier
appraisal by Campbell, the proportionate distribution of reserves
in the several coal basins in Maryland is as follows: Georges Creek,
50 percent; Upper Potomac, 20 percent; Castleman, 15 percent;
Upper Youghiogheny, 5 percent; and Lower Youghiogheny, 10
percent. On this basis the total reserves in the Georges Creek,
Upper Potomac, and Castleman basins constitute 85 percent of the
total original coal reserves in the State. Approximately 16 percent
of the total reserves of the State attributed to these 3 basins is
outside the areas considered in the 1949 and 1952 estimates; there-
fore, the coal in the areas reexamined includes 69 percent of the
total remaining coal reserves in Maryland. If Campbell’s estimate
of the distribution of reserves in Maryland is correct, and it can
be assumed that 859 million tons is 69 percent of the total remain-
ing reserves, then the remaining reserves, as of the period January 1,
1947-50, total 1.2 billion tons. Based as it is upon a broad extra-
polation of data from several sources, this figure is subject to modi-
fication as more information becomes available about Maryland coal
reserves. It is, however, of the proper order of magnitude for com-
parison with other States where reestimates of reserves have been
completed in recent years.

The coal-bearing rocks in Maryland cover an area of about 440
square miles in three parallel structural troughs that extend north-
eastward across Garrett and Allegany Counties in the western part
of the State. The easternmost trough is divided by the Potomac
and Savage Rivers into the Georges Creek basin to the north and
the Upper Potomac basin to the south. The central trough is di-
vided into the Castleman basin to the north and the Upper Youghio-
gheny basin to the south. The westernmost trough is known as the
Lower Youghiogheny basin.

In 1949, Toenges and others estimated the remaining reserves in
the Georges Creek basin and the northern half of the Upper Potomac
basin, as of January 1, 1947, to total 627 million tons. The esti-
mate includes reserves in 10 beds, 18 inches or more thick, lying
below the Pittsburgh bed. The Pittsburgh bed and the overlying
Sewickley bed have been mined extensively in the past and are now
nearly depleted. The reserves are classified according to the meas-
ured, indicated, and inferred categories and according to four thick-
ness categories. The coal is of low-volatile bituminous rank and
is strongly coking.

In 1952, Toenges and others estimated the remaining reserves in
the central part of the Castleman basin, as of January 1, 1950, to
total 232 million tons. The estimate includes reserves in 6 beds,
14 inches or more thick. The reserves are classified according to
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the measured, indicated, and inferred categories, and according to
three thickness categories The coal is of low- to medium-volatile
bituminous rank and in general is strongly coking.

The estimates in the two reports on the Maryland coal ﬁelds are
conservative as shown by two lines of consideration. The detailed
maps accompanying the reports show the conservative areal extent
assumed for each coalbed, and the relatively large number of ob-
servations in drill holes and outcrops that entered into the deter-
mination of bed thickness. The minimum coalbed thickness of 18
inches used in the report on the Georges Creek and upper Potomac
basins is also more conservative than the minimum of 14 inches used
in the report on the Castleman basin and elsewhere. The selected
provisional figure of 1.2 billion tons for the remaining reserves of
Maryland as of January 1, 1950, thus seems to be reasonable.

MICHIGAN

As estimated by Cohee and others (1950), the original coal re-
serves of Michigan total 297 million tons, all of bituminous rank.
This figure includes remaining reserves, as of Jan. 1, 1950, totaling
220 million tons, plus an estimate for coal mined and lost in mining
to Jan. 1, 1950, totaling 77 million tons. The reserves remaining
on-Jan. 1, 1950, include 125 million tons of measured reserves, 29
million tons of indicated reserves, and 66 million tons of inferred
reserves. The estimate of 77 million tons for coal mined and lost
in mining to Jan. 1, 1950, includes the recorded production of 46
million tons, plus an allowance for coal lost in mining estimated to
be equal to about 40 percent of the coal originally in the ground.
To prepare the estimate, which gives the distribution of total re-
serves by counties and by townships, data were assembled from pub-
lished and unpublished reports in the files of the Michigan Geo-
logical Survey Division, and more than 2,500 logs of coal test wells
and several hundred sets of drill cuttings from exploratory wells
for oil and gas were examined.

As the coal in Michigan occurs sporadially in isolated beds that
vary greatly in thickness and that generally pinch out in relatively
short distances, satisfactory estimates of extent and average thickness
were possible only for relatively small areas. In preparing the

estimate of Michigan coal reserves, therefore, only those areas hav-
lng adequate test- hole information were considered, and no estimate
was attempted for a large part of the Michigan coal hasin where
coal should be present but where specific information was lacking.

The part of the coal basin for which the necessary information was

available was confined to the Saginaw Valley, south and southeast

oy
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of Saginaw Bay, and included 33 townships in Bay, Tuscola, Mid-
land, Saginaw, Huron, Shiawassee, and Genesee Counties.

The measured coal reserves in Michigan were divided into the
following categories according to the thickness, in inches, of the
coalbeds: 14 to 28, 28 to 42, and >42.

The measured reserves were also divided into the following cate-
gories according to the thickness, in feet, of overburden: 50 to 100,
100 to 200, 200 to 300, 300 to 400. No attempt was made to break
down the indicated and inferred reserves into thickness and depth
categories because of the small amount of information available on
these reserves. The indicated and inferred reserves are contained in
beds 14 inches or more thick, however, and are less than 400 feet
below the surface. <

“In classifying the reserves according to the relative abundance and
reliability of information, the usual U.S. Geological Survey stand-
ards were modified slightly to accord with the geologic nature of
the coalbeds in Michigan. Measured reserves were defined as re-
serves blocked out by closely spaced drilling, and the outer limit of
a block of measured reserves was drawn within a few hundred feet
of the outermost points of positive information. This conservative
assumption was necessary to define measured reserves in Michigan
because of the known lack of continuity of the beds. :

Indicated reserves were defined as reserves for which tonnage
estimates were based primarily on-thickness measurements in iso-
lated drill holes. It was assumed that the thickness of coal ob-
served in the drill holes was representative of an area covered ‘by
a circle having ‘a radius of one- -eighth mile mth the drill hole as
its center. : :

Inferred reserves were ‘defined as reserves for Whlch tonnage ‘st
mates were based on the isolated drill holes thiat were also used in
computing indicated reserves. The general rule was to limit"in:
ferred reserves to the area lying outside the one-eighth-mile circle
containing indicated reserves and. inside a circle with a radius of
one-fourth mile. In some areas, however, where drill holes were
more than half a mlle but less than 1 mile apart and where' the
evidence indicated that the coal was fairly pérsistent, some reserves
were inferred to be present between the holes: In calculating the
reserve figures, the coal in Michigan was - assumed to Welgh 1 800
tons per acre-foot.

The accompanying table shows the estimated remammg coal -
serves of Michigan, as of Jan. 1, 1950, classified according to various
reserve categories.
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Estimated remaining coal reserves of Michigan, January 1, 1950

{In millions of short tons]

Reserves
Overburden (feet) Thickness of bed Total
(inches)
Measured | Indicated | Inferred

14t028. . ... ) S (SO PRPRIPRURIN O,
5060100 .. 2tod42 .. Lr: T DO DU N
> USSR (EPNUIPIUIS ISP IO I
LI S PRSI PO PR,
14 t0 28 .. ... b2 S0 N PN SR
100 60200 . WBtod2 ... 17 S N P IR
42 e 10 |l
{21 2 R NS UN SN,
14t028 .. . ... 3 S PSSO FR
200 €0 300 oo 2t0d2 . ... 214 | e
>42 il L5 8 DRI PN RRURIRN I
3 2 DU ST PR
B 125 329 366 220

! Includes 30 thousand tons with overburden ranging from 22 to 26 ft.
¢ Includes 3 million tons with overburden ranging from 300 to 366 ft.
3 Estimate not classified by thickness of bed or amount of overburden.

MISSOURI

The original coal reserves of Missouri as estimated by Hinds
(1913) total 79,362 million tons, all of bituminous rank. In Hinds’
report the reserves are classified by counties, and for certain coun-
ties additional tables are presented to show reserves by coalbeds or
by townships.

The estimate includes all coalbeds 14 inches or more thick and
is based on an assumed weight of 1,800 tons per acre-foot for the
coal. No attempt was made to classify the reserves according to
thickness of beds or thickness of overburden.

Recent work by the Missouri Division of Geological Survey and
Water Resources has shown that the Hinds’ estimates are high in

certain areas, and a reduction of the total is in prospect.

MONTANA

The original coal reserves of Montana total 222,047 million tons
as estimated by Combo and others (1949). This estimate includes
27363 million tons of bituminous coal, 132,151 million tons of sub-
bituminous coal, and 87,533 million tons of lignite. The areal dis-
tribution of coal of various ranks in Montana is shown on a map
by Combo and others (1950).

The Montana reserves were calculated and classified according to
standard U.S. Geological Survey procedures and definitions with
several minor exceptions as follows:

For bituminous coal the thickness categories used were 14 to 24
inches, 24 to 36 inches, and more than 36 inches, instead of the stand-
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Estimated original coal reserves of Montana

[In millions of short tons]

Reserves
Overburden (feet) Thickness of bed Total
(inches) Measured
and Inferred | Unclassi-
indicated fied
Bituminous coal
14 to 24. 279 446
0602000 e e 24 to 36. 348 492
>36.... 1,036 1,425
1,663 £ 1 2,363
Subbituminous coal
Thickness (feet)
5,302 7,718
15, 486 24,732
26, 370 42,345
........................ 57,356 57,356
47,248 27, 547 57,356 132,151
Lignite
Thickness (feet)
A — i
010.... 8
(X Y S 2001
Unclassified 49,729
23,749 49,720 87,533
Total, all ranks 51,996 107,085 222,047

ard categories of 14 to 28 inches, 28 to 42 inches, and more than
42 inches, which were established after the Montana work was
underway. For subbituminous coal and lignite the standard cate-
gories of 214 to 5 feet, 5 to 10 feet, and more than 10 feet were

“used.

The categories of measured and indicated reserves were combined
in a single category termed “Measured and indicated” because only
a very small part of Montana reserves could be classed as meas-
ured. All coal classed as “Measured and indicated” is less than
2 miles from the outcrop, and more than 50 percent is less than 1
mile. The standard category of inferred reserves includes most of
the coal lying more than 2 miles from the outcrops.

The Montana estimate includes reserves only to a maximum depth
of 2,000 feet below the surface and thus is more conservative than
other State estimates, which geherally include coal to a depth of
3,000 feet. No attempt was made to estimate reserves in inter-
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mediate categories, but about 75 percent of the total is less than
1,000 feet below the surface.

The Montana coal fields cover 35 percent of the total area of the
State. Reserves are present in 35 out of 56 counties, but are con-
centrated largely in the Fort Union region and the Powder River
Basin in the eastern part of the State. Big Horn, Powder River,
and Rosebud Counties alone contain more than half the total in
the State.

About 10 percent of the total area of coal-bearing rocks in Mon-
tana was not included in the estimate because no information was
available on the thickness and extent of the beds. The areas omitted
are concentrated, in general, in the northeastern, lignite-bearing part

of the State, where the coal-bearing rocks are concealed by glacial
drift. The estimated reserves of lignite should be increased in the
future as more detailed work is carried on in these areas.

The accompanying table shows the estimated original coal re-
serves of Montana classified accordlng to various reserve cate-
gories.

NEW MEXICO

The original coal reserves of New Mexico total 61,755 million tons
as estimated by Read and others (1950). This figure includes 50,801
million tons of subbituminous coal, 10,948 million tons of bituminous
coal, and 6 million tons of anthracite.

The reserves were calculated and classified according to standard
U.S. Geological Survey procedures and definitions except that an
additional category of reserves, termed “inferred by zone, was
established to provide for reserves that could not be determined by

conventional methods. In New Mexico the coalbeds commonly occur
in zones as a series of lenticular deposits 1nterbedded ‘with other
cedimentary rocks. Although individual coalbeds dre limited in
extent, the coal- bearmg zones are very persistent and may cover
large areas. In consequence, the usual methods of C‘Llculatln"‘ I6-
serves by beds would not yield the total quantity of coal known
to be present in the interior parts of the San Juan Basin or in the
Raton Mesa field. Therefore, the coal zones were subjected to
further examination as zones instead of as individual beds. The
methods used for coal-zone calculations were similar to those used

for individual coalbeds, and the same minimum thicknesses for
coal of different ranks and the same ranges of overburden thick-

nesses were established. ‘Because of the different approach the

reserves thus calculated .are carried under the separate heading,
“Inferred by zone” in the report by Read and others (1950)

About 88 percent of the total reserves in New Dexico is concen-

trated in the San Juan Basin in the northwest corner of the State,
and more than half is in San Juan County alone. About 8 percent
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Estimated original coal reserves of New Mezico

[In millions of short tons]

Reserves

Overburden Thickness of bed - : :

(feet) (inches) . Total

Measured | Indicated | Inferred |Inferred by
zones

Bituminous coal

0 to 1,000,

1,000 t0 2,000......|}14t0 28 ....c....__..| 1| T} 604 (. ... . 702

1
377
............ 3 402 1,839 2,244
L 655 1,424 2,889 5,98 | . 10,948

>2;
0 to 1,000...... faan

1,484 3,195 8,290 48,786 61,755
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is in the Raton Mesa field in Colfax County, and the remainder
is distributed among 7 small fields in the central part of the State.

The accompanying table gives the distribution of New Mexico
reserves in various categories.

NORTH CAROLINA

All coal of commercial quality in North Carolina is contained in
the Deep River field in Chatham, Lee, and Moore Counties. The
original reserves of this field, as estimated by Reinemund (1955),
total 112 million tons. This figure is a revision, based on additional
data from mining and drilling, of an earlier estimate also prepared
by Reinemund (1949). The estimate includes coal in the main
bench of the Cumnock coalbed and in the Gulf coalbed; it does not
include coal in the lower benches of the Cumnock bed, which, in
general, are too high in ash, too thin, and too far below the main
bed for profitable mining. Most of the coal is of bituminous
rank, but the estimate includes small amounts of semianthracite
and anthracite where the coal has been altered locally by igneous
intrusions.

The North Carolina reserves were calculated and classified accord-
ing to standard U.S. Geological Survey procedures and definitions
with two -minor exceptions, as follows: :

Only 2 overburden categories, 0 to 2,000 feet and 2,000 to 3,000
feet, were employed instead of the usual 3. The 0- to 2,000-foot
category was used because very little coal is present in the range
of 0 to 1,000 feet below the surface.

‘Thickness categories of 14 to 28 inches, 28 to 36 inches, and more
than 36 inches were employed instead of the standard 14 to 28
inches, 28 to 42 inches, and more than 42 inches, because a con-
siderable amount of coal in the Deep River field is between 36 and
42 inches thick, and very little is more than 42 inches thick. For

Estimated original coal reserves in the Deep River feld, North Carolinat

{In millions of short tons]

Overburden Thickness of bed Resgrves . Tota)
(feet) (inches) Menssrod | Tndtented | Tatorred

00 Beerenecne. 8 2% 2 5
002,000 - oomoooemrieeees !% fo3. oo A R B
38 36 22 96
14 80 2B e mrec e 2 2
O L —— g
2 14 16
017 P 40 50 22 112

1 Mostly bituminous coal but includes small amounts of anthracite and semianthracite.
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this reason the selected categories will be more useful to those
interested in the further development of the field.

The accompanying table shows the distribution of reserves in the
Deep River field, N. C., in various categories.

NORTH DAKOTA

As estimated by Brant (1953), the original reserves of lignite in
North Dakota total 350,910 million tons, of which 9,522 million
tons is classed as measured 50,120 million tons as indicated, and
291,268 million tons as inferred.

The reserves are well distributed over an area of 28,000 square
miles in 23 counties in the western half of the State. Of several
counties with large reserves, Dunn County is conspicuous in con-
taining 71 billion tons, or about one-fifth of the State total. This is
also the record reserve tonnage for coal-bearing counties in the
United States.

All the lignite included in the estimate is less than 1,200 feet
below the surface, and for this reason no categories of overburden
were established. Brant (1953, p. 4) estimates that about 70 per-
cent of the total reserves is less than 500 feet below the surface,
about 28 percent is 500 to 1,000 feet; and only about 2 percent is
between 1,000 and 1,200 feet.

The mformatmn avallab]e in preparmg this estimate was limited
almost entlrely to data obtained at the outcrops of the beds but was
supplemented locally by a few drill logs. In many unmapped areas
information was available only for the thickest or best known bed.
Of the 28,000-square-mile area considered to be underlain by lignite
beds more than'2l, feet thick, about 1.7 percent was omitted for
lack of information.

The North Dakota reserves were estimated according to the
standard procedures of the U.S. Geological Survey as previously
defined, and the results are tabulated in the Brant report by indi-

"vidual beds and townships, and by various reserve categories. A

summary of this information is presented in the accompanymg
table. :
Estimated original reserves of lignite in North Dakota*

[In millions of short tons]

Reserves -
Thickness of bed Total

(feet,
Measured | Indicated | Inferred

238 00 B 3,005 20,095 224,180 247,370

Bto 10, Ll 3,964 18,627 36,038 59, 529
SI10.. I 2,463 11,398 30,150 44,011
T I 9, 622 50,120 | 291,268 350,910

1 All beds are less than 1,200 ft below the surface.
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OHIO

As recently estimated by the Ohio Division of Geological Survey
(Brant and DeLong, 1960), the original coal reserves of Ohio total
46,488 million tons, all of which is of bituminous rank.

In the new estimate, which is based on procedures and definitions
similar to those used by the U.S. Geological Survey, the reserves are
divided into three categories, termed “proven,” “probable,” and “in-
ferred.” These are comparable to the categories “measured,” “in-
dicated,” and “inferred” as used in this report. The réserves are
further divided into 3 categories according to thickness, in inches,
of the beds as follows: 14 to 28, 28 to 54, and > 54.

The Ohio reserves are dlstrlbuted among 32 counties and 24 coal-
beds. Almost half the total is contained in Belmont, Carroll,
Columbiana, Guernsey, Harrison, Jefferson, and Monroe Counues,
and slightly more than half the total is contained in the Lower
Kittanning, Middle Kittanning, and Pittsburgh beds.

Estimated original coal reserves of Ohio

[In millions of short tons]

Reserve category -
Coalbed- - - L : Total
Proven | Probable | Inferred [Unclassified|.
hington 497 900
Waynesburg A. 03 433 491
Total Permian. .. ocoooooomoof oo ©o-48L) . 030 1,391
WAYNeSHUIB . . oooomemeannn S T 'R S| 9o ol o yieer
Uniontown._.. . 1,164 . 1,38
IF\‘/Ie:Igs Creek il 4, (‘)gl
o 1
RnRste:s . 7%
PUUESDUIBD e e eeemeeeeeeemareeeemeemaaaes 8, 560
Totsl Monongahela t‘ormatlon 12, 888
Harlem .................................... "3
Anderson.. a-- . 837.
Wilgus____ . ) 173
Mahoning.-:ooooeaceeis bl . PR CER i ' S8y e B4
4 Total Conemaugh formation........ L 1,32
u Freepo t- | | 4,1181
Upper re-oo-- - - 40
Middle Klttannlng--.- 9,784
Lower Kittanning... 0,014
Qlarion_______.______ - . 286 435 28 | S 716
BROORVIIG ..o oo eeee oo ' 448
Total AlOgHCNY fOITNAUOD - - me e e e m : 27, 487
AT (T R, 180
Bedford...................... 300
Upper Mercer. 321
Lower Mercer :;%
s —— -
Total Pottsville formation. 3,393
Total.«.--. o mmeemmmeheaenaeanaan 46,488
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The accompanying table shows the distribution of Ohio reserves
according to bed and according to the proven, probable, and in-
ferred categories.

In addition to the Brant and DeLong report previously cited,
much summary information about Ohio reserves is contained in
earlier reports by Brant (1954, 1956), DeLong (1955, 1957), De-
Brosse (1957), Granchi (1958), and Smith and others (1952). .-

OKLAHOMA

As estimated by Trumbull (1957), the original coal reserves of
Oklahoma total 3,673 million tons, of which 3,245 million tons, or
about 88 percent, remained in the ground on Jan. 1, 1953. The
distribution of the remaining reserves, as of Jan. 1, 1953, in various
categories is shown in the accompanying table.

Estimated remaining coal reserves of Oklahoma as of January 1, 1953

[In millions of short tons]

Reserves
Thickness of bed (inches) Total

Measured | Indicated | Inferred

High-volatile bituminous coal

1480 28 L cieemccceaas . 66 201 353 620
28 b0 42 e 105 456 363 924
. 7P 130 401 39 . 570

Total_...... meemeeeeememcetmemmeccmmccccccmneonee 301 1,058 755 2,114

Medium-volatile bituminous coal

70 . 147 - 247

53 32 98

56 |ocaaaains 85

179 - 179 430

14 80 28, e et aeeem—aan .30 148 127 305
2B 10 42 ccccceeeee .- 70 125 34 229
>42 ...l U, . T [ 2N IR, .
Total 174 366 161 .0
Total, all ranks._ . _..._._... e m—————————— 547 1,603 1,095 3,245

The estimate was prepared according to standard U.S. Geological
Survey procedures. It is based conservatively on existing mine,
exploratory, and geologic information, and is markedly smaller
than previous more generalized estimates. For this reason the
estimate must be considered as a minimum that can be increased
by future exploration and development. About 58 percent of ‘the
total estimated remaining reserves is less than 1,000 feet below
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the surface, 25 percent is 1,000 to 2,000 feet below the surface, and
only 17 percent is 2,000 to 3,000 feet below the surface.

The reserves are distributed unequally among 25 named coalbeds,
some of which may be correlatives. Most of the reserves are con-
tained in the Lower and Upper Hartshorne, McAlester (Lehigh),
and Henryetta beds, particularly in the Hartshorne beds, which are
the most extensively mined.

About half of the reserves is concentrated in LeFlore and Pitts-
burgh Counties, and an additional third is concentrated in Latimer,
Haskel, and Coal Counties.

Oklahoma coal increases markedly in rank from high-volatile
bituminous in the western part of the field to low-volatile bituminous
in the extreme eastern part of the field, thereby providing a wide
range of useful properties. The estimated remaining reserves, as
of Jan. 1, 1953, are distributed unequally among the three major
ranks of coal as follows:

Rank Percent
High-volatile bituminous 65
Medium-volatile bituminous — 13
Low-volatile bituminous — - _— 22

——- ---- 100

Total

OREGON

As estimated by Mason and Erwin (1955), the original coal re-
serves of Oregon total 200 million tons, including about 180 million
tons of subbituminous coal and about 20 million tons of bituminous
coal. The subbituminous coal is contained largely in the Coos Bay
field and the bituminous coal largely in the Eden Ridge field.

The estimate is based on previous estimates for small parts of the
Coos Bay field prepared by Allen and Baldwin (1944), Duncan
(1953), and Toenges and others (1948), which were extrapolated to
cover the State as a whole. Because only a small part of the Coos

Bay field has been mapped in detail, the State estimate could not

be classified according to the usual reserve categories. However,
much additional information about the distribution of reserves in
the smaller areas is contained in the three reports cited above, and a

good summary of the occurrence and distribution of coal in the State
and a comprehensive bibliography are contained in the report by

Mason and Erwin (1955).
PENNSYLVANIA

BITUMINOUS COAL

As estimated by Reese and Sisler (1928), the original bituminous

coal reserves of Pennsylvania total 75,093 million tons. This esti-
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mate is the result of a careful, definitive study extending over
several years. The Reese and Sisler report presents data on the
area, thickness, and reserves of individual beds in individual town-
ships, but does not provide a further breakdown into the typical
reserve categories used in modern estimates.

The estimate can be shown to be conservative on two bases of
comparison :

1. It includes coal having a minimum thickness of 18 inches, whereas
most surrounding States employ a minimum of 14 inches.

2. An assumed specific gravity of 1.24, or a weight of 1,688 tons
per acre-foot, was used in calculating the reserves of all coun-
ties in Pennsylvania except Clarion and Jefferson Counties,
for which a specific gravity of 1.34, or a weight of 1,820
tons per acre-foot was used. The specific gravity of 1.34 not
only represents the average weight of coal in these two coun-
ties as determined by a large number of tests, but is also
more typical of bituminous coal generally. Had a specific
gravity of 1.34 been used in the calculation for all counties,
the estimated bituminous coal reserves of Pennsylvania would
have been increased about 6 percent to a total of 80,545 million
tons.

Several additional estimates of the coal reserves of small areas
in Pennsylvania have been calculated and can be used as a partial
check on the Reese and Sisler estimate for the entire State. These
estimates are discussed in the following paragraphs.

The coal reserves of the adjoining Punxsutawney and Curwens-
ville quadrangles were estimated independently by Ashley (1926,
1940). As Reese and Sisler reported reserves by counties and Ash-
ley reported by quadrangles, Ashley’s estimate for the two quad-
rangles cannot be compared directly with the estimate by Reese
and Sisler. It is possible, however, to compare the two estimates
for townships that lie entirely within the Punxzsutawney and Cur-
wensville quadrangles. For the 14 townships thus situated, Reese
and Sisler estimated that the original coal reserves totaled 2,348
million tons, whereas Ashley estimated that the original coal re-
serves totaled 2,765 million tons. Ashley’s estimate, therefore, is
nearly 18 percent larger than the estimate of Reese and Sisler.

In calculating the reserves of the Curwensville quadrangle, Ash-
ley included only coal having an average net thickness of at least
18 inches. In calculating the reserves of the Punxsutawney quad-
rangle, he included only coal having an average net thickness of at
least 1 foot. Ashley defined the net thickness of the coal bed as—

the thickness left after rejecting any minor benches separated from the main
bench by a parting of greater thickness than the coal bench. In the case of
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a parting thinner than the coal bench, only the difference in thickness between
the minor bench and the parting: was added to the thickness of the major
bench.

For both quadrangles, Ashley assumed the coal to weigh 1,800 tons
per acre-foot.

The coal reserves of the Smicksburg quadrangle were estimated by
Shaffner (1946), but again a comparison with the Reese and Sisler
estimate can be made only for the townships lying completely within
the quadrangle. For six townships, therefore, Shaffner estimated
that the original coal reserves totaled 526 million tons, and Reese
and Sisler estimated that the original reserves total 931 million tons.
Shaffner’s estimate is only 56 percent of that made by Reese and
Sisler.

Much of the difference between these two estimates is probably
accounted for, however, by the fact that Shaffner determined the
thickness of the coal beds used in his calculations by the modulus of
irregularity. As already discussed (p. 19), this formula results in
a figure for the thickness of the coal that is less than the average
thickness, and an estimate based on the use of the formula tends to
be extremely conservative.

Shaffner assumed a specific gr‘wlty of 1.35, or a weight of 1,840
tons per acre-foot, for the coal in the Smlcksburg quadrangle

Moyer estimated that the original coal reserves of Fayette County,
Pa., totaled 7,570 million tons (Hickok and Moyer, 1940). For the
same area Reese and Sisler estimated that the original coal reserves
totaled 5,230 million tons. Moyer’s estimate represents an increase
of 45 percent over the estimate of Reese and Sisler.

Moyer assumed a specific gravity of 1.37, or a weight of 1 860
tons per acre-foot, for the coal and included only beds having an
average minable thickness of at least 26 inches. The minable thick-
ness of a coalbed, as defined by Moyer, is the thickness of the coal
remaining after subtracting partings, bone, and bony coal from the

total thickness of the bed. Thin benches separated by a thick part-

Ing from the principal bench of a coalbed were also excluded in
considering minable thickness.
The reserves in 12 counties in the bituminous coal field of Penn-

sylvania have been estimated by the U.S. Bureau of Mines as part
of a program to investigate known minable reserves of coking coal
(Dowd and others, 1950-52; Wallace and others, 1953-55; Blay-
lock and others, 1955-56). These estimates are for remaining meas-
ured and indicated reserves as of 1948 to 1952. - They include coal

to a minimum thickness of 14 inches and use an assumed weight

of 1,800 tons per acre-foot.

The reserves as estimated by the Bureau of Mines are considerably
less than those estimated by Reese and Sisler. The apparent de-
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crease is due mostly to the fact that the Bureau of Mines estimates
include only measured and indicated reserves in relatively small
areas, whereas Reese and Sisler include all classes of reserves in a
relatively larger area. Considering the different standards applied
and the different purposes for which they were intended, the Bureau
of Mines estimates and the Reese and Sisler estimate are more or
less compatible.

Although none of the more recent reserve estimates just discussed
can be compared directly with the older Reese and Sisler estimate
because of the different standards applied, particularly for minimum
thickness of coalbeds and weight of coal, they show the conserva-
tiveness of the older estimate. Ashley (1944) recognized the con-
servative nature of the Reese and Sisler estimate and, on the basis
of some of the later estimates just described, arbitrarily increased
the Reese and Sisler figures of original coal reserves 10 percent for
every county in Pennsylvania except Fayette County, for which he
used the estimate by Moyer.

Use of the smaller estimate of Reese and Sisler has been con-
tinued in this summary report in preference to the larger Ashley
estimate, because the Reese and Sisler estimate is based on a uni-
form, statewide study and is carefully documented, whereas the
Ashley estimate is merely an undocumented 10 percent enlarge-
ment of the Reese and Sisler estimate. Also, the Reese and Sisler
estimate is demonstrably conservative and, therefore, conforms with
the modern trend in preparing coal reserve estimates.

ANTHRACITE

The original reserves of anthracite in Pennsylvania total 22,805
million tons, according to an estimate by Ashley (1945). This
estimate was based directly upon a previous estimate by Ashmead
(1926), with the exception of figures for Dauphin and Lebanon
Counties, which Ashley decreased on the basis of later mining re-
ports.

Ashmead based his reserve estimate on careful measurements of
coalbed areas as shown on mine maps, but he listed no standards for
the thickness or weight of the coal included. Presumably, therefore,
in computing the anthracite reserves of Pennsylvania, Ashmead, and
subsequently Ashley, accepted the same limits of thickness and the
same figures of specific gravity that were adopted originally by
Smith (1893), who made the first careful estimate of the anthracite
reserves. (See also Lesley and others, 1895).

The minimum thickness of coal included in Smith’s estimate was
21, feet for the northern anthracite field and 2 feet for the other
fields.

586968—61——6
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In calculating anthracite reserves, Smith used different values, as
determined by many tests, for the specific gravity of the coal in
different parts of the anthracite fields. The coal in the Eastern
Middle field, Western Middle field, and part of the Southern field
was assigned a specific gravity of 1.61, or a weight of 2,190 tons
per acre-foot. The remainder of the coal in the Southern field was
assigned a specific gravity of 1.5, or a weight of 2,040 tons per
acre-foot, and the coal in the Northern field was assigned a specific
gravity of 1.55, or a weight of 2,110 tons per acre-foot. Smith
estimated that the original reserves of anthracite in Pennsylvania
totaled 21,849 million tons.

None of the estimators attempted a breakdown of Pennsylvania
anthracite reserves into the categories employed in modern estimates.

Recent detailed geologic mapping by the U.S. Geological Survey
in the anthracite fields has revealed much new information on thick-
ness and correlation of beds and on structure, which will be useful
when new estimates of Pennsylvania anthracite reserves are pre-

pared.
SOUTH DAKOTA

As estimated by D.M. Brown (1952), the original lignite re-
serves of South Dakota total 2,033 million tons, all of which is
less than 1,000 feet below the surface. In addition, the State con-
tains 10,900 tons of bituminous coal, but this amount is too small
to show in the accompanying table. The reserves were calculated
and tabulated according to standard U.S. Geological Survey pro-
cedures and definitions.

As recorded in the report by Brown, the lignite reserves are
concentrated in six counties in the northwestern part of the State.
Hading County contains nearly 84 percent of the estimated reserves,
but most of past production has been obtained from Dewey and

Perkins Counties.

The accompanying table shows the estimated original reserves of
lignite in South Dakota classified by thickness of bed and by the
measured, indicated, and inferred categories.

Estimated original reserves of lignite of South Dakota
[In millions of short tons]

Reserves
Thickness of bed (feet) Total
M a | Indicatea | ©
993 177 1,274
673 ) 707
52 |iemaiiccann 02
1,718 7 2,03

160 thousand tons not included in total.
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As noted in the table, a large percentage of the South Dakota
lignite reserves is contained in thin beds. Of the total estimated
tonnage, 63 percent is in beds ranging from 214 to 5 feet in thick-
ness, 34 percent in beds 5 to 10 feet thick, and only 3 percent in
beds more than 10 feet thick. This is in marked contrast to the
distribution of reserves in States to the north and west where a
large percentage of the total reserves is in thicker beds.

The table also shows the large concentration of reserves in the
indicated category. Of the total reserves, 84 percent is classified
as indicated, whereas only 7 percent is classified as measured and
only 9 percent as inferred. This disparity results because the
South Dakota lignite beds are lenticular, and points of observation
are widely spaced and confined largely to measurements along the

outcrops.
TENNESSEE

As recently estimated by Luther (1959), the coal reserves remain-
ing in the ground in Tennessee on Jan. 1, 1959, total 1,192 million
tons, all of which is of bituminous rank. This new estimate is based,
in part, on summary studies of measured and indicated reserves in
14 counties in Tennessee prepared by the U.S. Bureau of Mines
(Williams and others, 1954, 1955, 1956; Hershey and others, 1956
Lowe and others, 1956) and in part on recent geologic mapping car-
ried out by the Tennessee Division of Geology.

The reserves are divided into the three standard categories, meas-
ured, indicated, and inferred, according to the relative abundance
of reliable information, and into two standard thickness categories,
28 to 42 inches and more than 42 inches. Because the estimate
omits coal in beds less than 28 inches thick, it is markedly more
conservative than estimates of surrounding States, which include
beds to a minimum thickness of 14 inches.

Most of the reserves are concentrated in the northern part of the
Tennessee coal field. Campbell County contains the largest reserves,
followed in order by Anderson, Morgan, Scott, and Claiborne Coun-
ties. The reserves are divided unequally among 27 named beds, of
which 5 contain more than 60 percent of the total tonnage. These

Remaining coal reserves of Tennessee as of January 1, 1959

[In millions of short tons]

Reserves
Thickness of bed (inches) Total

Measured | Indicated | Inferred

b2 314 468 649 1,431
D O 132 148 201 481

B X7 | P 446 616 850 1,012
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five beds, listed in order of reserve tonnage, are the Sewanee, Coal
Creek, Wilder, Big Mary, and Poplar Creek.

The accompanying table gives the distribution of Tennessee re-
serves according to thlckness of beds and relative abundance of
reliable information.

TEXAS

BITUMINOUS COAL

As estimated by Campbell (1929), the original reserves of bitumi-
nous coal in Texas total 8,000 million tons. The experience accu-
mulated over the years since the estimate was prepared has demon-
strated that it is too large, perhaps several times too large. As of
the present time, however, it has not been possible to revise this
estimate, and as an unsubstantiated change would be undesirable,
the older figure has been retained .in tables 1 and 2.

LIGNITE

As estimated by Perkins and Lonsdale (1955), the original lignite
reserves in Texas total 7,070 million tons. This estimate is based
on several conservative assumptions and may be.considered an irre-
ducible minimum. The estimate includes only lignite in beds 5
feet or more thick. It includes only lignite less than 500 feet
below the surface divided into 2 categories, 0 to 90 feet, and 90 to
500 feet. It includes only measured and indicated reserves cal-
culated according to the following assumptions:

1. A known occurrence of lignite in a drill hole, at an outcrop, or
other point, establishes an area of measured reserves in a circle

of 14-mile radius drawn around the point, and an area of

indicated reserves between the first circle and a second circle
of 14-mile radius drawn around the same point.
2. The specific gravity of lignite was assumed to be 1.2, or about
1,640 tons per acre-foot.
The accompanying table, abstracted from the Perkins and Lons-
dale report, shows the distribution of Texas lignite reserves in the
several categories as defined.

Estimated original lignite reserves of Texas in beds 5 feet or more thick and less than
500 feet below the surface

{In millions of short tons]

Reserves
Overburden (feet) Total
Measured Indicated
O0to90___ _ o ______- 1, 027 . 2, 255 3, 282
9010900 . 809 2,929 3, 788
Total. - .. 1, 886 ) 5,184 7, 070
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TEXAS, UTAH

UTAH

The original coal reserves of Utah are here estimated to be 28,378
million tons, including 28,222 million tons of bituminous coal and
156 million tons of subbituminous coal. This estimate is a summa-
tion of 12 estimates of reserves in individual fields. Of these 12
estimates, 9 are contained in previous publications of the Geological
Survey, and 3 were prepared by the writer and associates for use

in this summary.

source of each 1nd1v1dual estimate.

The accompanying table shows the amount and

Estimated original coal reserves of Utah

[In millions of short tons]

Esti-
Field or region mated Source of estimate Remarks
reserves
Bituminous coal
Henrys FOrk. ..o acaefaceccaccaa]accammccacccccacccmcmammaan Insignificant reserves in Frontler
\ and Mesaverde formations. (See

Gale, 1910.)

Blacktail (Tabby) Mountain. 1,858 | Lupton (1912)1____.__.._._. Estimate Is high as compared to
recent estimate for Vernal field.

Vernal (west end only)....... 143 | Kinney (1955)2. . o ceneeooe Insignificant additional reserves in
east end of field.

Book Cliffs:

Castlegate quadrangle.___._ 1,275 | Clark (1928)’ .............. Reserve area covers 43 sq mi.
Wellington and Sunnyside 2,620 1 . dO..oooio. Reserve area covers 237 sq ml,
quadrangles.

Book Cliffs south and east 518 | Fisher (1936)3. .. ...... Reserves within 2 miles or less of
of Sunnyside quadrangle. outcrop.

‘Wasatch Plateat.....ooceeenn 13,000 | Spleker (1931)2. ... ...... Includes 7,800 million tons in beds

Mount Pleasant.

Henry Mountains...... e

Kolob Terrace. ...ooooorooee.

) -é-p—ieker and Ba

Lupton (1916)!. . _...._s.

Provisional gross estimate
by writer.

Estlmate by W. B. Cash-
ion and writer, based on
recent . detailed map-

more than 30 in. thick,
Modest reserves 1,000 ft below sur-
face. (See Duncan, 1944.)
Small reserves. (See Clark, 1912)
Reserve area covers 30 sq m!|
Coal in Ferron sandstone " Esti-
mate may be high.
Data.from Hunt and others (1053).

«(See Cashion, 1961.)

[

ping. )
Kaiparowits Plateau.......... 3,000 Prtt))vislonal gross estimate | Data from Gregory (1931).
. y wri
San Juan River......._... P PSRN U P SR S

Total, bituminous coal..

Small ; reserves.  (See Qregory,
1938.) ) o

Subbituminous coal

Lost Creek
Coalville ... .

Campbell (1917)

- Inslgnl)ﬂcant reserves (See Clark

Data (rom Wegemann (1915)

Seminnthmclte

Harmony ... . oo

Insigniﬁcant reserves ot hlgh-ash

cobl. (See Richardson, 1909.)

’fotal, all ranks...._....

28,378

! Report contains breakdown of reserves by townships only. '
2 Report contains breakdown of reserves by beds and by townships.
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In eight of the areas summarized in the table, the estimates are
based on detailed information on reserves.in individual beds and
townships or in individual townships. Additional information on
the distribution of reserves is contained in the publications cited
in the table. Other published reports contain information about
the local occurrence and thickness of coal, which has been used to
prepare the provisional estimates or the conclusions here presented.
For the Kaiparowits Plateau, which is the most remote and least
explored of the major coal-bearing areas in Utah, the estimate is
based in small part on measurements of coal thickness and in large
part on general considerations of the thickness and nature of the
coal-bearing rocks, and for this reason no detailed breakdown of
the reserves is possible.

The nine previously published estimates that make up the greater
part of the total shown in the table were prepared by various in-
dividuals during the period from 1912 to the present and, as a result,
show some individual variation. Following a pattern that has been
characteristic of coal reserve estimates over the years, the older
estimates tend to be larger than recent estimates. This is particu-
larly well illustrated by the difference between the comparatively
large Lupton estimate of 1912 for the Blacktail (Tabby) Moun-
tain field and the comparatively small Kinney estimate of 1955 for
the nearby Vernal field. The two fields are about the same size,
and the coal is contained in rocks of the same age. On this basis
of analysis, the Lupton estimate of 1916 for the Castle Valley field
may also be high as compared to the author’s present estimate for
the nearby Henry Mountains field. A

In spite of these discrepancies, the total obtained by adding all
documented figures, regardless of date of preparation, indicates the
order of magmtude of reserves determinable from existing informa-
tlon

The new estimate for Utah is smaller than the previous estimate
of 93,340 million tons prepared by M. R. Campbell, largely because
of IB(III(JI)IOII of estimates for the Book Cliffs and Wasatch Plateau

fields. Campbell made allowance for all coal that might ultimately

be found back of the outcrops in these two great fields, whereas the

writers whose more recent es‘:;mafes.are c:'léeJ £or Hmege Gel&g f‘OO]Z
into account only coal in a zone near the outerops. The smaller

estimates are, therefore, more realistic in light of present mining

practices and in light of the present and near future needs for coal,
but it is certain that larger tonnages are potentially present at
depth in the Uintah Basin, back of the Book Chﬁs, and at depth

under the Wasatch Plateau.
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VIRGINIA

As estimated by Andrew Brown and others (1952), the original
coal reserves of Virginia total 12,051 million tons, of which 932
million tons had been mined and lost in mining to Jan. 1, 1951, and
11,119 million tons remained in the ground.

The accompanying table, taken from Brown and others (1952),
shows the distribution of the total remaining reserves of bituminous
coal, as of Jan. 1, 1951, and the original reserves of semianthracite
in various reserve categories according to the standard definitions
employed by the U.S. Geological Survey. Noteworthy is the fact
that most of the reserves included in the estimate are less than
1,000 feet below the surface.

Of the total amount of coal included in the estimate, 97 percent is
concentrated in 7 counties in the bituminous coal area of south-
western Virginia. Buchanan County in the corner between West
Virginia and Kentucky contains about one-third of the total re-
serves. The reserves are contained in 60 named coalbeds, of which
the Kennedy, Jawbone, Raven, and Splash Dam each contains more
than 1 billion tons.

Only 3 percent of the total remaining reserves is contained in fields
in the Appalachian Valley where the coal is semianthracite.

Estimated remaining coal reserves of -Virginia, January 1, 1951

[In millions of short tons]

Reserves

Overburden (feet) Thiclgness of bed

Total
(inches) .

Measured | Indicated | Inferred

Remaining reserves of bituminous coal

T 51 1,694 2,064 4,709
270 2,672 874 3,718

0 to 1,000 3
464 1,311 101 1,876

0 to 2,000 77

Total, remaining reserves of semianthracite. . .. ...l e i ioiiciiaiaiaaaas 343
Total, remaining reserves, all ranks.........._ et eeaiceeccnseeeseecacsccacacanesncn 11,119
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No estimates were made for the coal of Triassic age in the Rich-
mond and Farmville basins, because the information available was
insufficient. ' -
. WASHINGTON

Campbell (1929) has estimated that the original coal reserves of
Washington total 63,878 million tons, including 11,413 million tons
of bituminous coal, 52,442 million tons of subbituminous coal plus a
small amount of lignite, and 23 million tons of anthracite. This esti-
mate is intended to include all classes of reserves to.a depth of 3,000
feet in beds to a minimum thickness of 14 inches for bituminous coal
and anthracite and to a minimum of 30 inches for subbituminous
coal and lignite. Persons familiar with the geology and past coal
mining operations in Washington feel that the Campbell estimate is
high as compared to recent estimates for other States, but its use
has been continued in this report because a new estimate is not yet
available, and because an undocumented change at this time would
be valueless and unnecessarily confusing.

For the past several years the U.S. Geological Survey has been
engaged in detailed geologic mapping of selected coal-bearing areas
in Washington in order to provide data helpful in the ultimate de-
velopment of those areas and also to contribute.to an improved
analysis of the overall distribution of coal in the State. The results

of this work have appeared in reports by Warren and others (1945),
Snavely and others (1951, 1958), and Roberts (1958).

The U.S. Geological Survey, in cooperation with the Washington
Department of Conservation, Division of Mines and Geology, is cur-
rently engaged in a stepped-up program of investigation of Wash-
ington coal. This program will include a new .estimate of coal
reserves. - - .

. ) WEST VIRGINIA .

The original coal reserves of West Virginia total 116,618 million
tons according to an estimate by Headlee and Nolting (1940). This

P . o . . o . .
figure is the sum of the original reserves in 44 coal-bearing counties
as estimated in numerous county reports published by the West Vir-

ginia Geologieal Survey in the period from about 1906 to 1939, The
Headlee and Nolting summary report includes tables showing the

distribution of reserves byAm:inable.c.oa,l.beds as well as by counties,
and the county reports contain additional details.
The Headlee and Nolting estimate includes reserves in a few beds

averaging 1 foot in thickness, but the amount of such coal is small.
Price and others (1938) state that about 75,500 million tons of coal

in West Virginia is contained in beds averaging 3 feet or more in

thickness. The remainder of the original reserves, or about 41,000
million tons, is contained in thinner beds.
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In computing the reserves of West Virginia, the coal was assumed
to have a specific gravity of 1.28, or a weight of 1,742 tons per
acre-foot, which is somewhat low for bituminous coal in the ground.

In the period from 1951 to 1956 the U.S. Bureau of Mines pub-
lished reports on reserves in 11 counties in West Virginia as part of
a program to investigate minable reserves of coking coal. (See Dowd
and others, 1952-56 ; Provost and others, 1956 ; Tavenner and others,
1950; Travis and others, 1956; Wallace and others, 1952-54.). These
county estimates include only measured and indicated reserves and
thus are not strictly comparable with the county estimates of Head-
lee and Nolting, which include inferred reserves in the totals. How-
ever, the Bureau of Mines reports contain much useful information
about the distribution of readily available reserves, and should be
consulted in conjunction with the Headlee and Nolting report and
with the county reports of the West Virginia Geological Survey.

WYOMING

As estimated by Berryhill and others (1950), the original coal

reserves of Wyoming total 121,554 million tons, of which 13,235
million tons is bituminous coal, and 108,319 million tons is subbi-
tuminous coal. According to a few available analyses, a large ton-
nage of coal on the eastern side of the Powder River Basin is near
the dividing line between lignite and subbituminous coal but for
convenience is included in this estimate with reserves of subbitumi-
nous coal. The areal distribution of coal in Wyoming is shown on
a map by Berryhill and others (1951), which is complementary to
the reserve report.
- The Wyoming estimate was prepared and classified according to
standard U.S. Geological Survey procedures and definitions. It
presents data on reserves in various categories according to counties,
townships, rank, thickness of beds, and thickness of overburden, but
not according to individual beds. A summary of the estimate is
given in the accompanying table. :

Approximately 53 percent of the total area of coal-bearing rocks
in Wyoming was not included in the estimate because little or no
information was available on the coalbeds. The estimate of reserves
in Wyoming should, therefore, be substantially increased as mapping
and exploration continue.

The Wyoming coal reserves are distributed among 9 major struc-
tural basins or regions covering all or parts of 20 counties. The
large Powder River Basin contains 78 percent of the total estimated
reserves, and Campbell County, which lies entirely in the Powder
River Basin, contains 51 percent of the total. With more than 62
billion tons of reserves, Campbell County contains the second largest
reserve tonnage of any county in the United States, exceeded only
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by Dunn County, N. Dak. A large proportion of the reserves in
Campbell County is concentrated in the very thick Roland and
Smith beds, which locally attain maximum thicknesses of 106 and
38 feet, respectively. Because of these 2 beds, a number of town-
ships in eastern Campbell County individually contain more than
1 billion tons of original reserves, and 1 township, T. 50 N., R. 72
W., contains 2,871 million tons, which is the record original reserve
tonnage for townships in the United States.

Estimated original coal reserves of Wyoming

[In millions of short tons}

Reserves
Overburden (feet) Thickness of bed Total
(inches)
Measured | Indicated | Inferred
Bituminous coal
24 446 57 527
150 681 83 914
1,513 2,181 593 4,287
1,687 3,308 733 5,728
144 276 425
332 426 780
1,507 |- 967 2,793
1,983 1,669 3,998
59 204 353
98 449 547
1,043 1, 536 2,609
30 1, 200 2,279 3,509
Total....... - 2,063 6,491 4,681 13,235
Subbituminous coal
Thickness (feet)
8 6, 504 7,359 13,871
71 9,151 15, 429 24, 651
1,473 15, 562 35,148 © 62,183
1,552 31,217 ' 57,936 © 90, 705
. 7381 - 2,8m '3, 609
673 9, 499 10,177
364 | 498 | 864
1,775 12, 868 14, 650
281 810 1,002
266 1,218 1, 482
172 219 390
719 92,945 2,084
B 73,049 108,319
40, 202 77,730 | . 121,554

OTHER STATES

The reserves of Arizona, California, Idaho, Louisiana, Nebraska,
and Nevada are included under the heading “Other States.” In
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each of these States the reserves are either small or information
about the occurrence and distribution of coal is so scanty that
preparation of a meaningful estimate is impossible.

The accompanying table gives the estimated reserves and source
of the estimate used for each State. The individual figures, how-
ever, have a very low order of accuracy and are presented only to
show how the totals by rank were obtained.

Estimated original coal reserves of Arizona, California, Idaho, Louisiana, Nebraska,
and Nevada

[In millions of short tons]

Bitumi-| Subbi-
State and field nous | tumi- | Lignite; Total Source of estimate
coal nous
coal
Arizona:
4,000 B%sed ;)n statements by Williams ! and Kiersch
25 | Provisional, gross estimate by writer, based on
data from’ Veatch (1911).
10 | Campbell (1929).
4,035
California:

Amador County.|. ... __[oooo.... 50 50 | Total estimate of 100 million tons by Karp (1949).
Provisional breakdown according to rank by
writer.

Mount Diablo...|......__ 40 |ooeoees 40 Do.

Stone Caynon... D11 I I I 10 Do.

Total 10 40 50 100
D (i E:Y 110 S 600 O] ©® 600 | Campbell (1929).
Louisiana. . ..o foooooo s [¢) TR
Nebraska...oo....... (€ R DN PO See Pepperberg (1910).
Nevada............. [C) N I [C) T P See Hance (1913), Toenges and others (1946),
Bowen (1913), Mapel and Hail (1959).
Total, all States. 620 | 4,065 5 | 4,735

! Williams, G. A., 1951, The coal deposits and Cretaceous stratigraphy of the western part of Black Mesa
A:lé‘;g;] IArizona Univ., unpublished Ph. D. thesis.

3 Insignificant.

Considering that some of the State estimates may be high and
others low, and considering that no figures are provided for the
small reserves of subbituminous coal and lignite in Idaho or lignite
in Louisiana, it is likely that the totals for the six States are more

accurate than the individual figures from which they were obtained.

POSSIBLE ADDITIONAL RESERVES NOT INCLUDED
IN ESTIMATES

In some States for which modern estimates have been prepared,
large areas of coal-bearing rock have been omitted from considera-
tion for want of specific information about the occurrence and thick-
ness of the coalbeds. In Colorado, for example, 75 percent of the
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known area of coal-bearing rock was thus omitted; in Wyoming,
53.5 percent was omitted; in eastern Kentucky, 13 percent; and in
North Dakota, 1.7 percent. When full and complete information
is available about such areas, the estimated reserves will be increased
substantially.

Because most mining and prospecting in the United States is done
along surface outcrops, very little information is-available about the
occurrence of coal at depth or at a distance of more than a few miles
from the outcrops, and no information is available about reserves
in the centers of the large coal basins. Therefore, most of the esti-
mated reserves, particularly in the States for which modern esti-
mates have been prepared, are confined to a narrow zone a few miles
wide parallel to the outcrops of the individual coalbeds. This is
well illustrated by the fact that 88 percent of the reserves classified
in figure 54 is less than 1,000 feet below the surface. When explora-
tion is pushed to greater distances from the outcrops and to greater
depths, reserves should be increased correspondingly.

Many known coal-bearing areas, particularly those remote from
present means of transportation or centers of use, have been mapped
or examined only in reconnaissance. Reserve estimates for such
areas tend to be small because of the paucity of information and
because only the thicker and better beds are examined during recon-

naissance work. The extension of detailed mappino in such areas
should, therefore, yield data that will permit an increase in reserve
estlmates

In many other areas, information about the thickness and nature
of the coal-bearing rocks is so scanty that it is impossible to estab-

lish correlations between coalbeds in different parts of an area.
‘Where correlations cannot be established, estimated reserves are re-

stricted to areas near the known outcrops. Where correlations can
be established, reserves ean be inferred to exist at greater distances
between the outerops, and the total estlmated reserves tend to be
larger .

It is thus .apparent that the newer estimates of reserves, based as

they are on conservative assumptlons, are minimum estimates, and
that they will be increased in the future as additional inforniation

is acquired through geologlc mappmg and physical explor‘u;lon

'NEED FOR ADDITIONAL WORK

The results of the current study of coal reserves show clearly the
need for additional mappmg and exploratlon Althouoh the recent
estimates are an improvement over previous ones, primarily because
they are presented in carefully defined categories) they point to

many obvious deficiencies in the state of knowledge about the dis-
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tribution, extent, and correlation of coalbeds. Full knowledge about
the coal resources of the United States is thus dependent on a con-
tinuing, active program of detailed geologic mapping and explora-
tory drilling in the coal field areas, accompanied by periodic inven-
tories of reserves.

The cooperation between Government and industry in the accumu-
lation, preservation, and analysis of coal reserve data, which has
been so effective in the preparation of recent reserve estimates, -
should be strengthened and improved at every orportunity.

OTHER ESTIMATES OF UNITED STATES COAL
RESERVES

Three earlier estimates of coal reserves in the United States have
been prepared. These earlier estimates were intended for different
purposes and were based on different definitions and procedures.
As a result, they are neither directly comparable with each other
nor with the present estimate. The points of similarity and differ-
ence between these three older estimates are summarized in the fol-
lowing paragraphs.

M. R. CAMPBELL, 1909 TO 1929

The Campbell (1917, 1929) estimate of coal reserves, which was
published with revisions several times during the period from 1909
to 1929, and which has been largely replaced by the present estimate,
was an attempt to estimate the total reserves originally present in
the ground. It made statistical allowance for coal as yet unmapped
and undiscovered in all of the coal-bearing areas and, primarily for
this reason, is larger than subsequent estimates.

In the Campbell estimate the following minimum thicknesses were
used for the several ranks of coal:

Minimum thickness

Rank (inches)
Bituminous coal and anthracite 14
Subbituminous coal - 24
Lignite 36

The estimate was based on an assumed specific gravity of 1.3, or a
weight of 1,770 tons per acre-foot for coal of all ranks, and included
coal to a depth of 3,000 feet below the surface. Except for the
major breakdown of reserves according to rank, all coal above the
established minimum thicknesses was included in a single category.

According to the last revision of the Campbell estimate, published
in 1929, the original coal reserves of the United States before min-
ing began totaled 8,215 billion tons (Campbell, 1929).
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UNITED STATES COAL COMMISSION COMMITTEE REPORT, 1922

The recoverable coal reserves of the United States as of Jan. 1,
1922, were estimated to be 1,634 billion tons, by a committee estab-
lished by the United States Coal Commission. This committee,
known at that time as the Engineers’ Advisory Valuation Commit-
tee, was requested to estimate the market value of coal mines and of
the coal in the ground. The Coal Commission did not accept the
estimate of the valuation committee for use in their reports, but
permission was given for separate publication by the committee
(Am. Inst. Mining Metall. Engineers, 1924).

The committee’s estimate of recoverable reserves, now largely of
historic value, was based on the estimate of original reserves pre-
pared by Campbell and on estimates of several State surveys. These
estimates were reduced to allow for future mining losses and to ex-
clude “thin and unavailable coal.” No specific information as to the
criteria used in reducing the basic original reserve figures is con-
tained in the committee report. It is interesting to note, however,
that if a 50 percent recovery is assumed, the recoverable reserves of
the United States as of January 1, 1919, based on the Campbell esti-
mate of that period, totaled 1,768 billion tons, whereas the recover-
able reserves as of January 1, 1922, suggested by the valuation com-
mittee, totaled 1,634 billion tomns.

A few writers have implied that the estimate of the valuation
committee differed significantly from the Campbell estimate because
they fail to emphasize the fact that the Campbell estimate was for
original coal reserves in the ground, whereas the committee’s esti-
mate was for recoverable reserves as of January 1, 1922. The two

estimates are in close accord when they are adjusted to the same
basis of comparison.

UNITED STATES ARMY CORPS OF ENGINEERS, 1952

A survey of the United States to determine general areas suitable
for the location of synthetic liquid fuel plants was completed in

1952 under the auspices of the Corps of Engineers, Department of

the Army (1952). The estimated recoverable reserves of coal in the
United States, as of January 1, 1949, considered during the survey,

totaled about 170 billion tons, of which a maximum of 128 billion

tons was deemed suitable for immediate large-scale use n the manu-
facture of synthetic liquid fuels.

The Corps of Engineers estimate of 170 hillion tons for recover-
able reserves is about 20 percent of the Geological Survey estimate
of 830 billion tons presented in tables 1 and 2 of this report. The

difference between the two estimates is explained by the different

..
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purposes for which they were intended and the different assumptions
on which they are based.

The major objective of the Corps of Engineers survey was to out-
line large blocks of coal that would be immediately available for
large-scale mining to supply hypothetical synthetic liquid fuel
plants. The maximum depth of coal considered in the Corps of
Engineers estimate, for example, is 1,500 feet; whereas, in the Geo-
logical Survey estimate the reserves of coal are computed in 3 cate-
gories: 0 to 1,000 feet, 1,000 to 2,000 feet, and 2,000 to 3,000 feet.
The minimum thickness of coal considered for underground mining
in the Corps of Engineers estimate is 24 inches for bituminous coal
and 48 inches for lignite; whereas, the Geological Survey estimate
includes in its several categories of thickness, bituminous coal in
beds as thin as 14 inches and lignite in beds as thin as 30 inches.

The Corps of Engineers figure is thus a conservative statement of
coal that is known to be immediately available for use under present
mining conditions. It is roughly comparable with the U.S. Geologi-
cal Survey estimate for measured and indicated recoverable reserves
in beds 28 inches or more thick, and less than 1,000 feet below the
surface. (See fig. 6.)

The larger figure of the U.S. Geological Survey includes, in sepa-
rate categories, reserves of both present economic interest and pos-
sible future usefulness, and thus provides a more comprehensive
statement of information available about the total coal reserves of

the United States.
PEAT RESERVES

Peat, the first stage in the alteration of plants to coal, is the
partly carbonized remains of roots, trunks of trees, twigs, seeds,
shrubs, grasses, and mosses that have been covered or saturated with
water so that decomposition is retarded. It contains a large pro-
portion of the carbon of the original vegetable matter, and the plant
structures of which it is composed generally are visible without the
aid of a microscope. In general, peat accumulates on poorly drained
land in regions of cool climate or high humidity, where evaporation
1s slow, and peat-forming plants may flourish.

Peat is an important fuel in Europe, but only small quantities
have been produced as commercial fuel in the United States because of
the abundance and superiority of coal. The United States contains
large deposits of peat, however, and it is produced commercially for a
variety of purposes other than as fuel. Air-dried peat is a source of
concentrated organic matter, and it contains about 2 percent nitrogen.
It is used in the United States principally for soil improvement and as
an ingredient in commercial fertilizers. According to the U.S. Bureau
of Mines (1959¢), 327,813 short tons of peat was produced in this



90 COAL RESERVES OF THE UNITED STATES

country in 1958. Of the total sold in 1958, about 90 percent was used
for soil improvement and about 10 percent for other purposes, which
include litter for barns and poultry yards and packing material for
plants, fruits, vegetables, eggs, and other fragile articles.

The United States contained original peat reserves totaling 13,827
million short tons, calculated on an air-dried basis, as estimated in
a detailed report on peat by Soper and Osbon (1922, p. 92-93). Of
this total, only about 3.5 million tons was mined between 1922 and
1958. The peat reserves occur primarily in local deposits distributed
throughout two general regions. The northern peat region, which

Original reserves of peat in the United States, estimated on an air-dried basis,
by regions and States

State [In millions of short tons]

Northern region: Reserves
Minnesota ___ - - _ 6,835
Wisconsin _____ - —— 2,500
Michigan 1,000
Iowa 22
Illinois 10
Indiana 13
Ohio 50
Pennsylvania — 1
New York - 480
New Jersey . — 15
Maine - 100
New Hampshire 1
Vermont ‘ — 8
Massachusetts - e 12
Connecticut p)
Rhode Island _.__ _— 1

Total 11,050

Atlantic coastal region:

Virginia and North Carolina 700
Florida - 2,000
Other States! _— 2

Total _— —— 2,702

Other regions:

Gulf Coast 2 —— 2
California - 72
Oregon and Wagshington _ 1
Total ___ ——— 75
Total, all regions_.. — - 13,827

1 Includes Delaware, Georgia, Maryland, and South Carolina.
2 Exclusive of Florida.



WORLD COAL RESERVES 91

contains about 80 percent of the total reserves, includes Minnesota,
Wisconsin, Michigan, eastern South Dakota, the northern parts of
Iowa, Illinois, Indiana, Ohio, and Pennsylvania, and New York,
New Jersey, and the New England States. The Atlantic coastal
region, which contains approximately 19 percent of the total re-
serves, includes the southern part of Delaware, the eastern parts of
Maryland, Virginia, North Carolina, South Carolina, and Georgia,
and all of Florida. Small deposits of peat also occur in a narrow
belt of land adjoining the Gulf Coast; in the valleys of the Sacra-
mento and San Joaquin Rivers and in Siskiyou, Los Angeles,
Orange, and San Bernardino Counties, California; and in the basins
of lakes and rivers in Oregon, Washington, and the Rocky Moun-
tain States.

The accompanying table by Soper and Osbon shows the original
reserves of peat in the United States, calculated on an air-dried
basis, by regions and States. In addition to this general table, the
report by Soper and Osbon includes tables of reserves classified by
counties for the States having important peat reserves, as well as
detailed descriptions of individual peat deposits.

WORLD COAL RESERVES

As shown in table 5, the remaining coal reserves of the World, as
currently estimated, total 4,640,561 million metric tons, of which 49
percent is in Asia, 34 percent in North America, and 13 percent in
Europe.

TaABLE 5.—Hstimated remaining coal reserves of the world by regions and by
principal coal-producing countries*

[In millions of metric tons]

Anthracite; Percent
bituminous| Lignite and
Country and sub- | brown coal Total
bituminous, . Region World
coal total total
Asia
U.S.8.R.3 998, 000 202,000 | 1,200,000 52.4 26.9
China 1,011,000 600 | 1,011,600 4.1 21.8
India. 62, 427 3 508 62, 935 2.8 1.4
Japan.. - 9,897 258 10,155 .4 .2
Others 4. __coeooooeo.n 4,711 3,808 8,519 .3 .1
17 N 2,086, 035 207,174 | 2,293, 209 100.0 49.4
North America
United States & 1,009, 906 405,970 | 1,605,876 94.1 32.4
Canada ° - 62,472 24, 450 , 926 5.6 1.9
Mexico 7. - 4,306 | oo 4,306 .3 .1
L3 7\ Y 1,166, 684 430,420 | 1,697,104 100.0 34.4

See footnotes at end of table,
586968—61- 7
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TABLE 5.—Estimated 'r:emaining coal reserves of the world by regions and by '
principal coal-producing countries—Continued

[In millions of metric tons]

Anthracite; Percent
bituminous | Lignite and
Country and sub- | brown coal Total
bituminous Region World
coal total total
Europe
Germany 224, 300 362,000 286, 300 47.5 6.2
i 170, 686 ®) 170, 686 28.3 3.7
, 000 18 80,018 13.3 1.7
6, 450 12, 500 18, 950 3.1 .4
12, 288 12,718 2.1 .3
Belgium 5,988 (8 , 988 1.0 .1
Netherlands . 93,400 ® 3, 400 .6 .1
Others M. o eemeanoanaan 2,622 22,184 4,776 41 .5
Total..._. - 805, 734 97,102 602, 836 100.0 13.0
Africa
Union of South Afriea. oo 68, 000 ®) 68, 000 97.4 1.5
Others ™. __.ooooceemcoceeees 1,650 200 1,850 2.6 ®
B4 017 ) I 69, 650 200 69, 850 100.0 L5
Australasia g "4
AUStralif oo 16, 800 41,000 57,800 98.5 1.3
Others 2o cemmaacaoe 99 785 - 884 1.5 ®
Total 16, 899 41,785 58, 684 100.0 1.3
South and Central America
Colombia... ——-- 12,000 |-coemoeeae. - 12,000 63.0 0.3
Venezuela 3,068 0 3,068 16.2 (8)
Others B_ - 3, 556 254 3,810 20.2 ®
Total — 18, 624 254 18,878 100.0 0.4
World total 3, 863, 626 776,935 | 4,640,561 |_____._._... 100. 0

1 Brown, Frederick, 1048, 1950, 1952, 1954, 1956, Statistical Yearbooks of the World Power Conference,
nos. 4, 5, 6, 7, and 8: Central Office, World Power Conference, London. United Nations, 1952, Coal and
iron ore resotirces of Asia and the Far East: Economic Commission for Asia and the Far East, Mineral
resources development set. 1, p. 18. United Nations, 1953, Development of mineral resources in Asia and
the Far East: Economie Commission for Asia and the Far East, p. 143-199. United Nations, 1956, Lignite
resources of Asia and the Far East, their exploration, exploitation and utilization: Economic Commission

for Asia and the Far East, Mineral resources development ser. 7, p. 2-9. United Nations, 1957, Energy in
Latin America; Economic Commission for Latin America, p. 220~228.

: Ao D. 2
1Total for European U.S.8.R. included with Asiatic U.8.3.E.
3&81‘?&561%6 rvrglsao%% hi: Ind: ia, K. Mal M. huria, North B ki hili
T " ochina, onesia, oren, M aya, " -
pines, Sarawsak, Thailand, and Turkey. V! anchuria, Nor orneo, Pakistan, Philip:
8 Estimates of remaining reserves in tables 1 and 2 converted to metric tons.

8 os only minable reserves. .
v ﬁgl.lgo Doerttnento de Estudios Tecnicos y Economicos, written communication, 1959.

e than 60 cm thick
9 Beds not less than 60 cm thick. .
1 Includes Austria, Bulgeria, Denmark, Greece, Hungary, Ireland, Italy, Norway, Portugal, Roumanis,

Sweden, an: ugosla: R
11 Includes Algeria, Belgian Congo, French Morocco, Madagascar, Nigoria, and Tenganyika.

12 Includes New Caledonia and New Zealand.
12 Includes Argentina, Brazil, Chile, Honduras, and Peru.

Most of the figures in table 5 are for remaining reserves as of vari-
ous dates in the period between 1915 and 1900 othexs are for origi-
nal reserves. This minor discrepancy does not affect the relative
standing of any country or continent to a significant degree. All &
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figures in the table are in metric tons, the standard unit for measur-
ing coal in most countries. One metric ton is equivalent to 2,205
pounds, or about 1.1 short tons.

With remaining reserves of 1,505,876 million metric tons of coal,
as currently estimated, the United States seems to have 32 percent
of the total remaining World coal reserves and 94 percent of the re-
maining reserves on the North American Continent.

Because of the different methods of calculating coal reserves, the
different standards of thickness and depth adopted, and the different
dates for which estimates were made for individual countries, the
figures shown in the table are comparable only to the extent that
they show the general order of magnitude of the reserves in each
country. In particular, the revisions in recent years of methods of
calculating coal reserves by some countries, and continued adherence
to older methods by others, mean that some figures in the table are
conservative and represent only immediately accessible proved coal
in thick beds, whereas other figures are much more comprehensive
and include total reserves in thick and thin beds without regard to
quality, minability, or accessibility of the coal.

Canada provides an example of the effect of changes in methods
and viewpoint in calculating coal reserves. In 1913, the remaining
coal reserves of Canada were estimated to total 1,216,770 million
metric tons (Internat. Geol. Cong. 12th, 1913). In 1946, however,
the remaining coal reserves were reestimated to total only 89,644
million metric tons, which amount is less than 8 percent of the
earlier figure (MacKay, 1946). The 1913 estimate assumed broad
continuity of coalbeds based on few observations, and made statisti-
cal allowance for all possible coalbeds to a minimum thickness of
1 foot and to a maximum depth of 4,000 feet below the surface. The
1946 estimate included only known, developed, or explored beds,
which for reasons of thickness, quality, and extraction costs were
considered economically minable in 1946.

Reserves for most other countries shown in table 5 relate to all
coal in the ground irrespective of quality, minability, or accessi-
bility, and many of these figures, particularly the older ones, will
no doubt be reduced in the future as more detailed information be-
comes available and as more restrictive methods of calculating re-

serves are adopted.

RELATION OF COAL IN THE UNITED STATES TO
OTHER FORMS OF ENERGY

The industrial machine of the United States annually consumes
prodigious quantities of energy. The mineral fuels and waterpower
produced in 1959, for example, contained the heat equivalent of
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F1GURE 9.—Anpual production of emergy in the United States, 1900-1938
(Source: U.S. Bureau of Mines).

10 horsepower of mechanical energy per person operating continu-

ously throughout the year. Furthermore, the production and use
of energy are increasing annually at a very rapid rate. As shown

in figure 9, the overall use of energy in the United States has quad-

rupled in the last 50 years and has doubled in the last 25 years.
And the curve is still headed sharply upward. This upward surge
in the use of energy is impelled in part by onr rapidly growing*,

population, which has doubled in the last 50 years, and in part by

our increased reliance on machines and manufactured products.
Congidering the potential future increase in population, in use of
energy, and in technologic improvement in the production of energy,.

the curve is likely to rise steeply and more or less continuously
throughout the forseeable future. With consumption of energy im
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Ficure 10.—Percentage of total energy supplied by mineral fuels and waterpower,
1900-58 (Source: U.S. Bureau of Mines).

progress on such an enormous and ever-increasing scale, it is inter-
esting and instructive to review the position of coal in the total
energy pattern. .

During 1958, a year, second to 1957 in the use of fuel in the
United States, coal supplied only 29 percent of the total energy pro-
duced from all sources, whereas petroleum and natural gas supplied
67 percent. The remaining 4 percent was supplied by waterpower
(U.S. Bur. Mines, 19592, p. 113). As shown in figure 10, the per-
centage of total energy supplied by coal, including bituminous and
subbituminous coal, lignite, and anthracite, has decreased steadily
from about 90 percent in 1900 to the present record low of 29
percent.

The percentage decrease in use of coal through the years has been
accompanied by a corresponding percentage increase in the use of
petroleum and natural gas, which have had greater consumer appeal
because of their convenience, and which have filled a number of new
uses not competitive with coal. Included in the percentage figures
for petroleum and natural gas, for example, are gasoline and diesel
oils used in automobiles and trucks, heavy oils used in road con-
struction and maintenance, natural gas consumed in the manufacture
of carbon black, and lubricants.
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The decrease in the percentage contribution of coal to the total
production of energy in the United States has not been accompanied
by a comparable decrease in the actual production of coal. (See
fig. 9.) More accurately, the production of coal leveled off at the
end of the First World War, and for most subsequent years has
ranged between 400 and 600 million tons. The lowest recorded
production was in 1932 when only 360 million tons was mined, and
the highest was in 1947 when 688 million tons was mined (U.S.
Bur. Mines, 1959a, p. 112). The position of coal in the industrial
economy is bolstered by its increased use in the production of elec-
tricity and in the manufacture of steel. In a report to the Panel
on the Impact of the Peaceful Uses of Atomic Energy, a subcom-
mittee of the Joint Committee on Atomic Energy (1956, p. 78), a
group of engineers in the Department of the Interior concluded
that the production of coal would hold relatively firm over the near
term; and, assuming normal industrial growth and no significant
competition from atomic energy, would increase to something in the
range between 674 and 910 million tons by 1975.

PROBLEMS OF COMPARING ESTIMATES OF FUELS RESERVES

Estimates of coal reserves cannot be compared readily with esti-
mates of petroleum and natural gas reserves because the two kinds
of fuels occur largely in different environments, and the reserves

are calculated in different ways.
Coal-bearing rocks are near the surface in most parts of the

United States, and the gross distribution and thickness of these
rocks have been known for many years. Because coal occurs in
these rocks in tabular bodies of fairly uniform breadth and thick-

ness, estimates of the total quantity in the ground can be made with
reasonable accuracy wherever data are available. Although precise

information as to the thickness and number of coal beds is cur-
rently available only for areas near the outcrops, the known velume

of coal-bearing rock is a primary factor limiting the magnitude of
ultimate coal reserves.

The total reserves of bituminous sandstone and oil shale can be
estimated with similar accuracy because these substances also oceur

in tabular bodi‘es that may be studied at the surface, a,nd becallSG
the area and thickness of the enclosing rocks are equally well known.

Petroleum and natural gas, on th? other 'hand, are highly mObllB
substances. Originally present as widely disseminated minute glob-

ules in sedimentary rocks, they move underground through pore
spaces in the rocks, and accumulate only where traps or barriers pre-
vent further migration. As a great variety of subsurface struc-
tural and stratigraphic relations create such traps, the total number
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existing in the widespread thick sequences of sedimentary rocks in
the United States cannot be predicted accurately, nor can the
ultimate amount of recoverable oil contained in these traps be ascer-
tained. In many respects the ultimate amount of oil to be found is
determined by an ever-improving technology in methods of explora-
tion, drilling, and recovery. Today, for example, wells 25,000 feet
deep are entirely practicable, whereas only a few years ago the
limit was in the range of 5,000 to 10,000 feet.

Because petroleum and natural gas deposits are hidden deeply
below the surface, only minimum proved reserves in developed
areas can be estimated with reasonable accuracy. For the same
reason, estimates of ultimate reserves are little more than conserva-
tive statements of opinion based on estimates of proved reserves
and on the existing technology.

Consequently, the estimates for petroleum and natural gas tend
to be ultraconservative, and they must be changed frequently to
accord with new discoveries and improved methods of recovery.

Despite the recognized difficulty of comparing reserve estimates
for the several mineral fuels, it is possible to show the approximate
relative magnitude of reserves as currently estimated by converting
all estimates to their total heat-value equivalents and by making
certain adjustments to allow for differences in the methods of making
calculations. Estimates of the reserves of various fuels are thus
presented in table 6, which shows both in standard units of meas-
ure and in quadrillions of Btu the estimated recoverable reserves of
coal as of Jan. 1, 1960, and the estimated recoverable reserves of
petroleum, natural gas, bitumen, and oil from oil shale in the
United States as of Jan. 1, 1959. The table gives the reserves of
these individual fuels under two headings according to two major
points of view: The heading, “Measured or proved reserves,” in-
cludes only measured reserves of coal in beds 28 inches or more
thick and less than 1,000 feet below the surface, and proved reserves
of petroleum and natural gas as currently estimated. The heading,
“Total reserves,” includes total measured, indicated, and inferred re-
serves of coal in all categories of thickness and overburden, and
ultimate reserves of petroleum and natural gas as currently esti-
mated. The figures under the first heading are thus markedly more
conservative than those under the second.

MEASURED OR PROVED RESERVES

The figure of 50 billion tons used for coal in column 1 of table 6
is 6 percent of the total recoverable reserves shown in table 1. This
fraction is intended to represent measured reserves in beds 28 inches
or more thick and less than 1,000 feet below the surface. It was
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TaBLE 6.—Comparison between remaining recoverable reserves bf coal and other Sfuels
in the United States, as of Jan. 1, 1959-60

Measured or proved Total reserves ! in— Aver-
reserves in— age
annual
pro-
Stand- |} Quad- | Percent| Stand- | Quad- | Percent/duction
Mineral fuel ard |rillions | accord-| ard |rillions | accord- | 1957-59
unitsof [ _of ing |unitsof{ of ing | (quad-
meas- | Btu? | to Btu| meas- | Btu3? | to Btu | rillions
ure 2 content| ure? content|of Btu)?

m 2 @®) @ (5) ® M

[T 450 | 1,038 35| 5830 | 17,307 68 12
Petroleum and natural-gas liquids. . - 837 204 7 7436 | 82,373 9 16
D o e | v | 4| eo” | Wi P )
umen {rom bituminous sanastone.. - 5
Ofi from ofl shale_.._____ e mme 12950 | 1,450 40| 13700 [ 4,060 16 (“3
01 ) DU AR 2,959 100 [.coaoooo 25, 653 100 40

1 Measured, indicated, and inferred reserves of coal in all categories of thickness and overburden; ultimate
reserves of petroleum and natural gas.

2 Coal in billions of tons, petroleum, natural-gas liquids, bitumen from bituminous sandstone, and oil
from oil shale in billions of barrels, and natural gas in trillions of cubic feet.

# Reserves and production figures converted to Btu according to the following heat values: anthracite,
12,700 Btu per lb.; bituminous coal, 13,100 Btu per lb.; subbituminous coal, 9,500 Btu per 1b.; lignite, 6,700
Btu per lb.; petroleum, oil from oil shale, and bitumen from bituminous sandstone, 5,800,000 Btu per bbl.;
uatural-gas liquids, 4,011,000 Btu per bbl.; and natural gas, 1,035 Btu per cu. ft.

4 6 percent of total recoverable reserves shown in table 1. This figure is intended to represent measured
recoverable reserves in beds 28 in. or more thick, and less than 1,000 ft. below the surface as of Jan. 1, 1960,
}’Seroe&nagej determined by consideration of 15 States in which reserves have been classified in detail.

ee fig. 6.

8 From table 1.

8 Proved reserves. Estimate by the American Petroleum Institute as reported in the Oil and Gas Journal,
v. 57, no. 13, p. 49-50, Mar. 23, 1959.

7 See accompanying text.

U ]13jtu pgntent calculated on the assumption that 20 percent of recoverable ultimate reserves will be natural-
gas lig:ids.

9 Proved reserves, Estimate by the American Gas Association as reported in the Oil and Gas Journal,
v. 57, no. 13, p. 50, Mar. 23, 1959.

1 50 percent of estimated reserves of bitumen in bituminous sandstone deposits near Vernal and Sunny-
side, Utah; Casmalia, Santa Cruz, Edna, Sisquoc, Sulphur Mountain, and San Ardo, Calif.; and Uvalde,
“Tex. Estimate incomplete.

1 Negligible. , .

12 50 percent of reserves of oil in oil shale eontaining 25 gal. of oil per ton, a8 estimated by Duncan (1958).

13 50 pereent of reserves of of! in oil shale containing 15 gal. of 0il per ton, as estimated by W. B. Casbion,
Jr., J. R. Donnell, and R. L. Griggs (oral communcation, 1959)

obtained from figure 6, which is based on a consideration of the
distribution of reserves in 15 States for which the reserves of coal
have been classified in detail. Ac¢ these 15 States contain about
half of the total reserves in the United States and include coal de-
posits of diverse ages, ranks, and types, the average observed dis-
tribution of reserves in the selected restricted category in these

Stlf,tf.s is believed to be reasonably typical of the United States as a
wnoie.

The figures used for petroleum, natural-gas liquids, and natural
in GOhlmn 1 of table 6 are proved reserves as currently esti-

mated by the American Petroleum Institute and the American Gas
Association (Oil and Gas Journal, 19590).

The figures for bitumen in bituminous sandstone are based on
similar conservative assumptions, as explained in the footnotes to
the tables. '
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For oil shale it is not possible to make a separation of reserves
according to the reliability of data. Instead, the separation shown
in table 6 is based on oil content alone. Column 1 includes re-
serves of oil in oil shale containing 25 gallons or more per ton, and
column 4 includes reserves of oil in oil shale containing 15 gallons
or more per ton. On this basis, oil in oil shale containing 25 gal-
lons or more per ton represents 36 percent of the total containing
15 gallons or more per ton. This is a relatively high percentage as
compared to the percentage of measured or proved reserves of other

fuels.
TOTAL RESERVES

The figure of 830 billion tons used for coal in column 4 of table 6
is the total recoverable reserves shown in table 1. It includes meas-
ured, indicated, and inferred reserves in beds 14 inches or more
thick and in beds to depths of 3,000 feet below the surface.

Several attempts have been made to prepare estimates for total
(measured, indicated, and inferred) reserves of petroleum and
natural gas. Such estimates are usually termed “ultimate reserves”
and are intended to include past production, present proved re-
serves, and estimated future discoveries. These estimates are for
recoverable reserves, based on present experience, plus some allow-
ance for future improvement in recoverability. Estimates of ulti-
mate reserves are inherently very conservative because they are based
on proved reserves and on the present technologlc status of the in-
dustry. Largely because of continued success in exploration, con-
tinued improvement in drilling machinery and techniques, and con-
tinued improvement in production practices, estimates of ultimate
reserves have to be increased every few years in spite of large annual
increases in consumption.

Although no special accuracy is claimed for estimates of ultimate
reserves, the largest and most recent figures available will provide
some basis for comparison with coal and other fuels.

Weeks (1958) estimated the ultimate recoverable reserves of petro-
leum and natural-gas liquids in the United States recoverable by
primary methods to be 240 billion barrels, and suggested that an
equal amount might eventually be recovered by improved secondary
recovery methods. The 2 figures combined yield an estimate of
480 billion barrels for ultimate reserves.

More recently, Weeks (1959) increased the first figure to 270
billion barrels, and lowered the second to 190 billion barrels. The
2 new figures combined yield an estimate of 460 billion barrels for
ultimate reserves.

Both of the Weeks estimates made allowance for future reserves
from the continental shelves, but neither made allowance for Alaska.
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The ultimate petroleum reserves of Alaska and adjoining con-
tinental shelves have been estimated by a group of geologists of the
U.S. Geological Survey to be on the order of 30 billion barrels
(George Gryc, oral communication, 1959).

Adding the 30 billion barrel figure for Alaska to the 2 Weeks
figures of 480 and 460 billion barrels yields figures of 510 and 490
billion barrels, respectively, for the ultimate petroleum reserves of
the United States and continental shelves. Because the 2 figures
were obtained by subjective methods and are close together, the inter-
mediate rounded figure of 500 billion barrels has been selected for
use in this report.

This assumed figure, of course, is intended to represent the total,
ultimately recoverable reserves of petroleum and natural-gas liquids
before production began; that is, past production, present proved
reserves, and assumed future discoveries. To make it comparable
with figures for recoverable reserves of coal and other fuels as of
Jan. 1, 1959, it must be reduced by the amount of past production.
The cumulative past production of petroleum and natural-gas liquids
to Jan. 1, 1959, totals about 64 billion barrels. Subtracting this
number from the estimated ultimate reserves of 500 billion barrels
leaves 436 billion barrels as the estimated recoverable reserves on
Jan. 1, 1959. This figure appears in column 4 of table 6.

Miller (1958) has prepared two estimates of the ultimate natural-
gas reserves of the United States—one of 1,150 and the other of
1,700 trillion cubic feet. The larger of the Miller estimates was
based on the assumption that the ultimate reserves of petroleum
recoverable by primary methods total 275 billion barrels, and that
the search for and production of petroleum yet to be discovered
will yield an average of 7,000 cubic feet of gas per barrel of petro-
leum. This estimate made no allowance for Alaska.

The information now available requires establishment of a slightly
larger estimate of ultimate natural-gas reserves than that determined
by Miller. With the inclusion of Alaska in the estimates, the ulti-
mate reserves of petroleum in the United States recoverable by
primary methods is estimated to total 300 billion barrels. The
amount of gas discovered per barrel of oil has also increased steadily
throughout the past, and during the period 1956-58 averaged about
7,990 cubic feet. It seems certain that the amount of gas discovered
in the future will average more than 8,000 cubic feet per barrel,
and therefore this larger factor is a reasonable one to use in esti-
mating future reserves of gas.

Following the method of Miller and using the two new factors,
the following calculation yields an estimate of 2,004 trillion cubic
feet as the ultimate natural gas reserves of the United States:

*.
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300 Ultimate reserves of petroleum recoverable by primary methods (billiorr
barrels) '
~101 Past production plus proved reserves as of Jan. 1, 1959 (billion barrels)

199 Petroleum yet to be discovered (billion barrels)
X8 Natural gas assumed to be discovered per barrel of petroleum (thousand
cubic feet)

1,592 Natural gas yet to be discovered (trillion cubic feet)
+412 Past production plus proved reserves as of Jan. 1, 1959 (trillion cubic
feet)

2,004 Ultimate reserves natural gas (trillion cubic feet)

Because the two main factors in the calculation are based on broad
assumptions, the more appropriate rounded figure of 2,000 trillion
cubic feet has been selected for use in this report.

The cumulative past production of natural gas to January 1, 1959,
totals about 158 trillion cubic feet (Qil and Gas Jour., 19594, p.
136). Subtracting this amount from the estimated ultimate reserves
of 2,000 trillion cubic feet leaves 1,842 trillion cubic feet as the
recoverable reserves on January 1, 1959. This figure also appears in
column 4 of table 6.

It must be emphasized that the selected figures of 500 billion bar-
rels for the ultimate reserves of petroleum and natural-gas liquids
and of 2,000 trillion cubic feet for the ultimate reserves of natural
gas are not studied revisions of existing estimates. They are in-
troduced merely to provide a fair and convenient basis for com-
parison of reserves of these fuels with reserves of coal.

The figures for ultimate reserves of bitumen from bituminous
sandstone and oil from oil shale were obtained from sources cited
in the footnotes to table 6.

The preponderance of coal in the total fuel reserves picture as
currently estimated is clearly shown in columns 3 and 6 of table 6.
Considering only column 6, coal represents 68 percent of the total
reserves of fuel in the United States, whereas petroleum, natural-
gas liquids, and natural gas together represent only 16 percent.

Based as they are upon several assumptions of various orders of
reliability, the calculated percentage figures obviously express the
relation between the several kinds of mineral fuels in a qualitative
rather than in an exact sense. This should not detract from their
value and interest.

In view of the relatively large reserves of coal and the relatively
small reserves of petroleum and natural gas, it is instructive to
consider the rates at which these fuels are currently being produced
and consumed. In column 7 of table 6, the average annual produc-
tion of each fuel during the 3-year period, 1957-59, has been con-
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verted to quadrillions of Btu. On this uniform basis it will be
noted that the production of petroleum, natural-gas liquids, and
natural gas combined is more than twice the production of coal.
‘Thus, petroleum, natural-gas liquids, and natural gas, which rep-
resent 16 percent of the total fuel supply, are being use more than
twice as fast as coal, which represents 68 percent of the fuel supply.
This disproportionate ratio points to the day when we shall be
forced to place greater reliance on coal or else develop and vastly
expand other sources of energy.

LIFE EXPECTANCY OF UNITED STATES FUEL
RESERVES

Because of the many imponderable factors to be taken into con-
sideration, it is impossible to estimate the life expectancy of fuel
reserves in the United States with any degree of accuracy. Even
80 basic a factor as the magnitude of the reserves is, at best, but
an approximation based on data currently available, and is there-
fore subject to change in the future. Other factors, such as the
observed increase in population and use of energy, increase in effi-
ciency in production and use of fuel, imports of fuel oil, and the
possibility of developing new sources of energy, are highly variable
and so closely related as to defy precise analysis. A few of these
factors are discussed briefly in the following paragraphs as a means
of emphasizing the uncertainty attending statements about the life
expectancy of fuel reserves.

The estimates of reserves presented in this report and used as a
basis for this discussion of life expectancy are based on information
currently available. The information is admittedly incomplete, and,
with the experience of the past as a guide, it seems safe to predict
that the total reserves of all fuels, particularly reserves of petroleum
and natural gas, ultimately will be found to be larger than the pres-
ent figures suggest. :

In considering the life expectancy of fuel reserves, it is necessary
to make generous allowance for the probable future increase in use
of fuel. The only yardstick for this purpose is the experience of
the past 50 years, During this period an unprecedented fourfold
increase in the use of energy has taken place, due in part to an
increase in population, and in part to an increase in the per capita
use of energy. It is difficult to project such a steeply rising trend
far enough into the future to be meaningful, but any projection
will yield results of very large magnitude. Weeks ( 1959) has re-
cently examined this trend and has concluded that the world de-

mand for energy in the year 2059 will be at least 40 times, and
probably 50 times, as much as the demand in 1959.

»
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In the production of petroleum, recoverability has increased
steadily throughout the years, and this is one of the reasons why
proved reserves of petroleum tend to increase annually. Similarly,
many methods have been devised to improve recoverability in coal
mining. In this report the recoverable reserves of coal are assumed
to be only 50 percent of the total reserves in the ground, which
factor accords with the past average experience in a number of min-
ing districts. The recoverability from a number of individual mines:
is much higher than 50 percent, however, and overall recoverability
in coal mining could be increased considerably, perhaps to 65 per-
cent. Also, many thin or deeply buried coalbeds, not now considered
to be recoverable, or areas now considered to be mined out, may
ultimately be included as recoverable reserves if underground gasi-
fication techniques can be devised. (See Elder and others, 1957.)
Any increase in the recoverability of fuels can be expressed directly
as an increase in reserves.

Improvement in the use of fuels is illustrated by the marked econ-
omies introduced in the production of electricity at electric utility
plants in the United States. In 1920, for example, an average of
3 pounds of coal was required to produce 1 kilowatthour of elec-
tricity, whereas by 1958, only 0.90 pound was required (U.S. Bur.
Mines, 1959a, p. 107). Possible future improvement in the use of
fuels would permit a comparable increase in estimates of life ex-
pectancy of reserves.

The form in which the energy in coal is used is perhaps the
largest indeterminable factor that enters into any consideration of
the life expectancy of coal reserves. If the future uses of coal are
considered for a long period, It is apparent that for many years
to come the uses will be the same as at present. Wrather and others
(1950), however, have pointed out that the United States is commit-
ting itself to a liquid- and gaseous-fuel economy, and ultimately
coal may become an important material for synthesis of these fuels
in addition to filling the requirements for solid fuel. If such con-
version of coal becomes general, the need for coal will be enormous
because, on the basis of present technology, about 50 percent of the
potential energy in coal is lost in the conversion to liquid fuel
(Ayres and Scarlott, 1952, p. 113).

The large reserves of petroleum in the Near East, Venezuela,
Mexico, and elsewhere are needed only in small quantities at the
points of origin. Some of this petroleum is finding, and probably
will continue to find, a market in the United States, which is at
present the largest consumer of petroleum products in the world.
In 1958 such net imports of crude and residual oil and distillate
represented a record 15.3 percent of domestic demand (Oil and Gas
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Jour., 1959a). The life expectancy of domestic fuel will be length-
ened to the extent that foreign fuel is imported.

The life expectancy of fossil fuel reserves will be lengthened to
the extent that other energy resources such as atomic energy, solar
energy, earth heat, and tides can be utilized. (See United Nations,
1955.) Atomic energy is already in use as a source of electricity in
full-scale experimental utility plants and a further expansion in use
seems inevitable. Solar energy is likewise in use on a very small
scale in special applications such as powering radios in satellites
and telephones in remote rural areas. Ayers and Scarlott (1952,
p. 279-283) believe that solar energy as a benign large-scale constant
energy source deserves greater attention as a source of commercial
electricity than it has yet received.

Appraisal of the life expectancy of any individual fuel is further
complicated by the fact that most fuels can be used interchangeably,
and at most installations the choice of fuel is determined largely by
cost. The preferred position of petroleum and natural gas in the
fuel economy is due to the present abundance, comparative econ-
omy, and convenience of these fuels and will, therefore, continue as
long as adequate quantities of petroleum and natural gas can be
produced in the United States, and as long as imported petroleum
is available in domestic markets. On the other hand, as petroleum
and natural gas become more expensive, many users of these fuels
will convert to more economical sources of energy. Thus, long
before petroleum and natural gas reserves in the United States are
exhausted, we may expect increasing reliance to be placed on other
energy sources, a trend in which coal may contribute substantially.
This period of transition may be greatly lengthened by utilization
of imported supplies of petroleum, and it will be obscured by fluc-
tuations in the economic cycle and by irregularities in the rate of
discovery of new petroleum and natural-gas fields. Because the life
expectancy of petroleum and natural-gas reserves will be greatly
extended as the relative use of coal and other energy sources is
increased, and because of future additions to reserves of petroleum,
natural gas, and coal, a realistic estimate of the life expectancy of
any of these fuels is not possible.

Although it is thus impossible to predict the life expectancy of
coal and other mineral fuels, the ratios between the estimated re-
serves and recent annual production provide figures that are more
meaningful for comparative purposes than the reserve figures alone.
As shown in the accompanying table, the measured recoverable re-
serves of coal in beds 28 inches or more thick and less than 1,000
feet below the surface are 86 times the average annual production
during the 3-year period from 1957 to 1959 inclusive, whereas the

»
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proved reserves of petroleum and natural-gas liquids are only 13
times the recent average annual production, and the proved reserves
of natural gas are only 22 times the recent average annual produc-
tion. A similar relation exists between total reserves. The. total
recoverable reserves of coal are 1,442 times recent annual production,
whereas the ultimate reserves of petroleum and natural-gas liquids,
as currently estimated, are only 148 times recent annual production
and the ultimate reserves of natural gas, as currently estimated, are
only 159 times recent annual production.

Ratios of remaining recoverable reserves of coal and other fuels to average annual
production, 1967-69

Ratios of remaining recoverable
reserves to average annual produc-
tion, 1957-59
Fuel
Measured
reserves of
coal; proved Total reserves
reserves of
other fuels
Coal. o mem e 86 1, 442
Petroleum and natural-gas liquids.___________.___. 13 148
Natural gas_ . oo 22 159

These ratios give additional emphasis to the disparity in quantity
between reserves of the several mineral fuels as currently estimated.

In the long history of human affairs, coal, petroleum, and natural
gas have been used in large quantities only in the last 50 years. How-
ever large the reserves of these fuels may seem at present, the
quantities are quite meager when compared with the life ex-
pectancy and the predictable future needs of the human race. In
analyzing the life expectancy of the United States fuel reserves,
Ayres and Scarlott (1952, p. 162) conclude that the mineral fuels
alone can supply our future needs for a short period of 75 to 250
years. In analyzing the life expectancy of world fuel reserves,
Hubbert (1951, 1956) sees the present growth of population and
use of energy from the mineral fuels as being unprecedented and
impossible of continuation beyond a few hundred years. Ultimately,
he believes, population growth must level off, and other sources of
energy must be made available, if we are to continue the com-
fortable standard of living now enjoyed through use of the mineral
fuels.

The current predictions that the mineral fuels have a life ex-
pectancy of only a few hundred years are not intended to be pre-
cise, or discouraging in their outlook for the future. They are
intended merely to show the approximate order of magnitude of the
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time during which an advanced technology must develop and harness
new sources of energy.. During the period of such development we
have the comforting assurance that our substantial reserves of coal
will meet all foreseeable fuel needs.
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