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Although bituminous coal has been declining in 
importance as a source of fuel and energy, it is still 
this country's principal energy producer and it still 
employs as many workers as all of the other mineral 
industries combined. The average number of men em
ployed reached an all-time peak of 705,000 in 1923. 
From that point on employment declined almost steadily 
until i932 when it was down to 406,000 menj since then 
it has increased to 492,000 in 1937. 

The fact that coal mining was one of our sick 
industries even during the prosperous twenties is 
attributable partly to the wartime inflation of ca
pacity and partly to changes in demand. The high 
prices of the war led to the opening of new mines and 
further expansion of the capacity of an already over
developed industry. At the same time oil, gas, and 
hydroelectric power made inroads in the markets for 
coal and consumers turned to economies in the use of 
fuel. The former upward trend in coal demand flat
tened out. The combination of arrested demand and 
surplus capacity produced an inevitable readjustment 
and as early as 1924 the bituminous-coal industry 
experienced acute depression. 

Technical advances underground and on the surface 
reduced the number of men required to mine a given 
volume of coal, though doubtless aiding coal to meet 
the competition of other sources of power. At under
ground mines the average output per minewo~ker per 
hour increased by 24 percent between i920 and 1935. 
The continued spr~ad of the mechanical devices that 
were available before the war, such as the under
cutting machine; the electrification of underground 



transportation; and improvements in mine lay-out and 
management methods contributed toward the rising 
output per worker. Shortly after the war a new ma
chine. the mechanical coal loader. was introduced. 
It is mainly with the progrese of mechanical loading 
and its relationship to the other factors that in
fluence production and employment in the industry that 
this report is concerned. 

In a mine in which coal is loaded by hand. from 
o~e-half to two-thirds of the entire working force 
consists of miners who. in addition to undercutting 
the seam and preparing shot holes for blasting down 
coal. shovel the coal into mine cars. Most of their 
time is spent in loading coal and the mechanization 
of this process can obviously have an important effect 
on the amount of labor required by the mines. 

Machine loading was adopted slowly in the early 
years of its. introduction. Only 0.3 percent of all 
underground bituminous-coal tonnage was loaded by ma
chine in i923. By i929 the percentage was 1.3 and in 
i93S it was i3.S. Between i93S and i931 the machine
loaded tonnage increased from 41 to 83 million tons. 
or to 20.3 percent of all underground production. and 
it is estimated that in i938 one-quarter of the output 
was loaded mechanically. 

The installation of mechanical loaders has not 
taken place at an even rate in all producing areas. 
During the twenties and the years between i930 and 
i93S it had its principal acceptance in the great 
Illinois-Indiana producing district and in some of the 
less important producing States of the far West. In 
West Virginia. the country's leading coal producer. 
2i percent of the output was mechanically loaded in 
i938 as compared with 2 percent in i93S. While it was 
being adopted to an increased extent in other areas 
the coal loader also continued to be more extensively 
used in Illinois and Indiana. 

It is estimated that within another decade as 
much as half of the total underground output may be 
mechanically loaded. HoW this will affect employment 
in the industry depends upon a multitude of factors. 
Between i929 and i93S output per man-hour in under
ground ~ines increased by 5 percent and production 
declined by 32 percent. but the average number of men 
employed declined by only 9 ~ercent. The men have 
worked fewer hours per day and fewer days per year. 



Technical progress has been a factor in aiding 
coal to meet its compefitors in the market and offers 
one. means of maintaining adequate wage rates and work
ing conditions. No student of the coal industry, 
however, foresees a revival of demand such as to en
able the industry to absorb any of the unemployed 
from other fields of labor. In fact, the most that 
can well be hoped for is to maintain the Working force 
now employed at the mines. 

If the cost of coal is reduced, new uses found, 
and former markets recovered, mechanical loading will 
result in the elimination of much of the backbreaking 
work of coal mining without exacting too great a price 
in terms of unemployment and reduced income. However, 
such a price has already been and is now being paid 
in some localities. Some mines and mining communities 
which by virtue of natural conditions or other factors 
have been unable to adopt mechanical loaders are being 
placed in unfavorable competitive positions and are 
finding their employment opportunities restricted. 
Some of the older miners, accustomed to the tempo of 
hand-loading mines, are finding themselves displaced 
and unable to gain a foothold in the mechanized mines. 
To many of these communities and for many of these 
older miners emergency relief measures of one type 
or another are the only alternative to destitution 
as long, at least, as mass unemployment remains a 
problem in the United States. 

Respectfully yours, 

Corrington Gill 
Assistant Commissioner 
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PREFACE 

This study deals with the introduction of a new phase of 
machine technology into bituminous-coal mining, the largest 
employer of labor among the extractive industries. It illus
trates the interaction between resource factors and changing 
economic conditions on the one hand and the process of techno
logical advance on the other. Therecord is unusually complete. 
The spread of the technical change may be traced through large 
and small mines, strong and weak companies, union and non~nion 
working conditions, and through periods of declining and ad
vancing wage scales. 

The particular technological change under observation is the 
mechanization of the heavy labor of shoveling coal into the 
pit car underground. Machines adapted to this work emerged 
upon thecommercial market about the year 1923, their appearance 
in practicable form following a long period of experimentation. 

The mechanization of the loading process is but the latest 
in a long series of substitutions of more efficient forms of 
mechanical power for animal or manpower. Previous advances 
had centered around improvement of ex~losives, of the under
cutting of the seam, and of hauling, hoisting, ventilation, 
screening, and washing. The mechanization of loading utilized 
these prior advances and in turn stimulated improvements in 
hauling, cutting, drilling, shooting, and mechanical·cleaning 

of coal. 

In the manufacturing and extractive industries the mechan
ization of conveying operations and of the handling of bulk 
materials seems in general to occur characteristically only 
after other production operations have been mechanized. It is 
probably for that reason that the mechanization of conveying 
and handling, in the form of loading devices and assembly 
belts, have occupied an important position among the types of 
technological changes that took place in American industry 
during the last two or three decades. The effects of these 
technological developments on labor requirements tended to 
be passed over lightly or dramatized depending on whether or 
no~ production and employment in the affected industries were 

expanding. 

xxiii 
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In the bituminous-coal industry the loading machine appeared 
at a time when the industry was undergoing a major economic 
readjustment, and the effects of this technological change are 
obscured by great changes in demand for the product, by the 
liquidation of mine capacity, and by declines in volume of 

"employment due to external factors unrelated to the process 
.,of technical changes. The World War had intensified a chronic 
overdevelopment of mine capacity which had characterized the 
industry as far back as 1880. The war had likewise stimulated 
more efficient combustion, and technical advances in the arts 
of utilization of the product reacted sharply upon the con
ditions of its production. Meantime the competitive fuels 
made serious inroads upon the coal market. 

This combination of factors brought on acute depression in 
the bit uminous-coal indust ry as early as 192q. Between 1923 
and 1929 more than 3,000 commercial mines were forced to close, 
200 million tons of annual mine capacity was shut down cr 
permanently abandoned, and over 200,000 men lost their jobs. 
In this readjustment, as indeed in many of the subsequent 
changes in employment, the effects of technical change tended 
to be overshadowed. 

After the depression of the early 1930'S had set in, still 
other external factors obscured the effects of technical change 
within the mines. Consumption declined, particularly in the 
heavy industries consuming the metallurgical and coking coals. 
The demand which had been comparatively stationary in the late 
1920'S fell from 535,000,000 tons in 1929 to 310,000,000 tons 
in 1932. Employment fell from 503,000 men to q06,ooo, the drop 
again reflecting chiefly factors of the market. From this 
depression low, production recovered to qq2,OOO,ooo tons in 
1937 and emPloyment to q92,OOO men in the same year. 

These sweeping changes make it difficult to ascribe to the 
single factor of technology either the debits of unemployment 
resulting from increased output per man-hour or the credits of 
employment resulting from retention of markets that, at higher 
levels of cost, might have gone to competing fuels. It is 
possible, however, to point out some of the effects which the 
new loading technique has tended to have and the points at 
which its impacts have been felt most keenly. 

Mechanical loading of coal in underground mines cannot be 
introduced independently, without regard for the technological 



PREFACE xxv 

level of other operations. Loading is in fact closely related 
to all preceding and subsequent production steps and can be 
effectively mechanized only when properly geared to those other 
steps, providing seam conditions are favorable. Given proper 
physical conditions, mechanical loading proves most easily 
adoptable, from the engineering viewpoint, in mines which have 
gone furthest in mechanization before. Where the methods used 
on related operations are not suitable to mechanical loading, 
the installation of loading devices requires also appropriate 
changes in these other operations and the equipment used in 
them before the mechanization of loading can be carried through 
without causing costly breakdowns and bottlenecks. Individual 
mines and even districts do exist in which physical conditions 
prevent, at present, the mechanization of loading despite the 
fact that other operations are carried on along the most modern 
lines. To such mines the introduction of loading machines 
elsewhere may have meant some impairment of their competitive 
positions. In general, however, the availability' of machines 
for the loading of coal provides a technical base for increas
ing the economic advantages of those mines which, by reason 
of financial ability, good management, or other factors, have 
been able to make use of the most modern techniques available 
before. Such advantages were in the past enjoyed primarily 
by the larger mines. This is partly reflected in the fact that 
for decades past mines with an annual production of 200,000 

tons or more had an average output per man per day which was 
about 50 percent greater than that of mines producing less than 
50,000 tons. In part, however, this difference also reflects 
the fact that the larger mines are, on the whole, working the 
thicker and therefore the less labor-consuming seams. 

The mechanization of loading is, as already stated, the 
present phase of a long history of technological changes. Once 
the general technology of machine construction and power utili
zation had developed sufficiently to make mechanical loading 
possible, commercially feasible machines were bound to appear 
on the market. Moreover, there was considerable economic 
pressure to mechanize. Under the system of underground coal 
production using the hand-loading method, wages constitute 
about two-thirds of total production costs and the process of 
loading coal by hand consumes about half of the labor employed 
in a mine. Depending on the type of mechanical loading device 
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installed, the resource conditions of the mine, and the ef
ficiency with which a mine is managed, mechanical loading can 
displace from about 10 to ~o percent of the total mine labor 
used under hand loading. 

By the time the first loading machines were put on the market 
: these economic pressures toward mechanization, inherent in the 
character of the production process, had become augmented by 
others which flowed from the arrest of the growth of the demand 
for coal. Two factors in particular tended to determine the 
regions of mechanized loading activity. One was the suit
ability of natural-resource conditions to the available types 
of loaders; the other was the level of wage scales. The wage 
rates, never so high as to yield more than a meager annual 
income for the mass of the mine workers, had during and shortly 
after the war reached a point where, relative to the purchase 
price of the machines and the carrying charges, it would gen
erally have been profitable to substitute mechanical loading 
for hand loading. 

When, shortly after 1923, the wage scale collapsed in the 
Appalachian region, it was not profitable for the coal o~er
ators in that region to install the loading machines. This was 
especially true of the southern part of the region where wage 
rates eventually dropped to less than half of their former 
levels. The situation changed abruptly with the adoption of 
the NRA codes, the resumption of co~lective bargaining, and the 
elevation of wage rates to levels more nearly approximating 
those paid in the North. The fluctuations in wage rates and 
their incidence go far to explain the jerky and spotty way in 
which the mechanization of loading has thus far proceeded in 
the several producing areas of the coal industry: first the 
mechanization mainly in Illinois, Indiana, and the far West, 
then, since 193~, the extremely rapid mechanization in certain 
portions of West Virginia where seam conditions were most 
favorable to the new technique. For, in the face of over
expanded mine capacity, the mechanization of loading played 
an important economic role in the struggle for survival. The 
complicating factors that serve to obscure this role involve 
the simultaneous spreading of another technological change -
strip mining, a method which is even more intensely mechanized 
and labor-saving than mechanical loading; wide variations in 
resource conditions and the degree of their adaptability to 
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different types of mechanical loading and to stripmlnlng; 
differences in the degree to which individual mines are con
trolled by their markets; wide variations in the size of 
mining enterprises; their financial and managerial resources; 
and their consequent abilities to adopt mechanical loading 
successfully. 

The statistics for Illinois and Indiana indicate that the 
mines that mechanized their loading were chiefly the larger 
mines and that, so far as stability of operations and of the 
level of employment are concerned, they fared far better than 
those which continued to load by hand. However, for many coal 
operators the alternative to mechanize or not did not exist. 
The data on underground mining presented in this report show 
that when the coal mines of a particular region are classified 
according to whether or not they had successfully adopted 
mechanical loading by 1935, the result is a grouping of mines 
into what might loosely be called "good" mines and "poor" 
mines. By and. large, the group which includes the mines that 
successfully mechanized their loading processes consists of 
those whose physical resources were peculiarly adaptable to 
mechanical loading, whose financial resources were superior, 
whose management was alert, or who were otherwise in a position 
to make effective use of the new technology, perhaps because 
their mine lay-out followed modern principles and was therefore 
more easily adaptable to modern techniques, or because their 
size made possible a more economical utilization of the new 
equipment. Mines with widely different financial and physical 
resources may be able to continue competing in the same market 
so long as all are on a hand-loading basis, but the introduc
tion of mechanical loading in some may force the others into 
submarginal positions and lead to their eventual shut-down. 
In most instances the mines which mechanized had enjoyed more 
stable'operations than the other mines even before the mechan
ical loaders were installed, and the very factors which enabled 
them to mechanize were also the ones that enabled them before 
to maintain a relatively stable level of employment. 

It is not possible to determine the extent to which the 
stability of the mechanized mines was attained at the expense 
of those that either could not or failed to mechanize. The 
severe competition which set in shortly after the World War 
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took its toll principally among the smaller mines of "com
mercial" size. While the total number of mines producing over 
200,000 tons a year increased between 1923 and 1929, the number 
of mines producing from 10,000 to 50,000 tons a year declined 
about one-third between 1922 and 192~ and has continued to 

. ,decline to date. The mushroom-like growth of truck mines in 
, I recent years has multiplied the number of mines producing less 

than 10,000 tons a year, but this growth is ascribable to tech
nological developments outside the coal industry - the rise of 
hard roads and cheap trucks - r..ather than to improvements in 
the technology of mining. Much- of the decline in the number 
of mines producing from 10,000 to 50,000 tons a year repre
sented a liquidation of overcapacity, but some part of it was 
doubtless the result of inability or failure to mechanize and 
thus to compete effectively with the larger, mechanized mines. 

When the coal industry ceased to expand its production, 
technological improvements had to result in a reduction of 
labor requirements, although failure to take advantage of the 
economies which could be effected by the mechanization of 
loading might itself have resulted in further loss of markets 
and jobs. Regardless of what the eventual or indirect results 
of mechanization may be, individual workers were bound to 
suffer unemployment as a result of technological displacement. 
Unless the rate of mechanization was geared to the number of 
job separations which normally occur as a result of voluntary 
quitting, retirement, death, and similar causes, some workers 
were displaced by machines even if they had been attached 
to the pay rolls of mines that were successfully mechanized. 
For those who remained on the rolls of these successfully 
mechanized mines, the change in technology meant an increased 
measure of immediate job security, but for those displaced and 
for many of those who were attached to mines that could not 
mechanize, the effect was just the reverse. ·As long as pro
duction did not expand, the total number of jobs available in 
the industry as a whole would have declined much more sharply 
than it did had not employment policies been adopted which 
involved both temporary and permanent reductions of standard 
working hours per day and per week. 

This report was prepared under the administrative supervision 
of O. E. Kiessling as one in a series of studies conducted 
by the National Research Project in cooperation with the United 
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States Bureau of Mines. The factual information upon which the 
report is based is drawn largely from statistics collected 
by the Bureau over a period of many years. The statistical 
approach to the study and the handling of original data were 
directed at the start by Frederick G. Tryon, formerly Chief of 
the Coal Economics Division of the United States Bureau of 
Mines and now Director of the Division of Research of the 
National Bituminous Coal Commission, and by Fred E. Berquist, 
formerly Special Consultant to the National Research Project 
and now Special Assistant to the Attorney General, United 
States Department of Justice. 

The outline followed, with.some mOdification made in writing 
the report, was prepared largely by Mr. Tryon who also assembled 
the staff of authors and participants. Responsibility for 
writing the report was taken by Willard E. Hotchkiss, Consultant 
to the National Research Project, now Maurice Falk Professor 
of Social Relations at the Carnegie Institute of Technology. 
As author or joint author of individual chapters Mr. Hotchkiss 
contributed largely to the text of the final report. 

Charlotte K. Warner, Assistant Economist of the National 
Research Project, was associated with the study from its begin
ning and was responsible for supervising the staff, assembling 
new materials, drafting much of the report, and editing copy. 
Responsibility for the accuracy of the statistical operations 
fell chiefly upon Mildred A. Keller, Research Assistant of the 
National Research Project. 

Leo N. Plein, Senior Engineer-Economist, formerly of th~ 
Bureau of Mines and now of the National Bituminous Coal Com
mission, assembled materials and drafted the major portions 
of chapters III and VI. He reviewed all of the final copy. 
Joseph J. Gallagher, Assistant Statistical Analyst of the 
National Research Project, collaborated in the preparation 
of chapters V and VII and read critically many sections of the 
report, especially those dealing with labor conditions. 

WalterM. Dake, Research Manager, Mining PUblications, McGraw
Hill Publishing Company, New York City, as Consulting Engineer 
of the National Research Project, supplied information, gave 
generously of his time and advice, and reviewed the manuscript 
of the report. Mr. Dake is also joint author of chapters III 
and V. Robert L. Anderson, Engineer Economist of the National 
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Bituminous Coal Commission~ collaborated in the preparation 
of chapter IV. 

Indispensable data were drawn from Margaret H. Schoenfeld's 
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Institution in 1926 under Mr. Tryon's supervision, contains 
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largely used in chapter III. 
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and lay-out of the graphic charts. Wilhelmina F. Whiting aided 
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CHAPTER I 

INTRODUCTlON" 

The bituminous-coal industry has been the subject of many in
qUiries in past years. All efforts to diagnose the problem 
which reflects itself in the chronic meagerness of' employment 
opportunity have shown that many complex forces have aggravated 
it; the problem's causes lie far deeper than its symptoms. 
This study is directe.d toward an examination of the effects of 
technology on employment in bituminous mining. 

The timeliness of an inquiry into mechanization in the 
bituminous-coal industry derives in part from the importance of 
coal both as a source of energy and as a source of employment 
and in part from the decline which the industry has suffered 
since the World War. Coal is still the most important energy 
producer, and soft coal constitutes the dominant source of the 
coal-energy supply. Bituminous-coal mining still employs more 
labor than any single. branch of manufacture. But in the years 
since the war a great change has come over the fortunes of the 
industry. From 1899 to 1919 the demand for soft coal grew 
steadily at the rate of 16,800,000 tons a year. 1 After 1918 
the former growth disappeared under the combined effects of 
economies in use and competition of oil, gas, and water power. 
During the late 1920'S, therefore, the total of consumption 
and exports fluctuated nOW above and now below a plateau 
of 531,000,000 tons a year. The total of consumption and 
exports in 1929 was 3 percent less than in 1918.2 Comparing 
production alone the decline from 1918 to 1929 was somewhat 
greater, for in 1918 there were huge purchases for storage. 
Product ion in 1918 was 579 million tons; in 1929, 535 million. 

After 1929 the factors of combustion efficiency and competing 
fuels were enormously intensified by the general depression of 
business. At the low point in 1932 production dropped to 310 
million; it came back to 372 million in 1935; to ~39 million in 

*By W1llard E. Hotchkiss, Consultant to the Nat10nal Research ProJect, now lfaur1ce 
hlk Protessor ot Soc1al Relat10ns. Carneg1e Inst1tute or Technology; am Charlotte K. 
Warner. Ass1stant Econom1st ot the Nat10nal Research Project. 
lr. G. Tryon and S. A. Hale. -Coel,' J((fUl,.al ReSOlJlrces of ihe UnHe4 Sillies: 1922 
(U. S. Dept. Com •• Bur. Illnes. 1925), Psrt II. "Nonmetals. - p. "82. 
2r. O. Tryon and L. Kann. -Coal.' J((fUl,.al ResOlJlrces of ihe UnUe4 Siaies: 1929 
(1932). Part II. -Nonmetals. - p. 772. 
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1936; and estimates for 1937"and 1938 are, respectively, ~~2 
and 3~2 million tons. 

Similar declines are shown by the trend of employment. The 
number of wage earners in the peak year 1923 was 705.000. 
This dropped to 503.000 in 1929 and to a low point of ~06.000 
in 1932. In 1935 the number had come back to ~62.000, in 
1936 to ~77.000, and the official estimate of the National 
Bituminous Coal Commission for 1937 is ~8~.000. 

Aside ~rom the effects of the great depression upon the 
fuel requirements of general industry, the loss of bituminous 
tonnage during the past 2 decades was due, as just noted, to 
the competition of alternative sources of energy and to im
proved efficiency in use, which decreased the amount of coal 
required per unit of product. Whatever its causes, it placed 
the industry under the necessity of utilizing every possible 
means of securing and holding business. 

The impact of declining markets fell with unequal force upon 
different mines and different mining areas. Areas working 
under union agreements wi th relatively high wage standards found 
increasing difficulty during the middle twenties in meeting 
competition from nonunion areas in which standards of wages 
and working c.onditions were often extremely low. Illinois and 
Indiana operators also encountered an expanding and highly 
efficient strip-mining industry in their own territories, with 
the result that they were caught in a network of forces which 
only those who were able to put their mines on a high plane of 
efficiency could combat. Study of mechanization in relation 
to employment must not only take account of any possible loss 
of jobs due to the greater output per man in mechanized mines 
but must also consider the influence that mechanization may 
have had toward reducing cost and thus helping to arrest 
loss of business. 

Bituminous mining has been undergoing technological changes 
for many years. The last of the important mine processes to 
be mechanized is loading and, in spite of large advances made 
during the past decade, about three-fourths of the 1938 bitu
minous output of the country was loaded into mine cars by hand. 
This task of loading still accounted for more than half. the 
tot~l volume of employment in bituminous mines. The chief 
technical difference between important mines today lies in 
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the extent to which they have introduced mechanical loading. 
The employment significance of loading coal and the speed with 
which transition from hand to machine loading! is going on 
make mechanization of this process by far the most important 
current item of mining technology. The direct influence of 
mechanical loading on employment is reflected in ~art by its 
effect on output per unit of labor time or, reciprocally, on 
labor requirements per ton of coal produced. 

Analysis of past and current trends of unit labor require
ments is the crux of the present inquiry. Data available for a 
study of such trends are found in the annual reports which coal 
operators for many years have made, first, to the United States 
Geological Survey and, in later years, to the United States 
Bureau of Mines. These records go back to the year 1890. 
Similar though less reliable data were reported for the census 
year 1880, and the analyses contained in the present study 
begin with that year. 

This statistical record of bituminous operations was made 
possible by voluntary cooperation of thousands of coal opera
tors throughout the United States. The accuracy and compara
bility of information under a system of mass reporting will 
obviously vary between concerns and between items in the 
schedule of information. Some of the time series carried for 
many years - for example, number of tons of coal produced - are 
accurate to a high degree; items relating to men employed and 
time worked are much less accurate in detail. The authors are 
well aware that the data do not permit a precise measurement 
of labor output, but they are the most trustworthy general 
information available, and it is believed that general trends 
are revealed with sufficient accuracy to make them a valuable 
guide in analyzing the relation of technology to employment. 
The best available measure of labor output in the bituminous
coal industry is average number of tons per man per day.' This 
figure is derived by dividing total tonnage by the number of 
man-days worked in any given period. Stated in terms which 
more directly suggest employment, the reciprocal of tons per 
man per day becomes man-days required per ton or, as referred 

I5The 'terms 'machine loacl1ng' and "mechanical loading' have been used Interchange
ably In this report. In the coal Industry the term "machine loading" has orten 
been used In the past to rerer to loading coal by hand arter cutting by machine. 
'The tollowlng terms are used Interchangeably to represent the output ot labor 
employed d1rectly 1n coal m1nes: lsbor product1v1ty, labor output, man-deY output, 
and output per man-day. 
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to frequently in this report, number of men required to main
tain 1,000 tons of capacity. 

Counting the average number of men employed in an industry 
presents great statistical difficulty. In the coal industry, 
because of intermittent operation, seasonality, and inadequate 
records, precise measurement of the working force becomes 

I impossible. Precision is also lacking in the measurement of 
time worked by employees. The reported number of days worked 
in a mine in a given period is the number of days the mine 
tipple operated, but this mayor may not vary from the number 
of days worked by miners. Figures for tipple operation have 
ordinarily been accepted as reasonably good indicators of 
man-time, and this no doubt is true in the great majority of 
cases. Although in some areas discrepancies have been con
siderable, for the industry as a whole they are not believed 
to be great enough to affect trends. 

The most notable fact revealed by a study of labor output is 
its increase throughout the period from 1880 to 1931. Figure 1 
presents graphically total production, total man-days, and 
labor-output data for all bituminous-coal mines in the United 
States. (See also tables B-1 and B-2.) In the upper panel of 
the chart these data are plotted OP a ratio scale; in the lower 
panel they are shown as index numbers with the year 1910 as the 
base. It will be seen in the upper panel that net tons per 
man-day rose steadily throughout the period from 1880 to 1931 
with only slight recessions. Average man-day output in 1880 
was 1.90 tons; in 1890, 2.S6 tons; and in 1931, S.30 tons -
almost a threefold increase in Sl years. 

If these figures were translated to a man-hour basis, the 
increase in labor output would be somewhat greater inasmuch as 
the length of the working day was not the same over the period. 
In 1898 the United Mine Workers of America won the 8-hour day 
in the Central Competitive Field comprising the Illinois, 
Indiana, Ohio, and western Pennsylvania areas. Prior to 1898 
the working day throughout the industry was probably close 
to 9 or 10 hours. Progress toward a universal 8-hour day was 
made slowly and received its greatest impetus during the 
World War. In 1920 practically all miners were employed at 
8-hour mines. With the decline of union strength during the 
twenties average working hours increased, and during the 
depression years from 1929 to 1933 the trend toward longer 



INTRODUCTION 

'l,.Re 1.- LORG-TIME TIERDS 0' PIODUCTIOR. MAR-DAYS, 
ARD LABOI OUTPUT IR THB BITUMIROUB-COAL 

IRDUBTIY. 18'0-1'.' 
PRODUCTION, MAN-DAYS, AND OUTPUT PER MAN . PEA. DAY 

5 

.. u..IONS 06 NET' 'T"OMI 
Mll.UONS 06 MAN-Myl RATtO SCAL E) TONS .... _ ,--... -
.... 
'00 
00 

00 .. 
7' 

7 

L/ 
~~ 

~ . .--

~_/''''v J~-"" 
NET TONI PROOUCED~ ." 

'V' '-""" 
, 

l.;V" 

.'-"/ nrr;:~ 
~ 

~ ./ 
,/ 

--- --" r--. 
'-~T TONS PEA MAoN-DAY 

... '000 10 .. 1010 102.0 .830 

INDEXES OF PROouc."ON, MAN-DAYS, AND UNIT LABOR REQUIREMENTS 
_. __ os (oS'O=IOO) 

-r-------,--------r----~~r_~----._-------r--------

,.or-----~~1_------~-+--------~----------+---------~---------

.. AVEAAGE HOURS WORMED PEA DA'f' WERE R£DIXED FOR A st.BSTANTIAL PORTION OF THE 
WORKERS ... a"a, n1ll6-I"7, 11133, AND uaM. 

BAlED ON TABL£S &-1. 8-2 

MN.AAL TECHNCl.OGV AND OUTPUT PEA. MAN STVDlES 
WPA-NAT1ONAL R£SEAACH PAO.IKT E-.... 

hours was intensified. With the new rise of union strength to 
the extent of almost complete coverage of the bituminous 
industry at the time of the NRA, hours were again standardized. 
The official working day was changed from 8 to 7 hours in 
April 193~, and in that year the man-day output, which had 
started to decline in 1932, reached a low of ~.~o tons. 

In addition to the effect that shortening the working day had 
on reducing output per man-day in 193~, errors of reporting 
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associated with the depression introduced considerable bias 
into the series after 1929. These biases are discussed in 
detail in chapter VII; the available evidence indicates that 
output per man-day is too high for the years 1930, 1931, and 
1932, and too low for 1933 and 1934. In 1935 supplementary 

., data on monthly employment and wages paid became available, and 
'I th f e returns or that year are believed to reach the highest 

standard of accuracy of any in the series. 

Whatever the level of labor output between 1930 and 1935, 

it is clear from figure 1 that for many years it has taken 
progressively fewer men to produce a given output of coal. De
cline in unit labor requirements was just as sharp in the years 
from 1890 to 1918 as in the years following, but production 
was advancing rapidly during this early period and the increase 
overbalanced, from a total-employment angle, the decline in 
unit labor requirements. As long as the industry was able to 
extend its markets, labor released by declining requirements 
could be absorbed in mining more coal. In the decade 1919 to 
1929, however, demand for bituminous coal tended to level off. 
During this readjustment period over 200 million tons of mine 
capacity.were forced out of business,5 with serious effects 
on employment. 

The main reason for the decline in total man-days from 1919 

to 1929 was the change in demand; nevertheless, the drop in 
unit labor requirements assumed under these circumstances 
significance which did not appear while business was expanding. 
When the depression of general business hit the industry and 
production dropped in 1932 to the level of 1905, unemployment 
became so acute that anything that appeared to increase the 
strain aroused great concern. The relation between production 
and the amount of employment during the period of revival of 
the past several years will be discussed in detail in succeed
ing chapters in connection with the analyses by areas, but in 
general employment during these recent years has not increased 
in proportion to the increase in production. 

Chapter II outlines the history of mechanization of mining 
processes in underground mines. In chapter III the basic 
resource conditions which influence the development of mining 

5Net not gross number ot tons torced out ot bus1ness. See E. O. Nourse and 
AssoC1ates, 1. .. ;i.CI1o'S Cl1ofxJCU, to lTodvca (Wash1ngton. D. C.: Brook1ngs Inst1-
tut1on, 1934'. p. 548. . 
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technology are analyzed, and in chapter IV strip·mining, which 
is a technical development in response to special resource 
conditions in certain areas, is described, and its significance 
in the general mechanization picture is appraised. The history 
and present distribution of various loading devices are out
lined in chapter V, and the influence of the particular re
source factors in different mining areas upon the development 
of mechanical loading is set forth in chapter VI. Chapter VII 
presents the bases for analyzing the comparative performance 
of hand- and mechanical-loading mines, together with a study 
of the nontechnical influences which affect labor productivity 
and a review of the statistical data upon which measurement of 
performance is based. Chapters VIII, IX, and X are devoted to 
a study of the comparative performance of hand- and mechanical
loading mines in Illinois and Indiana, in the far West, and in 
some of the Appalachian coal areas. The concluding chapter XI 
deals with general findings for the country as a whole and with 
a survey of the current status of mechanical loading. The 
report ends with a discussion of the outlook for the future of 
mechanical loading and its potential reactions upon employment. 



CHAPTER II 

MINING UNDERGROUND AND COAL PREPARATION, 
PAST AND PRESENT. 

Improved mineral technology in general tends to make avai1-
, able resources that would not or could not be recovered other

wise, but in so dOing it faces the prospect of increasing 
physical handicaps that are likely to offset any gains in 
labor output. As yet this has less significance in coal 
mining than in metal mining because of the great abundance of 
coal resources and their wide distribution. To a considerable 
extent, therefore, mechanization of coal mining brings about 
an increase in labor output and a reduction in unit labor 
requirements in much the same way that similar changes affect 
industrial operations. In strip mining, furthermore, the 
intense application of technology has enormously increased 
labor productivity. Although strip mining has been increasing 
in relative importance, by far the greatest part of the coal 
is still produced by underground mining, and the present 
chapter attempts merely to sketch briefly those aspects of 
the development of mining technology which help to explain 
current underground-mining practice and the more recent phases 
of mechanization. 1 

Modern coal mining involves coordination of power machinery 
in the recovery of deposits which are known as beds or seams. 
A mine resembles a factory in all its complexities, except that 

·BY Leo N. Plein, senior Engineer-Economist, tormerly ot the U. S. Bureau ot 
Mines, now ot the National Bituminous Coal commission; Charlotte I. Warner; and 
Willard E. Hotchkiss. 
1The history ot coal mining In all Its ramifications Is recorded In widely 
scattered material. The principal source materials used In this chapter are as 
tollows: H. M. Crankshaw, chapters on "History of Machine Mining,' pp. 64-81, and 
"History ot Explosives," pp. 82-8, 'istoricol Rev'e~ of Cool N'~i", (London: 
Mining Association or Great Britain, Fleetwood Press, Ltd., 192.): Edward W. parker, 
'Coal-cuttlng Machinery,' fro~octio~ of the ~.er'co~ I~titute o[ N'~i~, 
I",i~eers, Vol. XXIX (1899), pp •• 06-69: Edward W. parker, 'Recent Developments 
In tne undercutting ot Coal by Machinery,' ff"CIlISacUcms of the ~aedco~ IIISUtut. 
of Ni~i", 1",'~8rs, Vol. XLI (1910), pp. 677-708: unpublished article on coal
mIning machinery by Joeeph F. JOY, consulting engineer, pittsburgh, pa.: Cool Age, 
Vol. U, NO. 10 (Oct. 1936): Ni~ral ResOVl"ces Of tile U~itet1 Stotes (U. S. Dept. 
Int., Geol. survey, 1920-23, and U. S. Dept. Com., Bur. Mines, 192.-31). Also 
R8~ort of the U~'t84 States Cool Coa.iss'o~ (s. Doe. 196, 68th cong., 2d sess., 
1926): E. N. Zern, ed., lhe Cool Ni~rs' PocllBtbooli (12th ed.; New York: HCGraw
Hill Book Company, Inc., 1926); Robert Peele, ed., Ni~'", '",'~ers' 'aftdbooll 
(2d ed.; New York: John WHey" sons, Inc., 1927). Ira~aciiOftS and f.c1,~'cal 
PafJers ot the American Institute of Mining Engineers; Coal N'~ NecM~iBaUo~ 
leorbooll, 1929 (American Mining congress); w. E. Fisher and Anne Bezanson, 
/la28 Rates aftd /lorlli~, fi .. ,~ the 8H_i~ovs Cool IMfAStry (Philadelphia, pa.: 
unIversity of Pennsylvania Press, 1932). 

8 
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in underground mines activities are carried on in extensive 
subterranean areas. This necessitates a comprehensive system 
of transportation underground. Main haulage roads lead fram 
the drift mouth or the shaft bottom to secondary roads which in 
turn connect with the active working areas known as panels. 
Room or butt entries are driven into these panels, and turned 
off from these are the "rooms" where the miners work. 

Besides activities that have to do directly with recovery of 
the coal, mining includes auxiliary services necessary to the 
proper functioning of a mine. Deep or underground mining 
involves cutting, drilling, blasting, and loading the coal, and 
hauling it to the tipple where, in many mines, it is made ready 
for market in an elaborate preparation plant. In addition to 
these fundamental tasks other essential services must be 
performed such as timbering, ventilating, pumping, supplying 
power, and maintenance of machines and mine. 

The first coal mined was that which outcropped on the surface 
of the ground, but as the supply of such coal was limited, the 
expanding uses of coal gradually gave rise to underground 
mining. Coal was mined in England by means of shafts and 
tunnels as early as the fourteenth century. The earliest 
mining tools were the shovel and pick, still widely used, and 
it was less than half a century ago that the dominance of the 
miner's hand tools was challenged by more complex mechanisms. 

The most prevalent system of mining coal is known as room
and-pillar. mining. As the name indicates, the miners work in 
rooms that are separated by pillars of coal left in place for 
roof support. In some seams the coal may be mined continuously 
from long faces instead of in rooms with intervening pillars. 
This method, known as longwall mining, has been used exten
sively abroad but has found little favor in the United States; 
in the future it may be used more widely. As the longwall 
advances (or retreats) the roof is allowed to cave, the haulage
ways and airways being kept open by packwalls of waste. The 
basic occupations in the two systems are similar. 

Under the room-and-pillar system miners are isolated within 
the circumscribed space in whicD they work and are necessarily 
dependent upon their own initiative to complete the basic 
tasks of timbering, drilling, blasting, and loading. In the 
typical mine, undercutting is now performed by machines. 
The miners are responsible for cleaning the coal as they load 
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it into cars and they must so plan their work that all the 
necessary auxiliary tasks are properly timed and performed. 

In general, the miner is traditionally responsible for 
taking care of his working place as well as for mining coal. 
Important among his incidental responsibilities is the de-

:: tection of weak places in the roof which create danger of 
cave-ins. Wherever bad roof is found it has to be supported 
with timber. If, in spite of precautions, part of the roof 
caves in, he has to move the rock fall and timber the room 
against repetition of the occurrence. Where animal haulage 
is still used and if the seam is too thin to permit the mule, 
horse, or pony to enter the room, the miner has to push the 
cars to and from the haulageways. If water comes into the 
room he has to bail it out. 

In thin seams it is frequently necessary to remove material 
from either the roof or the floor in order to provide suf
ficient clearance in the hau1ageways. This is known as "taking 
up bottom" or "brushing roof." 

In a typical mine consisting of numerous rooms or working 
places the total distances that have to be traveled in super
vising the work of each individual miner are considerable. 
The result is that unless management is well organized a miner 
may work for hours or even for a whole day without being 
visited by any member of the supervisory personnel. Such 
conditions still prevail in mines in which a large part of 
the Nation's coal is produced. Even when management is on 
a high level hand miners do not work under the kind of direct 
supervision that obtains in factories. 

The use of explosives for blasting rock and breaking coal 
loose from the solid seam dates from the seventeenth century, 
but both explosives and methods of firing have undergone great 
improvement. The work of drilling shot holes was formerly done 
exclusively by hand with a long steel auger. Power drills, 
first used about 1890, have now been extended to 27 percent 
of the bituminous output of the United States. 

Prior to the invention of cutting machines the groove lor 
kerf, as it is calledl under the seam had to be cut by hand, 
and the pick remained a major tool of the miners long after 
use of explosives became standard practice. Undercutting by 
hand is done today only to a limited extent. 
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Every time a new machine is installed the miner's work and 
his responsibilities are modified; as more and more of the 
processes become mechanized, synchronization of activities 
of machines and the men who work with them is essential if the 
best efficiency is to be obtained from each. Mechanization of 
loading especially necessitates a balanced cycle of specialized 
operations, each equipped, manned, and timed to the pace 
and performance of the others. Table 1 shows occupations in 
a hand-loading and in a mechanical-loading mine. 

Steam was probably the first mechanical power used in mines. 
It has been used for over 200 years in pumping, and was intro
duced for hoisting in 1780 and for driving rope haulage units 
underground in 1812. 

As the art of using electricity forged ahead toward the end 
of the nineteenth century, electrical power came to excel other 
forms of power in convenience, flexibility, and efficiency -
both in transmission and in use. Compressed air failed to 
compete with electric power in coal mines, and steam and 
compressed-air power for underground uses have now been largely 
replaced by electricity. 

The past half-century has probably witnessed greater tech
nical changes in the bituminous industry than occurred in 
all preceding years. In underground mining nearly every 
phase of the operating cycle has been mechanized. In a highly 
mechanized mine today the coal is undercut by an electric 
machine and hauled by electric locomotives. Where animal power 
is still used it is confined largely to gathering the loaded 
cars from rooms and taking them to assembly points served 
by electric motors. Mainline haulage is almost universally 
electrified, except at small operations. Electrically operated 
pumps keep working places dry, power-driven drills are taking 
the place of the hand auger, and the shot which blasts the coal 
from the seam is electrically fired. Much of the responsibil
ity for cleaning, which formerly rested on the individual 
miner, has now been transferred to a complex cycle of machines 
found in the modern coal-preparation. plant on the surface. 
Last and most important, loading coal into mine cars - the last 
stronghold of hand labor - is now performed wholly or partly 
by power-driven machines for about 2S percent of the total 
underground tonnage of the country.2 These changes from 

2"11echanlca1 Loading.' Coal Age. Vol. 44. NO. 2 (Feb. 1939). p. 28. 
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Table 1.- OCCUPATIONS IN A BAND-LOADING AND A MECBANICAL
LOADING MINE a 

~ot.al lIIen elllplofed 

On surface 
Underground 

Supervlsorf 

Occupat.ion 

Mine forelllen 
Assist.ant. forelllen 
Section forelllen 

~ransport.ation 

Haulage forelllen or dispat.chers 
Mot.ormen and t.rip riders 
Mule drivers 
~rappers lor doorlllen) 
~rackmen 

Wirelllen 

Maint.enance, et.c. 

~illlbermen 

Brat.t.icelllen 
Daf laborers 
PUlDplllen 
Shoplllen lunderground lIIachine shop) 
Supplf lIIen 
Recovering lIIat.erial 

Product.ion - hand loading 

Cut.ting-Illachine operat.ors and helpers 
Miners _ coal loadersd 

Production - lIIechanical loading 
Loading-Illachine operstors and helpers 
Cutting-Illachine operators and helpers 
Motorlllen and b~akemen 
Drillers and shooters 
preparation lIIen 
Stonelllen Ihandle draw slate) 
~rack lafers 
Tilllberlllen 

Average production 
Per daf 
Per lIIan'per daf 
Per lIIan per hour 

100. 
hand-

loading lIIine 
(1929) 

543 

41b 

543 

5 

1 
4 

-
57 

1 
12 
28 

4 
10 

4 

38 

20 
2 

14 
1 

---
403 

40 
383 

-
-----
---

S.119° 
5.741 

0.72 

100. 
lIIechanical 

10 ading lIIine 
(1937) 

518 

124c 

518 

18 

1 
3 

12 

42 

3 
24 
--
11 

4 

43 

12 
3 
2 
1 
8 
8 

11 

-
--

293 

38 
50 
50 
28 
13 
85 
25 
28 

3,870 r 

'1.08h 

1.01 
-

aThe two IIlne. ror which data are pro.ented are h111hl1 orUclent one., both ope~tlnl In NO.8 seam 
In Bastern OhiO and haVing almUar physical condlt1ons. The material was derived trom unpubl1shed 
note. tal<8n durlnl Uold tripe bl L. N. Plein aIIII 11. L. Anderson aIIII maclo available bl the U. S. Dept 

·Int .• Bur. Hlnea. 
blnclude. tipple boaa, tipple IIIn, plcl<8ra. car dropper •• lIochanlc •• blacl<8m1the. carpenter., drivers. 
bit sharpener •• 
clnclude •• In addition to occupatlona listed In rtn. b. operator. or .echanlcal cleanlnl equipment. 
dHlnar• drill .hot holos. Ure shote. bendle dl'lUl .lato, 1&1 trec .. aIIII Uebtr In their WOl'klnl place. 

eOnt 8-11",,1' .hUt. 
t Throt '-hour shifts. 
l Par 8-hour ahltt. 
hper '-hour shUt. 
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hand to machine mining as applied to underground processes are 
outlined in the following sections. 

MACRI.B COTTIBO 

When a mine has been developed to the point at which it is a 
going concern, the coal face toward which the mining process is 
directed constitutes a solid vertical wall, the height being 
equal to the thickness of the seam. The coal can be blasted 
from the solid face of the seam without any advance preparation 
of the seam itself. However, the heavier charge and the 
greater resistance when seams are blasted uncut increase the 
shattering effect and result· in an excessive amount of fine, 
unmarketable coal. Also, the heavy charge always creates 
danger that the shots will blow out and ignite coal dust or gas 
at the face, or that they will weaken the roof. This method, 
called "shooting off the solid", is still used to some extent, 
although certain States have prohibited the practice. 

Dangers incident to shooting off the solid, together with the 
degradation resulting from using a large charge of explosive, 
led to the practice of cutting under or across the coal seam in 
order to give room for expansion when the blast by which 
the coal is to be loosened is fired. This not only lessens the 
danger and minimizes the shattering effects of the explosive 
but also reduces the amount of explosive required. When no 
machinery was available for cutting it was necessary for the 
miner to perform the task with a pick, and undercutting by 
hand was one of the most arduous and time-consuming operations 
in mlnlng. In some cases the top of the seam was cut, in 
others a shearing cut was made from top to bottom, but the 
most frequent practice was to cut under the seam. The only 
way this could be done by hand was for the miner to lie on the 
floor of the room and gradually pick away a slot under the 
coal. This cut was known as· a kerf, a name which it still 
bears when cut by machine. It usually extended back under the 
seam for a distance of 2 or 3 feet and was wedge-shaped, a foot 
or more high at the front and several inches high at the back. 
While the cutting was proceeding, the overhanging coal was 
propped up or "spragged" with timber posts or blocks so that it 
would not break loose and crush the miner working beneath it. 
Cutting across the face of a 2o-foot room usually required 
2 to 6 hours of backbreaking work; it was to be expected 
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that inventive talent would be directed toward obviating 
such a task. 

The earliest types of cutting machines had a percussive 
action in imitation of the hand pick. The first patent of 
a percussive machine operated by hand levers was recorded in 
England in 1761, but the first really successful machine in 
the United States was a compressed-air machine called the 
puncher, patented in· 1877 by J. W. Harrison. The air-driven 
puncher continued in use until about 1910 and was reported to 
have achieved considerable success in increasing productivity 
and in reducing costs. 3 

As usually happens in the development of technology, the 
perfection of early inventions came only when imitation of 
the hand process was discontinued. A machine consisting of 
a horizontal rotating wheel with projecting teeth and operated 
by manpower was patented in England in 1852. Later adaptations 
of this disk-type machine enjoyed considerable popularity 
abroad but made little headway in this country. because it was 
sui ted primarily to longwall mining. 

The bar-type cutter was another early departure from the 
percussive type developed in England and on the Continent for 
longwall mining, the first machine being patented in 1856. 
It remained, however, for the chain-type machines developed in 
this country to fill most adequately the early needs of a coal 
cutter in the United States. 

The first breast 4 machine, a contemporary of the puncher, 
was placed on the market in 1876. Originally the machine 
consisted not of a chain but of a revolving bar on the front 
of a cutter frame. s .This bar, on which were mounted teeth or 
bits, was constantly forced against the coal, the depth of 
the cut being limited by the length of the cutter bar. When 
the cut was completed the machine was withdrawn and started 

in again. 

In 189~ three milnufacturers brought out chain-breast machines 
which almost immediately drove the bar-type machine off the 

3For further details concerning the results achieved with puncher-t~e machines 
consult the following documents: fMf"tee"th A"_' Report of the Co .. us'oner of 
~abor, l898: Band and Nach'ne ~abor (1899). vol. II. pp. 1678-81; J. G. HUdson, 
'Notes on coal CUttin~Machlnery at the CollierIes of the DomInIon Coal Co., Ltd.,' 
fran9act\ons of the N''''nt Soc\et, of Nova Scotia, vol. III (1894-95). PP. 94-103. 
4Breast Is another name tor the tace ot a room. 
SThe principle or this machine was different from that of the English bar-type 
macblne.· and 1t 1s a forerunner of the chain-type one. 



MINING UNDERGROUND AND COAL PREPARATION 15 

market and which, as they were gradually improved, began to 
replace the puncher 'machines - the principal type in use at 
the end of the century. 

The cutter element of the breast machine is a heavy plate 
about ~~ inches wide, known as the cutter bar, which projects 
about 6 feet in front of the machine. Around the outer edge 
of the plate is an endless chain fitted with removable steel 
bits. When the machine is started the endless chain revolves, 
and the cutter bar is automatically fed forward against the 
coal. After the cut is made the machine is withdrawn and moved 
across the face about the width of the cutter bar to the'next 
position, where a second cut is made which slightly overlaps 
the first. The machine moves about the mine on a truck which 
runs on the mine track, but it has to be removed from the 
truck and skidded up to the face for operation. 

A shearing machine for making vertical cuts in the coal 
was also brought out at about the same time. It resembled 
the chain cutter, with the cutting frame at right angles 
to its normal position. Compared with the puncher, the chain
breast machine nearly doubled the speed of undercutting and 
greatly reduced the strain on the operator. 

The first modifications of the chain-breast machine were made 
in order to permit continuous operation for the full width 'of 
the working face. The longwall and shortwall machines were the 
first continuous cutters, the chief difference between them 
being the position of the cutting device. In the longwall 
machine the cutting arrangement is in position at the side 
of the machine during the cutting operation, whereas in the 
shortwall machine it is fixed longitudinally with the body of 
the machine. The'shortwall machine was patented in 1900 

and put on the market in 1906. It was not until about 1910 

that it came into general use, but from that time on it rap
idly replaced both the breast machine and the compressed-air 
puncher. With its adoption the speed of undercutting increased 
greatly. A series of observations made by the United States 
Coal Commission of 1923 revealed that the shortwall machine 
would, do nearly two-thirds more work than the breast machine,' 

A later stage in the improvement of the cutting machine 
dealt with ease of manipulation. Track-mounted machines, 
introduced about 1911, operate without being removed from the 
track and cut at any elevation in the coal face. Machines are 
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now available that will top-cut, center-cut, under-cut, and 
shear in either rib or at any point in the coal face. The 
flexibility of the modern machine permits the cutting of the 
coal in such a way as to reduce to a minimum the amount of jar 
in blasting, an important advantage where roof is tender and 
subject to cave-in. Center cutting makes it possible to take 
out bands Of impurities before blasting and thus to avoid 
mixing them with the coal. Various estimates have placed the 

Sui II.an Manufacturing Co. 

Shop View of Shortwall Undercutting Machine 

Sulll.ln Mlnuflcturlng co. 
Shortwa'i Machine undercutting In Thin Seam 

FIGURE 2.- CUTTING MACHINES 
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capacity of track-mounted machines at three times that of the 
chain-breast and twice that of the shortwall machines. s . 

Improvements since the World War have pertained chiefly 
to the improvement of existing types of cutting machines, 
with great advances in power, flexibility, and capacity. In 
addition, two entirely new developments may be mentioned. 
The pick hammer, widely used in Europe and gaining increased 
attention in America since 1929, is a pneumatic-puncher type 
of machine which picks down the whole face of the coal without 
undercutting or explosives. The coal saw, introduced in 1931, 

makes thin horizontal and vertical cuts that leave the face 
in blocks; the coal is then loosened by hydraulic pressure 
applied between the cuts. Both of these have had limited use 
up to the present time. 

The last few years have witnessed a widening in the field 
of cutting because of the evolution of machines designed 
to load the cuttings and the development of track-mounted 
machines with double bars for cutting out refuse bands and 
of other devices for performing specialized tasks. The length 
of the cutter bar has been increased and the cutter bits, 
because of improved quality of steel, are slower to dull 
and have to be changed less frequently. The time required 
to change the bits has, moreover, been reduced from about 
an hour to as low as 8 minutes. 

Considerable change is taking place in the relation of 
cutting to other operations in the mine. With the heavier 
types of cutting machine, which were costly to move from 
place to place, two men constituted the crew which operated a 
machine, and their labor was confined to the actual cutting of 
coal. With the introduction of mechanical loading, especially 
of the conveyor type, the loading equipment interfered with the 
movement of the cutter from place to place. To meet this 
problem a lighter and cheaper cutting machine has been designed 
for use with a crew of three or four men who are responsible 
not only for cutting but for shooting, timbering, and ioading. 
This type of organization may show a decrease in the output per 
day of the cutting machine in order to increase the efficiency 

6rhe quantity or coal cut depends upon a dozen or more variables other than the 
kind or machine _ notably, thickness or seam: length or cutter bar: reed or 
machine' expertness or the machine runners: absence or delays: constancy and 
abundan~e or power: quality or mine .management: hardness or the coal; absence or 
rolls, clay ve.lna, and aulphur balls: and width or worklng place. 
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of the conveyor unit - an illustration of the balanced opera
tion which a high development of mechanization necessitates. 

Figure 3 and table B-3 present a summary of statistical data 
on machine cutting. In 1891, the first year in which data on 
undercutting became available, 5~5 machines (mainly punchers) 
undercut 6,211,732 tons of coal, or 5.3 percent of the total 
United States production. The average yearly production per 

machine was 11,398 tons, or 51.11 tons per day per machine. 

Pi,are a.- LONG-TIME TIENDS IN MACHINE CUTTING 
OP BITUMINOUS COAL. 1891-1988 
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Although no data are available after 1912 on the types 
of cut~ing machines in use, the bottom panel of figure 3 shows 
that the total number increased rapidly up to 1923, except 
in the years 1915 and 1916. The decline thereafter is a 
reflection of the large number of mine closures and also 
of replacement of older types by newer machines of larger 
average capacity. 

From 1891 to 1910, the period when punchers and breast 
machines were flourishing, the tons of coal produced per 
uAchine per day, as seen in the upper panel of figure 3, varied 
little, but with the introdu~tion ot the shortwall machine 
tonnage showed a perceptible increase. Except during the war 
years and 1922, output per machine per day increased materially 
up to 1931, with an increase of 136 percent over 1910. A new 
record of daily output was established in 1936. 

The percentage of production cut by machine increased stead
ily year after year to 84.7 percent in 1933. Since 1933 the 
curve has shown a tendency to level off, indicating an approach 
to the saturation point. In most districts the cutting machine 
is now about as widely used as conditions permit. In Iowa and 
Kansas, where very thin seams are mined and where the bottom 
is rolly, the use of the cutting machine has been limited. 
In Maryland, where a great deal of second and third mining 
of coal originally left in place is now being done, hand 
undercutting is used when necessary. In longwall mining 
the pressure of the roof is sometimes utilized to bring down 
the coal, and undercutting is not required. 

In the past few years a new, small type of undercutter for 
use in particularly thin seams has been developed. Attention 
has been given to producing a machine which will be economical 
for use in mines with a low daily output. Machines of this type 
already on the market have extended the field of undercutting 
in small mines. Although this will furnish a new market 
for machines, it will add little to the percentage of deep
mine tonnage cut by machine since the total output of these 
small operations is almost negligible when compared with 
the t'otal bituminous production of the country. The future of 
machine cutting'lies chiefly in improvements in design and in 
the replacement of earlier machines with superior models. 
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DRILLING AND BLASTING 

Although drilling is directly a part of the mining pr6cess, 
it does not occupy a major position like that of cutting, 
loading, and hauling. Drilling is usually done by miners 
who are occupied with other processes, and it is chiefly in 
very large mines that it constitutes a separate occupation. 

Installation of power drills for use in bituminous mines 
began as early as 1890. Compressed-air drills were used 
in the nineteenth century, and as early as 1911 electrically 
propelled augers, including types which were mountable on 
cutting machines, were placed on the market. Not until the 
period of the World War was the industry particularly concerned 
with power drilling in coal. One-man portable drills came 
into use in 1917 and 1918, and from 1919 until 1925 a gradual 
increase occurred in the number of power drills placed in 
service. Hand augers, however, predominated, and it was 
not until mechanical loading made it necessary to put all 
operations on a balanced cycle that the wider use of power 
drilling became essential. From 1925 to 1936 the use of 
power drills gained steadily, except during the depths of the 
depression, and the impetus from 1934 to 1936 was greater than 
at any other time. The following extract tak~n from a weekly 
coal report of the National Bituminous Coal Commission shows 
the importance of power drilling in 1936: 

A preliminary survey covering the year 1936 indi
cates that 27.2 percent of the deep-mined bituminous 
coal output was produced from working places in 
which the shot holes were drilled by mechanical 
power drills as contrasted with hand drills. The 
tonnage amounted to 111,950,000 tons. Power drills 
are in use or on trial in nearly every important 
coal-producing county in the nation. • • • • The 
conditions under which this kind of labor-saving 
device is used are widespread, not only geograph
ically but also in thick and thin beds, in pitching 
seams, in flat beds, and in coals of varying degrees 
of hardness.? 

Table 2 shows the coal produced by power drilling and a com
parison of the percentages power-drilled, cut by machine, and 
mechanically loaded. The States showing the highest percentage 

7J • J. Gallagher and L. N. Plein, "A Reconnaissance or Power Drilling 1n under
ground Bltum1nous Coal Hines 1n 1936," Ne.~l, Coal Re~ort 10. N. C. R. 1118 CU. S. 
Dept. Int., Nat. Blt~1nous Coal Cam., m1meo., Dec. 17, 1938), p. 4. 
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Table •• - COAL PRODUCED IN UNDERGROUND BITUMINOUS MINES IN 
WORIING PLACES WBERE SBOT BOLES WERE POWER-DRILLED AND 
PERCENTAGE or TOTAL UNDERGROUND OUTPUT POWER-DRILLED, 

CUT BY MACHINES, AND MECHANICALLY LOADED, 19aea 

Thous ands 0 f 
net tons produced Percent of 

by power drilling total tonnage 

State 
Elec- Cut by Mechan-
tric Compressed- Total Power- ma- ically 

drills air drills drilled chines loadedb 

United States 100,050 11,900 111,950 27.2 84.8 16.3 

Alabama 72.8 14.3 

Tennessee 3,810 160 3,970 23.0 70.0 5.7 

Arkansas 81.2 33.3 

Oklahoma 240 0 240 6.8 78.4 (e I 
Texas 0 0 
Colorado 780 10 790 11.6 68.6 8.2 

Illinois 27,110 10 27,120 64.9 88.4 62.4 

Indiana 8,010 0 8,010 79.0 90.3 70.5 

Iowa 35.7 (b I 
Kansas 80 0 80 1.3 28.3 0 

Missouri 58.6 0 

Kentucky 12,490 0 12,490 26.3 93.7 1.4 

Maryland (el 0 Ie I Ie I 35.6 Ie I 
Michigan I e I 0 Ie I Ie I 98.3 0 

Montana 1,200 120 1,320 75.0 92.9d 83.2 

New Mexico 160 0 160 10.0 25.8 I e I 

North Dakota Ie J 0 Ie I (e I 68.0d Ie I 
Ohio 4,800 0 4,800 22.2 94.6 9.5 

Pennsyl van1 a 10,380 10,860 21,240 19.5 76.9 8.3 

Utah 2,400 10 2,410 74.2 87.4 41.8 

V1.rginia 2,830 10 2,840 24.4 90.2 6.7 

Washington 490 560 1,050 57.9 35.9 33.6 

West Virginia 19,530 110 19,640 16.7 92.0 7.4 

Wyoming 5,180 50 5,230 92.8 94.5 92.0e 

- - - - 20.6 -Other States 
Undistributed 5601 0 560 t 17.6t 0 12.6g 

aJ • J. oallagher and L. N. plein. "A Reconnaissance ot power Drilling In underground 
B1tUl1l1nous Coal Kines In 1936." lieellly Cc»l Re;art 10. Ii. C. R. lIl8 (u. S. Dept. Int., 
Nat. BltUl1l1nous Coal Com •• mimeo., Dec. 17, 1938), pp. 4-6. 
bincludes mobile loaders. scrapers, duckb1lls, other selt-loadlng conveyors, p1t-car 
loaders, and hand-loaded eonve70rs. 
eincluded In "undlstr1buted." 
dincludes l1gn1te Ugures publ1shed by U. S. Bureau of Kines, "Lignite Tables, 1936." 
eTh1s Ugure does not agree w1th that shown in table B-34 because str1pped tonnage only 
trom mines whose total tonnage was prOduced by s tr1pplng was subtracted 1n order to 
obta1n the underground prOduct1on used 1n comput1ng the above percentages. 
f Includes tI1ryland. Klch1pn. and North J)BkOta. 
gincludes Oklahoma. Iowa. Itu7l&nd, New Mex1co, and North J)Blalta. 
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of deep-mined production power-drilled are Wyoming, Indiana, 
Montana, Utah, Illinois, and Washington. With the exception 
of Washington these were the areas with the highest percentage 
of their tonnage mechanically loaded in 1936. Electric power 
drills accounted for about 90 percent of the tonnage power
drilled. Pennsylvania was the only important State where 
compressed-air drills were used in substantial numbers. 

Parallel with the improvement in methods of drilling have 
gone improvements in explosives and methods of shooting. 

The use of gunpowder as an explosive for blasting coal was 
introduced in Europe during the seventeenth century, but 
methods of use remained clumsy and dangerous until the develop
ment of the safety fuse in 18~0. The next great advance was 
the invention of dynamite in 1867, and, from 1870 on, types 
of dynamite especially adapted for use 'in coal mines were 
rapidly developed. 

The frequency of mine disasters caused by explosions led 
in 1872 to the English Coal Mines Regulation Act which, among 
other things, controlled the use of powder in mines. Toward 
the end of the nineteenth century a number of so-called f1ame
less explosives were introduced, but they proved unsuccessful 
for use in places where explosive gases were present. These 
difficulties finally led to the erection of a testing station 
at Woolwich, England, which by 1901 had placed 2S types of 
explosives on a "permissible" list. In the United States the 
Bureau of Mines, which was established in 1910, has pioneered 
in the study and approval of permissible exp10sives. 8 These 
so-called permissible explosives. when used under proper 
conditions, are much safer than the earlier types. 

When loading machines are introduced, it becomes necessary 
to revise blasting practices because the efficiency of the 
mechanical loading device depends upon the maintenance of an 
adequate supply of loose coal in sizes convenient for the 

8'A permlss1ble exploslve Is one that haS passed certaln tests conducted by the 
Unlted States Bureau of Kines at the Exploslves Experiment Station, Bruceton, Pa. 
After ,the explosive has passed these tests It Is placed on the offIcial 11st 
of explosives permissible for use In ,coal mines and may be sold as a permissible 
explosive. The word 'permlss1ble' refers not only to the explosIve Itself 
but also to the method of using the explosive underground. Thus, In addltlon 
to specIfying that the explosive actually used should be sImilar In all respects 
to the sample submitted by the manufacturer for test, the Bureau specifies 
the use of electric detonators and states that the explosive must not be used 
In a frozen cond1tlon, that the quantity used for a shot muet not exceed Ii pounds, 
and that the charge must be confined properly In a borehole with clay or other In
cumbustlble stemmIng.' (D. Harrington and S. P. Howell, "How to Use Permissible 
Exp~oslves Properly,' [U. S. Dept. Int., Bur. Klnes 1. C. 6871, mlmeo., Jan. 
1936J, P. 2.) 
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machine to handle. The first modifications generally included 
a heavier blast, with the result that higher proportions of 
less saleable coal were produced. This situation, coupled with 
safety requirements, focused attention on improved blasting 
practice, which has developed along two separate lines. The 
first involves drilling more shot holes in the face and using 
lighter charges in each hole, thus reducing degradation. The 
second has been the application of mechanical force to replace 
the chemical explosive. 

Several methods of using mechanical force were tried before 
any were found that seemed to meet all the requirements of 
practical operation. One of the earliest devices was the 
hydraulic blasting barrel inserted into a drill hole in the 
face and expanded under hydraulic pressure by a hand-operated 
pump. A somewhat similar principle was embodied in a device by 
which a rubber tube was placed in a drill hole and inflate~ 
by hydraulic pressure of 5,000 or 6,000 pounds per square inch, 
which was sufficient to break down the coal. Hydraulic pads 
were tried in the thin kerfs cut by mechanical saws. Such 
devices have had limited use as they are practical only under 
favorable conditions. The possibility of using hydraulic 
power to break down coal has not been abandoned, however, 
and experiments are being carried on which may yet lead to 
successful applications. 

The cardox system is a method of dislodging coal by use 
of liquid carbon dioxide charged into steel shells. The slow 
heaving action of the carbon dioxide gas is employed as the 
blasting force. Cardox first underwent an operating test 
in Illin01s in 19a6 and since then has met with considerable 
success in several fields. Airdox, introduced in 1933, uses 
a cartridge in the drill hole charged with compressed air 
which, when released at high pressure, dislodges the coal 
in substantially the same way as the chemical explosives. 
Compressed air or harmless gases have advantages over chemical 
explosives from the standpoint of safety, and they appear to 
minimize the shattering effect of blasting. For these reasons 
they are making substantial headway. 

UJDE1G10UID RAULAGE 

Mine transportation in 1880 was done chiefly by amimals. The 
mule is the animal most frequently associated with underground 



MINING UNDERGROUND AND COAL PREPARATION 25 

haulage, but horses, ponies, and even dogs were used. Animal 
haulage was a distinct improvement over the human effort 
previously expended in carrying sacks, dragging tubs, and 
pushing cars of coal. With production mounting steeply from 
1870 to 1900 and mines increasing in size, distances under
ground likewise increased and created a serious need for 
better transportation. 

About 1870 rope haulage patterne~ after English experience, 
replaced mules for mainline haulage in a considerable number 
of mines. One great advantage of rope haulage is that it can 
be used in seams in which the pitch is relatively steep;9 
on the other hand, it can be used advantageously only along 
relatively straight entries. On the whole, it increased the 
haulage output per man-hour, but the saving was limited by the 
fact that the speed with rope haulage was usually no greater 
than with mules. For the most part, rope haulage disappeared 
with the advent of electric-motor haulage. 

Steam locomotives were first used at approximately the same 
time that rope haulage was introduced. Though their main use 
was in surface haulage, a few were also installed underground. 
Compressed-air locomotives were introduced in 1875, and after 
some experimentation a number were installed, particularly 
in West Virginia and Pennsylvania. Within limits they were 
satisfactory, but they were bulky and required frequent re
charging, which limited their radius and time of operation. 

At the end of the century experiments were made with gasoline 
locomotives, the earliest installation being in Kentucky 
in 1898. In mobility the gasoline engine had the advantage of 
a self-contained unit, but it gave rise to problems of noxious 
gases, air pollution, and fire hazards which greatly restricted 
its use underground. Some few were installed underground but 
their chief use was on the surface. 

Diesel engines have been used successfully in German, Belgian, 
and French mines, and during the past few years engineers 
have again considered their use in America. Diesels would 
be expected not only to reduce power cost but also, by elim
inating trolley wires, to reduce electric hazards. Current 
Diesel designs are said to avoid the dangers of monoxide gas 

"Rope baulage units are still used etrectlve17 In mines that bave dips too steep 
for mules and not steep enough for gravlt;r chutes (,0 to 1,0). 
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and of explosions which constituted serious objections to the 
use of gasoline for locomotive power underground. 

During 1887 and 1888 electric mine locomotives were used 
in individual mines in Pennsylvania, Ohio, and Illinois. 
All the early experiments were with the trolley type of loco
motive and were confined to mainline haulage. Skepticism and 
mechanical limitations of design retarded the introduction 
of electric locomotives until about 1900, but as improvements 
were made and their advantages tested in practical operation, 
the number of electric locomotives in use increased rapidly, 
especially after 1905. 

Mainline haulage was fairly well advanced before attention 
was directed to motorizing gathering haulage. With animal 
haulage the size of a mine car is restricted, particularly 
where there are steep grades. Also, in thin seams the head 
room between roof and floor may be so low as to prevent the 
animal from entering, and the necessity of brushing the roof 
or taking up floor to provide greater height adds to expense. 
After the practicability of electric motors had been demon
strated, designers began to create models low enough to permit 
travel into rooms where animals could not enter. 

Difficulty arose in extending operation of the trolley 
type of locomotive into mine rooms. Such a locomotive can go 
only where trolley wire has been strung, and the temporary, 
frequently unbonded tracks in gathering hau1ageways and rooms 
are not suited to trolley operation. These difficulties 
were met by different types of cable operation used as a 
substitute for hanging trolley wire. The introduction of the 
storage-battery locomotive at about the turn of the century 
further increased the scope of mechanical haulage in gather
ing service. Storage-battery traction was initiated in the 
Pocahontas field. Progress was slow at first, but improvements 
in design and development of the alkaline battery with steel 
jars resulted in a rapid increase of this form of haulage 
in the years following 1911. 

Since the success of motorized transportation was estab
lished, improvements in design directed toward increasing 
the power and speed of locomotives have been continuous. 
Originally locomotives weighed from 3 to 5 tons, but some of 
the recent models used on long hauls for heavy loads weigh 
as much as ~5 tons. The power of locomotives per unit of 
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weight has constantly increased, and motors are now in use 
which transport 300 to 400 tons per trip at speeds as high 
as 15 miles per hour. 

Powerful electric traction has made possible great improve
ments in mine cars. In 1911 cars in general were made of wood 
and had a capacity of 1~ to 2~ tons. Modern mine cars have 
cast- or wrought-steel wheels equipped with antifriction 
bearings, and their capacities run to several times those 
of the old wooden cars. 

In order to permit the hauling of larger cars and heavier 
loads the original wooden rails have given place to steel. 
The earlier steel rails weighed from 8 to 16 pounds per yard, 
but rails as heavy as 35 to 40 pou~ds in rooms and 80 to 
90 pounds in mainline haulageways are now in use. Track 
construction today includes the use of treated timber ties, 
steel ties, uniform gradients, adequate drainage, longer 
curves, better ballasting and signaling, and dispatching 
systems similar to those used in surface transportation. 

A significant recent advance in mine transportation has been 
the use of conveyors in conjunction with mobile loaders for the 
sole purpose of permitting a continuous flow of machine-loaded 
coal from the working faces 10 to central loading points in the 
mine or even to the surface. In some installations the mobile 
loaders place the coal on conveyors which move it to a central 
loading point where it falls into mine cars; in others, hand
loaded conveyors in rooms deliver the coal to "mother belts" 
on the entry. There has been developed also an electric 
storage-battery truck, mounted on pneumatic tires for operation 
on the mine floor, which may consist of a single integrated 
unit or of a power unit hauling trailers and which, like con
veyors, is used for transporting coal from the mobile loaders 
at the working faces to a central loading station. 

Statistical data on the subject of haulage are meager, and no 
time series can be constructed to trace the development of 
mechanical haulage as was done for machine cutting. The only 
complete survey of haulage was made by the Bureau of Mines 
in 1924' In that year 12 percent of the total underground 
production was taken from mines in which haulage was exclusively 

10Such conve7ors are somet1mes referred to as 'gather1ng conve7ors' or 'mother 
belts' and ahould not be contused w1th hand-loaded race conve7ors. 
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by animal power, 3~ percent from mines using locomotive power 
exclusively, and S~ percent from mines using both animals 
and locomotives. (Table B"':~ shows the same information for 
individual States.) Locomotives of all types used underground 
numbered 1~,723, of which 1~,280 were electric, 226 gasoline, 
132 steam, and.8s compressed-air. The total number of animals 
in use was 36,352, and there were 6~9 rope-haulage units. 11 

Under increasing pressure to reduce costs, improvements 
in haulage since 192~ have been very substantial. State Mining 
Departments of some of the important coal States have published 
haulage data covering varying periods of years. Computations 
based.on these data showed that after 1925 motor haulage in 
Illinois had advanced to the stage at which 2 percent or less 
of underground shipping-mine tonnage came from mines where 
haulage was performed exclusively by animals. 12 As early as 
1925 only 3 percent of the tonnage in West Virginia came from 
mines having no locomotives, and only 5 percent of Pennsylvania 
tonnage came from such mines in 1930. 13 

Mechanical power has now superseded animal power for mainline
haulage work in all but the very smallest mines, and motorized 
gathering haulage is rapidly advancing. However, no data are 
available which measure directly the effect of mechanized 
haulage on labor output for the United States. 

MECBAXIZATIO. or AUXILIARY SERVICES 

Auxiliary services incident to deep mining include safety, 
vent ilation, p·umping, underground light ing, maintenance, and 
repairs of machinery. Some engineers place ventilation as the 
prime task in operating a mine. Although safety is a basic 
human requirement, accidents also can become a heavy ·burden 
from a pecuniary cost angle. Both pumping and ventilation have 
reached a high degree of technical perfection. 

Ventilation involves two problems: (1) choice of proper 
ventilating fans and (2) maintenance of airways so that the air 

ilThese data are summarized by H. O. Rogers, "Exit the HUle," Coat Age, Vol. 32, 
NO.2 (Aug. 1927), pp. 84-8. 
12ln 1937 about 9 percent ot the total lUIderground prOduction in Illinois came trom 
local mines where animal haulage was probably still In use. 
13Tables B-6 and B-8 show tor a series ot years the number or animals and dif
ferent types ot locomotives in service In the coal mines ot west Virginia and 
Pennsylvania. The Increasing predominance of the electric locomotive relative to 
other forms of mechan1cal power and the decline in the number or animals are the 
s1gn1tlcant facts revealed by these tables. 
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can be directed at minimum cost and maximum efficiency to 
every place where men work. When mechanical loading is used 
ventilation becomes vitally important because of the rapid 
sequence of operations in the working place. Fresh air must 
be supplied constantly to the face to sweep away mine gases 
and fumes from explosives. Great advances have been made in 
ventilation engineering but improvements are still possible 
at many mines. 

Progress in underground. lighting has proceeded from the oil 
to the carbide lamp and, finally, to the electric cap lamp. 
Illumination by electric lighting along haulage roads can be 
made as efficient as the lighting upon our best highways. 
Electric cap lamps used by miners at the face are light in 
weight, highly efficient, and safe. Future progress will no 
doubt revolve around more adequate lighting at the working face 
where loading machines are in use. 

Dangers from falling rock, from gas and dust explosives, from 
high voltage electricity, and from moving machinery in dark and 
cramped quarters make underground coal mining hazardous. 
Although the industry is IIsafety-minded ll and for many years 
has made progress in reducing accidents, much still remains 
to be done. The following tabulation shows the ratio of fatal 
accidents to man-hours and to tonnage: l ' 

Fatal accidents per Fatal accidents per 
Year million man-hours million tons 

1925 1.975 3.53 

1928 2.002 3.80 

1927 1.899 3.38 

1926 2.015 3.45 

1929 1.910 3.19 

1930 2.156 3.48 

1931 1.812 2.63 

1932 1.998 3.09 

1933 1.478 2.50 

1934 1.821 2.87 

1935 1.873 2.80 

19S8 1.639 2.52 

1937 2.70 

1936 2.64 

1'0. S. Dept. Int., Bur. Mines. Data tor 1925-36 were published in annual 
Bulletins ot the Bureau ot Mines entitled COtJl-N',.. Acdde"ts ,,, tile ""Ued StAtes 
(Bulls. 380, 387, 397, 409, 420); tor 1937-38, by D. Harrington, 'Satety Trends 1ft 
Coal Mining, I Ccu l Age, Vol. ", No. 2 (Feb. 1939), p. 72. 



MINING 'UNDERGROUND AND COAL PREPARATION 31 

MECHANICAL LOADING 

During the past two decades devices have been introduced 
for mechanizing the heavy task of shoveling coal into mine 
cars. These devices are of two types: those that practically 
eliminate hand shoveling and those that leave loading largely 
a hand process but greatly reduce the labor involved. The 
devices of the first category are designated as· mobile loaders, 
scrapers, and duckbills; those in the second, pit-car loaders 
and conveyors. 

Of the devices which practically eliminate hand loading, 
scrapers and duckbills have been found adaptable to physical 
conditions of relatively few areas, with the result that the 
intensive form of mechanization has been brought about chiefly 
through the use of mobile loaders. Of the less intensive 
types of loading device, the pit-car loader has been used 
extensively in the past, especially in Illinois and Indiana, 
but its use is at preseftt on the decline. Conveyors represent 
a type of equipment which is similar to that widely used in 
industry, and because of their flexibility they are adapted 
to a wide variety of conditions. The present advance of 
mechanical loading is concentrated largely in mobile loaders 
and conveyors. The operation of the different loading devices 
will be outlined in chapter V, which discusses the history 
and present distribution of loading devices. 

COAL PREPARATION 

Since the beginning of the century coal preparation has 
changed from a simple task to a process involving heavy capital 
investments and complex applications of mechanical and elec
trical energy. Because buyers have become more discriminating 
and competition between different coals and with other fuels 
more severe, operators have become sensitive to market appeal, 
and they find it necessary to pass their product through 
intricate preparation facilities at added expense in order to 
improve quality and physical appearance. Mecha~ization of 
mining has, in general, reduced cost, whereas mechanization 
of coal preparation has increased cost. 

The simplest system of preparation involves .casting the 
impurities aside by hand as mine cars are loaded underground 
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and later as railroad cars are loadea on the surface. Hand 
cleaning can be effective, depending largely upon the kind and 
amount of impurities present. Such methods must be employed 
at mines with limited tonnage that cannot afford modern prepa
ration plants and at mines whose customers do not demand 
and are unwilling to pay the added cost of preparation. 

In the more elaborate preparation plants coal is screened 
into numerous sizes, the larger sizes are hand picked, the 
smaller sizes may be dedusted, and certain sizes are mechan
ically cleaned by wet-washing systems and others by pneumatic 
processes. Some of the washed sizes are dried. Oil and 
chemical treatments are given to reduce dustiness of the final 
product and to eliminate freezing while in transit. Not all 
tipples handle coal with such care, but screen sizing is 
general and mechanical cleaning and dust-allaying treatments 
are spreading rapidly. There are three phases in the operation 
of a modern preparation plant: screening, cleaning, and 
special treatments. 

Sc .... l.' 

The separation of mine-run coal into sizes is now common 
practice. A Bureau of Mines study found that 80 percent of the 
bituminous output in 1927 came from mines equipped with some 
type of screening equipment. 15 All the important coal fields 
reported that between 70 and 100 percent of the product was 
from mines with screening equipment. Official information on 
a national scale is lacking for later years, but it is probable 
that fields that were in the 70- and 8o-percent brackets 
in 1927 have advanced by about 10 percent since that date. 
The three types of mines that do not ordinarily use highly 
mechanized screening equipment are truck mines which use simple 
bar screens, some captive mines which ship run-of-mine coal 
to parent concerns, and mines which produce friable, low
volatile coals that suffer damage from too much hand1ing. 1 & 

15Although 79.& percent of the product10n came from mines equipped with screens. 
onll 49.& percent was shipped in screened sizes. ·See H. O. Rogers and F. O. Trlon. 
"Nation~ide Increase In Use of Screenlng Equ1pment: Shows Progress in Bituminous 
preparation." COGI Ag •• Vol. 34. NO. & (Aug. 1929). pp. 476-8; H. O. Rogers and 
F O. Trlon. "F1tt1ng product to Consumer's Needs: HOW Bitum1nous Coal Met the 
I;sue ln 1927." COGI Age. Vol. 34. No.1 (Jan. 1929). PP. 30-2; N'fte~l Resources 
of *he On'*sd S*Q*8S: 1929 (U. S. Dept. Com •• Bur. K1nes). Part II. "Nonmetals." 
pp. 384-94. 
16garll h1storl ot screen1ng 1s obscure. The s1mple bar screen wss the tlrst 
dev1ce used to I8ke a separatlon ot elzes. Kechan1zatlon has advanced trqm ~e 

LC"".J 
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The most important advance in size separation during the past 
decade was the perfection of the vibrating screen.. Following 
similar lines, improvement is still possible in screening 
particles of less than -l inch in size and in the wider use of 
high-grade alloys in construction. Limitation on further 
mechanization of screening is found in the fact that compared 
with most metals coal has a low value per unit of weight. For 
that reason expense which might be justified in the treatment 
of gold or even of copper ores would be out of place in the 
preparation of coal. All thin.gs considered, improvements in 
screen design are probably approaching the saturation point. 

CI ••• h. 

The importance of cleaning depends on the original quality 
of the coal and on the demands of customers. Accessibility 
to river transportation was a determining factor in the opening 
of early American mines. As rail transport expanded, quality 
of coal became an increasingly important factor in seeking new 
fields for development. As time went on, price considerations 
were emphasized and areas with low freight rates to consuming 
centers came to have an advantage over less accessible coals 
which might be of hlgher quality. Users of coal were not 
willing to spend their money for excessive impurities, and 
even before the practice of purchasing coal by heat units 
developed it was necessary for most operators to bring their 
product up to some minimum standard of cleanness. As the 
practice of buying heat units has grown and as competition 
between coals and with other. fuels has enlarged, efficient 
cleaning has become a necessity in major sections of the 
bituminous-coal industry. 

Response to the demand for clean coal is focused first on 
the removal of impurities underground. This covers instruc
tions to the machine runners not to cut bottom rock with the 
coal and, under hand loading and simpler forms of mechanized 
loading, it covers hand picking and discarding of impurities 

16 [Con.] 
bar screen untIl today numerous types or screens are In use whIch vary both In 
respect to the screen lteelt anc1 In the way It is motivated. There are wlre-mesh. 
round-hole. square-hole. and ellIptIcal-plate screens. and there are rotetlng, 
revolvIng, and shalrer screens. some vIbrated by electrlca! ll:nd some by mecmnlcal 
power. See E. A. Holbrook. and Thomas Fraser. Screen S.z.ng of COllI. Ores IlM 
Other Ninerllls (U. S. Dept. Int., Bur. HInes Bull. NO. 234. 1925). ThIs volume 
contelns a br1er resume or the h1story or screen1ng and l1sts volumes conte1n1ng 
a more dete1led h1story. 
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as coal is loaded into mine cars. These precautions are 
supported by provisions in union contracts that- miners shall 
load clean coal. The dim light in mines, however, limits the 
possibility of hand picking underground, and concerns that 
lack mechanized cleaning plants usually supplement underground 
cleaning with a further discarding of impurities on the surface 
as coal is loaded into railroad cars. When highly developed 
types of mechanized loaders are used - mobile loaders, scrap
ers, duckbills - hand picking underground is impracticable 
and hand picking on the surface ordinarily does not meet 
the requirements. 

Building on helpful precedents in ore dressing, mechanical 
cleaning of coal has been practiced for more than a century, 
but the greatest advances have occurred during the past IS 
years. 17 Growth of mechanical loading underground and of 
strip mining has given a decided stimulus to these advances. 

All the common mechanical-cleaning devices utilize the 
difference in specific gravity between coal and the impurities 
to be removed. Substances of differing specific gravity become 
separated when subjected to certain mechanical or hydraulic 
actions and, with suitable mechanisms, can be separated as 
desired. A clean and rapid separation of coal and shale can be 
accomplished by using the principle of passing the mixture 
through a rising current of water so controlled that the upward 
force is strong enough to lift the coal, which has a specific 
gravity of 1.3, but too weak to lift the shale~ fhich has a 
specific gravity of 2.~. The coal is carried over a discharge 
point and the shale sinks to a trap in the bottom where it 
is removed. 1 8 

Since the World War the principle of gravity separation has 
been embodied in numerous types of equipment for the purpose of 
increasing capacity per hour and perfecting the elimination 
of impurities. Some devices have introduced refinements in the 
basic idea of water separation, others use sand and water, 

17A washing 4evlce was Installe4 in Saxony In 1830 an4 Jigs were Intr04uce4 Into 
the PennsylvanIa anthracIte rie14s about the time or the CIvil War. InstallatIons 
were later ma4e In western PennsylvanIa bItumInous Uel4s an4 In southern l111no1s. 
See W. R. Chapman an4 R. A. Mott, fils CleQ"'ne Of Coal (Lon4on: Chapman an4 Hall. 
Lt4., 1928), pp. 94-124. 
180014 placer 4eposlts in the West an4 r1ver coal near Harrisburg, PennsylvanIa, 
are examples or nature's errorts at mechanIcal separation. MechanIcal cleaning 
40es In llmlte4 space an4 In a brIer Interval or tIme what a rIver or stream 40es 
over mIles or rlow In years or centurIes. 
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FIGURE 6.- MODERN BITUMINOUS-COAL PREPARATION PLANTS 
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and still others use calcium-chloride solutions. The most 
significant departure from the hydraulic method is found in 
pneumatic tables, many of which were introduced in Pennsylvania 
and West Virginia in the twenties. Patent litigation, which 
was pending until 1938, has hampered the development of pneu
matic cleaning in recent years. 19 

Sp.clal Tr.at ••• t. 

Preparation of coal for the market frequently includes 
such treatments as dedusting, spraying with oil or chemicals, 
crushing, and rescreening of sized coal after it has undergone 
the intermediate processes between original screening and 
shipment. The purpose of oil and chemical treatment is to 
prevent freezing and to allay the dust which results from 
handling. The use of aspirators for dedusting is also for 
the purpose of minimizing the disadvantages that come from 
the pulverizing effect of handling. Rescreening is done to 
insure uniformity in the various sizes. All these treatments 
are carried out with highly mechanized equipment. 

Gro.'~ of Y.c~a.lcal Claaala. 

The tonnage of coal cleaned in the United States in 1936 was 
double that cleaned in 1932. These figures were of course 
affected by the increase in total tonnage, but the percentage 
of total output advanced from 9.8 to 13.9 during the period. 
From the time the U. S. Geological Survey records of cleaning I. 
were begun in 1906 there was a gradual increase in cleaning 

19rOllOW1ng Is a selected chronological list ot cleaning devices: 
Piston jigs - Adopted trom metal-mlnlng practice. 
/fet concentmU"i tables - Adopted tran metal1l1nlng practice. 
PneWllatiC tab les - Slm1lar In principle to the wet table, but air Instead or water 

Is used as the separating medium; IntrOduced In 1919 in the West and 1922-24 
1n West Virginia and Pennsylvan1a. 

Chance cones - Introduced 1n Pennsylvania bituminous mines In 1925; uses a m1xture 
ot sand and water as separating medium. 

RAeoloveur lo~ers - IntrOduced trom Belgium In 1926 1n Colorado; essentially 
a tll7t'llng stream ot water. 

Nenzies hydroseporotors - Upward-tlowlng water currents; r1rst 1nstalled 1n 
West Virginia about 1927. 

8ieon-Corves Boue jigs - An air-operated jig; tlrst Installed In Pennsylvania 
In 1928. 

Je!frey-owl-Norton BCWII jigs - Adaptations ot the Baum jig. 
fraser oir-sowl - Mixture ot air and sand used as a separating medium; Installed 

In Pennsylvania In 1930. 
8twp "Air flaw" - Installed In Pennsylvan1a In 1932. 
Colciue-chloride kOShers - Mixture ot calcium chlorlde with water to Increase 

specltlc gravity ot solution; Installed about 1936 In West Vlrg1nia. 
See also Arthur F. Taggert, 6Qndboo_ of Ore Dressing (New York: John W11ey 
.. Sons, Inc., 1927). 



ri •• r. 7.- CEKTEBS or MECBAKICAL COAL CLEAKIKG 
IK 111&, 1121, AKD 1188 

"~ACEHT Of' TOTAL 
MlC_NI(.ALLT CLEANtD~ _______ IZ.2J 

INCLUDING co", .. CLEANED 
AT C(NTFlA" WASHERIf.' 
OPt:IlAT'£D BY CONSUMtRS __ ••• 0 ... ..,. 

HACftlilT Of' TOTAL 
CLf. ... NfD ______ •• __ • __________ ,S . ., O_LE5S THAN 500,000 TONS 

-.E:JU.I,. T[o-.a..oc;" IiIJIO (IU'nI'Uf" P(q ........ SHas 
~-"'TCINAL MKNlCH ~T '-~3 

This' figure Is intended to give a bird's-eye view of the remarkable 
'owth ana spread of mechanical cleaning. The years 1915, 192\, and 19~6 
!re chosen because they were years of nearly equal rroduct ion. However, 
,Ifts In production occurred between the severa states; therefore, 
Igures are given in each State which indicate the percentage of total 
'oduction mechanically cleaned. The figures given In 1936 for ColoradQ 
nd pennsylvania represent coal cleaned at the mines and at consumer 
lsheries. The symbol (-I indicates that the percentage cannot be given 
Ithout reveal in9 data for Individual operat ions. Data for Kansas and 
i &sour I are comb I ned. 
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until the World War, with a recession during the war years; 
after 1921 the advance was accelerated. In"the years 1915, 

1921, and 1936 the total bituminous output of the country was, 
respectively, 443. 416. and 439 million tons. In the same 
years 21 million, 14 million, and 53 million tons, respec
tively, were mechanically cleaned at the mines. In other 
words, 5 percent of the total output was cleaned in 1915, 

3 percent in 1921, and 12 percent in 1936. 20 

Figure 7 shows the centers of coal cleaning in these 3 years. 
It will be noted that the progress of mechanical cleaning 
was quite different in different areas. In Alabama, for 
example, there was but slight change during the period, whereas 
Pennsylvania and West Virginia registered large increases. 
Even in these States progress was halted during the war. 
Indiana and Illinois, like the country as a whole, cleaned less 
coal in 1921 than in 1915, but the amount has increased greatly 
during the past few years so that 1936 shows a substantial 
increase over 1921. 

Table 3 shows the uses to which mechanically cleaned coal 
is put. Coke plants depending upon activities in the steel 
industry have always been major users, but their percentage 
of the total cleaned output has declined in recent years. 
In 1928 coke ovens took about llt million tons and in 1935 

somewhat less than 12 million tons, but the percentage in 1928 

was 40.9 against 26.4 in 1935 and 26.2 in 1936. Although 
increasing requirements of coke ovens at steel plants and at 
city gas plants have, over a long period," absorbed a large 
part of the expanding output of cleaning plants, railroads, 
industrial plants, and domestic consumers are increasingly. 
demanding clean coal and taking larger and larger percentages 
of the total supply.21 

la'errela'ioa of Coal Prepara'ioa aa4 Miai., Techaoio" 

A modern mine with a preparation plant attached divides its 
supervisory functions between a mine foreman and a tipple 
foreman. The mine foreman is responsible for delivering a 

20Th Is compe.rlson does not lnclUc1e the coal cleaned at consumer-operated washerles. 
21see tables B""7 and B-B for a summary of the growth of mechanical clean1ng, by wet 
and dry methods and by States. 



MINING UNDERGROUND AND COAL PREPARATION 39 

Ta.1. '.- PBODOCTIOX or MECHARICALLY CLEARED BITUMIROOS COAL, 
BY OSE, uu- .. • 

Net. t.ons Percent. of t.otal 

Year Used in Used for Used in Used for 
Total coke other coke other 

ovensb purposes ovensb purposes 

1927 27,692,047 10,370,090 17,321.957 3'7.4 62.6 
1928 28,783,039 11,770,686 17.012,353 40.9 59.1 
1929 36,799,120 12,509.683 24,289.437 34.0 66.0 
1930 38,799.619 11,873,284 26.926,335 3:>.6 69.4 
1931 36,172,373 8,639,561 . 27.532.812 23.9 76.1 

1932 30,278,369 6,895,333 23.383.036 22.8 77.2 
1933 34.558,211 8.541.166 26,017.045 24.7 75.3 
1934 39,826,559 9,871.134 29,955.425 24.8 75.2 
1935 45,361,021 11,948.618 33.412.403 26.4 73.6 
1936 61.094,976 16,028.879 45.066.097 26.2 73.8 

&cat. tor 1927-34 tram L. N. Plein, Stotisticol Analysis of the P~og~ess in 
Nechanicol Cleonint of Bit.ino1lS Cool l~oa 192'7 to 19311 (U. If. Dept. Int •• Bur. 
Kines Econ. Paper ~o. 18. 1936), p. 19; tor 1936 trom F. O. Tryon, L. Kann, and 
W. H. Young. "Bltumlncus Coal. I Nine~ols leo~boo", 193'7 (U. S. Dept. Int ••. Bur. 
Klnes, 1937). PP. 787-867; and tor 1936 tram Bit_inous Cool fobles, 1938-193'7 
(U. S. Dept. Int •• Nat. Bltum1noue Coal Com •• 1938). Figures InclUde coal washed 
at plants operated by steel campanlea. 
brncludes cake plants at ateel works and city gas companies. 

specified tonnage of raw coal to the tipple during each shift. 
The tipple foreman must see that the coal is properly prepared 
for shipment. Although the tasks are distinct, they are 
closely interrelated. Technical changes underground in the 
past half-century have had a large influence on the present 
preparation of coal, and the technology of preparation in turn 
has assisted underground mechanization. 

In 1890, when the output of a mine was shipped as run-of-mlne 
coal, conditions made it possible for the miner to do an 
acceptable job of cleaning. In the first place, by selecting 
one part of the seam rather than another for undercutting, he 
could reduce the amount of impurities which became mingled with 
the coal in the blasting process. Secondly, as he would not 
ordinarily load more than 3 to S tons a day, he was able in 
spite·of the poor light to remove most of the impurities as he 
~hoveled the coal into the mine car. Finally, the organization 
of the tipple was such that a good part of the impurities 
that remained could be removed by members of the crew as the 
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railroad cars were loaded. Introduction of the cutting machine 
tended to increase the amount of foreign substance that became 
mixed with the coal and also to increase the proportion of fine 
sizes produced by the cutting bits. 

By 1920 machine cutting had become standard practice, elec
trical haulage was highly developed, and underground operations 
generally were speeded up, with consequent reduction in the 
opportunity for hand picking. The effect of mechanization 
underground in accelerating the tempo of operations was greatly 
accentuated by the introduction of mechanical loading. Unless 
seam conditions are exceptionally favorable or market demands 
lenient, a modern preparation plant is a corollary of the 
higher types of mechanized loading; even the use of pit-car 
loaders or conveyors impairs opportunity for hand cleaning. 

As mechanization underground advanced, more and more coal had 
come to be sold by sizes and consumers were demanding better 
qua1ity~ In these circumstances, insistence of discriminating 
buyers on clean as well as sized coal was a factor that could 
not be ignored, and it was obvious that responsibility for 
providing clean coal had been largely shifted from the mine to 
the tipple. With the larger sizes - lump and egg - cleaning 
could be done with reasonable effectiveness by hand pickers as 
coal traveled on conveyors from screens to railroad cars. The 
number of pickers could be adjusted to requirements, depending 
on the type of coal, the speed of operation, and the demands of 
the market. The smaller sizes could not be cleaned, fffectively 
by hand and, in the absence of a washing plant, were shipped 
without cleaning. 

Separatloa of Mlala, aad Preparatloa 

Although a preparation plant serving a single mine is es
sentially an integral part of the mine. its technical and 
managerial organization is such that its operation cou"ld 
be detached without serious disturbance of the preparation 
process. There are several concerns in which a single prep
aration plant serves more than one mine. 22 The custom washery 
is another form in which separation of mining and preparation 
functions occurs. At the Acme plant near Avella. Pennsylvania. 

22The Clalrton plantotthe carnegle-Illlnols Steel Company 1n western Pennsylvanla. 
the Champlon NO. 1 plant ot the Plttsburgh coal Company. and the Ziegler plant ot 
the Bell and zoller Coal and Klnlng Company ln southern Illlnois are nota
ble examples ot preparatlon plants serving more than one mine. 
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and at the Universal plant at Pinkneyville, Illinois, coal 
is cleaned Dot only for affiliated mining companies but for 
independent companies at a specified service charge. These 
custom plants also buy raw coal which they clean and sell in 
the regular course of trade. Some of the examples of separate 
preparation have been in operation for many years. 

Considering the heavy investment in a preparation plant, it 
would appear that considerable advantage to the industry, 
especially to moderate-sized producers, might accrue by having 
one plant prepare the product of several mines for market 
whether or not they were all a part of the same corporate 
structure. Probably the greatest offset to such potential 
advantages would be added transportation costs. Whether the 
future will reveal an increasing trend toward separating the 
functions of mining and preparation cannot be predicted. 

Coal Propara"o. a •• Emplo,m •• ' 

If there should be a future trend in the direction of sepa
rating mining and preparation functions, the effect of technol
ogy in preparation plants on employment would be an appropriate 
subject of study, distinct from technology in mining. Even in 
that case, however, employment opportunity in the preparation 
of coal would depend in large measure upon what happened in 
respect to mining. 

In the typical case today, preparation plants are directly 
connected with mines. Although their supervision and tech
nology are different from those of the mine, employment in 
the preparation plant is an integral part of the employment 
opportunity furnished by the particular mine. Because prep
aration advances alongside of mining in the same concern it 
is impossible to measure separately the direct effect on 
employment of each advance in the process of preparing coal 
for market. Other things being equal, if a given quantity of 
coal is subjected to an additional process - be it screening 
or cleaning - either hand workers or machine operators are 
required to do the work and thus employment opportunity is 
increased. As long as the preparation of coal is confined to 
relatively simple methods of screening and hand picking, the 
effect of preparation for market as contrasted with shipping 
run-of-mine coal is to increase employment. 
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In general a preparation plant cannbt be considered apart 
from other technical appointments with which it is coordinated. 
If a mine having its underground op~rations of cutting, drill
ing, blasting, and hauling already mechanized and its tipple 
equipped for screening and hand picking installs both mobile 
loading and a modern preparition plant, it is the effect of the 
whole installation, not of one part of it, that is significant. 
Quite often the mechanical-cleaning plant makes possible the 
use of the high-speed loader. Such installations usually occur 
under pressure of competition and are motivated by a desire to 
increase output per man and either to make more profit or to 
forestall loss. Should a particular operator secure the 
desired result from such technical changes he will probably 
increase his tonnage beyond what he would have produced with 
~is former methods. When that occurs, total employment in 
the concern will either decline less than it would have if 
the operator had continued as he was and lost business, or 
employment will remain stationary and in some cases even 
increase. When such results are realized, increased sales 
may offset or even overbalance the adverse effect which a drop 
in unit labor requirements has on employment, and if this 
occurs, employment opportunity in the concern may be enhanced. 

In the case of unsuccessful installations, the employment 
situation both before and after is likely to be highly un
favorable and the influences of technology become merged with 
those of business decline. In the case of a preparation 
plant which is a unit in the balanced operation of a mine it is 
impracticable to analyze the effects of the plant on employment 
except in connection with the other operations of the mine. 
Preparation plants are part and parcel of a move to make 
technical advance a means of expanding business or of arresting 
its decline. The effect of the movement in general as well as 
in the specific case depends in considerable measure on the 
degree to which it succeeds. 

TECHNOLOGY IN BURNING COAL 

Mechanization in bituminous mining has a counterpart in the 
technology of combustion. Advances in the science and art of 
burning coal do not fall within the scope of the present study, 
but their reactions upon demand relate them to employment. 
Information disseminated .as a result of scientific studies 
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in combustion has made buyers increasingly discriminating about 
the energy value of coal. The ~ractice of selling coal in 
prepared sizes was advanced on the assumption that it would 
enable the purchaser to utilize the size best adapted to the 
conditions of combustion in his plant. 

In resp~ct to the larger sizes, it was also assumed that he. 
would obtain reasonably clean coal, impurities having been cast 
aside by hand picking. In the case of slack, it was recognized 
that it might contain a'substantia1 amount of impurities, 
but this was offset by the lower price at which it was sold. 
Ashes were a necessary incident of burning coal, and under 
a price appeal a few ashes more or less were considered in
consequential. As combustion research has advanced, buyers 
and sellers alike have gradually shifted emphasis from price 
per ton to net cost for fuel. Industrial coal is now bought 
largely on the basis of heat units, and there is an increasing 
tendency to buy domestic coal on that basis. 

Technology in combustion affects not only the amount of coal 
used to provide a given amount of energy but also the form 
in which it is used. Automatic stokers adapted to the use 
of screenings have become standard equipment in industrial 
plants, and this has shifted emphasis from the sizing to 
the cleaning aspects of coal preparation. In turn, some 
of the requirements in mining are undergoing modification. 
Hitherto the assumption that mechanical loading would in
crease degradation and reduce the amount of prepared sizes 
obtainable from a given output of mine-run coal has tended 
to retard mechanization, expecia11y among producers of soft, 
friable coal. 

By way of contrast it was found at several of the highly 
mechanized mines inspected during the process of this study 
that the whole output at the time the mine was visited was 
being crushed into screenings on the tipple. In one case 
inability of the crushers to take the coal as fast as the mine 
could supply it was slowing down mining operations. General 
introduction of automatic stokers for domestic use would cause 
further shift of emphasis toward providing clean coal. The 
advantage of using coal that costs less than prepared sizes 
is lost to the extent that the consumer pays for impurities 
instead of for heat units. Discriminating buyers whose pur
chasing departments are equipped with definite specifications 
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ccncerning the physical and chemical composition of the coal 
desired insist upon having clean coal. 

Even in cases in which lump coal is still considered essen
tial, the tendency to measure its value in terms of thermal 
units is growing. Since the purpose of burning coal is to 
provide energy in the form of heat, the practice of buying 
coal on that basis will probably come to dominate the market. 
Technology in combustion has advanced both with technology 
underground and with technology in the preparation of coal, 
and this has been responsible for the nation-wide improvement 
in preparation facilities above outlined. 

A few of the factors involved in the technology of combustion 
have been outlined. Coal is used under a variety of conditions 
and the consumer, besides giving weight to price, quality, 
and size, must often give consideration to factors such as 
softening temperature of ash, slacking and storage character
istics, grindabi1ity, coke- and gas-making qualities, and the 
suitability of the coal to the equipment available at the plant 
where the coal is to be used. 

Improved technology in mining lowers the ratio of labor units 
to coal units. Improved technology in combustion lowers 
the ratio of coal units to energy units. 23 The cumulative 
effect is lower cost of energy. Unless this lower cost can 
be translated into demand for enough coal-generated energy 
so that the product of man-hours per 1.000 tons of coal mined 
times the number of tons used increases or remains constant, 
employment opportunity must decline. 

BQUIPWEIT PIODUCTIOK 

Another important accompaniment to mining technology is found 
in the application of science to the design and manufacture of 
mining machinery. This subject, like technology of combustion, 
is outside the scope of the present study, but its influence 
cannot be overlooked in analyzing the effects of Changing 
technology in mining. Achievements in this field obviously 
stimulate mechanization and in large measure determine the 
condit ions under which it advances. 

23ror a study of progress In the efficiency of fuel consumption see Nicholas 
Yaworskl and Others, 'till & If!k'sfICY ,,, C8118"* NIJ"vjactvre, 1909-1935 (WPA National 
Research ProJect In cooperation wltb U. S. Dept. Int., Bur. Kines, Report No. E-6, 
Apr. 11138). 
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When new machinery is introduced for performing a mine 
process, the aggregate cost of producing it has to be met 
by the operators who install it, and this cost is chargeable 
against savings in labor cost. Cost in relation to savings 
is a crucial item in determining the wisdom of an installation, 
especially when old equipment, still usable but not fully 
amortized, has to be scrapped. Both the initial cost and 
the carrying charges on new equipment serve as a moderating 
influence upon the tempo of mechanization, and this influence 
is accentuated when experimental installations are abandoned, 
as has frequently occurred in the bituminous industry. 

Progress of mining technology is developed in part by ex
periments within mines and in part by experiments in drafting 
rooms, laboratories, and factories of industrial concerns. 
Such experiments have an important influence upon the invest
ment aspect of mechanizat ion, If it were known that the 
performance of a particular machine would justify using it 
until it was worn out, its cost could be covered by charges 
for maintenance and amortization. For operating purposes, 
however, the life of a machine dates from its installation to 
the time it gives way to a new machine which will do its work 
more economically. In a period of rapid change, therefore, 
obsolescence may become a heavy burden, and that is one of the 
imponderables of the mechanization problem. 

Just as an important cost item must be set off against 
the labor saving from new machinery, so, likewise, there is 
some set-off against the direct loss of employment resulting 
from mechanization. Evaluation of direct and indirect labor, 
which goes into the production of different types of machine~y, 
is a highly intricate problem and one that in most cases 
is insoluble on the basis of convincing statistical data. 
No data have been compiled from which to estimate the labor 
content of the machinery with which bituminous mining is con
ducted. 2 ' In any case, the labor that goes into the production 

2'A recent stu~7 or the beet-sugar 1n~ustr7 calculate~ that between 1927 an~ 1936 
the labor ut1l1ze~ In the proouction ot machInery tor that Industry average~ about 
• man-hour per ton or beets s11ce~. See Ra:vmon~ K. A~amson an~ M1r1am E. West, 
P1"odvcUvUy 11M lepto,.ent 'n 8e tected IMust1"'es: Beet 8ugll1" (WPA Nat10nal 
Research proJect 1n cooperatIon w1th Nat10nal Bureau ot Econom1c Research, 
Report No. N-l, OCt. 1938), p. 11'7 tt. 
In the NatIonal Research ProJect stu~7 or phosphate-rock mInIng the questIon 
ot labor content ot the In~ustr7's purchases was discussed at some length an~ 
the conclusIon was reache~ that this labor ~i~ not constitute a signiticant 
ottset against re~uce~ unit labor requirements. See A. porter Haskell, Jr. an~ 
O. E. Kiessl1ng, fecllno!OI!Y. Isptoyant. 11M Ovt1'Ui Pe1" Kiln 'n Pllospllcsie-Rocll 
]ftn'"" 1880-1987 (WPA Natlonal Research ProJect in cooperation with U. S. Dept. 
Int., Sur. MInes, Report No. E-7, Nov. 1938), p. 118 tt. 



46 BITUMINOUS COAL 

of mining equipment does not accrue directly to miners and 
the amount of employment that would filter back to them because 
of the added coal used in manufacturing the machinery would 
be extremely small. 

Advance in the design and construction of mining machinery, 
as well as progress in the science and art of burning coal, 
links development of technology in the bituminous industry 
with the technical revolution of the past half-century of 
which it is a part. The current phase of the movement within 
deep mines is seen in the rapid spread and intensification 
of mechanical loading following its notable growth in the 
late twenties. 



CJlAPTER I I I 

RESOURCE CONDITIONS: THEIR INFLUENCE ON 
MECHAHIZATION AND PRODUCTIVITY· 

Some of the primary factors by which future progress of 
mechanization will be conditioned are economic, some are 
engineering and managerial, and some geologic. Under economic 
factors are included competition between fields, competition 
with other energy producers, wage rates and differentials 
between fields and with foreign sources, wage differentials 
between machine and hand operations, price levels, freight 
rates, extension of markets through sales effort, growth of 
population, industry, and commerce, and changes in standards 
of living. Any other forces, voluntary or involuntary, which 
influence the relationships of the bituminous industry in the 
United States to national or international economy are within 
the scope of economic factors. Factors like these, pre
dictable only to a limited extent, will be controlling in 
determining the future of the bituminous industry and the 
pace of mechanization. 

Engineering and managerial influences are less complex than 
economic factors but almost equally difficult to predict. One 
of the chief determinants of engineering progress is ability of 
management to adapt the operation of machines to the physical 
setting of different coal deposits. Engineers are seeking to 
suit the design of loading equipment to a wider range of 
conditions and, at the same time, managerial skill in utilizing 
machines is improving. A case in point is the advance in 
design of mobile loaders for use in thin seams and the con
current improvements in management to facilitate their use. 

Such movements greatly enlarge the utility and range of 
choice of equipment under given resource conditions. However, 
the human factors of tradition and habit have a large influence 
on the equipment used. When operators in a field have been 
successful in using a particular machine, they tend to continue 

*B7 LeO N. Plein; It!I.rWlret H. Schoenreld, Econom1st, U. S. Bureau or Labor Statis
tics; Wlllsrc! E. Hotchkiss; anc! Walter H. Dal!e, Consulting Engineer, National Re
search Project, now Research Itlnager, Hlnlng publ1catlons, It:Graw-H1l1 Publ1shlng 
Co •• New York. New York. 
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its use although another machine might give equal or better 
results. The rapidity with which mining methods in many areas 
will change under pressure of technical advance can scarcely 
be forecast. 

Geological factors which affect mechanization are not en
tirely constant since depletion and shifting of operations 
between seams and areas alter conditions actually encountered 
in mining. These shifts to other seams and areas, however, 
will not greatly alter in our time the resource factors. 
In final analysis, seam conditions constitute the basic factors 
to which engineering, management, and economic factors are 
related. For that reason they are made the focal point around 
which the discussion is developed. 

No effort will be made in the following pages to make an ex
haustive survey of all resource conditions or to give accurate 
weight to such conditions in the various areas. Attention will 
be focused on fields that have been important mechanization 
centers in the past and on probable future centers, with minor 
emphasis on less important areas which have succeeded in over
coming difficult conditions. Although geological conditions 
indicate the approach to the subject, the viewpoint sought is 
that of the mining engineer and the practical coal operatQT 
rather than that of the geologist. The relative importance 
of areas in the future, as in the past, will be determined 
by a complex of factors of which resource conditions are 
only one. 

COAL RESOURCES 

Coal Are .. 

American coal fields can be grouped roughly into three 
major geologic and economic divisions - the Appalachian, the 
Mississippi Valley, and the Rocky Mountain. 

The Appalachian division is the geologist's Eastern Province 
and includes the coal fields from Pennsylvania and Ohio on 
the north through West Virginia and eastern Kentucky to Alabama 
on the south. 1 

l For an excellent descr!pt!on at coal prov1nces. t1elds. reserves. qual!ty. rank, 
and analyses ot coal trom the geolog!st.s v!ewpo!nt. see ~. R. Campbell. "our .coal 
Supply: Its Quantlty. Qual!ty. and D!str1but10n." Proceea\ngs of the lnternat\ona' 
Conference onBituminous coal. Nov. 15-18. 1928 (P1ttsburgh. Pa.: Carneg1e Inst1tute 
ot TechnolOgy). PP. 5-64 and IISP In tolder at back ot book. 
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The Mississippi Valley division includes thegeologist's East
ern Interior Region (Illinois, lndiana, and western Kentucky), 
the Western Interior Region (Iowi, Missouri, Kansas, Arkansas, 
and Oklahoma), the Northern Interior Region (Michigan); the 
Southwestern Region (Texas bituminous), and· the Gulf Province 
(Texas lignite). 

The Rocky Mountain divi.sion includes the .Rocky Mountafn 
Province (New Mexico, Colorado, Utah, Wyoming, parts of Montana, 
and small scattered areas in Idaho, Nevada, and Arizona), 
the Northern Great Plains Piovince (parts of Montana and 
all North and South Dakota), and the Pacific Coast ·Province 
(Washington andsmall scattered areas in Oregon and California). 
North and South Dakota, although geographically Mississippi 
Valley States, are included in this division because their 
lignite fields are adjacent to the lignite- and sub-bltuminous 
fields of Montana and Wyoming. 

TopOlrap'" 

Appalachian topography is the result of erosion of plateau 
land forms caused by elevation of horizontal rock formations 
and subsequent stream erosion. Such topography, depending 
upon the stage of erosion, varies from distinctly mountainous 
surfaces in parts of southern West Virginia to the rolling 
country of eastern Ohio. Broad, flat prairie lands character
ize the Mississippi Valley, although in some sections stream 
erosion has resulted in low, rolling hills. In Arkansas earth 
mov.ements which formed the Ozark and Ouachita Mountains and 
subsequent stream erosion have resulted in hilly topography. 
In the Rocky Mountains topography is rough as the result of 
the bending and tilting of the earth's· surface during the 
formation of these mountains. 

e" .. 
Tbe depth ot eover overlJlna the eoal deposita of the United 

State, ranaea from aero alone tbe abundant outeropa to A prob
able mallmum of 6,000 feet or more in eertain fieldl of the 
lock, Mountainl. Over huge areas, however, workable beds lie 
witbin & tew hUndred feet of the Burfaee, or can be reached 
under rreater depth of cover by borizontal drifts, entering 
alonr a valley bottom and eltending back under tbe hills. In 
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practice;; therefore, there has been little occasion as yet to 
attempt the working: of coal;at great depth. At the mines now 
developed ,cover' is~ 'shallowest in the, stripping' areas ,of: the 
MissisSippi Valley~ his, greatest 'at individual mines in 
eastern Kentucky and in Utah~ 

8'rao'qr. ' 

When 'or iginally dE!pOS i ted all co~l beds were Hat,'bu t 
subsequent geo1ogicafprocesses have modified this t'o varying 
degrees'. Although dipping beds do not in themselves seriously 
handicap mechanization, they require at times modifications 
in mining practice~ The coaiformatio'ns intlieMissi'ssippi 
Valley occur in broad,shallowbasins which are of stich dimen
sions that the seams for all practical ~urposes are thought 
Of' as be'ing':'!:l.a.t. -The'excepti'ons tOlhisru1e aretbemore 
steeply dipping beds resulting frommount"ain-making movements 
in Arkansas and Oklahoma. 

In the Appalachians the beds are practically levei except 
along the eastern flank of the coal measures. There is con
siderab1e variation"however, and average condit,ions are 
not comparable with ,the level seams of the Mississippi Valley. 
In western aid ~entralPennsylvania there are ~oal basins 
which are Oilly moderate in width. Most 'of the <.oa1 in these 
basins is level or dips only slightly, ~ut on ,the 'edgea, the 
seams are tilted more sharp1y~: '-In the Broad Top field of cen
tral Pennsylvania, in 'the semianthraCite district of Virginia, 
and in the Coosa' and Cahaba 'basins of Alabama"the coal beds 
dip sharply iii some 'of the operating mines. 

, The geological' fbtCes whic'h'treated the Rocky Mountains 
tilted the coal fOrmations to angles varying' from 'only a few 
degrees of dip to the point wher~~they stand on end. On 
the other hand, the lignite beds of the Great Plains are 

conspicously flat. 

a •• t 

The rank of coal defines the degree of metamorphism:( or 
g eolog ic t hange I through which it has: passed fromthe,tinie 
of its original deposition to the preseni;RankhaS no direct 
bearing on the prci~lem ofmech~nization' oroutP~t pet ~a~, 
but indirectiy; since rank is to somedegree'assodated 'with 
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heating value and coking properties_ i~ influences the market
ability of the coal and the running time of the mine. The 
number of days a mine is in operation is a very important 
factor in reducing costs and in adapting loading machines 
to economic operation. 

Scientifically, coal is divided into the following ranks: 
anthracite, semianthracite, low-volatile bituminous, medium
volatile bituminous, high-volatile bituminous, sub-bituminous, 
and lignite. 2 Trade usage, however, recognizes two grand 
divisions in the coal trade of the United States - Pennsylvania 
anthracite and bituminous. The bituminous-coal industry, 
as ordinarily understood in the trade, includes the production 
of lignite and of the small quantities of anthracite and semi
anthracite mined outside of Pennsylvania. From the viewpoint 
of wage scales, freight rates, distribution, and general 
competitive relationships, these other hard coals are commonly 
grouped with bituminous coal, and they are so grouped in the 
tables of this report. Low-volatile bituminous has the highest 
heat value, and lignite the lowest. 3 Low-volatile, medium
volatile, and the top divisions of high-volatile bituminous 
coals can generally be coked. 

Bearing in mind that the value of coal depends upon its heat 
content and the variety of uses to which it may be put, it is 
clear, other factors being equal, that the areas possessing 
coals with higher heating values and with good coking and gas
making qualities have a twofold market. When demand for coals 

2Anthraclte Is mined In eastern Pennsylvania; a very small proc1uctlon comes alao 
trom Colorado and New Mex lc O. 
Bemlanthraclte Is mined In pennsylvania, Arkansas, Colorado, New Mexico, and 
Virginia. 
Low-volatl1e bituminous (otten reterred to as semlbltumlnous and smokeless) 
comes trom Pennsylvania, Maryland, VIrginIa, West V1rg1n1a, Alabama, Arkansas, 
and Oklahoma. It 1s mined In such well-known tie Ids as central Pennsylvania, 
Oeorges Creek, Upper potomac. pocahontas, and NeW River. 
Medlum-volat1le Is an Intermediate rank and Is mined prIncipa1l7 In West VIrginia 
am Pennsylvania. 
H1gh-volatl1e b1tum1nous coal Is mined In all coal-procluc1ng Btates except 
North and Bouth Dakota. 
Bub-b1tumlnous Is proc1uced chletl;y In Montana, Wyoming, Colorado, New MexIco, 
am washington. 
The chlet l1gnlte proc1uctlon comes trom the Dakotas, Montana, and Texas. 
~eat values within each rank vary considerably, depending upon the amount ot 
moisture and Impurities Included In the coal. A rough measure ot the range ot 
B. t. u. per pound ot coal ot the variOUS ranlCB wOllld be as tollows: anthraCite, 
12 700 to 13 830; semlanthraclte, 12,340 to 13,870; low-volatile bitumInous, 
13;120 to 14,860; bltum1nous, 10,040 to 14,490; sub-bitumInous, 8.300 to 11,230; 
and lignite. 6,660 to B,ooo. WIthin the bItwninous rank 18 InclUded a wIde range 
ot varIetIes. In general, coal decreases In heat value as It Ie mined tarther 
west ot the AppalachIane. 
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of these special uses declines the mines can continue to market 
their product for steam and domestic use, whereas the areas 
with noncoking coals must always rely on the steam and domestic 
trade. These resource advantages are particularly valuable to 
many of the coal fields within the Appalachian region. 

Besides the disadvantage of low heat value associated with 
sub-bituminous and. lignite coals, such coals have an additional 
drawback in that they slack or disintegrate very rapidly when 
exposed to the atmosphere. Storage at points of consumption is 
therefore difficult; when mines producing these coals must 
depend on domestic trade, running time becomes highly seasonal. 

In 1935 roughly three-quarters of the mechanically loaded 
coal came from mines producing sUb-bituminous and noncoking 
high-volatile bituminous coals. By 1937 the proportion had 
dropped to three-fifths because of the rapid increases in 
the high-volatile and medium-volatile coking coals in the 
Appalachians. The shift has the~efore been from coals with 
limited ranges of use to coals with wider ranges. 

Q •• ll" 

Quality refers to purity, which is dependent upon the ash, 
sulphur, and moisture content of the coal. For metallurgical 
coal low ash and low sulphur content together with the right 
combinations of coke-forming constituents, are a prime req
uisite. For steam and domestic use the percentage of ash is 
the chief determinant. Burning equipment, however, can be 
designed to utilize any quality of coal if the price factor 
is right. Probably the best over-all measure of quality is 
heat value as measured in B. t. u. Rank should not be confused 
with quality although heat values are used in classifying 
coals by rank. 

Heat value, therefore, is one of the resource factors asso
ciated with any coal deposit. Relative heating values ex
plain part of the competitive position of all coal fields. 
Table ~ is a rough indicator of the average heating value of 
coal produced in each of the State~; it does not attempt to 
show the wide differences which may be found in any State. 
It represents what is considered to be a conservative estimate, 
based upon reliable data, of the average heat value per pound 
of coal produced in 1936. 
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Tabla •• - AVEIAGE BIITISH THEIMAL UNITS PEl POUND OP COAL 
PRODUCED. BY DIVISION AND STATE. 19 •• a 

(T~'" .ale ••• r •••• r ••••••• d 1,dl.ld •• 1 mi ••• 
i. a., S.a •• ma, prodec. b,".r coal 

or co •• id.rabl, l.f.rlor coal.) 

Appalachian Mississippi Valley Rocky Mountain 

Average. Average Average 

State B. t. u. State B. t. u;' State B. t. u. 
.W per per per 

pound pound pound 

Virginia 14.350 Arkansas 13.990 Utah 12.900 
West Virginia 14.200 Oklahoma 13.430 New Mexico 12.280 
Pennsylvania Kansas 12.850 Washington 11.900 

(bituminous ) 13.950 Western Wyoming 11.610 
Eastern Kentucky 13.950 Kentucky 12.250 Colorado 11.260 
Tennessee 13.820 Michigan 11.780 Montana 9.690 
Alabama 13.750 Indiana 11.730 North Dakota 6.980 
Maryland 13.630 Missouri 11.640 
Pennsylvania Illinois 11.410 

(anthrac i te ) 13.300 Iowa 10.790 
Ohio 12.760 Texas 7.600 

aThese averages were computed from data In M. R. Campbell, 'Our Coal supplY: Its 
Quantity, Quality, and Distribution," ' .. ocee/Jings oj the Int ... ""Uona! Con' .... 1tK;e on 
B.t .... """, COG!. Nov. 15-18. 1926 (Pittsburgh, PR.: Carnegie Institute of Technology), 
pp. 49-67. In compiling these data Campbell's heat values. by county. have been weighted 
bl' the county prOduction In 1936 In order to obtain the average for each State. In a few 
cases, where representative analyses were not available for 1mportant producing counties, 
estimated heat values were added. 
"The figures given are those Obtained by the analysis of Individual samples of coal. but 
each sample has been so selected that It represents the average composition of the coal 
of a certain district or field. or the composition of a cenaln ranll of coal. Most of 
the analyses given In the table were made by the Bureau of Mines or the United States 
Oeologlcal survey, and so are strictly comparable; but for a few coals ••••• such 
analYses are not available and the figures given are taken from state reports.' (IbUi., 
P. 48.) 
The flgures quoted by Mr. Campbell represent mine or face samples rather than car or 
dellvered samples. Mine samples are obtained by mailing a vertical cut up and down the 
face of the coal seam and carefUllY rejecting sll partings of rock or Impurities which it 
would be feasible to throw out In the operation of hand mining. In general, mine samples 
will run lower In Impurities Snd higher In heat value than samples of the product as 
It Is actuallY shipped to market. The difference between the two has been frequently 
described In the technical papers of the U. S. Bureau of Hines. It Is necessary to use 
mine samples for such purpose because they are the onlY ones systematically available for 
all flelds In the country. The records publlcl:V ava1lable on car or delivered samples do 
not yet cover many of the coal flelds adequatelY. 

I ••• r ••• 

The United States possesses tremendous reserves of coal 
sufficient to last for centuries. The original reserves before 
mining began are estimated at 3,215 billion tons. 4 It has been 
estimated that by the end of 1936 the amount mined plus that 
lost or wasted during the mining process amounted to slightly 
more than 1 percent of the original total. 

4T• A. HendrickS. ICoal Reserves •• Repo.-t to the President on Energy ResOfl. .. ces and 
NatioM! Policy CH. Doc. 160. 76th CanSo. 1st sess •• 1939). ch. I. sect. I, pt. II. 
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Depletion in certain areas, nevertheless, is approaching a 
point where serious thought must be given to the problem. 
Mining operations always con~entrate on the thicker, better 
quality coals, and the problem should be thought of not in 
terms of that indefinite time in the future when complete 
exhaustion is reached but in terms of increasing mining costs 
as more and more difficult physical conditions are worked. 

The highest degrees of depletion are found in certain Appa
lachian districts containing the thickest- and highest-rank 
coals, from which the Nation draws the major portion of its 
annual supply.5 Mechanization, therefore, has a distinct 
function to perform in such areas to enable the mines to 
produce a cheap fuel under increasing physical handicaps. 

Table 5 shows the relation between reserves of the principal 
ranks and production, by State. All relationships are calcu
lated as a percentage of the national total. 

1 

INTERRELATION "or RESOURCES. TECHNOLOGY. AND MANAGEMENT 

The influence of resource factors upon labor output in 
bituminous mining depends in large measure upon the skill with 
which management employs and coordinates technology. If it 
were possible to conceive of all the factors except resource 
conditions remaining constant, labor output would tend to vary 
as resources are favorable or unfavorable. Similarly, with 
factors other than technology constant, output would tend to 
vary according to the effectiveness of the equipment used. 
Technology is obviously outstanding among the variables that 
affect labor output; technology, resources, and management 
are mutually complementary in the practical operation of 
bituminous mining. 

Changes in the national average of unit labor requirements 
during recent years are not attributable to any over-all change 
of resource conditions. To be sure, large tonnages of coal 
have been taken from the earth since 1880, the year in which 
the records of labor output with which this study is concerned 
began, but the effect on total bituminous deposits has been 

50. S. R1ce. A. C. F1eldner. and F. O. Tryon. 'Conservat1on or Coal Resources.' 
transactions, th(rd Norlcl Power Conference (Wash1ngton. D. c.: 1938). vol. VI. 
sect. IV. paper no. 11. pp. 679-80. 
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f.'I. 1.- PERCE.TAO. DISTRIBUTION or COAL RESERVES AND COAL 
PRODUCfIO., BY DIVIBIO. AND BTATE, l ••• a 

Percent ot total coal reserves Percent 
Dlvlslon and state Sub- ot total 

'1'otal AIItbr .... Sltu- b1t.q.. L1Q- produc-
cUee Ilinousd 

1l1noua nUe Uonb 

I1Dlt.ed states 100.000 0.485 44.259 25.720 29.536 100.00 

App alacbllUl 17.168 0.474 16.694 0 0 76.23 

lIest VirQlnla 4.643 0 4.643 0 0 23.89 
Pelllls;ylvanla 3.708 0.459 3.249 0 0 33.32 
Obl0 2.890 0 2.890 0 0 4.ee 
Eastern Kentuck;y 2.097 0 2.097° 0 0 7.93 
,uab_a 2.094 0 2.094 0 0 2.48 

TeDDessee 0.797 0 0.797 0 0 1.03 
Vlr,lnia 0.665 0.015 0.650 0 0 2.36 
Mar;yland 0.243 0 0.243 0 0 0.34 
GeorQla 0.031 0 0.031 0 0 0 

Misslsslppl Valle;y 16.842 0.007 16.111 0 0.724 18.78 

Ill1nol8 6.218 0 6.218 0 0 10.32 
Mlssourl 2.629 0 2.629 0 0 0.81 
lies tern Kentuck;y 1.723 0 1. 723e 0 0 1.70 
Oklaholla 1.722 0 1.722 0 0 0.31 
Indlana 1.633 0 1.633 0 0 3.61 

Tesas 0.973 0 0.252 0 0.721 0.17 
Kansas 0.929 0 0.929 0 0 0.60 
Iowa 0.903 0 0.903 0 0 O.SO 
MlcblQaD 0.062 0 0.062 0 0 0.13 
ArklUlsas 0.050 0.007 0.040 0 0.003 0.33 

Rock;y Mountaln 65.990 0.004 11.454 25.720 28.812 4.99 

1I;YOllln, 19.501 0 0.952 18.549 0 1.17 
Nortb Dakota 18.861 0 0 0 18.861 0.45 
Montana 11.977 0 0.084 1.975 9.918 0.61 
Colorado 9.958 0.003 6.683 3.272 0 1.38 

utah 2.928 0 2.766 0.162 0 0.66 
lIasblngton 2.004 0.001 0.354 1.649 0 0.37 
liew Medco 0.652 (f) 0.593 0.059 0 0.32 
Arlz., CaUt., Idaho, 

Ore,., S. Dak.- 0.109 I) 0.022 0.054 0.033 0.03 

-DerlYed rr .. T. A. Hlndrlela!. 'Coal Re •• r .... • •• ,.,..e eo U. ". .. u. .. e Oft .... re' ... ovrcu 11l1li .U .... I 
P.U., (IL Doc. 180. 78th COIlIlo. 1st so.... 1939). ell. 1. .eet. I. pt. II. 
ReHl""NI and prodUctloa are ahown 1D percentasea 80 that COIIparlSOIl8 can be .ore read1l7 ada. TbUS. 
W1.lnI Dl"od\lCe4 anl, 1.1" Dereent of the total coal output. but It coatalns 19.601 percent ot the total 
rea,nea, Whereas PeDll81lY&llla i a production 11&8 33.32 percent with 3.708 percent ot the reaeNe8. 
bCo.puted .troa "" E. KCHlllan, I\. L. AJldet'aOD. and others, ·B1tt.DIIlnoua coal.· "'tIS,",z" 1etwbooAl, 19.18 
(u. 8. DePt. Int •• BUr. Hlnea, 1938). pp. 887-745. For ccaparabll1tJ tilth llgures on reserves, total 
prOductlaa include. all rana. &Dtbl"aclte to Usnlte incluslve. 

C!nClud •• antbraclte &IUS eealanthracU4,. 
dJllClu4e1 1 __ • ..,dl .... and blgh'""Volatlle bltumlnous. 

0pvtl7 .. tlaoted. 
rLoU thaD 0.0006 porcont. 
Isla.. ror AlUla! are lDclu40d CD1l:r III wt .011lllD. 
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slight. Yet, the resource factor has affected labor require
ments in actual mining operations and has had an influence 
on labor output through shifts in production between areas 
and between mines. Such a shift occurred with the opening 
of new mines in southern West Virginia, eastern Kentucky, 
and southern Illinois coal fields prior to the World War. 
Resource conditions in these newer fields are .quite different 
from those in the older fields of Pennsylvania, Ohio, and 
Maryland. Another example of significant change in the re
source setting of coal actually mined is found in the rapid 
development of strip mining in recent years. Prior to the 
World War the over-all effect of strip mining was negligible, 
and its influence, even in areas where it was concentrated, was 
relatively small. A further example of a shift of production 
between mines is associated with the development of mechanical 
loading. Centers of mechanical loading tend to develop where 
resource factors are favorable and management is progressive. 
The more favorable the conditions are, the more effective 
is the type of equipment used. 

The joint influence of resources and technology is strikingly 
illustrated in the use of cutting machines. With the same 
expenditure of energy. one undercut by a machine will produce 
twice as much coal in a seam 9 feet thick as it will in a seam 
balf as thick. Accordingly, a shift of operations from a thin 
seam to a thick seam immediately increases labor output. If, 
however, machines with longer cutting bars are installed in the 
thinner seam, with operations skillfully managed output· can be 
materially increased despite the resource handicap. 

Among other factors that determine the way in which the 
joint influence of resource conditions and technology finds 
expression in actual development of mining are proximity to 
markets, the level of engineering and managerial talent, 
relations with labor, and competition between areas and between 
varying technologies. Competition of coal with other. ·forms 
of energy likewise has an important influence both locally 
and nationally. 

Although a study of the effect of resource factors upon 
productivity takes account of all the other influences with 
which resources are associated, this does not in any way imply 
lack of importance in the resource factor itself. Iowa is a 
case in point. In regard to the all-important economic factor, 
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proximity to markets. the situation of the coal industry in 
Iowa is somewhat similar to that in Illinois, yet resource 
factors in Iowa have deterred progress of mechanization and 
labor output has lagged. On the other hand, progress has been 
outstanding in those Illinois fields that enjoy more favorable 
natural conditions. 

Although the influence of other factors must not be min
imized, a large part of the reason for differing degrees 
of mechanization and different labor output in the several 
bituminous fields is found in resource conditions which dis
tinguish them. One coal mine in Williamson County, Illinois, 
has an output of 2.5 tons per man-day, whereas another mine in 
the same county has, in the same year, an output of 8.5 tons. 
Output in LaSalle County, Illinois, averaged 3.19 tons per 
man-day during a period in which output in Franklin County 
averaged 7.85 tons. The over-all average of Michigan mines 
is 2.73 tons against an average of 5.70 tons for Utah mines. 
Numerous factors in addition to resource conditions,. such as 
management, technology. corporate strength, size of operations, 
attitude and skill of labor, and market outlets, have important 
influence in determining varying levels of labor output like 
those just stated. In last analysis, however, resource factors 
are important determinants of productivity both directly 
and through their influence upon technology and, in turn, 
upon other factors. 

From considerations such as these it becomes clear that, in 
the main, conditions surrounding coal resources in their 
natural state exert an influence upon labor output that is 
relative to several other factors. Mining technology has 
advanced to a point at which low output resulting from adverse 
physical factors can be raised materially by the use of suit
able machinery. When installation of machinery is accompanied 
by other favorable elements, including a high degree of mana
gerial skill, its effects on output are greatly enhanced, but 
whatever the results obtained, their.ultimate limits are 
determined by the resource conditions under which all the 
other factors operate. 

MAJOR RESOURCE PACTORS 

Among the major natural factors that influence output of 
labor are depth of cover, thickness and-character of the 
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~eam, c~aFacter of roof and ove~lyi_~!Ls~~!a.:., character 
o~t~ __ o_f_no~r, dip or 'pitch!J-.! seam, mj.ne gases, and 
mine_wa~er. Topography and climate are natural factors of 
minor importance. 

Deptb of Co' ... r 

Aside from the fact that depth of cover may have a bearing 
upon the kind of opening, which will be discussed later, it has 
a direct bearing upon the methods of development that can be 
used. A depth of 50 feet or less is ideal from the standpoint 
of labor productivity because the deposit can then be worked 
by stripping,which results in a greater output per man-day 
than can be attained in deep mining. Some stripping is now 
being done at depths of 55 feet and the future seems to hold 
possibilities of stripping at greater depth. 8 

For underground mining it is largely immaterial whether the 
cover is 150 or 350 feet. Between 350 and 600 feet consider
ation must be given to ample ~il1ars, and ~_~twe_eJl-~d 
l~We'L.proper--rQO~~isi~£~e. Difficulties of 
mining at a depth of 1,000 feet are somewhat greater t~an at 
200, but they are not so important as the problems associated 
with such factors as managerial skill, roof strata, method 
of mine development, kind of opening, and mine gases. 

In an unpublished study by Margaret H. Schoenfeld it was 
found that the average depth of cover in 1926 for all under
ground bituminous mines was 321 feet (see figure 87 ,. Utah 
shows the highest average cover, 73~ feet, largely because 
of operations in the Book Cliff Mesa of Carbon County, whereas 
Texas and North Dakota lignite mines show the lowest averages 
of 67 and 7~ feet, respectively. The value of lignite is 
at present so low that it would be unprofitable to mine it 
at any great depth. 

Depth of cover must not be confused with depth of shaft. 
Although the average depth of cover in Utah was 73~ feet, 
0.1 percent of the coal was produced at shaft mines (see 

8See chapter IV for dIscussIon of output records achIeved and factors affectIng 
labor productIvIty In strIp mInIng. 
7The bar charts In thIs chapter have been prepared from statIstIcal tables In an 
unpublIshed study by Margaret H. Schoenfeld on physIcal CondItIons In BItumInous 
Coal MInes. The data were based on U. S. GeologIcal Survey and Bureau of MInes 
annual Questionnsires to operators durIng the years 1920-26. See also F. O. Tryon 
and Margaret Schoenfeld. -ComparIson or PhysIcal CondItIons 1n BrItIsh and AmerIcan 
Coal MInes.' Coal and frade Journal, Vol. 57. Nos. 35. 38. 40. 44 (Sept. 1. 6. 
Oct. 7. Nov. 4. 1926). PP. 934. 965-7. 1087-9. 1202-6. . 
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figure 111. In.the Texas bituminous mines, as distinguished 
from Texas lignite mines, the average cover was 149 feet, but 
all the product came from shaft mines. In the mountains ·of 
the far West many mines have been opened by drifts or slopes, 
and as the mine development proceeds into the mountain side the 
cover increases very rapidly because of the ruggedness of the 
topography. In flat country the cover for anyone mine tends 
to b!=! uniform because, - in general, the plane of the coal bed 
is parallel with the surface. In the Appalachian areas cover 
for a single mine may range from ~oo to 1,000 feet, depending 
upon topography. The variations in depth of cover in American 
mines are relatively small when compared with those in European 
mines where coal deposits are worked at depths as great as 
3,800 feet. Depth of cover alone has not materially influenced 
labor output - other factors have been more important. 

~ome of the problems that are intensified with increasing~ 
depth are rock pressures, ~ntilation, pumping, a~d hoist
ing, the latter two depending in large measure upon the kind 
___ .-- -- -.--'..;::1 

0!3ening. 

The problem of roof control becomes more difficult with\ 
greater depth of cover, but here again the influence is rela-' 
tive to the character of the immediate roof. Roof control 
involves control of the rock overlying the whole mine and 
support of the roof immediately over each working place.) 
Mines in the No. 8 field in eastern Ohio, with 100 to soo feet 
of cover, have as difficult roof problems as mines with'Soo to 
1,000 feet of cover in other areas, chiefly because the draw 
slate and roof directly overlying the coal are treacherous 
and require carefui timbering. Competent mining engineering 
may result in excellent roof control at depths of 1,000 feet or 
more, whereas poor roof control may result from lax technical 
methods at depths of only 100 feet. Generally speaking, labor 
output should decline with increased depth, but because of 
important modifying factors depth alone is not a major control
ling element. Furthermore, mines operating under great depths 
of cover are generally large and efficiently managed. 

T.lck ••••• f C •• I S ••• 

Ordinarily, thickness of seam ranks with character of roof asl 
one of the most important resource conditions~ffe~!~~g_ unit 
labor requirements. A mine with a 7-foot seam can weather ---------- -----
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degrees of adversity such as bad roof, clay. veins, dip, mine 
gases, and mine waters which might prohibit profitable working 

ij 
of a ~-foot seam. High-capacity equipment designed for thick 
seams cannot well be used in thin seams. The example pre
viously cited of greater output in cutting thicker seams 
applies to drilling, shooting, loading, and hauling. Hardness 

Firure 8.- AVERAGE DEPTH OF COVER OF UNDBRGROUND 
BITUMINOUS-COAL MINES. BY STATB. 11 •• 

NUMBER OF FEET 
o 200 400 600 800 

PENNSyLVAN�A __________ i.4j!_~ ••••• il---l-=-----1=-------=1 
~~R:Y~~L:'A~N~D;_~ __ ~:_:~_~ __ ~_~ __ ~ __ ~_.~::~~::::::::::~ 
WEST VIRGINIA ______ . __ ~~::::~=::::=::::::::~ •• EASTERN KENTUCKY~ 

VIRGINIA--------------.~-.-:~~.-:;:~~::::::::::::: ••• r_ TENNESSEE ________ _ 

ALABAMA _________________ ~:::=:::::~~ ••• 
MICHIGAN ______________ _ 
ILLINOIS. _________________ -'Wl •••••••••• 

IOWA ____________________ J~~~I .••••••• 

MISSOURI. ______________ .-_~-:;:~:::~. 
KANSAS _________________ 1 
ARKANSAS ______________ LI2~I ••••• 

::~::O~B~~:~-I~~:-~-il--_-.-_:~::j::::~, •••• 
TEXAS (LIGNITE). ______ -"_,_.-_ 
NORTH DAKOTA 
MONTANA _____________ .. _~ .. !1.Q .••••••••••• 

WYOM,NG ________________ ~_'d ••••••••••••• 

COLORA;~O:--:--=-=--=--~-~--=-·_~;::J:::::::::::!::::::::::1:::::-IIII_r1111111 UTAH __ 
NEW MEXICO ________ . ___ 4!1J 

WASHINGTON ___________ A.!I':4.~ •••••••••••••• 

UNITED STATES ___ .. __ ,,,,-, __ 

BASED ON UNPUBL.tSHED STUOY BY 

MARGARET H SCHOENFEL.O 
MINtRAL TECHNOLOGY AND OUTPUT PER MAN STUDIO 

WPA- NATIONAL RESEARCH PROJECT £-144 
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of coal, depth o~ the machine-cut, width of room, location 
of binders, and need for greater or lesser production of lump 
coal, however, quickly modify the relation of seam thickness 
to labor output. 

Thicker seams offer definite advantages whether hand or 
machine loading is practiced. For the hand loader it is a 
problem of working in cramped quarters in thin seams compared 
with freedom of movement in thicker deposits. When machine 
loading is introduced, differentials in productivity caused by 
variables of seam thickness tend to narrow. 

Mechanical loading in thin seams hitherto has chiefly uti
lized conveyors, but low-built mobile loaders are now on 
the market and are being used in seams 36 inches or less v 
in thickness. 

Thickness of seam controls the size and hence the capacity 
of the loading device. The mobile loader operating in a 
6-foot seam has available 50 percent more coal to load per 
operating cycle than one operating in a ~-foot seam. A machine 
designed for use in a 6-foot seam, moreover, can be built with 
greater capacity in tons loaded per minute and can be served 
by larger mine cars. Because of these differences in capacity, 
the loading machine in the thicker seam may load the full cut 
of coal (involving 50 percent more tonnage) as rapidly as one 
operating in a ~-foot seam. During the course of a day, there
fore, both machines may move an equal number of times from room 
to room, but the larger machine will handle greater tonnage. 

The relative disadvantage of thin coal may be greatly modi
fied by efficient management. By carefully scheduling the 
cycle of operations, by driving wider rooms where possible, by 
increasing depth of cut, by replacing mine cars with conveyors 
behind the loading machine, and by improving other details 
of mine operation, the daily output of the mobile loader in the 
thin seam may approach or even exceed the daily output of the 
larger machine in the thicker bed when the latter is operated 
by inefficient management. 

Thick seams also have definite advantages in mine haulage 
because larger mine cars can be used with less shifting. 
Also, less room track per ton of coal removed is needed. In 
a 6-foot seam with a room 25 feet wide and a machine cut 
with an effective depth of 6 feet. about 36 tons of coal 

. . 
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will be produced for every 6 feet of track laid, whereas 
with a ~-foot seam a similar set-up will produce only 2~ tons. 
Haulage in thin seams results in a choice of using mine cars of 
limited capacity, taking down some roof (or taking up bottom) 
to permit using higher-capacity cars, or installing conveyors. 
To produce a daily capacity of 2,000 tons the mine with the 
thicker seam needs fewer working places than the mine with a 
thin seam. This influences the size of mine with its attendant 
problems of long haulage roads. Management here exerts its 
influence by using the best technology to concentrate the 
active workings and by obtaining a maximum production from 
each working face. 

A survey covering 1920 found that 25 percent of United States 
bituminous-coal production came from seams less than ~ feet 
thick, ~5 percent from seams ~ to 6 feet thick, 25 percent from 
seams 6 to 8 feet thick, and 5 percent from seams over 8 feet. 
The average seam thickness for all mines was 63 inches. Aver
age thickness of seams worked in Utah, Wyoming, and North 
Dakota exceeded 100 inches. Average thicknesses of 50 in,che·s 
or less were reported for Tennessee, Alabama. Michigan, Iowa, 

I' 
Missouri, Kansas. Arkansas, Oklahoma, and Texas (bituminousl. 
The remaining States fell withi~ 52- to 75-inch averages, with 
none in the 76- to loo-inch range. Figure 9 gives a detailed 
break-down of the percentage of coal comidg from various 
intervals of seam thickness and the average seam thickness, 
by State. 

Ch.r.e,.r of loof •• 4 O •• rl,i., 8'r.'. 

Support and contrOl of the roof material overlying working I 
places, haulage roads, and air courses are extremely important 

I 

for safe and efficient operation. Rock strata overlying a seam I 
may be divided into two parts, t~ immediate roof and the main \ 
roof. The immediate roof material may have a thickness from 
~~ inches to 20 feet or more. Control of the main roof I 
centers in methods of development. whereas support of the) 
immediate roof depends upon methods of timbering. 8 

8MethOdS or development reter to dImensIonal dIstances, such as wIdth ot rooms 
and room pillars; length ot rooms; sIze ot panals; wIdth ot barrIer, entry, 
and chaIn pIllars; and methods ot pIllar recovery. Methods ot tImberIng Include 
sIze ot posts and cross bars used, dIstance between posts, and sequence ot 
settIng tImber wI th reterence to other detalls ot operation at the workIng race. 
ConsIderable Intormatlon Is gIven on root control In a serIes ot reports Issued 
by the U. S. Bureau ot MInes. See the tollowlng publIcatIons ot the Bureau 

[Ccm.] 
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Character of roof, unlike thickness, cover, and dip, is not 
measurable in quantitative values •. Although experimentation 
may lead to definite quantitative values, at the present 
time no measures are available which permit a comprehensive 
comparison of roof conditions in the many coal fields of the 
country. Description of them by mining men is generally 
qualitative and has ret;rence to their own experiences~ --Roof 
c~ions are sometimes measured in terms of safety,-Sometimes 
in terms of timber costs, and sometimes in terms of a combi
na~~ct~rs~ -- I~i;; of course, possible -iochar~~rize 
~~certain-areas as excellent and in other areas as bad. 
Bad roof implies that considerable time and money must be spent 
in setting timbers and in cleaning up rock when falls occur. 
Excellent roof implies absence of these difficulties and 
corresponding savings in time and money. Between these limits 
are found innumerable gradations. ~ 

A type of rock strata known as draw slate, which immediately 
overlies some coal seams, requires careful timbering to avoid 
falls and has to be taken down as the working face advances. 
It may vary in thickness from 6 inches to 6 feet, and where it 
occurs miners must handle an equal area of draw slate for every 
cut of coal mined. This has a marked effect upon labor output. 
Volume of coal and slate is in proportion to the relative 
thickness of the two. Managerial skill can contribute greatly 
toward lessening the burden of dead work involved in handling 
draw slate. 
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Fl,ar. 9.- PERCENTAGE DISTRIBUTION OF BITUMINOUS COAL MINED. 
BY NET SEAM THICKNESS AND STATE. 1920 

AVERAGE SEAM 
THICMNESS 
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~o 
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Roof conditions influence output through the time spent 
in timbering - a nonproductive, time-consuming operation 
which. except to a limited extent, is not susceptible to 



RESOORCE CONDITIONS 65 

mechanization. s The best mining practice today sets up def
inite timbering standards which must be followed irrespective 
of roof conditions, with stipulation that additional timber 
must be set when necessary. Not only must face workers spend 
part of their time setting posts, but daymen must be used to 
maintain a service of supply from the outside timberyard 
into the mine and thence to every individual working place. 
Additional men must be employed to inspect haulage roads and 
airways and to set whatever permanent or semipermanent roof 
support is needed to insure safe and efficient mine operation. 
Character of roof determines the spacing of timbers, and this 
in turn places certain limitations on the use of machinery. 
The strength of the immediate roof, the width of working 
places, and the amount of artificial support needed to hold 
and control the roof are interrelated items in their influence 
on mechanization and labor output. 

The character of roof support and control is a primary factor 
affecting the installation of mechanical devices. Because of 
advancing technology in this subject, timbering requirements no 
longer present an insurmountable barrier to the use of cutting 
or loading machinery. If the character of the roof is such 
that by proper roof control relatively large working places in 
close proximity to each other can be secured, greater tonnage 
per machine can be provided and less time will be lost in 
moving equipment. 

Considerable progress has been made in both the practical 
and the theoretical study of roof support. I~~t~ 5!f 
laboratory studies prove successful in practice, !()_~~~~ace 

o~erations may become possj_b~~,!~ __ ~ill _ll~rmit loading 
machines to function continuously throughout a shift with 
tonnages far greater than any yet realized. 10 The conclusion 
is obvious that here, as in other resource conditions, physical 
factors are interlocked with the principles of management. 
Bad roof is a handicap to labor output, but skillful management 
can, to a great extent, offset its disadvantages. 

9prepared tlmber sets tor use 1n seams ot more or less unltorm thlckness can be 
dellvered underground w1th vsrylng-slzed wedges whlch greatly reduce man-hours 
needed to place them. Also. tlmber1ng by s~called h1tch-dr111 methods decreases 
labor reClU1reJIents. 
108ee Phll1p B. BuckY. "Root Control Problems 1n High-Speed Mechan1zat10n Answered 
by Barodynam1cs." COGI ~ge. Vol. 43. No. 1 (Jan. 1938). PP. 111-8; "Putting Theory. 
to WOrk," COG' ~te. Vol. 43. No. 3 (Har. 1938), P. 420 
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Cbarac'er of Bo"om or rloor 

The rock strata immediately below the coal seam may impose 
burdens upon coal-mine operations, but in general their effect 

,_ on unit labor requirements in American coal mines is not so 
important as in European mines where seams are worked at much 
greater depths. The most serious difficulties are with bottoms 
that are rolling or soft, on which cutting machines cannot 
be used to full advantage. Rolls and pitches also place 
additional burdens upon haulage, althougb the use of conveyors 
(which, aside from loading, complete the transportation from 
the room face to the room entry) may assist in overcoming the 
disadvantages of rolling bottom. 

A floor that is soft or that .weathers easily, and is rel
~atively weaker .than the roof overlying the coal seam, may 
\ heave or rise in the working places, sometimes filling them 

as completely as if the roof had caved. In the case of a 
heaving bottom the stress of overlying rock pressures is re
lieved by the rock beneath the coal, instead of the roof above 
the coal, giving way. Heaving bottom is expensive to handle 
and obviously reduces output. It is comparable to mining thin 
seams in which the bottom must be taken up to give haulage 
clearance. Engineering skill can minimize some of the effects 
of heaving bottom by proper spacing and size of pillars in 
relation to the width of the room opened. 11 Conveyors have 
been successfully used in working places with bad heaving 
conditions in which the cost of hand loading would probably 
have been prohibitive. Soft bottom is generally considered 
a bar to the use of scrapers because of the impurities that are 
scraped up with the coal. Better coordination between the 
product ive and dead-work cycles in scraper practice would 
probably improve performance. 

Cbarac'.r of , •• S.am 

Aside from thickness of seam, physical factors inherent in 
the coal itself have a bearing upon labor output. These 
variables are hardness, quality, distribution of impurities,12 

l~any heavIng-bottom condItIons are overcome by takIng only a small percentage 
ot the total coal as the room advances and Increasing the amount ot extractIon 
on the retreat. 
12FOllowing are specIal torms 0 t Impuri tIes: (1) Binders, 1mpur1tIes in the 
coal seam tound In bands p~rallel to the beddIng ot the coal; (2) clay veins, 
1mpurities usually consistIng ot shales or sandstones varyIng In thlCKnes~ tr~ 

lCon.J 
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irregularities in seam thickness, and benches or double bed-( 
ding. 1! The importance of these resourc~actors is that they 
have a direct infiuence upon the--~iii~i~ncy -~f the--;~~ labor
consuming task - loading - and if adverse will decrease output 
whether machine loading or hand loading is practiced. 

Hardness of coal has a bearing on cutting and drilling, 
although its effect on labor output is slight at the present 
time. Before the introduction of cutting machines hardness 
impeded cutting and was a drag on output. Most of the bi
tuminous coal is now cut by machines and hardness ceases to 
be a great liability. ~he cutting time may be greater and 
the machine bits may have to be resharpened more frequently, 
but these handicaps are now largely obviated -by use of alloy 
steels. Furthermore, improvements in design ~ave made the task 
of changing bits less time-consuming than it was in earlier 
years. Approximately three-fourths of the bituminous coal is 
still drilled by hand, and hardness necessarily retards the 
drilling-time. However, power drilling is increasing rapidly. 

At the other end of the scale, softness or friability of coal 
may be a deterrent to the use of loading machines. Under 
present marketing conditions larger sizes of coal ordinarily 
command the highest prices,14 and it is important to load the 
softer coals with great care in order to minimize degradation. 
This has been offered as a reason for the infrequency of 
mechanical loading in the Pocahontas field, although it appears 
that hand-loaded conveyors would be feasible since they cause 
a minimum of degradation. 16 Degradation resulting from me
chanical loading is a factor to be considered in any coal 
regardless of its hardness. Quite often the reductions in 
mining costs are offset in part by decreased realization 
resulting from the degradation. 16 Quality, in itself, should 
have little effect on labor output, except as it affects 

12 [COIl.] 
a tew 1 nches to several tee t and extending trom the top tc. the bottom ot the se8lll; 
(3) kDnts, areas In the coal seam whIch were eroded at the tIme ot deposItion and 
Nere then tIlled In wIth sand or mud whIch consolIdated to sandstone or shale; 
and (4) horsebacks, IrregularItIes ot shale or sandstone.tound In top or bottom 
It the seam, extendIng across the seam, and generally a tew teet thick and several 
teet wIde. 
13Benches or double beddIng reter to variations In some seams In which the 
top halt and bottom halt ot the deposit have distinct dltterences In phYSical 
characteristics, such as hardness and Qusl1ty. 
14Wlth the' development ot automatlc stokers and their Increas1ng entry Into the 
tleld ot domestic consumpt10n, coal 1s coming more and more to be sold on the 
basis ot B. t. u. anel Impurity content; large sizes are becomlng lesa Important. 
1600al trom the Pocahontas seam breakS elown uneler the most careful hanel loaellng. 
~aae histories are ottered by machlnery manutacturera In whiCh mechanlcal loaelers 
are ahown to cause less elegraclatlon than banel loaelers. 
l6See pII. 23-4. 
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marketability and thus controls the running time of the mine. 
Dead work normally is greater at the mine with limited running 
time, and therefore output per man-day is usually less. 

Various types of impurities that become mingled with coal in 
mining obviously affect labor output to the extent that miners 
are occupied in removing rock or bone while the coal is being 
loaded. This is important in hand loading and in mines where 
pit-car loaders and conveyors are used. With mobile loaders, 
scrapers. and duckbills. cleaning as the coal is loaded becomes 
impracticable. l7 Thus. although the distribution of impurities 
has an important bearing on the quality of coal that can 
be produced from a given seam, the presence of impurities, 
except in extreme cases, does not greatly affect output under 
mechanical loading. Irregularities in seam thickness, var
iations in physical characteristics of top and bottom, and. 
in some seams, the form in which impurities appear, introduce 
burdens that tend to reduce output by upsetting the normal 
sequence of operations. In general the influence of the 
quality is reflected in the selling price and presumably in 
net return rather than in labor output. The rank of the coal, 
whether it be bituminous or lignite, has no bearing upon output 
except as to certain physical characteristics and marketing 
conditions associated with rank. 

Dip or Pi'c~ of S.om18 

The dip of a coal seam is the measure of the angle between a 
horizontal plane and the plane of the seam. In general. the 
effect of dip on output is not great in American mines. In the 
study by Schoenfeld already cited it was found that 65 percent 
of bituminous production in 1920 came from seams with less than 
a 2-degree dip, 20 percent from seams dipping 2 to ~ degrees, 
8 percent from seams dipping ~ to 7 degrees. and the remaining 
7 percent from seams with greater dip. Figure 10 Shows the 
percentage distribution of tonnage produced in 1920 by degree 
of dip for the United States and for individual States. If 
similar data were available for 1938 it is probable that little 
if any change would have to be made in the chart. 

l7See section on Cosl Preparstlon in chapter II tor discussion ot Interrelation or 
mining and cleaning. 
lBFor the purposes ot this report the terms "dip' and "pitch" are used 1nter
changeably. 
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r',.r. 11.- PBICBBTAGB DISTIIBUTIOB or BITUMIBOUS COAL MIBED, 
BY DBGIBB or DIP or·BBD ABD STATE, 1910 
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Increasing degrees of dip affect car haulage adversely. 
Seams with dip of about ~ degrees or less are considered flat 
because such a dip does not add appreciably to the burden of 
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mainline haulage. 19 Labor output is sacrfficed when seams dip 
too much to be disregarded and at the same time too little 
for the advantages of the force of gravity to be reaped. 
The adverse effects of dip can be greatly minimized byplanning 
and management. 

Aside from haulage, steep dips place a handicap upon the 
movement of heavy equipment such as cutting machines and mobile 
loaders. On the other hand, duckbills have found their most 
successful ap1lication in Wyoming, where the average dip 
of coal seams worked is 10.4 degrees. However, if steep dips 
are associated with adverse factors like thin seams and bad 
roof, the effect of all three is bound to lower man-day output. 
In Washington the average dip is 19 degrees and the av~rage 
seam thickness 63 jnches; output in 1936 was 3.46 tons per 
man-day. Wyoming has an average dip of 10.4 degrees, but 
because seams are thicker and a high degree of mechanization 
is practiced, the average output in 1936 was 6.0 tons per 
man-day. Utilization of gravity is possible only to a limited ., 
extent in bituminous mining, whereas in anthracite and in metal 
mining it is not an uncommon practice. 

Wh. a .... 

Presence of explosive gases in coal deposits does not seri
ously affect man-day output. Machinery for proper ventilation 
of mines has been available for many years and all kinds 
of mine machinery such as locomotives, cutting machines, power 
drills, and loading devices are available in "permissible" 
types, designed for use in gassy mines. A mine with a high 
percentage of gas requires larger capital investment in per
missible equipment and has larger power costs for operating 
ventilating fans, but these items do not place material burdens 
upon labor output. 

In all mines daymen are required to build and maintain 
appropriate structures so that the air can be properly di
rected, at minimum cost, to the individual working places 
throughout the mine. The importance of this work, and the 

19Haulage grades up to nearly 4 degrees tor locomotives and e or 7 degrees tor 
animalS are usually practical In gathering haulage, since the locomotive or animal 
usually handles but one car at a time. Above these limits rope haulage bec9mes 
necessary. When a 17-degree dip !s reached the torce of gravity may be utilized. 
Between 17 and 22 degrees coal can be pushed downh1l1 by shovelS. above 22 degrees 
1t Slides treely on a metal surtace. and above 25 or 30 degrees It w1l1 sUde on 
a "l\I':k All"'A~"_ 
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man-hour requirements for it, depend not only upon the amount 
of gas present but also upon the size of mine, height of coal, 
development system, and size and number of ventilating fans. 
Hence t"he presence of gas is only one of several factors 
responsible for man-hours of iabor spent in maintenance. of 
proper ventilation. The man-hours spent in shot firing, gas 
inspection, rock dusting, and maintenance of safety lamps 
cannot all be attributed to the presence of explosive gases. 
Similar safety requirements are practiced a. many mines not 
rated as being gassy.20 

MI •• Wa'.r 

As in the case of gas, !.he burden frQ~e~c:~ssive '!~t~r in 
~ine inc~overhead but has little,effect u~~output. 
Mines are nearly always laid out toiake adiant~ge of gra"Vity 
drainage from working places. When it becomes nec.essary to 
pump water, highly efficient pumps are·available which operate 
automatically and require the attention of maintenance men for 
only a fraction of an hour per shift. 

Mine water affects miDingcosts -in_pr.oportion to the number 
o(.g~11ons 'pu'm~~ ~nd 1h~ ve~tical ~!~_t_~~c~ t~··which 
~ has to. be pumped. In some mines it is possi'bietouse 
worked-out areas as sumps in which water can accumulate before 
pumping becomes necessary, thus taking advantage of periodic 
variations of i~flow. Extensive drainage projects have been 
developed in several fields in which, by use of rock tunnels in 
combination with abandoned mine entries, a single installation 
drains several mines. 

American coals are found in prairie country, plateau regions, 
and mountains, but between areas the effect of topography on 
labor output is small. The chief influence of topography 
upon bi tuminous mining has ~;ith it~~'if~ct on-capifal 
g,vest~-A single illustration will make this point c1e~r. 
A shaft mlne~edon' the Iiii~ois prairie has ample space 
for tipple, machine shops, wash house, refuse disposal, and 
mining town, if needed. Roads and other connections on the 

208ee section on mechanization or auxiliary services in chapter II tor turther 
details about auxlllal7 services. 
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surface are inexpensive to build. Compare this with a mine 
located in a narrow, V-shaped, West Virginia valley. A stream, 
a railroad track, and a highway use practically all the space 
in the valley bottom. Within this narrow confine must be 
located a tipple with one to four or more tracks, machine 
shops, a company store, and a mining town which must literally 
hang on the hillside. Roads about the camp are expensive to 
build and to maintain, and disposal of waste material from the 
mine may become a serious problem as the mine ages. On the 
other hand, the Illinois mine in the same location is put to 
heavy capital investment in the sinking of a shaft, whereas the 
West Virginia mine may be able to reach the coal seam by a hor
izontal drift. Although these costs are not reflected in unit 
labor requirements, differences in carrying charges on capital 
investment enter into total costs and so affect profits. 

Clima'. 

The advent of modern machinery has practically eliminated 
the effect of climatic conditions upon coal mining. Severe 
winter weather with extreme cold and heavy snowfalls has 
some slight effect upon tipple operation, but the number 
of days of such' weather occurring even in our northernmost 
latitudes is not serious enough to affect an industry that 
at best operates only part time. Even in strip mines the 
effect of severe winters or torrential summer rains has been 
minimized. In areas of heavy rainfall strip mines require 
a complete system of ditching and ample pumping equipment. In 
contrast, the small amount of rainfall in arid regions raises 
a problem of water supply for mining towns and washeries. 
Variations in climate, like those in topography, cause some 
differences in capital investment but do not greatly affect 
labor output. 

CONTINGBNT FACTOlS 

Resource conditions discussed in the preceding pages pertain 
to coal deposits in their natural state, and although choice 
may be exercised in methods of handling them, the conditions 
themselves cannot be ch~ged. In contrasj to such physical 
factors as depth-ff coverjthickness ~f coal s:~m, c~ar~cter 
of roof and floor, and dip, other physlcal condltlons lnCldent 
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to coal mining result from choice, exercised either currently 
or in the past. Cu~rent options ;nc.1ude....t.llCLW!l.L }.~.'!.h_~_h 
~~~_ !It!.~~ene_d a.~cl ~be size o_ft~~ .m!ne .a~.n:f.lectJ!d 
~t.ent __ of workings anci.~_ch_edule~ t0l!..~ges. lResults 
of past ol!.tions are found ill th~. !lK.~.of mines and the degree 
t.o wh!.£h !.h!!~r .resources .are deplete.d. Resource factors 
amenable to choice may be designated as physical conditions 
associated with development and operation. The four factors 
noted will be considered in the order indicated. 

',po of Opo.h. 

Coal ~osits are worked either from the SU.r!.A£.e.. . .D.r. by ,----- .... - ----- ... --'-. ----_. 
deep minini .. !!~derground. Recovery of coal from the s'urface, 
'kaOwn~~trip'-min·ing, is discussed at length in chapter IV. 
Types of opening used in deep mines are controlled largely 
by topography and depth of cover and are designated as drift, 
~l~or shaft o~~~lng~. A drift is a level opening through 
which the coal is moved to the tipple in cars by motor or 
animal power. ~l,Qp~ .. ~_~ inclin~~ op~ning that may be at 
a.!.m~st any ang~~_~ro_lII.._the. horizont~1. When slope openings 
are used, cars are pulled by a rope operated from a hoisting 
engine or, in some cases, the coal is carried up the incline 
by conveyors. ! s_h~.!! is a verJ.!c.al _open!.ni..ill_.whic~_.!he 
loaded cars are hoisted one or two at a time within a cage or, 
in occasional operations, in which the coal is lifted in a 
skip (or bucket I) Drifts or slopes may be driven either in/ 
coal or rock, but ordinarily are driven in the seam itself.! 

\ Shaft openings must always be sunk through rock to reach the) 
seam of coal. 

B~s_i~l!l1y, drift openings should be t~~_~~e_f.!!..c!.~n_t 
type and shaft openings the least. ~!!.h_~!..~~ .Q~C.!lpri~Ll!,n 
intermediate posit jon, In actual practice, however, the 
disadvantages due to hoisting from shaft or slope mines have 
been greatly minimized by technological advances. Sometimes 
other factors - proximity to railroad transportation, for 
example - may even give to a shaft opening an advantage not 
possessed by a drift or slope opening. 

The 'initial investments in sinking shafts and installing 
machinery represent a charge upon operations but do not affect 
labor output. Certain drift mines in the Appalachian field 
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have been opened high on the hillsides with tipples located in 
the valley bottoms alongside a railroad. In these cases coal 
must be lowered by various devices such as aerial trams, 
conveyors, or monitors (buckets of s- to Is-ton capacity 
which run on rails and are raised and lowered by ropes). Such 
equipment represents a sUbstantial investment and tends to 
minimize the advantage of a drift mine over a shaft mine. 

As in other phases of operation, technology is effectively 
employed to overcome disadvantages in connection with types of 
opening. Output per man-day of employees engaged in trans
portation in a shaft mine equipped with a high-speed hoist is 
far greater than that realized in a small drift mine using 
less efficient animal or motor haulage. 21 The type of opening 
has a marked effect on' the transport ~has~coal-~i7 
~e ~nllmber~OfmenoccuPied with moving coal.frolll tbe mi~e 
to the tipple is small in relation to the total mine force. 
Accordlngiy', th-~ eife~t~'of ~he kind of opening upon~v~;'~l 
labor output is limited.) 

From figure 11 it may be seen that in 1926 about two-thirds 
of the deep tonnage of the United States came from slope and 
drift mines and one-third from shaft mines. 

:l" 
Sil. of Mi •• 

The size of a mine is greatly influenced by resource condi-
-.'~- ----- -_ .. _-----._---_._-. --_. 

~n~_!~b: __ ~ar!~c~lar_seam in which it.is open:d •. ~ Management 
exercises control, .however, in adapting size to these con
ditions and to the scheduled daily and annual output. For many 
years the Bureau of Mines has published measures of the size 
of mines based upon annual output. A more accurate measure 
would be daily output, or daily capacity, but data for such 
measurement are not available. Another significant measure 
of size would be areal extent of mine workinis in relation 

,---_.- . - . ._----..-

to _~ai~!_ ?~ut. 
The average annual output of bituminous mines in 1936 was 

64,000 tons; this average, however, is heavily weighted by 
a great number of small mines. Of the total 1936 production 

21In a shatt mIne the haulage crew turns the loaded cars over to the bottom crew 
at the toot of the shatto The bottom crew uncouples the loaded cars, runs them 
onto the cage, and removes and recouples the emptIes. At the top another crew 
removes the loaded cars and replaces empt1es on the cage. In dr1ft m1nes the 
ma1n11ne-haulage motor hauls a load vary1ng from 10 to 75 cars out ot the dr1ft 
to the mouth or the t1pple. There 1s cons1derable var1at1on 1n the organ1zat1on 
or haulage 1n slope m1nes, depend1ng upon the angle ot the slope and the type 
ot ho1st1ng tacilities used. 
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Tabl. s.- DISTRIBUTION or NUMBER AND PRODUCTION or COMMERCIAL BITUMINOUS-COAL MINES, BY SIZE AND STATE, IllSa 

Class ~A Class 1-8 Class 2 Class 3 Class 4 Class 5 
Total (over 500.000 '200,000-500,000 , 100,000-200,000 , 50,000-100,000 , 10,000-50,000 ,less tbso 10,000 

Stat.e net. tons) net t.ODS} net t.ons) net tons) net tons} net t.ons, 

Number Production Number production Number Production "wnber Produotion Number Pro4uct.lon Number Product-lon Number Production 

Uni ted States, number 8,875 439,087,903 198 180,029,294 462 142,889,850 452 65,055,054 480 33,345,382 1:095 
-' 

25,788,239 4,219 11,990,284 

Alab ... 229 12.229,287 8 4,928,587 8 1,713,437 26 3,559,152 15 1,144,688 19 451,751 155 431,872 
Alaska a 136,593 0 0 0 0 0 0 2 127,755 0 0 1 8,8aa 
Arkansas 75 1,622,787 0 0 0 0 1 158,628 10 628,447 29 716,168 35 119.544 
Colorado 258 6,811,802 0 0 7 1,908,093 15 2,264,007 19 1,379,226 45 923,128 172 437,348 
Geor~l. 1 24,268 0 0 0 0 0 0 0 0 1 24,288 0 0 
IllInois 740 50,926,599 al 27,055,204 37 13,132,542 26 3,484,272 48 8,453,903 107 2,414.246 491 1,386,432 

luellan. 246 17,822,536 9 8,234,817 18 5,849,229 19 2,909,185 13 956,219 64 1,370,105 123 502,981 
Iowa 361 3,980,700 0 0 3 797,751 4 501,939 10 755,978 48 1,063,106 296 841,926 
Kana •• 187 2,944,028 0 0 II 1.257,948 5 729,673 3 2:51.406 20 401,097 154 303,904 
Kentucky, east.ern 330 39,151,586 17 13,958,472 42 12,859,132 - 43 6,096,453 56 4,052,266 61 1, a89, 357 111 295,906 
Kenf.ucky, western 167 8,370,364 1 621,983 11 3,532,061 17 2,537,954 8 597,368 27 762,239 103 319,759 

Mar),lancl 107 1,703,589 0 0 1 222,882 2 319,135 7 518,953 17 436,798 90 205,821 
Micbigan 15 626,145 0 0 0 0 2 278,447 2 138,394 7 194,610 4 14,694 
M18sour1 234 3,984,999 1 800,906 4 1,121,972 3 448,454 5 331,577 40 954,935 181 527,155 
Montana, North Dakota, 

South Dakota, 
and 'l'exasb 

292 6,087,814 1 1.225.466 11 3,199,008 8
e 731,83:t' ,e) ,e) 21 415,341 251 516,166 

!few Mexico 51 l,5ge,775 0 0 2 1583,616 3 485,612 2 138,243 10 300,393 34 88,911 

Ohio 788 24,110,078 12 8,8:58.461 28 6,8815,199 25 3,239,214 21 1,470,222 105 2,136,790 599 1,520,192 

Oklahoma 97 1,540,303 0 0 0 0 2 284,879 ' 5 289,344 30 754,920 80 211,180 
Penns)"l vania 1.447 109,887,470 157 150,936,631 90 28, e615, 003 92 13,278,933 111 8,070,304 262 5,926.918 835 2,809,681 
Tennessee 118 :5.108,1915 0 0 8 1,977,298 12 1.'111,3015 11 749.267 21 504,532 86 165,793 
Utab 58 3,246,565 0 0 8 1,661, :551 15 

i 
752,544 7 499,0915 8 223,039 30 110,336 

Virginia 109 11,681,636 3 2,318,840 16 5,072,707 15 2.3215.314 20 1,401,307 15 444,965 40 ,100,503 

Washington 64 1,812,104 0 0 2 494,8155 6 745,443 a 137,322 14 328,811 40 105,673 

We.t VirQinia 824 117,925,706 156 42,240,215 157 48,805,082 114 17,282,278 81 6.100.439 103 2,841,303 313 856,389 
Wyollin!l 70 15,790,590 2 1,051,710 10 3,250,284 7 .' 930,402 2 153,659 11 309,399 38 85,136 

Other State.d 8 15,364 0 0 0 0 0 0 0 0 0 0 6 15,364 
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· Un1 "ed at.atoe., percent. 100.0 100.0 2.9 3e.1I e.7 

Alab •• 100.0 100.0 S.S 40.3 11.11 
Ark.a .. 100.0 100.0 0 0 0 
Colorado 100.0 100.0 0 0 2.7 
Ill1noie 100.0 100.0 ••• 63.1 6.0 
Indiana 100.0 100.0 8.7 85.0 7.8 

Iowa 100.0 100.0 0 0 O.B 
KUla •• 100.0 100.0 0 0 2.7 
Kent.uck7, ••• 'Lern 100.0 100.0 11.2 315.7 12.7 
l:eDtuck~, vest.erD 100.0 100.0 0.8 7 •• 8.11 
Mar,land 100.0 100.0 0 0 0.8 

Michi,an 100.0 100.0 0 0 0 
MI •• ouri 100.0 100.0 0.4 115.1 1.7 
Ifew Mexlco 100.0 100.0 0 0 3.8 
Ohio 100.0 100.0 1.11 38.7 s.a 
OklahoJla 100.0 100.0 0 0 0 

Pennsylvania 100.0 100.0 S.8 48.S 8.2 
Tennea.ee 100.0 100.0 0 0 8.8 
Ut.ab 100.0 100.0 0 0 10.7 
Virginia 100.0 100.0 2.7 19.9 14.7 

W.shllltJtOD 100.0 100.0 0 0 3.1 
We.t VlrQlnla 100.0 100.0 8.8 311.B 19.1 
WlJolllnll 100.0 100.0 2.9 18.2 14 •. 2 
Ot.her St..tes' 100.0 100.0 0.3 19.8 8.8 

aBased. 01'1 Bl .. lnou CoG. rob'.,,_ 1938-193' Cu. L Dept. I1lt., Hat. BltuIIlnoul COal CoIL. 18s,n. 
~. 16. Tnlck or W8.8DD .In •• 1Ilb1ch .prodUced 11 .. tbID 1. DOD tau ..... ezclUde4. 

Includ •• llIDlt8 tllDlN8 C8tPlled bJ' anita Df Kin ••• 
Coats to.. Clue a aN InclUded. WI tb tho.. tor Cl ... I tor ItODtlDa. HOrth DlkDta. BDutb DllrDta. ......... 

82.5 e.e 14.B e.7 7.e 15.B 15.9 el.S 1.7 

14.0 11 •• l1li.1 11.11 8 •• B.3 3.7 8'7.7 S.II 
0 1.8 9.B 18.S 88.7 88.7 44.1 4e.7 7 •• 

111.15 II.B sa •• 7 •• 80 •• 17 •• 18.e ee.7 11.4 
25.B 3.5 e.8 e.1I II.B 1</ •• 11 4.7 1111 •• B.7 
S2.B 7.7 18.8 11.8 II •• 18.0 7.7 80.0 a.B 

aD.l 1.1 12.7 2.8 18.1 13.S lie. 8 88.0 81.8 
42.7 2.7 114.8 1.11 B.e 10.7 18.11 82.8 10.3 
32.8 13.0 15.8 17.0 10.8 lB. II •• B as.e O.B 
.2.2 10.2 8O.S •• 8 7.2 18.1 11.1 el.7 8.8 
lS.1 1.9 18.7 e.1I 80.11 111.8 115.8 74.8 12.1 

0 18.S· 44.5 lS.3 22.1 48.7 31.1 28.7 2.8 
l1li.2 1.3 11.2 2.1 8.8 17.1 114.0 '77.4 13.a 
38.5 11.8 80.4 3.9 8.7 '18.8 la.8 88.7 11.8 
28.8 8.2 13.4 2.7 8.1 lS.S B.II 78.0 8.S 
0 2.1 la.S 5.1 18.8 80.8 49.0 81.11 13.7 

28.3 8.4 12.1 7.'7 '7.3 18.1 11.4 87.7 1.8 
88.'7 10.2 83.11 8.3 14.7 17.8 8.9 1511.9 3.2 
111.2 8.9 28.2 12.5 115.4 14.3 8.B n.8 8.4 
43.11 13.B 19.9 la.8 12.0 13.B 3.8 38.'7 0.9 

27.8 9.4 41.1 3.1 7.8 21.9 18 •• 82.11 11.8 
41.2 18.B J4.7 9.B 11.2 12.11 2.4 88.0 0.7 
58.2 10.0 18.1 2.1l 2.7 111.'7 5.8 114.8 1.5 
111.1 2.7 11.7 0.7 2.0 7.8 7.0 BI5.4 B.8 

dlDCIUdea Al'llOn .. Idaho. end. ore.,n. 
'IDcIUde. Al ..... Arl~ 0e0r8la. Idaho, tlDDtan .. ..,rtll DeJcDta. BDutll DakDt&. Ore .. a.ud 'fez ... 
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of the country, 69 percent came from mines that produced over 
200,000 tons, but these mines represented only 9.6 percent 
of the total number. At the other extreme, 77.1 percent 
of the mines produced annually less than 50,000 ton~, but their 
aggregate output was only 8.6 percent of the total for the 
country. Over 70 percent of the output in the important mining 
States of West Virginia, Pennsylvania, and Illinois came from 
mines producing over 200.000 tons per year. (See table 6.) 

Management, by making wise adjustment of the extent of 
~orkings to operating and marketing conditions, can go far 
toward overcoming physical handicaps. In general, the unit 
cost of roof support in the working places or rooms where the 
miners load coal does not vary with the daily output of a mine. 
Such factors as dip, depth of cover, and thickness of the coal 
seam enter into the problem of operating a gine. But here 
again, within limits, the problems arising from these factors 
can be solved in the process of producing a larger output as 
~ell as a smaller one. Naturally, areal extent of active 
~orking areas.and length of ha~~e varLwi~h~~il~ tonnage. 
V-entilation and power dist'ributio; mu~·t also be adjusted-to-

_. .. ,..~~ . - .. ~------
the extent of workings. As daily output increases, these 
a'Uxiliaryservlces'- increase, and, unless properly managed, 
costs may rise at a rate out of proportion to the increase 
in production. 

Th~ area.l extent ·of . ...mine-worki!').~~~.~s~rable to some 
degree by the average distanc;.efrom the mine opening to the 
~o!ki~~~ace. In the report by Margaret H. Schoenfeld it was 
found that for all bituminous mines t_~~ ~~erage distance to th~ 
face was over a mile (6,0~0 feet). Considerable variation was -- -- - - -- -- --.-- - - -~ .... ;~ ... ::.-.----

found between areas and· between types of opening. Distances 
in shaft mines varied from 900 feet in the Texas lignite fields 
to 1.700 in Arkansas, 7,300 in Ohio and Pennsylvania, and 
9.600 feet in Alabama. For drift and slope mines average 
distances ranged from 700 feet in Texas lignite to 1.500 
in Arkansas, ~.600 in Alabama, 6,600 in Ohio, and 7,~00 in 
Pennsylvania. Although considerable changes in distances 
underground have occurred during the past decade, the figures 
for 1926 present some indication of the magnitude of the 
underground operations as related to the size of mines. 

As in the case of roof control, maintenanc~_otjla.u!.ll:.ge and 
other services is not proportl.pnately increased by increase 
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in size of mines. The relationship of different underground 
operations to size varies according to the conditions sur7 
rounding particular mines. ~~~e_coal lies at considerabl 
depth beneath the surface, a large ~Ine~{ih a single shaf 
is 'more economical than a number of small mines with individua 
sha~ In areas of shallow cover, multiple shafts with mine 
of moderate size may be advantageous. Similar principle 
apply in the case of drift mines. 

In general, incre~sing size of mines is subject to l~<!.J!le 
~ - -----.~----- -'---

laws of increasing and diminishing ~hat apply to oth~r 
~rge enterprises. During development, be{ore mines have come 
fully into their stride, increasing size is usually associated 
wi th increasing man-day output. As size and capital investment"J 
increase, t~ed._output to new il!Yest~E-_~~~o~ 
diminish, and a point is finally reached beyond which further' 
investment does not result in increased output. 

Relatively large miaes frequently show better results than 
smaller mines because they are better managed. Many mining 
operations in the past have given only limited attention 
to the benefits that accrue from concentrating operations, 
an advantage which mechanization of loading greatly emphasizes. I 
The relationship ,etween size of mines and man-day output is:, 
determined by the skill with which management coordinatesL 
physical. conditions and technology.22 

A .. of Mia. 

~~al-,-- old mines have 10W~1!U.!!t_~l!.-a~~~v_e 
~~~ In addition to the disadvantage of increasing dis
tance underground, mines opened 20 or 40 years ago were planned 
in reference to the technology of that time. Unless management 
keeps abreast of technical improvements, obsolescence of 
equipment and increase in areal extent become _.a_.i=..!l_mulative 
drag on labor o~tPui~ I~-~h-~~ging a ~i;; from han-d-Toading -to 
machine toading the capital needed to improve allied equipment, 
such as power transmission, haulage motors, mine cars, mine 
track, and mechanical cleaning equipment; is frequently much 
greater than t~e c_ost _of thE!.J,oading devices themselves. 
Because- of the expense of modernizing allied equipment and 

22For ststlstlcal study ot relation between size ot company, sales realization, 
days worked, and average output per man-day see F. G. Tryon and L. Mann, "Coal,' 
Ninera l Resourcu Of the Unitea States: 1929 (U. S. Dept. Com.. Bur. Hines, 1931), 
Part II, "Nonmetals," PP. 718-33. 



80 BITUMINOUS COAL 

because of the short time remaining for the mine to amortize 
the investment, installation of machine loading in a mine 
approaching exhaustion is generally ill-advised. 23 

D.pl."oD of I ••••••• 

r. Current deep-mining practice does not contemplate anything 
/like complete recovery of the coal resources contained in 
ia virgin mine. The highest recovery is secured in strip mines 
in which, under favorable copditions, coal can be stripped 

',with a ~~~~.::~ jl~r~~!I~' In underground mining it is 
common practice in some coal fields to leave a large percentage 
of the total coal in place permanently to support the roof. In 
some areas, as in Illinois, producers are compelled to operate 
their mines in such a way that the surface of the ground above 
the mines will not subside. More~~r, operator~s_£~~s_~C!~!'..-~t 

cheaper from the standpoint of immediate CO~LtCLl£ave jJIe 
pili~rs in place tha~ to mine them. If the resource~--.in 

.~. --,--" -.------,. --.- -
a particular area are so great that depletio~ is regarded as 
a' problem ocne distant !utu.r~.~~li. - the -tende~cLis...1Q.. s~c:" 
r iiice perceniag,e ~Qt_ ~~~ove!,!.jn favor of lower current cost. __ •• __ ____ ___ ___ _________ ___ ._ _ ___ _ _ _4 _._ 

This is a form of skimming the cream-simil~r to that f~und in 
the exploitation of fores~~n<LQ.t.!!e.L1!~t!lraLres.5?urc~ 

Management's attitude toward depletion of resources is to 
a considerable extent within the control of the individual 
concern. On the other hand, the over-all effect of wasteful 
mining exerts an influence on over-all output in general which, 
because it is widely dispersed, is scarcely recognized in 
current operations. When the particular concern controls 
extensive coal resources, management can extend its operations 
from more favorable to less favorable seam conditions as the 
resources from the better seams are depleted. Thus far the 
shift from better to poorer seams has not greatly affected 
man-day output for the country; in certain districts, however, 
the effects of depletion are notable, and in other areas 
the life expectancy of existing mines is such as to present 
a serious conservation problem. 24 

23The stud;v by Margaret H. Schoenfeld made ln 1928 or the average dally output per' 
man-da;v ln rererence to the age or mlnes lndlcated that wlth advanclng age 
there was a general downward trend ln output. Many varlables enter lnto such 
a calculatlon, and a curve showlng the relatlon between age or mlne and man-day 
output results ln trends that are erratlc wlth respect to age but explalnable on 
the basls or other unrelated tactors.· 
, ootllOte 211 a,flf>sa,1"IJ em 10 Haw'"' page. 
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Estimates made under the auspices of the U. S. Geological 
Survey indicate that the original resources of coal, including 
anthracite, were 3,215 billion tons, of which 3q billion 
had been exhausted by mining and waste at the end of 1936, 
leaving 3,181 billion tons in reserve. 25 Analysis of these 
figures shows that 29.5 percent of the existing reserve con
sists of lignite chiefly in the Dakotas, Montana, and Texas. 
Bituminous and sub-bituminous coals in the Rocky Mountain 
States comprise an additional 37.2 percent, and the balance 
of 33.3 percent consists chiefly of bituminous coals east 
of the Rocky Mountains. This eastern area, however, consumes 
roughly 96 percent of the total annual output. It is Obvious~ 
that total coal resources are ample for centuries, but the \.. 
h ig~~st_-quali ty coals, easily accessible to rr.arkets and offer- J. 
ing easy mining conditions, are being depleted at a rate such 
thattberr life can be measured in decades. 

'------

MANAGEMENT 

As alreadY apparent, the effect of resource factors upon 
man-day output cannot be dissociated from management and 

- machines. Unsui t-able mining methods and equipment may be 
a greater drag on output than unfavorable physical conditions. 
Mine engineers and management have the task of directing 
development and operation so that organization and technology 
are advantageously adapted to the conditions encountered 
as mining proceeds. This responsibility is continuous since 
experience usually leads to mOdification of the best of plans, 
and mine methods as well as equipment become obsolete unless 
periodically reviewed. 

2~lce, Fleldner, and Tryon, op. C\t., PP. 679-80. Following Is the substance ot 
observations trom this work concerning depletion In several tlelds. 
In pennsylvania the Blossburg seam and the Moshannon seam are In an advanced state 
ot depletion. The l1te ot the tsmous Connellsville cok1ng cosl Is placed at trom 
20 to 30 years at the 1929 rate ot production and that ot the Pittsburgh bed at 
100 years. Pennsylvania anthrac1te reserves are 29 percent exhausted. 
The Sharon bed In northern OhiO, the Brazil block seam In Ind1ana. and the Big Vein 
1n the Georges Creek Held of Maryland. l1ke the Blossburg and Moshannon seams 1n 
Pennsylvania. are nearly depleted. 
The reserves ot ~he .smokeless. cosls ot southern West Virg1nla located 1n beds ot 
present workable thickness and qual1ty would last but 85 years at the 1929 rate 
of production. Thinner beds 1n this area. as mapped by the State Geological 
Survey, conta1n enough cosl tor some ~O additional years. 
Even the relatlyely more abundant hlgh-volatlle coal ot the southern Appalachian 
region Is defln1tely exhaustible and conservation ot reserves 1s becoming a matter 
of Increasing Importance. The highest grade gas and ~etallurglcal coals In 
commercially workable beds In southern West Virginia are 22 percent eXhausted and 
In Kentucky 11 percent exhausted. 
The low sulphur coals ot Southern Illinois have a distinctly limited life. 
25HendrlckS. cp. cU. 
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Management exerts its influence by adopting sound principles 
of mine development with reference to roof control, by sched
uling operations so that tE'.~porary openings (rooms) are worked 
out rapidly before the roof deteriorates, by providing per
manent roof support for openings of long life (main haulage 
roads), and by furnishing an adequate supp_ly of timber well 

, adapted to the needs of the mines at the working face. ,-,,-

With the rapid tempo of operations in a highly mechanized 
mine today, roof conditions must be controlled; hence roof 
does not affect productivity so much as certain other physical 
factors, notably thickness of seam. In mines in which roof 
control is ineffective, however, productive operations are 
delayed, and this in tu"rn may lead to serious trouble. The 
differentiation between good and bad roof control is more 
important to the machine-loading mine than to the hand-loading 
mine. Since the inherent strength of roof limits the width 
of openings and the' spacing of working places, it is apparent 
that some appraisal of these factors and the adoption of 
effective methods for dealing with them are indispensable 
conditions to satisfactory man-day output. 

Provision for roof control forms an important item of man
agerial skill, ,but it is only one of many items in which 
physical conditions affect the manner of laying out a mine. 
Engineering practice in mine lay-out has advanced notably 
during the past 50 years but it has not yet reached a stage of 
perfection that precludes substantial progress in the future. 

Changes in organization and technology in mines that are 
going concerns call for even greater exercise of managerial 
skill than is required in laying out new mines. Success or 
failure of a major change such as transition from hand loading 
to mechanized loading frequently depends upon the skill and 
wisdom with which management directs the process. An important 
change of this kind is sure to evoke a feeling of uncertainty 
on the part of operating personnel. Mental attitudes among 
the supervisory force and among miners can largely make or 
break the effectiveness of an installation. Recognition 
of these principles on the part of key men is a prerequisite 
for successful mechanization. Labor cooperation and crews 
able and willing to change former methods within the limits 
of welfare and safety are likewise indispensable. In seeking 
such cooperation, factors that may be detrimental to labor. 
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as well as favorable factors, need to be recognized frankly 
in connection with each installation. 

Satisfactory coordination of men, machines, and working 
conditions, when new technologies are adopted, involves careful 
timing and grouping of functions in order to avoid lost motion. 
From a different angle, a proper system of allocating costs 
is indispensable since, without a sound basis of measuring 
results and detecting mistakes, it is impossible to assure 
that ultimate practice under the new mechanisms will reach 
an essential level of efficiency. 

Long-time versus short-time results need to be weighed 
carefully in any appraisal.of performance. Spurious economies 
that may seem to improve performance today are dearly bought 
if they shorten the life of a mechanical installation or of 
a mine. Needless waste of coal reserves represents deferred 
charges; unless such charges are reflected in current costs, 
the profit showing is distorted. The physical life of a 
machine can be partly controlled by proper maintenance, but 
for operating purposes its life dates from installation to 
the time it gives way to a new machine that will do its work 
more economically. In a period of rapid technical change, 
obsolescence becomes a heavy burden if investments are made 
in equi~ment only partly adapted to the condition in which 
it functions. Cautious operators who can jUdge this factor 
and are able to postpone installations pending perfection 
of suitable machines are likely to profit by their delay.26 

Even when fully suitable equipment has been installed and an 
attitude of cooperation has been built up within an operating 
personnel, there still remains need for careful correlation of 
machines to each other and to physical conditions of the mine. 
For example, advantages of a thick seam are partly lost if 
loaders with a capacity of so tons per hour are operated with 
cutting or hauling facilities with capacity of only 40 tons 
per hour. Exact balance between the capacities of mechanical 
units in relation to physical conditions is seldom attained 
but it is a goal toward which managerial effort and talent 
need cO,nstantly to be directed. 

26See art1cles by Walter M. Dake, 'Analyz1ng Var1ables Wh1ch can Make or Break 
Program or Underground Mechan1zat1on,, Coal Age, VOl. 42, No. 10 (Oct. 1937). 
PP. 59-63; 'Lost Dollars Found by T1me-6tudY AnalyS1s 1n Completely Mechan1zed 
Opera t10ns , ' Coal Age, Vol. 43, No.4 (Apr. 1938), pp. 55-8. 
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Faulty coordination of mine processes with the varying factor 
of roof control all too frequently reduces the performance 
of loading equipment substantially below its normal capacity. 
Effective handling;of roof is one of the most important means 
of preventing maladjustment between mine processes. For a 
high level of labor output every detail of mine operation, 
including cutting, drilling, blasting, loading, timbering, 
hauling, hOisting, and the preparing of coal for market, needs 
to be closely adapted to physical conditions. Not only must 
operating cycles of all machines be synchronized and incor
porated into definite production schedules, but an adequate 
system of power distribution must be maintained. 

MAl-DAY OUTPUT - A RESULTAIT OF KUMEROUS FACTORS 

Under some resource conditions man-day output is exception
ally high, under others exceptionally low, and there are 
numberless gradations between the extremes. By picking areas 
of great dissimilarity striking differences are unearthed; 
but as labor productivity approaches similarity, it becomes 
increasingly difficult to place the responsibility on the 
particular factor which is most important in its effect upon 
output. From an analysis of figures on man-day output for 
1936,27 nevertheless, it is possible to point out effects 
upon labor productivity of various combinations of physical 
conditions as well as of technology and management. 

The most striking example of phenomenally favorable resource 
conditions is an output of 76 tons per man-day realized in 
a Montana strip mine with a 25-foot seam under a cover of 
20 to 50 feet. The thick coal seam under relatively shallow 
cover and the use of the most effective types of stripping 
equipment are paramount in making possible this high output. 
It is clear, however, that potential results from advantageous 
methods could not be realized unless other factors of financ
ing, management, and marketing conditions were also favorable. 
The mine in question is operated by highly skillful management 
with strong financial backing, and, being a captive mine, 
the parent interest, the Northern Pacific Railroad, assures an 
outlet for its product. 

At the other extreme are found areas in which adverse phys
ical factors, such as thin seams, bad roof, adverse dip, poor 

27Bitu.inous Coal fables. 1936-1937 (U. S. Dept. Int •• Nat. BItumInous Coal 
Com •• 1936). 
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quality, rolls, large volumes of water, etc., are interlocked 
with such factors as small mines, seasonal production, lack 
of mechanization, lax management, and restricted output because 
of competition with other fuels. The resulting man-day out
put averages for these areas are exceedingly low. Texas 
bituminous mines, for instance, averaged only 0.81 tons per 
man-day; Bureau County, Illinois, 1.11; Osage County, Kansas, 
1.45; Ray County, Missouri, 1.77; Montgomery and Pulaski 
Counties, Virginia" and Lafayette County, Missouri, 1.94' 
Both Michigan and Iowa, averaging 2.73 and 2.78 tons, respec
tively, are also examples of the effect of difficult conditions 
upon productivity. 

Average productivity for Pennsylvania was 4.22 tons per 
man-day, the more important producing counties averaging from 
4.28 to 4.92 in the western part of the State.and from 3.08 to 
4.65 in the central part. Physical ~onditions, particularly 
seam thickness, are more favorable in the former than in 
the latter. A greater part of the mechanized loading in 
western Pennsylvania is by mobile loaders, whereas in central 
Pennsylvania conveyors predominate. 

Illinois has a combination of exceptionally high man-day 
output in some areas and exceptionally low output in others, 
resulting in an average of 6.55 tons. Will County, where all 
the tonnage is produced by strip mining, has the highest 
average, 13.58 tons per man-day, and certain other counties 
where seam and roof conditions are ideal for mechanized loading 
averaged from 6.21 to 9.57 tons. Markets are accessible, 
mechanization has been extensively applied, and managerial 
skill has been notably progressive. 28 

The above figures reflect the close interlocking and in
separability of resources, technology, management, and markets. 
These factors provide definite restrictions or unlimited 
possibilities for potential labor output. With the advance 
of mechanization man-day output becomes somewhat less dependent 
on resource conditions than it was when mining was largely done 
by hand. Physical factors nevertheless have an important 
influence in determining which areas become mechanized and the 
degree 'to which mechanization may profitably be carried. 29 

281bid• 

29Further dIscussIon or resource condItIons In psrticular areas as they atrect 
development or mechanlzed loadIng wIll be round In chapter VI. 
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To summarize, it may be expected that in time decline of 
reserves will result in coal being mined under physical con
ditions more adverse than those in seams now in operation, 
and this will naturally put limits upon increases in man-day 
output. Considered locally, there are many areas in which 
the relatively poor quality of coal and the difficulties 
encountered in mining preclude current development of the 
industry beyond the capacity required to supply local needs. 
Savings in transportation make it feasible to mine for local 
markets coal that could not be profitably produced and sold in 
distant markets. Taking the country as a whole, however, 
resource conditions are not at present the prime limiting 
factor either upon expansion of the industry or upon man
day output. 

Technology and management have come a long way in combatting 
physical handicaps, even to the extent of enabling coal from 
unfavorable areas to compete with coal from seams in which 
physical conditions are relatively favorable. The most ef
fective means of overcoming physical obstacles is technology. 
By using the most suitable devices for meeting conditions 
found in a particular seam and by keeping operations properly 
balanced, management may frequently anticipate physical dif
ficulties and minimize their potential drag upon output. 

The initial step in good management is acquisition of a 
good property to manage. A concern that takes this first 
step successfully will secure better results than a concern, 
otherwise equally well managed, that acquires a poor property 
for development. In the typical case, better-managed concerns 
are likely to hold better properties and to be better equipped 
technically, with the result that effects of resources, tech
nology, and management tend to cumulate instead of neutralizing 
each other. 

So many separate factors enter into the sum total of resource 
conditions, of management, and of technology and into the whole 
competitive situation of individual concerns that in actual 
practice factors controlling labor output appear in infinite 
combinations. This does not prevent qualitative recognition 
of the influence of resource factors, but it renders difficult 
any quantitative measurement of their effects in relation 
to other conditions that likewise influence output. 



CHAPTER IV 

STRIP WINING: A RESULT OF SPECIAL 
RESOURCE CONDITIONS* 

Resource conditions associated with some seams make it 
advantageous to mine the coal from the surface. The type of 
mining by which this is done is called stripping. The p~ocess 
involves first removing the soil and rock on top of the coal 
(called overburden) and then loading the coal from the surface 
(see figure 12). Except at small mines with insignificant 
tonnage, the equipment used in removing overburden and in 
loading coal consists of power shovels, the capacity of which 
has progressively increased as the stripping industry has 
developed. 

Coal lying near the surface in relatively thin seams that are 
unsuited to deep-mine processes can frequently be recovered by 
stripping. In some areas coal that could not be profitably 
deep-mined is being successfully stripped. The efficiency of 
stripping, like that of deep mining, depends upon management, 
technology, and resource factors. Depth of cover or overburden 
is the controlling factor. With the advance in technology it 
has become increasingly feasible to remove thicker and thicker 
overburden, and today stripping is carried on in some areas in 
which the coal lies at an average depth of 55 feet below the 
surface. Some of the large shovels in operation in 1936 were 
able to handle as much as 85 feet of overburden in passing 
through an especially thick area. 

The materials for this chapter have been drawn primarily from 
four publications issued by the Bureau of Mines. 1 These 
publications have been supplemented by materials made available 
by the National Bituminous Coal Commission and certain State 
mining departments and divisions of forestry. Trade literature 
published by the industry and by manufacturers of equipment 

*BY Wl11ard E. Hotchklss and Robert L. Anderson, Englneer-Economlst, Natlonal 
Bl tumlnous Coal Commlsslon. 
1r. E. Cash and K. W. von Bernewltz, Methods, Costs, and Safety in Stri~~ine and 
Mini"lf Cool, Copfler Ore, Iron Ore, BOU1Cite, and Pebble Phos~Mte (U. S. Dept. Com., 
Bur. Klnes Bull. No. 298, 1929); scott TUrner and Bureau or Klnes Starr, Mining 
Bitu.inous Cool by Str'~'ng Methods (U. S. Dept. Com., Bur. Kines 1. C. 6383, 
mlmeo., Nov. 1930); O. E. Klessllng, r. O. Tryon, and L. Kann, the Iconoaics 
of Stri~ Cool Mining (U. S. Dept. Com., Bur. Klnes Econ. Paper No. 11, 1931); 
Albert L. Toenges and Robert L. Anderson, Sose As~ects of Stri~ Minine of Bitu
.inous Cool in Central and South Centro' States (U. S. Dept. Int., Bur. Klnes 
1. C. 6969, mlmeo., Oc t. 1937). 
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To sumaarize, it mal be expected that in time decline of 
reserves will result in coal being mined under phlsical con
ditions more adverse than those ia seams now in operation, 
aDd this will naturalll put limits upon increases in man-dal 
output. Considered locall" there are maal areas in which 
the relativel, poor qualitl of coal and the difficulties 
encountered in mining preclude current development of the 
industrl belond the capacitl required to suppll local needs. 
Savings in transportation make it feasible to mine for local 
markets coal that could not be profitabl, produced aDd sold in 
distant markets. Taking the countrl as a whole, however, 
resource conditions are not at present the prime limiting 
factor either upon expaDsion of the industrl or upon man
dal output. 

Technologl and mauageaent have case a long wal in combatting 
ph,sical haDdicaps, even to the extent of enabling coal fro. 
unfavorable areas to compete with coal fro. seams ia which 
ph,sical conditions are relativell favorable. The most ef
fective means of overcoaing ph,sical Obstacles is technologl. 
Bl using the most suitable d~ices for meeting conditions 
found in a particular seam aud bl keeping operations properl, 
balauced, management mal frequentl, anticipate phlsical dif
ficulties aDd ainiaize their potential drag upon output. 

The initial step in good aanageaent is acquisition of a 
good propertl to manage. A concern that takes this first 
step successfulll viII secure better results thaa a concern, 
otherwise equall, well managed, that acquires a poor propertl 
for developllent. Ia the t1Pical case, better-mauaged concens 
are likel, to hold better properties aDd to be better equipped 
technicall" with the result that effects of resources, tech
nologl, aDd aaDagement tend to cuaulate instead of neutralizing 
each other. 

So aanl separate factors enter into the sua total of resource 
conditions, of aauagement, aDd of tecbuologl and iato the whole 
competitive situation of individual concerns that in actual 
practice factors controlling labor output appear in infinite 
combinations. This does aot prevent qualitative recognition 
of the influence of resource factors. but it renders difficult 
an, quantitative measurement of their effects in relation 
to other conditions that likewise influence output. 
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RESOURCE CONDITIONS· 

Resource conditions associated with some seams make it 
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stripping. In some areas coal that could not be profitably 
deep-mined is being successfully stripped. The efficiency of 

stripping, like that of deep mining, depends upon management, 
technology, and resource factors. Depth of cover or overburden 
is the controlling factor. With the advance in technology it 
has become increasingly feasible to remove thicker and thicker 
overburden, and today stripping is carried on in some areas in 
which the coal lies at an average depth of 55 feet belOW the 
surface. Some of the large shovels in operation in 1936 were 
able to handle as much as 85 feet of overburden in passing 
through an especially thick area. 

The materials for this chapter have been drawn primarily from 
four publications issued by the Bureau of Mines. 1 These 
publications have been supplemented by materials made available 
by the National Bituminous Coal Commission and certain State 
mining departments and divisions of forestry. Trade literature 
published by the industry and by manufacturers of equipment 

·BY Wlilard E. Hotchklss and Robert L. Anderson. Englneer-Economlst. Natlonal 
Bl tllmlnous Coal COllDlllss10n. 
I F• E. Cash and K. W. von Bernewltz. Nethods. costs. and Safety ift St~i~ine and 
Niftine Coal. CofI1Ie~ O~e, I~OfI ~e. Baunte, and Pebble P/ios1Ih4te (U. S. Dept. Com •• 
Bur. Kines Bull. No. 298. 1929): scott TUrner and Bureau or Kines Starr. Niftine 
Bituainous Coa, by St~i~iftg Methods (U. S. Dept. Com., Bur. K1nes I. C. 6383. 
m1meo., Nov. 1930): O. E. Kiessling. F. O. Tryon. and L. Kann. lhe gcOftOaic~ 
of at~'~ Coa, Niftine (U. S. Dept. Com., Bur. Kines Econ. Paper ~o. 11. 1931). 
Albert L. Toenges and Robert L. Anderson, Soae As~ects of St~i~ N'ftine of Bitu
.inous Coa, ift Ceftt~a' and South Ceftt~a' States (U. S. Dept. Int •• Bur. K1nes 
I. C. 6968, mlmeo., Oct. 1937). 
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hal allo been utilized. A number of strip operations were 
inlpected and conferences were held with operators and others 
familiar with this branch of the cval industry. 

PHASES OF STRIP-MINING TECHNOLOGY 

Technical advance in strip mining has been directed toward 
improving each of the processes involved in recovering the coal 
and preparing it for market. These include, preeminently, 
the handling of overburden and the loading of coal, but the 
control of conditions such as coal cleaning and drainage has 
also undergone radical improvement within the last few years. 
Extensive cleaning and preparation plants have been built at 
the more important strip mines in order to overcome the handi
cap of poor quality which in earlier years restricted the 
markets for strip-mined coal. 

Successful power strip mining was undertaken as early as 
1885, the equipment being constructed primarily of wood and 

United Eloctrlc Coal companies 

FIGURE 12.- AIRPLANE VIEW OF A STRIP MINE 

In the upper left corner at A is a worked-out area. The first or "box" 
cut. for getting down to the coal in the lower area. was made along the 
line B where the overburden can be seen piled on the surface of the 
ground' The face of the present cut is shown at C. the overburden from 
this being piled to the left in the space left vacant by the removal of the 
coal and previous overburden. The unlettered arrows show the direction in 
which the stripping operation is advancing. the overburden being taken off 
slice by sl ice to get at the coal )0 to 50 feet below the surface. The 
mine track for transporting the coal follows the face of the stripping 
operat ion around to the tipple at D. where the product is screened and 
prepared for shipment. 
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operated by steam. Figure 13 shows an early mechanical strip
ping shovel of about 1885. At first, ~-cubic-yard dippers were 
used, but later the size was doubled and wooden equipment was 
replaced by steel. During the period from 1910 to 1918 steam 
shovels of relatively crude design and weighin'g 150 tons were 
used. Operation prior to the time of the World War was inter
mittent, for though the practicability of recovering coal by 
surface methods had been demonstrated, expansion was limited 
until machines reached a stage of development which would 
permit an increase of the economic stripping ratio between the 
depth of overburden and the thickness of the coal. 

Probably the most significant advance in stripping equipment 
was the full-revolving, e1ectr"ic-powered shovel, weighing 
300 tons, truck-mounted for operation on a railroad track and 
carrying a 6-cubic-yard dipper. Today electric shovels with 
caterpillar or crawler traction are common with working weights 
of 1,000 to 1,750 tons. Dippers with capacities as high as 
33 cubic yards are operating on electric revolving shove1s. 2 

Figure 13 shows a modern strip shovel in operation. 

From the standpoint of power and mobility, the greatest 
advances were made during the period 1918-28. Notable among 
more recent improv~ments is the utilization of high-tensile, 
light-weight steel so as to increase the yardage handled by 
machines without increasing the over-all load. Efficiency 
has sometimes been raised as much as 25 or even 40 percent. 
Among other improvements are the location of driving mechanisms 
on each corner of the shovel and automatic hydrauiic devices 
for leveling the machine as it moves over the uneven surface 

of the coal. 

Considerable advances have also been made in drilling the 
overburden when cuts have to be made through heavy rock. 
The introduction of liquid-oxygen explosives has contributed 
greatly to efficiency, as has the change from vertical to 
horizontal blast-hole drilling where the nature of the over
burden permits such a practice. Horizontal drilling can 
generally be used when hard rock is not more than 16 feet 
thick. Some of the newer drilling equipment bores holes as 

2cr. article by M. M. Moser, 1937 AI1Ilual Issue or1 the ~h~~rut~~l%;~~g:i 
Mr. Moser, V1ce Pres1dent 1n charge or operat ons 0 1 es ect 
Compan1es, has k1ndly supplemented th1s article by several other Hems n r P 
to 1mproved technology. 
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Coal Age 

1885 - Mechanical Stripping starts with DrV-Land Dredge 
Having ,-Cubic-Yard Dipper 

1938 - Electric Power Shovel Equipped with 30-Cubic-Yard Dipper 

FIGURE 13.- EARLY AND MODERN STRIP SHOVFI~ 
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large as 12 inches in diameter, permitting a high concentration 
of explosive and increasing the efficiency of the blast. 

Great improvement has also been made in handling the coal 
after the overburden has been removed. Where the nature of 
the seam necessita tes blasting, the use of a channeling machine, 
similar to the undercutting machine employed in deep mining, 
not only makes the explosive more.effective but produces 
a larger percentage of lump coal. Power shovels, smaller than 
stripping shovels but equally effective, load the coal into 
railroad cars, motortrucks, or trailers. Coal-loading shovels 
have advanced in size; the present-day shovel has the capacity 
of the average stripping shovel used 15 years ago. 

Haulage has been greatly faci'litated through better-planned 
tipple sites, specially designed locomotives, and improved 
dispatching systems. The tendency has been to replace locomo
tive haulage by motortrucks, which have been found cheaper to 
operate. In instances where rail haulage is still used, manual 
labor in shifting tracks has been practically abolished. When 
rapidity of operation requires frequent moves, regular track
shifters or caterpillar tractors are used to shift the tracks 
as the coal is loaded. These improvements in strip-mining 
processes have been accompanied by increased attention to 
preparation of coal for market, and most of the important strip 
mines are equipped to screen and size their product and often 
to clean it mechanically. 

Advances after 1914 revolutionized the technology of 'strip 
mining, and those added within the past decade not only have 
greatly reduced cost but have made possible the removal of 
thicker overburden and a consequent extension of the coal areas 
that can be profitably stripped. The sum total of these ad
vances has brought the equipment used to a state of refinement 
and power which reflects a notable embodiment of American 
engineering genius. 

Following is an abridged description of a large strip oper
ation in the Mid!1le West. 3 The coal seam averages .6 feet in 
thickness. Overburden varies, but one of the sections observed 
consists of 36 feet of surface soil and clay, 16 feet of lime
stone,' and 2 feet of hard shale. Vertical holes for blasting 
rock are drilled 10 inches in diameter with electric drills and 

3.roenges anc1 Anc1erson. O? cU., pp. 42-6. 
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Drag' ine E~cava~or and strip Shovel in Background. Tractor in Foreground 

Coo, Ag. 
Load i ng Coal I nt 0 Ra i , road Cars 

FIGURE 1~.- GENERAL VIEW IN STRIP MINE --- - ---
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spaced on 30-foot centers. They are usually drilled through 
the limestone into the shale. From 10 to l~ holes are shot 
electrically at one time. 

The mine consists of three sections, two of which operate 
continuously. and the third in rush seasons. Each of the two 
sections which operate continuously uses an electric stripping 
shovel and a drag line in tandem for removing overburden. In 
these two sections the top 25 feet of overburden is excavated 
with the drag1ine and the lower 30 feet with the shovel. 
The stripping shovels are equipped with 90-foot booms, 6~-foot 

sticks, and ls-cubic-yard dippers, and the drag1ines are 
equipped with 170-foot booms and 12- and l~-cubic-yard dippers, 
respectively. The section of the mine that operates only in 
rush seasons removes the overburden with a large stripping 
shovel without the assistance of a drag1ine. This stripping 
shovel is equipped with a 120-foot boom, an 8~-foot stick, 
and a ls-cubic-yard dip~er. The average depth of stripping is 
about 55 feet, but overburdens with a depth of 85 feet can be 
handled with tandem units if they are kept on an outside curve. 

Coal at this mine is loaded with electrically operated 
shovels carrying ~l-cubic-yard dippers. One dipper is made 
of aluminum, the others of steel alloy. The character of the 
seam makes it necessary to blast the coal. Drill holes in 
the coal are staggered on lo-foot centers and the charge is 
electrically fired. Each of the coal-loading shovels handles 
about 3,~00 tons of raw coal per shift. 

This particular mine uses track hau~age. Three lOComotives 
handle the output of each section until the length of haulage 
exceeds 2 miles in one direction, when a fourth locomotive is 
added. Five trackmen shift and maintain the track for each 
loading unit. The track is extended approximately 300 feet 
per shift. Drainage for the mine is handled by surface ditches 
supplemented by sumps from Which the accumulated water is 
removed from time to time by electric pumps. The mine has 
a modern preparation plant. Table 7 shows the labor re
quirements of the two sections of this mine that operate 
continuously on the basis of an output of 6,000 tons per 
working day. 

Technological advances in stripping have greatly widened the 
initial cost differential between strip and underground mining. 
The output per man-day achieved in particular fields in which 
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T,bl, t.- LABOR REQUIREMENTS OF A LARGE STRIP MINE WITH 
AN AVERAGE DAILY PRODUCTION OF 8,000 TONsa 

Hours Days 'l'otal 
Occupation Number worked worked man-hours 

of men per day per week per week 

'l'otal 213 - - 6.079 

Drillers, helpers, 
and shooters 30 7 5 1.050 

Stripping-shovel crewb 18 8 6 864 
Dragline crewb 18 8 6 664 
Loading-shovel crewc 6 7 5 210 

Coal drillers and shooters 6 7 5 210 
Locomotive engineers 7 7 5 245 
Locomotive brakemen 3 7 5 105 
'l'rackmen 16 7 5 560 

'l'ipple men 46 7 5 1.680 
Mechanics and helpers 7 7 5 245 
Electricians and helpers 9 7 5 315 
Shopmen 12 7 5 420 

Miscellaneous: 
'l'eamsters 4 7 5 140 
Locomotive hostlers 3 7 5 105 
'l'ruck drivers 2 7 5 70 
Wash-house men 1 7 5 35 

Watchmen 1 7 5 35 
Carpenters and helpers 2 7 5 70 
Repairmen 2 7 5 70 
pumpers 6 7 5 210 
Monthly men 12 8 6 576 

aAlbert L. Toenges and Robert L. Anderson. Sows Aspects of St"';,~ Mining of BUwiflOt 
Coal in Centro' and South Centro' States (U. S. Dept. Int •• Bur. H1nes I. C. 6959 
m1meO •• oct. 1937), P. 46. 
bTwO mach1nes, each requ1r1ng an operator. an oller. and a groundman tor each 0 
three shUts. 
cTwo shovels. each requ1rIng an operator tor one sh~rt and a groundman tor two shUts 

resource conditions are highly favorable has been phenomenal 
This has been notably true in the Rosebud field in Montana 
where resource conditions are ideal for stripping. Such con 
ditions are not, of course, typical of the industry generally 
but labor output has increased greatly in all the principa 
strip-mining areas. 

One of the serious handicaps of strip mining in its earl 
stages was the poor quality of the product. Shipment Q 
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weathered, outcrop coal, or coal containing rust and mud, 
created great prejudice against strip coal. Even before 191~ 
this handicap had been recognized and some mines were in
stalling cleaning plants. With the falling off of abnormal 
war demand in 1918·, it became clear that the demand would be 
for cleaned coal. 

Except in captive mines which furnish railway fuel to parent 
companies and commercial mines which sell their entire output 
to railroads and other concerns that can use run-of-mine coal, 
the trend for a number of years has been toward marketing 
prepared coal. In 1936. strip mines having cleaning plants 
produced 38.9 precent of the total tonnage of strip-mine coal, 
whereas only 25.q. percent of d.eep-mine coal was from mines 
with cleaning plants. For several years, as shown in the 
accompanying tabulation, the percentage of strip coal produced 
at mines equipped with cleaning plants has exceeded that for 
deep mines: 4 

Year All mines Strip mines Deep mines 

1934 21.2 34.3 20.4 

1935 23.4 39.4 22.3 

1936 26.3 38.9 25.4 

When strip operators began to install cleaning and sizing 
devices they had the advantage, characteristic of a new indus
try, of being able to put in the most modern machinery without 
the expense of scrapping obsolete equipment. 

Efforts to improve the quality of coal have not been confined 
to handling after it is taken from the mines. Cleaning the 
coal surface ahead of the loading shovel has also made substan
tial contribution to quality. The most common method is to use 
a bulldozer (a tractor-propelled blade) for scraping loose rock 
and dirt, and this is usually followed by hand shoveling and 
sweeping with wire brooms. Other methods of cleaning the coal 
surface involve the use of horse-drawn scrapers, sweepers with 

4Total production or all mines with cleaning plants and total production or strip 
mines with cleaning plants taken trom Bituainous Coal fables, 1936-1937 (U. B. 
DePt. Int., Nat. Bituminous Coal Com., 1938), p. 44. For total production or all 
mines and strip mines see F. O. Tryon, L. Mann, and W. H. Young, "Bituminous 
Coal," Nine~als lea~book, 1937 (U. B. Dept. Int., Bur. Mines, 19~7), PP. 787-867; 
M. F. McM1l1an, R. L. Anderson, and Others, "Bituminous Coal," N,ne~als lea~booll, 
1938 (1938), pp. 687-746. The 4eep-mlne tlgures were computed bY subtract1ng 
str1p tonnage trOlD total tonnage. 
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revolving steel brushes somewhat like street sweepers, and 
compressed air to blow away the dirt. 

In addition to the applications of technology for the spe
cific purpose of improving quality, there is a natural tendency 
for the quality to improve with increased depth of overburden. 
In shallow seams weathering has, in many locations, a dele
terious effect upon the product. Much of the coal now being 
stripped, especially in such heavy-tonnage areas as Illinois 
and Indiana, lies under a protective bed of limestone, sand
stone, or hard shale that can be handled only by the most 
powerful shovels, frequently preceded by blasting. Under these 
conditions the inherent quality of strip coal varies little 
from that of shaft-mine coal in the same field. 

All ranks of coal are produced by stripping. In 1936, 
~.3 percent of strip coal mined was lignite, 77.6 percent was 
bituminous, and 18.1 percent was Pennsylvania anthracite. 
Bituminous coal in that year was stripped in 15 States and 
lignite in ~ States. 5 

WAR STIMULUS TO STRIP MINING 

In 191~, 35 strip mines employed 1,355 men for 187 days and 
produced 1,281,000 tons of coal, or an average of 5.1 tons per 
man-day. 6 In the latter part of 1915 the Allies' war orders 
began coming in, and for the next 5 years coal mining was 
highly profitable. The ease with which strip mines could be 
opened, the rising cost of timber and other deep-mine supplies, 
high wage rates that enhanced the advantage of the greater 
labor output in strip mining, and scarcity of common labor 
made stripping a natural means of getting into this profitable 
war business. 

The limiting factor in coal output soon came to be car supply 
rather than consumer demand. There was no discrimination in 
the allotment of cars between deep mines and strip mines; strip 
mines shared the available cars on the basis of mine capacity. 
For the time being, poor quality had little effect on sales. 
Industrial plants came to be glutted with war orders and were 
generally glad to get aBY kind of coal as an alternative 

5Computed trom data publ1shed 1n B'tu.'nous C041 f4bles, 193B-1931, P. 21; 
anthraclte data are trom K. van Bielen, H. L. Bennlt, and Others, ·Pennsylvania 
An thrac 1 te,. N'ft8mls IB4f'"boo.-, 1938, p. 776. 
~1essl1ng, Tryon, and Kann, 09. cU., p. ffl. 
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to closing down. Many underground operators were tied by 
long-time contracts that prevented them from taking advantage 
of high open-market prices. The result was that poor-quality 
strip coal often brought a higher average price than su
perior deep-mine coal. Production from strip mines mounted 
to 8,288,000 tons in 1918. 

POST-WAR PROGRESS 

War conditions were, of course, temporary, but the arm~stice 
found strip-mine operators strongly entrenched, with initial 
development costs behind them and in a position to realize 
their natural advantages. The great strikes of 1919 and 1922 

doubtless tempered considerably the adjustment to peacetime 
conditions. Stripping made notable advances .throughout the 
period 1914-28, except during the post-armistice year 1919 and 
the depression year 1921. A leveling off in the bituminous 
industry as a whole from 1918 to 1929 did not interrupt the 
progress of strip mining, although strip production declined 
a bit in the depression years following 1929. 

COMPETITIVE ADVANTAGES OF STRIP MINING 

Having come out of the war with several definite advantages 
over underground mines, stripping continued to forge ahead 
in regions in which resource conditions permitted the use of 
stripping methods. In addition, improvements in technology 
have made it possible progressively to extend this type of 
mining over areas from which the coal formerly could have been 

recovered only through deep-mining methods. 

The inherent advantage of strip mining over deep mining is 
in its high man-day output. Notwithstanding great advances in 
deep-mining technology. the favorable labor-output differential 
of strip mines is much greater today than it was before the 
war. This, together with the success of strip-mine operators 
in improving the quality of their product, places them in. 

a peculiarly strategic position. 

Hearings held by the National Bituminous Coal Commission 
in Washington, D. C., in July 1938 revealed some striking 
diffe'rences in strip-mine and deep-mine total costs per ton. 
The accompanying tabulation shows these cost differences in 
important stripping areas as reported to NRA for the 10 months 
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from April 193~ to January 1935 and to the National Bituminous 
Coal Commission for the last 9 months of 1937: 7 

strip mines Deep mines 

State Apr. 1934 Apr. 1937 Apr. 1934 Apr. 1937 
to to to to 

Jan. 1935 8 Dec. 19379 Jan. 19358 Dec. 19379 

Illinois $1.26 $1.43 $1.62 $1.87 
Indiana 1.38 1.46 1.61 1.80 
Ohio (10 ) 1.41 (10 ) 2.00 
Southwestern11 (10 ) 1.82 (10 ) 2.62 

In comparing these data it should be remembered that stripping 
involves a much higher capital investment per ton and that 
the figures do not include interest. 

Strip mining has also overcome several initial disadvantages. 
Formerly strip-mine operations were seriously affected by 
weather conditions. Engineering progress in planning mines, 
with adequate provision for handling drainage, has gone far 
toward eliminating weather stoppages, and today wet weather 
does not seriously retard activity. Neither are operations 
greatly affected by low temperatures; shovel operators are 
protected and there is very little manual labor required at 
a modern stripping operation. 

)' 

The ease with which large shovels can be operated in'multiple 
shifts is an important advantage of strip mining. One shift 
a day is still customary in underground mines, althougb there 
is considerable indication that the highly mechanized mobile 
loader is encouraging double-shift operations. The stripping 
shovel requires only a small part of the total working force of 

7Welghted average costs. Including total producing, administrative. and selling 
costs per ton. Increased costs between 1934-35 and 1937 were due to h1ghe,r 
wage rates. 
Bcost Ugures under the BItum1nous Coal Code ot NRA tor 1934-35. See F. E. Berqu1st 
and Assoc1ates. 'cona.'c Survey of the Bitu_'nous Cool Industry Under 'ree 
Coapetit'on and Code Regulation (NatIonal Recovery AdmInIstratIon. Div. ot RevIew. 
Industry StudIes Sect •• Work MaterIals No. 69. mImeo •• Mar. 1936) vol. II. 
pp. 69&, 701. 
9cost data as complIed by NatIonal Bituminous Coal Commission trom hearings held 
July e to 23. 1938. See Docket No. 15. Exhibits Nos. 186, 209. 91. and 283 tor 
Ill •• Ind •• Ohio, and southwestern strip costs; EXhlblts Nos. 189. 212. 90. and 284 
tor deep-mlne costs. These exhibits are available In printed torm at the ottlces 
ot the National Bituminous coal Commission In washington. 
l°Data not available. 
llIncludes Kansas, Missouri. Texas. and the tollowlng Counties In Oklahoma: COal. 
Craig, Latimer. Muskogee. OkmUlgee. Pittsburg, Rogers, TUlsa, and Wagoner. 
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the mine, and multiple-shift operation of the stripping shovel 
has met little opposition from employees. 12 

Modern high-power shovels represent a heavy investment. The 
total cost of an installation, exclusive of tipple and cleaning 
plant, at a recently opened strip mine was approximately three
quarters of a million dollars. The effect of multiple-shift 
operation, when enough coal can be marketed to make this 
possible, is the spreading of the fixed charges over larger 
operations, thus reducing overhead. The continuity with which 
strip mines operate is dependent almost entirely upon the 
demand for coal and not on any physical obstacles to continuous 
operation. If demand is iight, a strip mine may shut down in 
bad weather, but if demand is brisk, the same mine may operate 
in multiple shifts irrespective 'of weather conditions. Ten 
years ago a number of strip mines in the southeastern Kansas 
field were operating stripping shovels three shifts for approx
imately ~ months in the year, two shifts for 6 months, and one 
shift for 2 months. This practice was fairly representative 
except in areas where the mines had a continuous market, in 
which event they operated three shifts the year round. 13 

It was notable that in many districts strip' mi~es worked 
more time during the strike years 1922. 1927. and 1928 than 
did their deep-mine competitors. In some cases, as in Ohio 
and Montana in 1927 and 1928, this was due to the fact that 
strip mines were running open-shop, but in other fields it 
was found possible to operate on temporary wage agreements 
pending settlement of deep-mine strikes. 1 ' On the whole, 
strip mines have hitherto been less subject to strikes than 
have deep mines. 

Strip mining probably had some advantage over deep mining at 
the start by virtue of the fact that it shares, to a greater 
extent than does deep mining, a technology common with other 
industries. Surface excavation is the first mechanical problem 
with which strip mining is concerned. The technology of 
excavation already developed in the construction and other 
industries was at once available for use in the removal of 
overburden and the excavation of coal. In recent years the 

12The customsry prsctice is tor the strip shovels to work multiple Shit;:d 
but the coal-loa(l1ng sh.ovels, haulage equipment, and tipple are only opera 
one shUt per day. 
l~ieSSl1ng, Tryon, and Mann, 01>. cU., p. 18. 
14IbU• 
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technology of excavation in coal mining has embodied much 
higher concentration of power than is found in other industries 
in which it is necessary to move large quantities of earth. 

The comparative youth of the stripping industry, suggested 
in discussing cleaning and sizing equipment, has heretofore 
given the industry an advantage over underground mining in the 
utilization of the most up-to-date appliances. At the time 
strip mining was getting its initial start during and after 
the war, operators were in a position to concentrate attention 
on selecting the most efficient equipment available. Deep 
mines that had been operating for a period of years frequently 
had large investments in existing equipment, some of which had 
to be scrapped when new installations were made. 

The physical and economic advantages which a new industry 
possesses by reason of its ability to install modern equipment 
are augmented by important psychological and organizational 
advantages. An operating mine is a going concern. As soon 
as the mine comes into normal production, operating with a 
particular type of equipment, the habits of both managers and 
men tend to crystallize around the existing situation, and as 
time goes on a certain resistance to change develops. Tbis is 
particularly true in an industry like bituminous coal in which. 
men habitually come up through the ranks. Although such 
industries usually take pride in being "practical", tradition 
rather than the most efficient current practice is frequently 
the basis of their policies and procedures. 

The underground branch of the bituminous-coal industry 
is gradually breaking away from some of its established tradi
tions. Although deep-mining technology has not stood still, 
the fact remains that until a few years ago the rapid strides 
in the technology of coal loading had been confined to mines 
producing only a minor part of the country's total deep-mine 
tonnage. 

Present indications are that highly mechanized mining will 
soon become the rule rather than the exception in deep mining. 
In strip mining this has always been the case because of the 
very nature of the process. Dependence on up-to-date machinery 
seems to have called forth, in this branch of the industry, an 
exceptional aggressiveness, with the result that strip opera
tors as a rule go in for the newest devices once these devices 
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have been shown to be more efficient than those they are 
designed to replace. 

It should be noted that the situation in respect to install
ing new equipment is quite different today from what it was 
in the earlier period when the stripping industry began to 
break into the bituminous picture. Strip operators now have 
heavy investments in machinery, and changing equipment during 
the active life of a property involves a heavy burden of 
obsolescence. Readiness to install the most effective equip
ment makes for efficiency, provided the savings during the life 
of the installation are suffic.ient to absorb its cost. With 
new installations for mining equipment alone running as high as 
three-quarters of a million dollars and with the tipple and 
cleaning plant costing approximately another three-quarters of 
a million, the necessity for careful prospecting and judicious 
estimates, not only of the amount of coal available but of 
future markets, is obvious. Miscalculation concerning the 
volume of business and the time required for amortizing invest
ments in equipment may easily make the difference between a 
successful enterprise and a dismal failure. It is the practice 
in all well-managed stripping ventures in which heavy invest
ments are made in equipment to plan amortization of initial 
cost during the active life of the mine. Sometimes the owners 
dismantle equipment and set it up at a new mine, the new 
investment in such cases being merely the cost of moving. 

To recapitulate, strip mining to date has its greatest 
advantage over underground mining in its superior man-day 
output. This has come primarily from the extraordinary advance 
in power, size, and flexibility of stripping equipment. Not 
only has advancing technology enabled the industry to make an 
impressive showing in terms of tonnage, but it has also made it 
possible to minimize many of the handicaps under which strip 
mining formerly labored - notably poor quality of much of its 
product, original dependence on weather conditions, and the 
comparatively limited range of coal deposits in ~hich stripping 

technique could be used. 

MAN-DAY OUTPUT IN STRIP MINING 

Data contained in annual reports by bituminous operators to 
the Bureau of Mines and the National Bituminous Coal Commission 
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have been compiled and charted to show output per man per day 
separately in all mines, in deep mines, and in strip mines for 
the United States as a whole and for impotiant strip-mining 
States for 1910-36, except that measurement of man-day output 
for strip mines began in 1914, the first yea~ in which such 
data were requested. The amount of stripping prior to that 
date was very small. 

Man-day output in strip mines, as presented in figure 15 for 
the United States, has always been higher than in deep mines 
(see also table B-91. In 1914 output per man-day was 5.06 tons 
in strip mines and 3.71 tons in deep mines; at the high point 
in 1931 the difference in favor of strip mines was 10.66 tons. 
Prior to 1925 the effect of high labor output in strip mines 
was infinitesimal in influencing output per man-d~y of all 
bituminous mines. In 1914, 0.3 percent of the country's 
pr04uction came from strip mines and in 1925 only 3.2 percent. 
By 1~~6 the percentage was 6.4 and in 1937 it was' 7.1 (see 
also table B-101. As a result of the increasing proportion of 
strip tonnage to total production and the higher output p~r 
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man-day at strip mines it is estimated that strip mining has 
added from 0.1 to 0.2 ton to the average daily output per man 
employed in the bituminous industry. 

With labor output in strip mines increasing rapidly after 
1927, a peak of 15.78 tons per man-day was reached in 1931. 
Bureau of Mines data show a sharp decline in output per man-day 
after 1932, but this record obviously reflects changes in the 
method of reporting and in the shortening of the working day 
in 1934. 15 

The relative importance of strip and deep m1n1ng appears much 
more significant when areas are compared in which both types of 
mining are carried on extensively. 18 Illinois and Indiana are 
heavy-tonnage areas for deep mining and likewise for strip 
~n1ng. In Illinois production from strip mines increased 
rapidly after 1924, in which year it was only 3.q. percent 
of its total bituminous output. By 1937 it was 22 percent of 
total output. Strip mining in Indiana has played an even 
greater role, and its advance has been more impressive than in 
Illinois. In 1922, 7.1 percent of total Indiana production 
was from strip mines; in 1937, the percentage was 47 (see 
table B-IO for intervening years). 

Curves of output per man-day for both States are shown in 
figure 16. It is apparent that strip mines have had consider
able influence in raising the man-day output for all mines, 
especially in Indiana. After 1932 the recorded decline in 
man-day output in strip mines is more a reflection of differ
ences in methods of reporting and of the shorter working day 
than of actual increase in labor requirements. 17 Advancing 

15In general, changes In the method ot reportlng lIan-da7S have dlstorted labor
output tlgures In strlp mlnes more than they have those In deep mlnes. Kan-da7S 
prlor to 1932 were tlgured on the basls ot the average number ot men tlmes the 
nUllber ot days ot tlpple operatlon. 
In strlp IIlnlng It has been common practlce tor the group ot employees laIown as the 
strlpplng-shovel crew to work a tull week, el ther 8 or 7 C1a7S, even though the rest 
ot the IIlne was operatlng on, perhaps, a 4- or &-daY basls. In some cases the 
operatlon ot a.strlp mine 18 such that the strlp shovels may uncover the coal seam 
conslderablY ln advance ot the t1llle 1 t Is to be loaded. 
When these strlp-shove1 employees, who sverage about 25 percent ot the mlne 
personnel, work regularly more days than the tipple operates, average man-day 
output tigured on tlpple tlme ls too hlgh. Beglnnlng In 1932 mlnes were asked to 
report actual man-shltts wbere such records were kept. Thls practlce would ot 
course brlng about at least a partial correctlon ot the prevlous error and result 
In showlng a conslderably smaller output per man-day than had formerly been shown 
on the basls of tlpple tlme. 
For the dlstrlbutlon ot a t1Plcal strip-tlline labor torce see table .,. 
18See table B-10 tor percentages ot total production mlned by strlpplng In the 
Important coal-strlpplng States and In the united States (1914-38) and table B-11 
tor tonnage stripped by States (1938). 
17 See ttn. 150 
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tec~no1ogy in this area has probably more than offset thus 
far the extension of strip mining into thinner coal under 

deeper cover. 
Ohio is the only important Appalachian State in which a sig

nificant amount of stripping has been done. In terms of 
the percentage of strip coal to total tonnage the growth 
of strip mining in Ohio has been erratic. As early as 1922, 

11.3 percent of the tonnage was reported stripped; there 
was then a decline, after which a peak of 17.1 percent was 
reached in 1927. After 1927 strip tonnage. fell off again, but 
there are recent indications of revival. In 1937 the strip 
production was 10 percent of the total for the State. 

The lignite fields of North Dakota and Texas have for some 
years been large centers of strip mining, partly because these 
districts contain level beds lying close to the surface and 
partly because the value of lignite is so small in comparison 
with that of bituminous coal that it can only be mined profit-

ably by the cheapest methods. 
The man-day output curve for Montana reflects almost entirely 

the performance of the- operation in Rosebud County, in which a 
25-foot seam of coal lies under a cover of from 20 to 50 feet. 
With such ideal resource conditions the output per man-day has 
surpassed that of any other area, a high of 75.5 tons per man 
per day being reached in 1933' This Montana coal has a heating 
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Tabl. 8.- SUMMARY or BITUMINOUS STRIPPING OPERATIONS 
AT MINES USING POWER SHOVELS, 1914-,.a 

Number of Average daily 

'l'otal Average output (tons) 

Year production number Per 
(thousands of days Power Per 

of tons) worked strip Power power power 
mines shovels strip shovelc 

mineb 

(1) (2) (3) (4) (5) (6) 

1914 1.261 167 35 46 196 143 
1915 2.632 199 60 67 237 164 
1916 3.661 194 75 106 267 169 
1917 5,464 17.1. 105 155 305 207 
1916 7.949 196 136 239 294 170 

1919 5,366 154 145 256 241 137 
1920 6.176 164 141 266 315 166 
1921 4,606 112 125 240 329 171 
1922 9.296 143 169 340 344 191 
1923 11,067 140 197 360 402 206 

1924 13,164 154 169 369 453 220 
1925 16,497 175 179 363 527 260 
1926 16.063 171 163 375 514 251 
1927 17.667 177 207 424 486 238 
1928 19.131 180 176 365 604 276 

1929 19.767 170 170 397 684 293 
1930 18,938 176 156 322 690 334 
1931 18,524 165 148 303 759 371 
1932 19.459 167 180 329 647 354 

1933 18.065 165 214 381 512 287 
1934 20.469 172 243 443 4$0 269 
1935 23.267 203 262 489 437 234 
1936 27.479 184 271 543 551 275 

Boata for small horse- or hand-stripping pits and for mines combining stripplng and 
underground methods 1n the same operation are excluded. 
Data for 1914-31 trom F. O. Tr7on, L. Kann, and H. O. Rogers, 'Coal,' Mine~1 
Resources 01 the onited states: 1930 (U. S. Dept. Com., Bur. Klnes, 1932), 
Part II, "Nonmetals," pp. 699-773 and W. H. Young, L. Kann, and F. O. Tr7on, 
'Bitumlnous Coal," from same for i931 (1933), pp. 416-88: data tor 1932 trom 
unpublished data ot the Bureau of Mines: data tor 1933 trom W. H. Young, L. Kann, 
and F. O. Tr7on, "Bitumlnous Coal," StaUsUcal A#>Bfldb; to Minerals learbooll, 
1932-33 (U. S. Dept. Int., Bur. Kines, 1934), pp.' 373-438: data tor 1934 trom 
1.. Mann 8Ild F. O. Tr70n, "Bitumlnous Coal," from same tor 1934 (1936), PP. 281-341: 
data tor 1936 trom F. O. Tr70n, L. Kann, and W. H. Young, "Bltuminous Coal,' 
Minerals 18arboo~. 193'1 (U. S. Dept. Int., Bur. KInes, 1937). PP., 787-867: and 
data tor 1938 trom BUuai"OIIa Coal faUes, 1936-193'1 (U. S. Dept. Int., Nat. 
Bl tuminous Coal Com., 1938). 
bC01• (1) divlded b7 the product ot cols. (2) and l3). 
ccol• (1) divided b7 the product ot cols. (2) and (4). 
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value of 9.000 B. t. u. per pound, which makes it probably the 
cheapest energy, measured in terms of human labor, produced at 
any coal mine in America. 

In Kansas 73.~ percent of the total State tonnage in 1937 
came from strip mines; in Missouri the percentage was 57.8. 
In both States high labor output and large tonnages from strip 
mines have caused man-day output for all mines to increase, 
even though labor output in deep mines has been declining. 18 

The long-time significance of the strip-mining industry 
is probably greater in Illinois and Indiana than in any of 
the other stripping areas although some other regions have 
far exceeded them in output per .man-day. The comparative 
significance of Illinois-Indiana performance is, of course, 
enhanced by the fact that these are heavy-tonnage areas both 
for strip mining and for deep mining and also by the fact that 
mechanization of loading, as well as of other deep-mine proc
esses - cutting, hauling, drilling - in these States, is 
highly developed and still advancing. 

Increase in the size of shovels at strip mines has been 
a large factor in increasing man-day output. Table 8 shows 
that at power strip mines in the United States the average 
daily output of coal per power shovel increased from 1~3 tons 
in 191~ to 276 tons in 1928 and to a maximum of 371 tons in 
1931. Power shovels include those used for stripping over
burden and loading coal. The daily output per mine increased 
from 196 tons in 191~ to 60~ tons in 1928 and to a maximum of 
759 tons in 1931. Although these averages show enormous 
increases, they are weighed down by the inclusion of a number 
of small operations. Exclusion of these would of course raise 

the averages. 

GENERAL CHARACTERISTICS o~ STRIP MINING 

The fact that each site which can be feasibly mined by strip
ping presents a separate problem has resulted in machinery 

18 p 1 anla - In 1 or 2 years the output 
Strip mining has also been done In A ennsy v Colorado Iowa KentuckY. Maryland. 

amounted to nearly 2 million tons. In labam&. • In ;trlP mining has been 
Michigan. Tennessee. Washington. West Vlrdglnllainganda~IO:o :trlPPlng has ever been 
lnconsequen·tlal compared wi th undergroun m n • 
reported In V1rg1n1a. New !texiCO. and Utah. 1 min s (where 
Figure B-1 shows outPUt per man-day curves for all m1nes ~~tfet~!e ShC:S output 
data were Important enough to shOW) for t~ a~~l~ ~\~~~Sin the Un1ted States and 
per man-day for all m1nes, deep mines, a s 1 Ind1ana Kansas. Kentucky. 
the following States: Alabama, A(r

l
ka
1 

ns
1
as.) I~~i~o ~klahoma, Pennsylvania, Texas 

M1ssour1. Montana. North Dakota gn te , ' 
(lign1te), and Wyom1ng. 
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being designed to order for the particular property on which 
it is to operate. The size of the unit is determined not only 
in reference to the amount·of overburden to be removed but 
likewise in reference to the scheduled annual tonnage and the 
seasonal or other peak demands. 

Production in strip mining is limited by the amount of coal 
that can be uncovered in a given time. Because of the large 
investment in equipment, it is essential to organize stripping 
operations so that a maximum yardage of overburden can be moved 
with as little loss of effective working time as possible. 
More yardage can be stripped when the material is broken into 
easily manageable si7-es, and it therefore becomes necessary to 
study the character of the overlying strata and to use the 
kinds and amounts of explosive that will break up the rock for 
easy handling by the shovel. 

In thin seams tonnage per acre is of course less than in 
thick seams, and it accordingly requires more acres to produce 
a given annual tonnage. The amount of material moved per ton 

·of coal produced is, with the same thickness of cover, greater 
in thin seams than in thick ones, and the distance from loading 
operations to the tipple increases more rapidly, with a corre
sponding increase in the cost of haulage. The character of the 
overburden is also an important consideration in determining 
the cost of recovery. If there is a large percentage of hard 
strata, drilling and blasting costs rise correspondingly. 

A nUDlber of different factors appearing in varying combina
tions in different coal seams determine the areas from which 
coal can be profitably recovered by stripping. The most 
important of these, as already indicated, are the thickne.ss of 
the seam, the quality of the coal, and the depth and character 
of the overburden, but the selling price of coal and its 
location in reference to potential markets are also important 
considerations. 

PROBABLE FUTURE SIGNIFICANCE OF STRIP MINING 

The factors that seem destined to determine the future posi
tion of strip mining in the bituminous industry are resource 
conditions, technolog~, and markets, with the possibility that. 
other factors such as attitude of labor and public policy 
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in respec~ to conservation may u1:timately impose cl(ecks to, 
expansion. None of these factors is absolute, but theint.er
relation between them will necessarily determine. the ~rogress 
of strip mining and the limits to its advance, both 'abso'lutely 
and in relation to underground mining. As long' as strip 
operators can put large quantities of Cooal on the m~rket at 
costs that cannot be matched by deep-mine operators, the urge 
to expand the stripping industry will ~ontinue to be strong. . 

It is doubtful whether efforts to maintain prices can greatly 
restrict the pressure for expansion exerted by ~ow costs •. 
However, as the expansion of the industry makes it necessary 
to exploit fields in which the coal Tesources lie farther 
and farther below the surface, with corresponding increases in 
cost of equipment, the cost of stripping and of deep mining 
may tend toward equilibrium. 

Advancing technology has tended to offset any increasing 
costs which might be occasioned .by the extension of strip 
mining into deeper seams. Not only is strip-mine coal being 
recovered from depths that would hav~ been considered prohibi
tive a few years ago but productivity and cost differentials in 
its favor remain impressive. 

If advancing technology should so enlarge the field of stri~ 
mining that this branch of the industry would come to furnisil 
a highly significant part of the total tonnage, the attitude 
of labor might impose a restraining influence on expansion. 
In general, the United Mine Workers of America have thus fal 
shown a cooperative attitude toward the introduction of minin~ 
machinery. The union has not seriously opposed strippin~ 
except when efforts have been made to employ nonunion workers. 
The influence of the union has been exerted to insure tha1 
union miners employed in stripping operations were fairll 

compensated. 
As long as the total output of strip mines remained insig

nificant in proportion to the total tonnage of the country, it! 
small volume of employment in proportion to tonnage was no' 
a matter of great concern. It is clear, hOwever, that relativi 
labor.output of strip mines and deep mines in recent years has 
been of an entirely different order of magnitude from the labor 
output of mechanical-loading compared with hand-loading deep 
mines. The extent to which strip mines can increase their 
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relative tonnage without a greater sharing of gains with labor 
is not yet known. 

Government taxation and regulation may have some restraining 
effect on the development of strip mining. The question of how 
properties containing natural resources should be taxed is 
highly controversial and applies to both strip mines and deep 
mines. Discussion with operators in the two branches of the 
industry has brought out opposing points of view on the subject. 
Strip-mine operators contend that the relatively heavy taxes 
on their properties serve as an offset against obvious damage 
to the surface of the ground and point out that many of the 
strippab1e seams are under lands which are not otherwise highly 
productive. They also think that they render a public service 
by securing a higher recovery of the coal deposit and thus 
avoid the waste incident to deep mining, especially that which 
occurs in areas where only 50 percent of the coal is recovered. 

Deep-mine operators, on the other hand, emphasize the rapidity 
with which resources in strip mines are exhausted, and some 
of them argue that present taxes on strip mines are in general 
not high enough to compensate for the early disappearance of 
taxable values in these mines when the coal has been removed. 

Whatever the merits of the opposing views, the maintenance of 
mining communities, whether in strip-mine or deep-mine areas, 
is a problem in human conservation rather than in taxation, 
although taxation might be used in approaching it. 

The social cost of stripping includes damage to the surface. 
Stripped areas become for the time being barren waste; they are 
withdrawn from use and are capable of reclamation only at great 
expense. Dissipation of the top soil precludes agricultural 
use, and all vegetation develops slowly in the exposed subsoil 
which is often mixed with broken rock. The original produc
tivity of stripped-over lands varies greatly between areas but, 
as noted at the Washington World Power Conference in 1936, an 
estimated 2,500 acres in the Central and Eastern States are 
devastated annually by bituminous and lignite stripping. 19 

19See G. S. Rice, A. C. F1eldner, and F. G. Tryon. 'Conservat1on otCoalResources,' 
fransactions, rBir~ forid power Conference (Wash1ngton, D. c.: 1938), vol. VI, 
sect. IV, paper no. 11, p. 692. The tollow1ng quotat1on from the same paper 
1nd1cates how the problem 1s handled 1n Germany: '.... Amer1ca may learn 
from the exper1ence of Germany. where 140,000.000 tons of 11gnlte or brown coal 
are m1ned annually by str1pp1ng. Much attent10n has been pa1d by the German 
Government and the m1n1ng compan1es to regrading the surface and restor1ng 1t 
to usefullness. Systemat1c afforestat10n 1s pract1ced. and 1n some 10ca11t1es 
the t111able surface s011 1s scraped off and later spread over the completed t111. 
so as to make the surtace ava1lable for agr1cultural use.' 
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But strip mining entails aesthetic as well as economic con
siderations. Miles of spoil bank in stripped-over areas not 
only reflect destruction of plant and soil resources but mar 
the landscape. As strip mining expands, mutilation of the 
countryside makes the industry increasingly vulnerable from 
a public angle, and this has been recognized by operators 
in some areas in the form of cooperative reclamation projects. 
Considerable areas of stripped-over land have been planted 
to forests and occasionally to orchards, and several exhausted 
mines h~ve been used to fqrm, artificial lakes. 

The spectacular development of stripping in Indiana and 
Illinois in recent years makes the need for reclamation es
pecially great in those States. A cooperative venture, under
taken in 1920 by the Indiana Coal Producers' Association and 
the Forestry Division of the State Conservation Department, re
sulted in the planting of some q.,500 fruit trees on Indiana 
coal lands. It was reported later that they were flourishing 
and producing large quantities of fruit. 20 The scope of 
this program has been considerably expanded in recent years. 
A memorandum from the Forestry Division several years ago put 
the Coal Association on notice concerning public interest 
in reclamation. The association was reminded that a definite 
reforestation program carried Qut by every member would be 
a convincing argument against legislative interference. Annual 
reports of the Conservation Department show that more than 
2~ million trees were planted on coal lands in 1935, and 
over 7 million in 1936 and 1937. The 1931 report notes the 
establishment of several lakes to be opened to the public 
for fishing. 21 

Early in 1938 a similar program was inaugurated in Illinois. 
Under this program the operator purchases the necessary stock 
from the Division of Forestry at nominal prices and the plant
ing is done 'by his own men under supervision of a trained 
State Forester. When a producer manifests a willingness to 
cooperate, the Division of Forestry makes a survey of the area 
and rec~mmends species to be planted. The program is con
sidered good business for the State, both for the future 

20Cash and von Bemewitz, oil. cu., pp. 1111-20. h 
21 HAW ad Inc1iana State Forester, for t e 

The authors are inc1ebtec1 to Mr. • • 0 s, or a circular concerning 
information upon which the above outline was basbec1n~~~lopec1 out of strippec1-
the Greene-Bullivan State Forest, which has ee 
over laDc1s. 
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value of the timber and for the recreational possibilities. 
Eight Illinois operators cooperated in planting 350,000 trees 
in 1938. 22 Although total acreage reclaimed is small in 
comparison with the total area of stripped-over land, current 
trade literature indicates that the subject is receiving 
increasingly serious attention. 

A second conservation aspect of the stripping industry 
is its effect upon coal reserves. Initially the effect is 
favorable. Strip mining stands much higher, from the stand
point of coal conservation, than does underground mining. 
In deep mines of the principal strip-mining States one-third 
to one-half of the coal is ordinarily left in the ground. 
Although the stripping process excavates coal rapidly and on 
a large scale, the amount of coal wasted in well-conducted 
strip mines is low. 

The only angle from which strip mining might have an adverse 
effect upon coal reserves would be through the influence it 
exerts upon the direction taken by underground mining. In such 
areas as Illinois and Indiana, where the ratio of strip tonnage 
to deep-mine tonnage is high and increasing, the pressure of 
strip-mine cost differentials naturally makes it more and more 
difficult for high-cost underground operators to meet the 
competition of strip mines. This influence has a tendency to 
concentrate more and more of the deep-mine production in coal 
seams having the best resource conditions and in which a high 
degree of mechanization can be utilized to reduce operating 
costs. As will be developed at greater length in succeeding 
chapters, the ratio of mechanical-loading to total deep-mine 
output in Illinois and Indiana has increased rapidly in recent 
years; by 1937 mechanical loading covered over 70 percent 
of the total deep-mine tonnage in Illinois and over 80 percent 
of that in Indiana. 

The low-sulphur coals of southern Illinois have a distinctly 
limited life. 23 If the best deep-mine resources of the State 
as well as the seams available for stripping should become 
exhausted, reliance would have to be placed on the poorer seams 
or the industry would migrate to other areas. 

22The authors are In4ebte4 to Hr. Anton J. Tomasek. Illinois State Forester, 
tor the above IntorMatlon. 
~lce, Flel4ner, an4 Tryon, o~. cit., p. 679. 
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To recapitulate, it is impossible to predict that anyone of 
the forces that might have a restraining influence on the 
development of stripping will. retard the expansion of the 
industry in the near future. If, however, the increasing costs. 
of equipment for removing deeper and deeper overburdens should 
be augmented by higher labor costs or new burdens in the form 
of taxes or conservation requirements, other things being 
equal, the time when an equilibrium between the costs of strip 
mining and deep mining is reached will be considerably advanced. 

Resource and other limitatiqns in the way of indefinite 
extension of strip mining, together with the fact that tech
nology in this branch of the industry is further advanced and 
more widely extended than it is in deep mining, make it highly 
improbable that stripping will ever become a dominant part of 
the industry from the standpoint of total tonnage. Whatever 
the future may hold,. the present fact is that, in spite of its 
great advances during and since the World.War, only 7 percent 
of the total bituminous tonnage of the country in 1937 came 
from strip mines. This being the case, study of mechaniza
tion in relation to employment opportunity must focus primarily 
upon developments in underground mines • 

. 1 



CHAPTER V 

HISTORY, DESCRIPTION, AND PRESENT DISTRIBUTION OF 
YECHANICAL-LOADING DEVICES· 

The hand miner's most arduous task is shoveling coal into 
mine cars. Coal tonnage loaded each year equals the total 
weight moved in excavating the Panama Canal and ~nti1 recently 
all this work was done by human muscle. At a wage of $5.50 per 
day, the mechanical work involved in loading the Nation's coal 
costs the equivalent of about $7.50 a kilowatt hour. 1 Loading 
by hand requires from 50 to 60 percent of the total working 
force in a bituminous mine. This last stronghold of heavy 
hand labor has resisted the trend toward mechanization until 
quite recently. 

Numerous loading devices were developed and installed before 
the types that operated successfully under different mining 
conditions were perfected. The first loading machine used 
in the United States, the so-called Stanley Header brought 
over from England in 1888,2 was designed to break down the 
coal as well as to load it. The record of operation indicates 
that the loading device was not successful and that the coal 
was loaded by hand. Experimentation on a machine designed 
exclusively as a loading unit was started between 1893 and 
1898, and the machine known as the Jones loader or Co1oder was 
patented in 1902. It was not put into service in the mines 
of the Pocahontas Fuel Company, however, until 1918. Another 
early combination cutting and loading machine was the O'Toole, 
developed in 1896. Conveyors were introduced by C. R. C1aghorn 
in his mine at Vintondale. Pennsylvania, as early as 1902, but 
further installations lagged. The first mObile loader was the 
Hamilton, installed in Illinois in 1903. and it was reported 
to have averaged 150 tons per day. The first shovel-type 
loading machine was developed by the Myers-Whaley Company and 

*s, Leo N. Plein; Walter M. Dake; Willard E. Hotchkiss; Charlotte K. Warner; and 
Joseph J. Oallagller, Assistant Statistical Analyst or the National Research Project. 
i,. G. Tryon and Others, fechnology and the Ni.nera' Ind~tri.es (WPA National 
Research Project in cooperat10n w1th U. S. Dept. Int., Bur. Mines, Report No. E-1. 
Apr. 1937), p. 16. 
2See Cent Ni.ne NechanizaUon Tearboo~. 1929 (Amer1can M1ning Congress), PP. 364-70; 
also "M11estones 1n Mechanical Load1ng,' Coal Age, Vol. 41, No. 10 (Oct. 1936), 
pp. 405-8. 
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a complete working unit was installed in a Tennessee mine in 
1908, but its success was impaired by inability to regulate 
car supply to its operation. The Jeffrey Company acquired 
the Morgan and Hamilton patents and by 1913 had started to 
manufacture loading equipment. In 1916 a Thew electric shovel 
was installed in a mine of the Union Pacific Coal Company. 
In the same year there was introduced in the anthracite field 
a pit-car loader, and Joseph F. Joy began his experiments 
with the mobile loader. In the following year scrapers were 
introduced in the bituminous mines of central Pennsylvania, 
having been used in the anthracite field as early as 191~. 
In this period progress with mechanical loading was slow; most 
of the installations were purely experimental. Another new 
idea in 1926 was the duckbill self-loading head for conveyors 
developed in the mines of the Union Pacific Coal Company; this 
was later taken over by the Goodman Company for manufacture. 2 

For practical purposes the commercial application of mechan
ical loading in the bituminous coal mines of the United States 
may be dated from 1922, the year when the first Joy loader, 
invented by Joseph F. Joy, appeared on the market. 

In 1923, the year in which the U. S. Geological Survey 
began to gather data on mechanical loading, 1,900,000 tons of 
bituminous coal, or 0.3 percent of underground production, were 
mechanically loaded. This rose from ~.5 percent in 1928 to 
13.1 percent in 1931 and remained at approximately this level 
through 1935. In 1936 and 1937 the percentage increased to 
16.3 and 20.3, respectively; in 1938 the trade journal Coal Age 

estimated that one-fourth of the country's deep-mine output was 
mechanically loaded. The progress of mechanical loading in the 
different mining areas of the country and its effects are 
discussed in the following chapters. 

Mechanical loading equipment is divided into twO group~: 

machines which virtually eliminate hand shoveling except for 
incidental clean-up and machines which, without eliminating 
shoveling, greatly reduce the labor involved. In the first 
category fall mobile loaders, scrapers, and duckbills; in the 
second, pit-car loaders and face conveyors. A description 
of the man'ner in which these different types of equipment 
operate will indicate their function. 

Among loading devices now in use, scrapers embody under 
ideal conditions the most intensive application of power, but 
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they are low in adaptability to varying conditions and their 
use is consequently restricted. Pit-car loaders represent 
limited application of power, and though still operating 
in considerable numbers, they are beginning to have little 
but historical significance. Duckbill loaders occupy an 
rntermediate position in regard to power, but their range is 
limited by the fact that in some conditions in which they 
operate well the high-powered mobile loaders are even more 
advantageous, whereas under other conditions the less-powerful 
conveyors are preferred. The degree to which the different 
devices substitute mechanical power for man-power is indicated 
by the following tabulation: 

Daily 
Factory price Type of machine Horsepower capaci t y 3 

Pit-car loader 1- 5 15- 25 • 700-' 1,500 
Conveyor 5-304 50-300 1,100- 2,000 
Duckbill 15-30 50-300 1,500- 2,500 
Scraper 7i-256 50-2506 1,500- 2,500 
Mobile loader. 22i-50 100-BOO 6,500- 13,500 

SeUPEIS 

The scraper is a scoop device pulled by a rope operated 
from a hoist. The coal is dragged alon~ the mine floor to 
an elevated loading point. Some scraper units have greater 
power than mobile loaders and so rank as the most complete 
form of mechanized loading. The use of scrapers has been 
very limited since they are best applied to long-face mining, 
though applications of the scraper principle have been made 
to room-and-pillar loading. 

The scraper requires a freedom of motion which bars it from 
places where close timbering is necessary, with the result that 
it can be used only in mines that have good roof. Bottom must 
be fairly hard or the scraper will cut into it and pick u~ 
impurities with the coal. This can be alleviated by leavin& 
a thin band of bottom coal in place, but since scrapers usualll 
operate in thin seams, reduction of the recovery ratio mal 

3In terms ot tons ot coal. Capac1t1 here 1s v1ewed as actual output 1n service 
rather than the I18nutacturer's ratlng. 
4Chaln-tne units run 6 to 20 and shaker dr1ves 16 to 30 horsepO'ler; room belts ~ 
about 6 to 20 and mother belts 20 to 30 horsepO'ler. 
6usual un1ts 1n serv1ce; some large scrapers 1181 run up to 100 horsepO'ler or more, 
w1th a correSpondlngl1 hl8her output. 
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Scraper picking Up Its load at the Face in Longwall Hi ning 

'ood.ln Mlnuflcturln9 Co. 

Scraper Unloading Over steel Apron or Chute Into Mine Car 

FI&URE 17.- SCRAPER LOADERS 
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render operation unprofitable. As with all loading devices, 
impurities loaded with the coal complicate the preparation 
problem. If the coal is soft, scrapers may also cause undue 
breakage; however, for some uses, such as coking, value is not 
impaired by degradation. 

In the bituminous fields scrapers have hitherto been employed 
chiefly with the longwall system of mining or with some related 
system affording long working faces. This was because the 
expense of moving the equipment from place to place made it 
essential to have large tonnage available for each set-up of 
the scraper. A notable illustration of this requirement 
occurred in the large-scale Union Pacific operations at Rock 
Springs, Wyoming. Mines were equipped with scraper installa
tions in the early period of mechanization. High-powered hoists 
with large scraper scoops were used and large tonnages per 
machine shift were secured. The time consumed in dismantling 
units and reassembling them in new locations so reduced net 
output per man-day that experiments with other equipment 
were undertaken and scrapers were largely replaced by duck
bills. The only way in which scrapers can operate successfully 
with room-and-pillar mining is to provide exceedingly wide 
rooms or else to work the face at an angle so as to make it 
substantially longer than the width of the room. 

Figure 18 shows the distribution of scrapers by States and 
counties at the beginning of 1938. 6 All told, 119 scrapers, 
distributed over 10 States, were in use. Annual sales reported 
by manufacturers in the last 3 or ~ years have averaged about 
lS, but some of these were no doubt replacements. 

Areas of concentration for scraper loading are Walker County 
in Alabama, Indiana County in Central Pennsylvania, and Colfax 
County in New Mexico. Scattered installations also occurred 
in Jefferson and Marion Counties in Alabama; in Clearfield, 
Cambria, Tioga, and Armstrong Counties in central Pennsylvania; 
in Sweetwater and Lincoln Counties in Wyoming; and in a few 
counties in West Virginia, Virginia, Kentucky, and Tennessee. 
In Logan County, Arkansas, and Le Flore County, Oklahoma, 
a device built on the scraper principle and called a scow 
is used. Coal in these counties is thin but firm and overlain 

6These tlgures are based on machines In use In 1938 plus sales ot new equipment and 
State report data tor 1937. Sales ot loading equipment durIng 1938 are dIscussed 
at the end ot this chapter. 
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by a soft mud band which permits recovery in large chunks. 
In general, present distribution of scrapers is confined to 
areas in which roof and floor are good but seams are thin and 
pitching. 7 Probable fields of expansion for scraper lo~ding 
appear to be confined largely to areas already penetrated. 
On the other hand, advances in the theory and practice of roof 
control, which would result in concentrated mining on long 
faces, might greatly widen the field of scraper operations. 

PIT-CAl LOADEIS 

Pit-car loaders are the simplest of the mechanical-loading 
devices. They consist of elevating conveyors with the upper 
end high "enough to load the coal into the mine car while 
the lower end rests near enough to the floor to make shoveling 
easy. "A crew of 'two to four men operates the machilie, shovel
ing the coal onto the conveyor. This device is relatively 

71n 1937, 539 scrapers loaded about 2,900.000 tons ot anthrac1te. or nearly 
27 percent ot the mach1ne-Ioaded output. compared w1th less than 2 percent ot that 
1n b1 twn1nous m1n1ng. Hard coal, hard bottom, thin beds, and p1 tch1ng seams, added 
to the tact that 1mpurlt1es are removed 1n elaborate preparat10n plants, account 
tor the extens1ve use ot scrapers 1n anthrac1te m1n1ng. 
Scrapers or .slushers. are also used extens1vely In metal m1n1ng, part1cularly 1n 
Lake Super10r 1ron ranges and In Alabama. 
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light and can be moved from place to place either on the track 
or on the floor of the mine. Because the pit-car loader does 
not require any sUbstantial change in existing mine practice, 
it came rapidly into use in the earlier years following its 
first introduction, but in many mines it proved to be only 
an intermediate step in mechanization and is being replaced 
by the mobile loader. 

The pit-car loader was developed in response to competitive 
conditions in Illinois and Indiana which called for a widely 
applicable labor- and cost-saving device easily adapted under 
existing practice to loading in rooms. This machine did not 
require any change in existing mining systems and it had 
the advantage of low cost for installation, maintenance, and 
power. The machine, being e~sentially an aid to the hand 
miner working his room, did not necessitate major changes in 
management. Its relatively low capacity did not call for any 
great acceleration of' other mine processes, and the miner, 
as he worked. could pick out impurities about as well as 
under hand loading. The 16-percent decrease in unit labor 
requirements for Illinois and Indiana, realized under favorable 
circumstances, approached a net gain more closely than is 
usual with machine installations. 

Conditions which stimulated the introduction of pit-car 
loaders were largely confined to the Illinois-Indiana area. 
By the time a changed labor situation inspired growing interest 
in mechanization in other heavy-tonnage areas, higher-powered 
machines were being perfected and management had become more 
skilled in their application. These circumstances go far 
toward explaining both the rapid advance and the subsequent 
decline of pit-car loaders. This type of loader cannot be 
used to advantage in thin seams and is awkward to manipulate 
in places where close timbering is required. Improvements in 
design might have remedied some of these defects, but before 
this happened pit-car loaders began to be replaced by the 
higher-powered mobile loader. 

Figure 20 indicates by States and counties the present 
location of pit-car loaders in use in the early part of 1938. 8 

Over three-fifths of the number in use are concentrated in 
Illinois, about one-fifth are in western Pennsylvania, and the 
balance are widely scatter~d. 

8rlgUres shown are In most cases the same aa In 1938 since ver7 11ttle ne. 
equipment was reported sold In 1937. Sales Increased 1n 1938. 
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Hand Shovel ing Onto Pit-Car Loader 

FIGURE 19.- PIT-CAR LOADERS 
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Although the number of pit-car loaders in Illinois has 
declined greatly - from 2,162 in 1931 to l,lS9 in 1937 - they 
are still used in 13 counties of the State, mainly in Macoupin 
and Franklin and in lesser numbers in Sangamon, Madison, and 
Williamson. In Indiana there were only 74 pit-car loaders in 
1936 as against 233 in the peak year 1930, and no new equipment 
was reported sold in 1937. The Pittsburgh seam of western 
Pennsylvania and St. Clair and Jefferson Counties of Alabama 
are other centers where pit cars are still used in substantial 
numbers. Thirty-one new pit-car loaders were sold in 1937, 
two-thirds of which went to part of the We$t Virginia low
volatile field where this device has not previously been used. 
In 1938 sales increased to 139, most of which also went to 
West Virginia. 

Advances in machine design and underground management appear 
to leave little reason for new pit-car loader installations on 
a large scale. As a general rule seam conditions that permit 
their use also permit use of mobile loaders; under adverse 
physical conditions such as poor roof and close timbering, 
conveyors or duckbills can usually be applied more effectively. 
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Although pit-car loaders will continue to be used for many 
years, they will be confined mainly to areas where they have 
been used in the past, and even in these areas a progressive 
decline in their relative significance is plainly indicated. 
Temporarily they may go into new fields as the first step 
in mechanized-loading programs. 

DUCIBILLS (SELP-LOADI.G CO.VETOIS) 

The duckbill is a shovel device with a flared mouth which is 
attached to the end of a shaking conveyor. T he duckbill itself 
is pushed under the pile of broken coal and the differential 
movement of the conveyor carries ·the coal backward from the 
loading head onto the conveyor proper. The duckbill is used 
principally in southern Wyoming. Other self-loading conveyors 
have been used in the past but none is on the market today.9 

The duckbill represents an intermediate step between the 
conveyor and the mobile loader in the application of power to 
loading. Theoretically it is usable wherever hand-loaded 
conveyors are applicable, provided it is installed to work in 
level places or on pitches favoring the load. In actual 
practice it has proved particularly valuable in pitching seams. 
Although it is, of course, usable in flat seams, the mobile 
loader is normally preferred if timbering is not too close. 
Scaly or bumpy bottom is a hindrance to the duckbill unless a 
floor of coal can be left in place, since the duckbill head can 
not be raised or lowered like the mobile loader. Unless the 
floor is smooth and hard and the- coal exceptionally clean or 
the market undiscriminating, duckbill loading necessitates 
mechanical cleaning or at least improved hand picking in 
the tipple. 

The distribution of duckbill loaders at the beginning of 
1938 is shown in figure 22. Three-fourths of all the duckbills 
in the United States are in Sweetwater County, Wyoming, where 
the mechanism was originally developed in the mines of the 

9A modlt1catlon or the duckll111 loader Is reported In use In WashIngton. 'Thed ~~n pan lIne Is carrIed up on the •••• rIb, •••• the race Is dIagonal an e 
upper end or the pan l1ne Is an ImprovIsed 'dUCk. bIll' flattened on the upper sl~e 
wIth the full heIght or the pan on the lower sIde. The flat duck. b1ll exten ~ 
along the full length or the face. The coal reaches the pan, by(~raVl\tt~n 
then tlC7NS along the pan l1ne to the loadIng poInt on the 8Il1l8!'8Y' orge CII" 
Evans, "MechanIzatIon In the Roslyn Coal FIeld," ',..lIflSllchqM of tile AU"" 
Institute of Iti."'", lind ltetllUvrli.cIl' ,",'nee,..s, Vol. 130 [1938J, p. 309.) 
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Goodman Manufacturing Co. 

Shop View 

Coal Age 

Duckbill Loading in Entry 

FIGURE 21.- DUCKBILL LOADERS 

Union Pacific Coal Company. It proved to be well adapted to 
the pitching seams of this area and management became highly 
skillful in its use. A considerable number of duckbills 
have been used in Colorado, and scattered installations have 
occurred in central Pennsylvania, Alabama, Tennessee, Montana, 
Washington, West Virginia, and Ohio. Kentucky purchased a 
sUbstantial amount of this equipment in 1937 and 1938, most of 
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which went into western Kentucky. 
equipment in 1937 and in 1938. 

WPA-NATIONAL RESEARCH PRO",ECT E-i5r2 

Utah also bought duckbill 

BAND-LOADED CONVEYORS 

Conveyors are of three main types - shaking, chain-and
flight, and rUbber-belt. They consist of a compressed-air or 
electrically operated power drive to which are attached a 
number of standardized conveyor sections. These units are all 
designed for easy portability. Conveyors were originally 
confined to long-face work but were later adapted to room-and
pillar mining; in recent years the latter has been their 
primary field. 

Conveyors are moved into position after the coal has been 
cut. The face conveyors are usually placed parallel with 
and close to the face, with hand shovelers stationed at in
tervals to load the coal. The face conveyors are arranged to 
discharge' into room conveyors which in turn carry the coal out 
of the room to mine cars on the entry or, in some cases, to a 
mainline conveyor belt. One of the chief advantages of the 
conveyor is that it eliminates the necessity for bringing 



~effrey Manufacturing Co. 

Hand loading Onto Conveyors at Room Face 

Coa' Age 

Belt Conveyor leading From Slope Bottom to Surface 

FIGURE 23.- CONVEYORS 
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mine cars into rooms, which is especi~lly useful in thin 
seams. The transport function of conveyors is also being 
used increasingly in connection with mObile loaders to transfer 
the coal to mine-car loading points or to the mine outlet. 

The hand-loaded conveyor, like the pit-car loader, is one 
of the slower-speed and lower-capacity forms of mechanical 
loading. At first it was considered merely as an auxiliary 
tool for the hand loader, and although this continues to be 
its prime function, it is now used to perform a number of other 
services such as aiding mOQile loaders and gathering haulage. 
In a few cases conveyors have absorbed the entire function 
of mine haulage. 

The flexibility of conveyors is further enhanced by the fact 
that they can be used under almost any mining conditions. 
They can operate in seams so thin that animal or motor haulage 
is impossible without removing some roof or floor. Conveyors 
can be installed in close timbering under roof conditions where 
other loading devices would be absolutely unusable. Soft and 
friable coals can be handled by the slow-speed conveyors with 
little degradation, and since they permit hand picking, their 
use is not limited by impurities. 

Figure 2~ shows the distribution of conveyor, units at the 
beginning of 1938. 10 

The two areas of high conveyor concentration are West Virginia 
and central Pennsylvania. The greatest increase in the dis
tribution of conveyors in recent years has been in the.sou~hern 
West Virginia coal fields. For the State as a whole, 275 new 
units were sold in 1937. In 1936, in the high-volatile field 
centering in Logan, Kanawha, and Boone Counties, there were 
27 conveyor mines which produced 1,2~2,OOO tons; in 1937 there 
were 38 such mines which produced 2,370,000 tons. In the low
volatile field there were 21 mines that produced 922,000 tons 
in 1936; this had increased to 25 mines and 1,250,000 tons. 
in 1937. Particular significance attaches to the dev~lopment 
of conveyor loading in the low-volatile field. This coal is 
sold in a quality market and, if seams contain impurities 
beyond the limit of tolerance, hand picking becomes necessary 

l0The chart is based on units in use in 1936 plus 1937 sales. The la~'fr~u:~;~~~ 
or dupl1catlon in IIBnu!acturers' reports. ltendls to te~~~i~r~;:t:f;utl0n in 1938. 
units in use; nevertheless. the chart is 100 cat ve 0 h duckbills but 
Some conveyors were probably sold tor use in conjunction wit • 
detailed lntormatlon on this point is not available. 
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for mines that lack cleaning plants. Moreover, the coal is 
soft and friable and suffers excessive degradation unless 
carefully handled. 

In the Panhandle of northern West Virginia conveyors have 
been introduced but, as conditions are similar to those in 
eastern Ohio and western Pennsylvania where mobile loading is 
successful, a shift to'mobile loaders is already taking place. 
In the Upper Potomac field and adjacent Georges Creek field in 
Maryland conveyors are in use. They have been introduced in 
other southern Appalachian fields - Virginia, eastern Kentucky, 
Tennessee, and Alabama. Sale of new units continued sharply 
upward in 1937. 

In northern Appalachian fields the greatest use of conveyors 
has been in central Pennsylvania, particularly in Cambria, 
Somerset, and Indiana Counties. Friable coals, thin seams, 
and competitive market conditions which demanded clean coal 
were the main reasons for the large installations i~ this 
area. Data for 1937 showed no new central Pennsylvania areas 
using conveyors; sales were in areas already penetrat~. 
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Conveyors are still experimental in some cases in western 
Pennsylvania, but in one or two mines in the Pittsburgh seam 
they have proved to be a technical success. Practically all 
the important mining districts in Ohio are experimenting with 
conveyors; 18 units were in use in 1936 and sales records 
indicate that the number was doubled in 1937. MObile loaders 
were the only machines that had been notably successful in 
Ohio prior to 1936. 

In the far West conveyor loading is expanding in the pitching 
seams of Colorado and Utah. Success has been attained in 
the Roslyn field in Washington with a device which combines 
conveyors with a modified duckbill principle. 

Until recently the hand-loaded conveyor has not been used 
extensively in the Midwest. Macon County is the only place 
in Illinois where conveyors were used in the past, but in 1936 
conveyor equipment was sold for use in Fulton, Macon, Macoupin, 
Williamson, and Saline Counties. Not all this was for hand 
loading; part was for transportation. Conveyors were shipped 
to Knox and Vermillion Counties in Indiana in 1937. However, 
many parts of the Illinois-Indiana area are better suited to 
conveyor loading than are other areas in which it has been 
successful. As transition from pit-car to mobile loading in 
this area runs its course and further increases the pressure 
upon surviving hand-loading mines, some of the mines in which 
conditions are not sui ted to mobile loading are likely to put 
the experience of other areas to use by installing conveyors 
or duckbills. 

The use of conveyors is recent in western Kentucky and is 
still in the experimental stage. In Missouri conveyors have 
been used in the past but none was in use in 1936. Iowa showed 
a revived interest in conveyors in 1937 following unsuccessful 
trials in earlier years. Arkansas is the only area in the 
Mississippi Valley using conveyors extensively.ll 

Table 9 shows the .recent spread of conveyor installations in 
the South. Mines using conveyors in the southern Appalachian 
field more than doubled between 1930 and -1936. The West 

llAs In the' case ot scrapers, the greatest cen
d
telr o~l~o~i~~e~~~i;gpA~h~~: Pennsylvania-anthracite region. Conveyors are use n rd mlnln In 

anthracite seams and have tacilitated a second and sometimes a thlt 1m ossfble 
badly broken ground where necessl ty tor close t1mberlng wg~:I::kleO;dlng ~1 th the 
to use scrapers or mob1le loaders. In thiS area conveyors t ule to 
Initial hauling .tunctlon and In some cases represent a transition rom m 
motor haulage. 
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Teble 8.- NUMBER OP MINES USING RAND-LOADED PACE CONVEYORS, 
BY STATE, 1 •• 0 AND 1 ••• a 

Number of mines 
States 

1930 1936 

Total 142 185 

Appalachian, Northern 67 52 

Maryland 2 3 

Ohio 3 6 

pennsyl vani a, central 60 38 
Fennsyl vani a, western 2 5 

Appalachian, Southern 40 91 

Alabama 14 15 
Kentucky, eastern 7 10 
Tennessee 1 3 
Virginia 5 6 
West Virginia 13 57 

Far West 18 22 

Colorado 6 8 
Montana 3 0 
Utah 2 4 
Washington 4 4 
Wyoming 3 6 

Mississippi Valley 17 20 

Arkansas 10 15 
Illinois 0 1 
Indiana 0 2 
Iowa 1 2 
Missouri 4 0 
Oklahoma 2 0 

aData tor 1930 trom F. G. Tryon, L. Kann, an4 H. O. Rogers, 'Coal,' XiftsrQl 
ResolWcss of the UftUed StQtss: 1930 (U. S. Dept. Com., Bur. KInes, 1932), 
part II, "Nonmetals,' PP. 699-773; 4ata tor 1936 trom Bitu.iftO~ Coal fQbles, 
1938-1937 (U. S. Dept. Int., Nat. B1tum1nous Coal Com., 1938). 

Virginia State Department of Mines reported 57 conveyor mines 
in 1936 and 75 in 1937. In the northern Appalachian field 
conveyor mines dropped from 67 to 52, chiefly because of the 
decline in central Pennsylvania where experimentation in 
conveyors was active in 1930. 

MOBILE LOADERS 

MObile loaders are of two general types, those employing 
the shovel principle and those using the gathering principle. 
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TAILUGH'T 
PVSH BU TT 

lI,ers-.h.Ie, CO. 

Shop View 

Loading Coal at Face 

FIGURE' 25.- SHOVEL-TYPE MOBILE LOADER 

The shovel type forces the shovel forward under the coal 
parallel to the mine floor, and at the same time lifting rods 
tilt the front end of the device so that the coal slides or 
is thrown back onto the conveyor, that part of the machine 
which delivers the coal to the mine car (see figure 251. 
In other types the shovel is mounted on a boom which is swung 
around and discharged directly into the mine car. One de~ign 
of gathering loader is equipped with two claw-like ,gathering 
arms attached to rotating disks which pull the coal onto the 
conveyor part of the machine (see figure 261. This machine 
is caterpillar-mounted and can be moved either without rails 



Joy ManufacturIng Co. 

Shop View 

Joy Wanufacturlng Co. 

Loading Coal at Face 

FIGURE 26.- TR.CTOR-MOUNTEO G.T~ERING-TYPE MOBILE LO.OER 
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or om mine track. Other designs of gathering machine use 
gathering arms attached to rotating chains which drag the coal 
onto the front part or loading head of the machine where a 
conveyor then delivers the coal into the mine car. These 
machines are moved on tracks. (See figure 27.) 

Progressive changes in design make it difficult to appraise 
accurately conditions which favor or handicap mObile loaders. 
In the past thin seams and poor roofs requiring close-set 
timbers were a most important limitation to their use. The 
Coloder, an early mobile type, was a cumbersome, bulky machine 
weighing 18 tons; in contrast, 4t-ton machines, only 26 inches 
high, are in operation today. But a no less crucial limitation 
upon mobile loading was management. The mobile loader not 
only involves a heavy investment in itself but also requires 
that all auxiliary equipment be in tempo. Such handicaps 
as low-capacity mine cars, cutting machines, and haulage 
motors, track in poor condition, inadequate power, and limita
tions on blasting were all obstacles to a continuous cycle 
of operations. Unless management in cooperation with labor 
can achieve parallel and uninterrupted operation of all mine 
processes, idle time and futile effort make results dis
appointing. These were real limitations to the use of mobile 
loaders in thick seams where it was relatively easy to get 
large tonnages per machine; in thinner seams, with less con
centrated tonnage, they practically prohibited their use. 

Physical handicaps, aside from thin seams which have re
stricted the use of mobile loaders, have been poor roof and 
floor, friability, and excessive impurities. Technology 
is gradually minimiz.ing these obstacles. Smaller and more 
flexible machines and improved roof control are reducing the 
hampering effects of close timbering. Floors must still be 
relatively hard and free from excessive pitch. Both track and 
caterpillar operation are possible on grades up to 9 or 10 

percent, but less is preferable. Coal should not be so soft 
and friable as to suffer degradation unless produced for an 
industrial market in which lump sizes are unessential. As the 
machine precludes hand picking, it must operate in connection 
with a mechanical cleaning plant unless the coal is clean 
enough to satisfy the market in whi~h it is sold. 

Present distribution of mobile loaders is shown in figure 28. 
Their first successful application was in those high-wage areas 



Jeffrey Manufacturing Co. 

ShOp View 

Joffroy Manufacturing Co. 

Loading Coal at Face 

FIGURE 27a.- TRACK-MOUNTED GATHERING-TYPE MOBILE LOADER 



Shop View 

Goodman Wanufacturlng Co. 

Loading Coal at Room Face 

FIGURE 27b.- TRACK-MOUHTED GATHERING-TYPE MOBILE LOADER 
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rl,.r. 18.- DISTRIBUTIOH or MOBILE LOADERS IISTALLED 
II UHDERGROUHD BITUMIIOUS-COAL MIlES 

AT TBE BEGIIHIIO or t918 

LEGEND-

.... MOBILE LOADERS 
• _ 3 OR LESS MOBILE LOADERS 

MINtAAL TECHNOLOGY AND OU'n'UT PEA MAN S"n.IDIES 
WPA-.,.ATIONAL RESEARCH fIAO.JECT" £--e.6 

where seams were thick and relatively level and clean, with 
timbering open enough to allow adequate movement. Southern 
Illinois, Indiana, Carbon and Sheridan Cou.ties in Wyoming, 
parts of Montana, and Carbon County in Utah met these con
ditions. These were the areas in which mobile loading first 
spread. The Pittsburgh seam in western Pennsylvania was the 
scene of persistent and determined effort to adapt mobile 
loaders under difficult roof conditions. Despite draw slate 
and consequent close timbering, considerable success was at 
length attained. In the southern portion of the Pittsburgh 
seam in Monongalia, Marion, and Harrison Counties, West Virginia, 
draw slate was not a limiting factor,12 but here, as in the 
Island Creek seam of southern West Virginia, low wage scales 
prevented an early interest in mechanization. 

With the rise in wage rates after 1933-3~ interest in the 
mObile loader suddenly spread to the thick-seam areas of the 
South. The sweep of the mobile loader through Scotts Run 
district of Monongalia County and through parts of Logan 

12rhe Pittsburgh seam Is exceptionally thick In this area and part ot 'the top coal 
Is lett unmlned In order to control the root. 
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County, West Virginia, accomplished overnight what had been 
technically possible for a decade. By 1938 the mObile load
ers had appeared in large numbers in West Virginia in the 
Pittsburgh and Sewickley seams in Monongalia County, in the 
Pittsburgh seam of Marion and Harrison Counties, and in several 
seams of Logan County; scattered installations were reported 
in the Kanawha and New River fields. Installations occurred 
also in eastern and western Kentucky, in Tennessee, and in the 
Warrior field in Alabama. Along with this rapid advance in the 
South was shown a revival of interest in mobile loading in 
the Pittsburgh seam of western Pennsylvania and eastern Ohio. 

Table 10 is presented to indicate the rapid spread which has 
occurred in recent years in the use of mobile loaders. Al
though the Mississippi Valley States continue to lead in the 
number in use, the chief interest in new installations has 
definitely shifted to the Appalachian States. 

The limits to which mobile loading will go in thin seams will 
depend upon a balance of advantages and disadvantages of mobile 
loaders and conveyors. Improved designs and concentrated 
experience with mobile loading in the Illinois-Indiana area 
during the period of wide wage differentials from 192~ to 1933 
prepared the ground for the striking response to changed labor 
conditions which resulted from NRA codes and extensions of 
collective bargaining in 1933 and 193~. In the same connection 
experiments by strong companies in western Pennsylvania and 
Ohio under the difficult conditions of the Pittsburgh seam were 
making substantial contributions to the management factors 
involved in mechanical loading, although tonnages loaded were 
much less impressive than those in the Illinois-Indiana area. 

The sudden advance of mobile loading in West Virginia after 
1935 reflected in some measure the momentum which it had 
acquired through the successful experience in the Midwest and 
in other fields. West Virginia operators had a choice of 
designs from which they could select those most suitable to 
particular seam conditions; they were able to go directly 
to the equipment best suited to their conditions. Limitation 
of design and absence of experience in the middle twenties made 
it impossible for concerns, except those that had favorable 
deposits and a high level of management, to succeed with 

mobile loading. 
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Tabl. 10.- lUMBER or MOBILI LOADEIS II USI, BY STATI, 
1810, 1988, AID 19l7a 

Number of loaders 
States 

1930 1936 1937 

Total 545 980 1,272 

Appalachian, Northern 74 139 190 

Ohio 22 47 75 
Pennsyl vani a, central 3 2 4 
Pennsyl vani a, western 49 90 111 

Appalachian, Southern 48 149 250 

Alabama 2 10 17 
Kentucky, eastern 6 2 17 
Tennessee 0 2 3 
Virginia 8 9 17 
west Virginia 32 126 196 

Far west 94 110 129 

Colorado 3 9 9 
Montana 27 31 38 
New Mexico 0 3 3 
Utah 31 43 51 
Wyoming 33 24 28 

Mississippi Valley 329 582 703 

Arkansas 0 0 3 
Illinois 255 431 512 
Indiana 65 146 177 
Kentucky, western 9 1 7 
North Dakota 0 4 4 

aror sources ot dats tor 1930 and 1938 see table 9, ttn. a; data tor 1937 are 
prelim1nary est1mates ot the Nat. B1tum1nous Coal Com. based on reports ot State 
Depts. ot M1nes, operators, ahd sales ot new eQu1pment. 

Although mechanization of mine processes other than loading 
were well advanced in the twenties, refinements in the applica
tion of machine processes were nevertheless stimulated by the 
advent of mobile loading. Improvements were made in cutting, 
hauling, drilling, blasting, generating and distributing power, 
and above all in the preparing of coal at the tipple. 13 

13A notable 1nstance ot a combination ot techn1cal and managerial advance Is found 
1n blasting. For reasons of safety some State laws proh1b1t blast1ng durlng a 
shlft wh1le any men except shot-flrers are In the mlne. Such a restrlctlon means 
that mobl1e 10ad1ng can operate only lntermlttently unless all the coal whlch can 
be loaded durlng a shift 1s blasted In advance. Thus part ot the advantage ot 
concentrated working places Is lost. Intermlttent 10ad1ng neutra11zes much 
of the cost advantage that flows from mechan1zatlon. To meet these dlfflcultles. 
mechanical devlces for breaklng down the coal were developed and used Instead 
of chemlcal explosives, and they constltutAd An Imnnrtant link In the cha1n ot 
mechan1zat10n 1n some areas. 
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Spurts such as those that took place in.Illinois and Indiana 
after 1928 and in West Virginia.after 1935 are not likely to be 
repeated. With the sudden penetration of the thick-seam, 
good-roof areas of the Pittsburgh, Sewickley, and Island Creek 
beds, many of the most favorable opportunities in West Virginia 
have been utilized. Few areas with ideal seam conditions 
remain unexplored, but ther.e are still a number of areas that 
can .utilize the flexibility which improvements in design have 
given to mobile loaders in recent years. 

SALES or LOADIIO EQUIPMEITII 1818 

As this report approached completion, information became 
available on the sales of loading equipment in 1938. It 

Yabl. ',.- IUMBEI or MOBILE LOADEIS. SCIAPEIS. AIQ COIVETOIS 
II ACTUAL USE II , •••• ARD SALES IE POI TED II ,e., ARD 1988. 

II YRI BITUMIIOUS-COAL IIDUSTIY. BY STATEa 

Kobile loaders Scrapers Conve7or s b 

St.at.es In use Sales Sales ID use Sales Sales In use Sales Sales 
in ill in in in in in in in 

1936 1937 1938 1938 1937 1938 1936 1937 1938 

'tot.a1 9~ 292 ·241 106 13 6 1.170 835 749 

Appalachian. Rorthern 

} Penns,lvania 92 23 47 31 - - 366 105 52 Kar,land - - - - - -
Ohio 47 28 15 - - - 18 37 23 

Appalachian. Southern 

} Alaba ... 10 7 27 5 2 64 64 64 

KentucQ s{ 18 39c } - - 35 106 98 

TeDDeasee 1 11 1 - 21 38 20 

West V.lrginia 126 73 80 5 3 196 275 332 

Virginia 9 8 9 - 1 - 70 16 5 

Middle Western 
Illinois 431 81 } 384 7 19 20 - - -Indians 148 31 .. 

'trans-Mississippi 114° 22t l3S 37b 11 1 893 1751< 1351 

. It.. W. Plein and Otbers, IBalea or KeCbanlcal Loading EQUIJIMDt tor Use 1D Coal KlnaS In ~~B. PD~·~~ 
C.-I •• .,.., 110. If. C • •• liB? IV. 8. IleDt. Int •• Nat. 8lt .. lnoua Coal C .... _0 •• reb. 18. 1 ~0<l8 The 

blncludes haild-laa.4ed CODVeJ'01"8 and conveyors equiPped "lth dUCllbllls Of' oth8~e~e!~~!~i'937 and 1938 
figures tor DDber In use In 1938 are DOt ezactl, CQlDpar8.ble "lth tb08.!!~="lSon however. "Ul serve 
because at uncertainties ill det1nlD8 'lllbat C0D8t1tute8 a conve:ror. J,UV , 

to IDc:llcate whlcb re&lOllS bave ade tb8 l&rSest Pl'ODortloaate Increases. 

"Kost17 In KentucllF. 
"ttoot17 In illinoiS. 
eIncludes Colol"B4O, Montana, Wew )teXicO, Ifortb DakOta. Utah, and W,c.lDS. 

tlDclu4.S _s. -tsno. Utah, end w, .. 1DSo 
-Incluctes Colorado, Montana. Oklahml&, Utah, and W,0IIlJ1&. 

bJDClude8 .lrkBD8&8, lIew Kezlco, Oklallau, and W,(IIlng. 
JW,CDIng, 

J IDcluc1es..lrkanaa8, COlorado, Iowa. Kontana, DUll, W8SblDgton. and W,oalns. 

kxncluctes Arkansas, ColorB40, Iowa. DtalI, end Wyoming. 

lIncluctps Arkansa'J. Colorado. Iowa. Oklahoma. Dtah. and ","OJll1D&-
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was not considered advisable to add this information to the 
preceding charts showing the distribution of units in use at 
the beginning of 1938 because it is not known how many of 
the sales represent replacements and how many represent new 
installations. Table 11 shows the number of units in use in 
1936 and the sales in 1937 and 1938 by geographical regions. 

INTENSIVE AND EXTENSIVE ADVANCE IN MECHANICAL LOADING 

From the foregoing analysis it will be seen that mechan
ization of loading is advancing along an intensive and an 
extensive front. The extensive advance is typified largely by 
the introduction of machines into areas and seams formerly 
regarded as olfering no incentive to mechanize. The in
tensive advance is found in the substitution of mobile loading 
both for hand loading and for pit-car loader installations. 
West Virginia, where suitable forms of mechanization are being 
installed without a long period of trial and error, is a 
striking example of parallel advance on both an intensive and 
an extensive front. The best example of a purely intensive 
advance is the substitution of mobile for pit-car loaders 
in Illinois and Indiana. 

The effect of mechanization on employment depends as much 
upon the type of mechanism as upon the extent of installations, 
and of course it depends also upon the percentage of total 
output in a mine or area which is handled by machine. In 
central Pennsylvania, where the low-powered conveyor pre
dominates and where mechanized mines still load a substantial 
tonnage by hand, mechanization has not had the same employment 
repercussions that it has when mobile loaders are used for 
substantially all the tonnage from the mines in which they 
operate. Figures 29 and 30 show distributions of tonnage 
mechanically loaded, by county. 

Because savings from mobile loading are greatest with a 
continuous and balanced operation of all mine processes, 
there is a strong inducement to load as much of the mine's 
output by machine as possible. This results in a cumulative 
intensity of mechanization with mobile loaders in a way which 
does not apply to the lower-powered mechanisms. The machine 
itself embodies a more intensive application of power, it 
requires a collateral mechanization of other mine processes, 
it stimulates refinements in management to permit balanced and 
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continuous operation, and it encourages complete rather than 
partial mechanization. 

Considering the stage which the mechanization of loading has 
now reached, it appears probable that the years immediately 
ahead may see a considerable advance of mobile loading and o~ 

the less intensive conveyor loading. The numerous improvements 
that are taking place in design of mobile loaders are making 
them practicable for use in many mines in which resource 
conditions would formerly have limited mechanization to the 
conveyor type; however, as frequently noted, managerial con
siderations have almost as much influence in determining the 
type of mechanization adopted as have technical factors. 
Conveyors can be installed with a moderate investment both for 
installation and maintenance and they require comparatively 
slight change in management and mining practice. These cir
cumstances are likely to make the conveyor the dominant type 
of loading equipment in seams in which resource conditions 
are relatively unfavorable. 

Both intensive and extensive advance of mechanization result 
from constant adjustment between technical and resource con
ditions. It is the same process which has characterized mining 
technology for more than a half-century. Mechanization of 
loading in the past decade, especially its acceleration since 
1935, appears to represent an approach to the final stages'of 
this long process. As the movement has advanced many kinds 
of mechanisms, the use of power in operating them, and the 
practices under which they are used have undergone continued 
adaptation. One device after another has become increasingly 
effective, while mechanization has increased its coverage of 
the industry both geographically and functionally. The process 
parallels that which industry in general has' undergone and it 
constitutes a phase of the industrial revolution which has 
continued into our time. 



CHAPTER VI 

INFLUENCE OF RESOURCE CONDITIONS 
ON MECHANICAL LOADING· 

This chapter describes some of the important resource factors 
in the various coal fields as they relate to the problem of 
mechanical loading and the applicability of the several types 
of loading devices discussed in the preceding chapter. De
scriptions are based principally on current operations which do 
not necessarily reflect conditions that will surround reserves 
worked in the future. Mines are usually opened in the thickest 
part of the thickest seams with the result that thickness today 
tends to represent superior rather than typical conditions of 
the future. By and large, dip will remain fairly constant, 
roof conditions, although unpredictable, will not vary greatly 
from those now encountered, and cover conditions will not 
be modified to any large extent. Looking to a more distant 
future, mining will encounter increasing difficulties in 
respect to all the resource conditions as the better seams 
are depleted. 

Resource conditions common to groups of States within broad 
geologic divisions have been described. Such physical factors 
as thickness and roof are not subject to generalization and 
will be discussed for the individual States. 

Discussion of local areas within States in complicated 
by the fact that significant resource conditions overlap 
political boundaries. Commonly used terms such as districts 
and fields are in many cases poorly defined, and several such 
designations may apply to the same area. These designations, 
however, have become so current in the industty that they 
may properly be used for purely Qualitative descriptions. 
Quantitative data will follow county lines. 

COAL rIILDS or TBI MISSISSIPPI VALLEY 

Within this broad continental valley lies a major portion 
of Ameri~a's great natural resources - navigable rivers and 
lakes, fertile farming and grazing lands, timber, iron ore, 

*By lIlO N. Ple1n and Wlllard E. Hotchltlss. 
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lead and zinc, bauxite, petroleum, natural gas, and one-sixth 
of the Nation's coal reserves. The area in 1936 produced 
nearly one-fifth of the national output of bituminous coal 
and anthracite. 

Despite the fact that by and large the geology of this area 
is rather uniform, there is considerable variety in the re
source conditions associated with the coal seams. Coal-loading 
methods show great variation in the degree of mechanization 
ranging from the power strip areas of Illinois, Indiana, 
Missouri, and Kansas and the highly mechanized deep mines of 
Illinois, Indiana, and Arkansas to the hand-loading underground 
mines of Michigan, Iowa, Kansas, Missouri, and Texas. 

Although combinatioDs of circumstances explain the dif
ferences in loading methods, up to the present most of the 
underground mechanization has developed in Illinois and Indiana 
in those coal seams generally conceded to have the best phys
ical conditions. Relatively high wage scales and competitive 
factors have gone hand in hand in the growth of mechanical 
loading in these two States. 

In Arkansas competition with other fuels and long freight 
hauls to mar~et have forced mechanization into seams having 
difficult physical conditioDS in an attempt to reduce mining 
costs. Resource conditions in this State are distinctly 
different from those of the others of the Mississippi Valley. 
Thin, dipping seams are worked by longwall methods with con
veyor loading. Seams are mined under physical conditions 
which are considered impossible in Illinois and Indiana. 
Economic conditions and high-quality coal explain why such 
seams are worked in Arkansas and not in Illinois and Indiana. 
The variety of Arkansas experience and its relatively high 
percentage of mechanized loading give it a place in the mech
anization picture considerably more significant than would 
be indicated from its small output. Changes in the competitive 
position of western Kentucky in recent years have required 
the development of mechanical loading in physical conditions 
which are probably inferior to those of southern Illinois 
but decidedly superior to those of Arkansas. In the under
ground mines of Michigan, Iowa, Kansas, Missouri, and Texas 
physical conditions are difficult and economic forces have 
seldom been sufficiently strong to induce management to use 
mechanical loading. 
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Seams are opened principally by shafts or by stripping. 
The combination of flAt surface and level seams makes stripping 
highly desirable where cover is not too great in proportion to 
seam thickness. These combinations occur frequently and strip
ping has therefore become highly important in the Mississippi 
Valley, whereas 'the combination of flat surface, level beds, and 
shallow cover seldom appears in a manner offering stripping 
possibilities in the Rocky Mountains or in the Appalachians. 

In the Illinois-Indiana area the possibilities of mechanical 
loading under favorable physical conditions have by no means 
been exhausted in spite of the high concentration of mech
anization in this area in the past. However, conditions in the 
mines not thus far mechanized are considerably different 
and in general less favorable than in the mines that have 
hitherto been mechanized. Resource conditions surrounding 
further extension of mechanization in Illinois and Indiana 
deep mines will conform more closely to those encountered 
in Appalachian areas. 

1I1hoh 

For many years Illinois has been the leader in tonnage 
produced by mechanical-loading methods from deep mines, and 
since 1930 it has led in the production of coal by strip 
mlnlng. Management and high wage rates have combined to bring 
about this leadership, but to a large extent the development 
of machine loading in Illinois also hinged on the almost 
ideal physical conditions associated with the No.6 seam. 1 

,Future growth of mechanical loading will depend more and more 
upon skill in overcoming less favorable conditions associated 
with other seams. 

Illinois has more than a half-dozen coal seams, but only 
three of them are important. In 1937 the No. 6 seam contrib
uted 72 percent of the State's output; No.5, 20 percent; and 
NO.2, 5 percent. The No.6 seam, which is located in that 
part of the State south of Springfield, has particulary good 
physical conditions, and in 1937, 92 percent of the State's 

1The coal seams 1n th1s State are des1gnated by numDer rather than by name'18Th:: 
1s somewhat s1m1lar to the nomenclature used 1n Ind1ana wh~re ROTl~nU~~\OC:l-
used. In nearly all other States seams have names base usua n lvan1a 
Ities where they were f1rst dIscovered, such as PIttsburgh (In pe nsy r1; 
Oh10, and west V1rg1nla), pocahontas (1n west V1rg1n1a and V1rg1nIa), and Pa 
(1n Arlmnsas). 
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. output of mechanically lqaded coal came from this seam. The 
balance, 8 peJ;"cent, came from the No. s·seam, in which phys
ical conditions are not comparable to those of the No.6 seam. 
Mechanical loading was not reported in any of the other seams. 
Stripping was distributed among four of the seams, in contrast 
to mec~anical loading in only two. Table 12 shows the per
centage relationship between production, mining methods, 
and seams. 

Table 11.- PERCEITAOE DISTIIBUTIOK or BITUMIIOUS-COAL 
PRODUCTIOI II ILLIIOIS, BY SEAM AID BY MIIIIO 

AID LOADIIO METROD, 1 •• ,a 

Seamb 
Item 

Total 1 2 3 5 6 

Total productionc 100.0 1.3 5.1 0.1 20.3 72.0 

Shipping-mine production, 
total 100.0 0.7 5.0 0.1 18.2 75.6 

By stripping el 100.0 0 18.4 0 21.8 58.5 
By deep mining 100.0 0.9 0.9 0.1 17.1 80.8 

By mechanic.al loading 100.0 0 0 0 8.1 91.9 
By mobile loaders 100.0 0 0 0 6.1 93.9 
By pit-car loaders 100.0 0 0 0 17.3 82.7 

Ratio mechanically loaded 
tonnage to underground 
tonnage 69.7e 0 0 0 36.6 87.4 

Ratio strip-mined tonnage 
to total tonnage 22.4e 0 86.0 0 27.9 18.0 

7 

1.2 

0.4 

1.3 
0.2 

0 
0 
0 

0 

69.7 

aCOI1IPuteel from "jf:y-si«fll COGI Ilefx>rf oj 1IUIIO .... 1937 (IlUnols Dept. Hines anel Hlnerals, 
1938). '. 4 

bNo prOcluctlon from the NO. " seam at shipping mines. Local prOcluctlon from NO. " seam was 
less than 0.01 percent of State outllllt. 
cShlpPlng mines accounte.1 for 92 percent anel local .,Ines for 8 percent. 

dShI~plng mines produceel 95.3 percent of the 11.725.870 tons .,Ineel b7 stripping. 
einciudes local mines. 

The No.6 seam is a typically thick coal deposit ideally 
adapted to mechanical loading, with roof and floor conditions 
which are generally considered good, although there are some 
variations from county to county.2 The seam ranges in average 
thickness from ~o inches in Fulton County to 113 inches in 
Franklin County. Although this represents a wide range, most 

2see table 8-12 for counties in which NO. 6 and other seams are mined and table 8-13 
for tonnages mechsnically loaded in NO. 5 and NO. 6 seams by county. 
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of the production comes- from seam thick-nesses between 6~ and 
7 feet. The bed is.characterized by a 1- to 4-inch ~arting, 
known as the Blue Band, located from 21 to 42 inches above 
the bottom. This impurity is easily eliminated either-by hand 
or by mechanical cleaning, and few other impurities occur. 

Roof conditions vary considerably over diffeten~ parts 
of the No.6 seam. In Franklin and Williamson Counties roof 
consists of shale from',s to 110 feet thick, overlain by 
limestone cap rock. The shale does not stand well when the 
full thickness is-mined, so-advantage is taken of the unusually 
thick coal by leaving from 18 to 60 inches in place to support 
the roof. 3 In the eastern part of Williamson County, where the 
coal is only S or 6 feet thick, roof is good and the seam is 
mined to its full height. In the Belleville district, which 
lies east of St. Louis, and in the central Illinois district 
roof conditions are not so good as they are in Franklin and 
Wi11iam~on Counties, but they are somewhat better than in the 
Danville district on the eastern boundary of the State. The 
floor or bottom is usually a hard shale or clay, 4 to 8 inches 
thick, underlain by limestone. 

The No. S seam is mined in the northern and central portions 
of the State (principal producing counties being Fulton, 
Macon, Peoria, Sangamon, and Tazewell! -and in the southern 
field (Perry, Saline, and Williamson Counties), This seam 
is adapted to mechanical loading although physical conditions 
are not so nearly ideal as in the No.6. The range in thick
ness is from so inches in Williamson and Peoria Counties to 
84 inches in Perry County. Most of the production, however, 
comes from an average thickness of S feet. The seam is hard, 
massive, and uniform from top to bottom. Clay veins, however, 
which extend through the coal and into the roof, occur and 
are obstacles to mechanicai loading in that they interrupt 
operation schedules and increase costs. 

Roof conditions are fairly good where the No. S seam is mined 
in the Springfield area, but in some places shale and limestone 
are intermingled in the cap rock and, when the immediate 
roof of shale or pyrite is absent or falls, the main roof 

3Attempts were occasionally made to recover th
i

e tOPs~:'\ea;t;; ~~~l~~l~~la:l~:; 
but recovery has been ditricUlt and expens ve. very in southern Illinois. 
Coal commission in 1922 indicated only 47 "ir~ent r~c~ottom coal lett in place. 
seven percent or the coal lost _ CO~sls[ted 0 oP95an 66th congo 2d sess •• 1925]. 
(Report of tile U. S. COIl' COIIIIIIUs,on S. DOC. 1 • • 
pt. III. pp~ 1654. 1656.) 
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is treacherous and may cave to a height of 35 feet. Where the 
No. 5 seam is mined in southern Illinois the roof in general 
is satisfactory. In the north-central area the bottom consists 
of dark fire clay which heaves badly when wet. The same is 
true of some areas in the southern portion of this seam. 

The No. 2 is a thin seam ranging from 27 to 36 inches and is 
mined principally by stripping methods (86 percent in 1937). 
In the laSalle district, however, longwall mining is practiced, 
which indicates a controllable roof. 

Coal deposits in Illinois lie nearly horizontal and, except 
for those lying near enough to the surface to permit stripping, 

Tabl. 11.- BITUMIIOUS-COAL PRODUCTIOI, SEAW TBICINESS, 
WET BOD or WININa, AND DISTRIBUTIOI or LOAD INa 

EQUIPMENT IN ILLINOIS, BY COUNTY. "1'· 

Percent. 
Percent. Percent ot I181Chanica117 

Number 
Averalie ot total ot deep loaded t.onnaQje 

COunt7 producinQ seam production production lIlined b7 -over Production of thick-
100.000 ton. (net tons) seam nessb 

Kech ........ mined ( inches) strip Deep Hand Hobile Pit-car icall7 
mined mined loaded loaded loaders loaders 

Total 52.432.255 - - 22.4 77.6 30.3 89.7 81.4 18.8 

Christian 4.759.298 6 83 0 100.0 36 96.4 99.1 0.9 
Clinton 264.413 8 84 0 100.0 100.0 0 0 0 
Franklin 10.108.267 6 113 0 100.0 1.15 98.5 87.4 l.2.6 
Pulton 3.334.320 15. 6 154. 40 80.15 19.15 100.0 0 - -
Grund7 169.528 2 27 159.9 40.1 100.0 0 - -
Henr,. 728.939 1. 2 56, 31 73.6 26.4 100.0 0 - -
Jackson 1.720.094 6 87 36.3 63.7 15.6 94.4 100.0 0 
Inal< 863.1715 1. 6 52. 42 156.5 43.15 100.0 0 - -
LaSalle 476.729 a 31 48.6 51.4 100.0 0 - -
Macon 145.289 15 52 0 100.0 111.1 48.9 0 100.0· 

Macoupln 3.520.886 8 83 0 100.0 6.8 93.8 51.0 49.0 
Madison 1.658.832 8 78 0 100.0 37.8 6a.4 66.4 33.6 
Marion 317.542 6 77 0 100.0 80.3 79.7 100.0 0 
Henard 143.649 n.a. D.a. 0 100.0 100.0 0 - -
MontQomer,. 928.1598 8 '14 0 100.0 0 .100.0 84.2 115.8 

Peoria 1.485.717 5 50 0 100.0 91.15 8.15 100.0 0 
PerrI' 3.873.355 :I. 6 84. 76 73.4 26.6 116.1 43.9 98.3 3.7 
Randolph 1.390.113 6 71 54.11 415. Ii 28.7 71.3 90.1 9.9 
St. Clair a.697.626 6 79 16.8 83.8 46.9 :13.1 96.9 3.1 
Saline 3.497.1557 5. 6 62. eo 22.8 77.2 150.9 49.1 93.0 7.0 
SangamoD 2.594.104 5. 6 88. 66 0 100.0 113.6 46.4 :1.1 94.9 

Tazewell 282.621 5 1i8 0 100.0 100.0 0 - -
Verllilion a.274.403 6. 7 69. 68 6.9 93.1 6a.8 37.4 78.1 21.9 
Wa.hinQton 335.717 6 70 0 100.0 30. Ii 69.15 94.8 5.8 
Will 1.393.077 a 36 100.0 0 0 0 - -
Willi .... on 2.818.989 5. 6 50. 91 21.5 78.5 34.4 615.8 80. Ii 19.15 
Und1strlbutedd 649.618 - - 7.15 92.5 99.1 0.9 100.0 0 

:CODIPuted !r", rI!t,...",U C""I ,.~t o! Il1lftDu. 19/1' (nUnDI. DePt. HI ... and Hlnor&l •• 18S8l. 
unwelSbted average. InclUde. boUi striP and underground _tnes. 

cconve,or-loaded tannase. 
dInclude. countle. witt. lesl tllan 100,000 tonI lI1lIual ProduCtlOD. 
D. a. DIlta not available. 



P1,.r. 11.- ILLIMOIS COUMTY DISTRIBUTION OP TOMNAGE MINED BY STRIPPING AND UNDERGROUND TONNAGE LOADED 
BY MOBILE LOADERS, BY PIT-CAB LOADERS, AND BY BAND, le81 

MINED BY STRIPPING LOADED BY MOBILE LOADERS 

LEGEND-

LOADED BY PIT-CAR LOADERS 
AND CONVEYORS 

LOADED BY HAND 

EACH SOLID CIRCLE (e) REPRESENTS 500,000 TONS OR. MAJOR FRACTION THEREOF EACH OPEN CIRCLE (0) REPRESENTS 250,000 TONS OR LESS 

MINERAL TECHNOLOGoV AND OUTPUT PER MAN ST'UIMEI 
BASED ON DATA OF TME ILLINOIS DEPARTMENT OF MINtS AND MINERALS WPA"NATIONAL RESEARCH PROJECT c-In-
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shaft mining is almost universal. Features of Illinois geology 
are the LaSalle and Du Quoin anticlines, areas of rock movement 
characterized by dips and faults in the coal seams which 
materially add to mining costs. A fault zone, which crosses 
the southern part of the State, touches a number of large mines 
in Franklin County. Since operations are usually avoided in 
areas where major rock displacements occur, these have rela
tively small present practical significance. 

The most significant physical factor in connection with 
Illinois coal deposits is thickness of seam. Table 13 shows 
the average seam thickness for those Illinois counties which 
produced more than 100,000 tons of coal in 1937, the percentage 
of county output produced by strip and deep mining, the per
centage of deep production hand loaded and mechanically loaded, 
and the proportion of mechanically loaded coal handled by 
mobile loaders and pit-car loaders. The percentage of mechani
cal loading is highest in those counties with the thickest 
seams, i. e., Christian, Franklin, Jackson, Macoupin, and 
Montgomery. In Perry and Williamson Counties, where two seams 
are mined, mechanized loading is confined to the thicker 
seam. Clinton County mines have a rather thick seam, but no 
mechanical loading was reported in 1937 although some has been 
reported in previous years. 

The amount of coal produced in each county by stripping, 
by mObile loaders, by pit-car loaders. and by hand loading 
is shown graphically in figure 31. Mechanical loading cen
ters largely in southern Illinois. Strip mining is more 
widely scattered. 

lad ha. 

Mechanized loading in underground and strip mines has forged 
ahead under the same influences which furnished the incentive 
in Illinois. 

More than a half-dozen seams are mined in Indiana. with 
65 percent of the 1937 production from the No. V seam, 17 per
cent from the No. IV seam, and the remainder from other beds.' 
Table 14 shows production by county and seam in 1936 and 1937. 

4Although there 1s a geolog1c relst10n between Ind1ana and Il11n01s coals. the 
whole problem ot correlat10n 1s d1tt1cult. See R. W. Karp1nsk1. "Ind1ana Coal 
F1elds L1e Along Eastern Edge ot Large Three-Btate Bas1n,' COQ' Age. Vol. 43. 
No. 12 (Dec. 1938). pp. 36-40. 
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. production (net. t.ons) 
Count.y 

Tot.al Block III IV V 

1936, t.ot.al 16,594,367 764,020 668,160 2,911,806 11,220,029 

Clay 997,909 702.560 227,214 7,850 60,285 
Gibson 1,100,291 0 0 0 1,100,291 
Greene 1,398,728 0 0 658,297 715,046 
Knox 1,862,819 0 0 186,324 1,607,823 

Owen 56,100 56,100 0 0 0 
parke 3,810 3,810 0 0 0 
Pike 3,101,645 0 0 0 3,101,645 
Sullivan 2,575,053 0 0 579,036 1,059,722 

VanderburQ 142,789 0 0 0 142,789 
Vermillion 813,738 0 0 258,246 555,492 
Vigo 3,380,179 l,550b 440,946 1,222,053 1,715,630 
Warrick 1,161,306 0 0 0 1,161,306 

1937, t.ot.al 16,385,751 916,673 874,429 2,756,349 10,614,237 

Clay 1,014,925 749,555 203,939 750 60,681 
Gibson 1,212,847 0 0 0 1,212,847 
Greene 1,409,532 0 0 652,584 703,525 
Knox 1,765,115 0 0 161,817 1,603,298 

Owen 146,722 146,722 0 0 0 
Pike 3.159,101 0 0 0 3,159,101 
Spencer 14,242 14,242 0 0 0 
Sullivan 2,494,028 0 0 545,809 811,963 

Vanderburg 144,876 0 0 0 144,876 
Vermillion 562,710 0 0 133,333 402,290 
ViQo 3,265,860 6,154 670,490 1,262,056 1,319,863 
Warrick 1,195,793 ---~ 0 0 1,195,793 

- ~-- ------ L.. 

·Computed rrom Rel>C>rt oJ Coal l'ra1vcUon at ShiPPi", Hi"" • ... the state oJ Indio"", 
Classif"ed by Coun.Ues. Rait.,.oads, Veins of Coal, and. Cha.,.ac't,f'" of Opef'at£on, 
Jonas Wartle, Managlnl D1rector. Coal Trade AssocIatIon or In<11ana, Ma.rch 16, 1938. 

VI VII Tot.al 

813,196 217,156 100.0 

Q 0 100.0 
0 0 100.0 

25,385 0 100.0 
68,672 0 100.0 

0 0 100.0 
0 0 100.0 
0 0 100.0 

719,139 217,156 100.0 

0 0 100.0 
0 0 100.0 
0 0 100.0 
0 0 100.0 

1,043,174 180,889 100.0 

0 0 100.0 
0 0 100.0 

53,423 0 100.0 
0 0 100.0 

0 0 100.0 
0 0 100.0 
0 0 100.0 

962,664 173,592 100.0 

0 0 100.0 
27,087 0 100.0 

0 7,297 100.0 
0 0 100.0 

b InclUdes 296 tons rrom Hlnshall bod. 
*Less than 0.00 percent. 

percent. of t.ot.al production 

Block III IV V VI 

4.6 4.0 17.6 67.6 4.9 

70.4 22.8 0.8 6.0 0 
0 0 0 100.0 0 
0 0 47.1 51.1 1.8 
0 0 10.0 86.3 3.7 

100.0 0 0 0 0 
100.0 0 0 0 0 

0 0 0 100.0 0 
0 0 22.5 41.1 28.0 

0 0 0 100.0 0 
0 0 31.7 68.3 0 

• 13.1 36.2 50.7 0 
0 0 0 100.0 0 

5.6 5.3 16.8 64.8 6.4 

73.8 20.1 0.1 6.0 0 
0 0 0 100.0 0 
0 0 46.3 49.9 3.8 
0 0 9.2 90.8 0 

100.0 0 0 0 0 
0 0 0 100.0 0 

100.0 0 0 0 0 
0 0 21.8 32.6 38.6 

0 0 0 100.0 0 
0 0 23.7 71.5 4.8 
0.2 20.5 38.7 40.4 0 
0 0 0 100.0 0 

VII 

1.3 

0 
0 
0 
0 

0 
0 
0 
8.4 

0 
0 
0 
0 

1.1 

0 
0 
0 
0 

0 
0 
0 
7.0 

0 
0 
0.2 
0 
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Mechanical loading is concentrated chiefly in the No. V and 
No. IV seams, and stripping in the No. V. The following 
tabulation is based on production reports received by the 
National Bituminous Coal Commission from Indiana coal opera
tors for the year 1936. These reports have been compiled with 
reference to the seams worked by each mine. 

seam number 

Block 
III 

IV 
V 

VI 
VII 
Unidentified 

Total 

Mechanical loading 
in underground mines 

Tons Percent 

33,000 0.5 
443,157 6.2 

2,098,115 29.4 
4,389,165 61.4 

147,170 2.0 
0 0 

35,483 0.5 

7.146,090 100.0 

Strip mining 

Tons Percent 

939.382 12.2 
0 0 

637.975 8.3 
4.906.052 63.9 

809.924 10.6 
0 0 

386.468 5.0 

7.679.801 100.0 

All Indiana coal areas lie along the western margin of the 
State and are generally divided into a northern and a southern 
field. The boundary between the two runs from Vincennes 
eastward through Knox and Daviess Counties. 

Figure 32 shows by county the methods of production in 1936. 
Mechanical loading in Indiana is more widely distributed 
than in Illinois because the two most· important seams, Nos. IV 
and V, are adaptable to mechanized loading and are mined in 
nearly all counties. 

Indiana seams average close to S feet in thickness, although 
there is considerable variation from a low of 3 feet in the 
Block seams in Clay County to a high of 7 feet in the No. IV 
and No. V seams in the same county. The No. V seam, workable 
nearly everywhere in the Indiana coal field, is the most 
important producing seam. It averages close to s~ feet, with 
a range of ~ to 7 feet. The No. IV seam, second in importance, 
is comparable with No. V in average thickness and in range. 
Roof is generally good in these important producing seams. 
The No. V seam is generally free of impurities, but the others 
usually carry shale and bone partings. 



LEGEND-

Fl,ar. 81.- INDIANA COUNTY DISTRIBUTION or TONNAGE MINED BY STRIPPING AND UNDERGROUND TONNAGE 
LOADED BY MOBILE LOADERS, BY PIT-CAR LOADERS, AND BY BAND, 1988 

MINED BY STRIPPING LOADED BY MOBILE LOADERS LOADED BY PIT-CAR LOADERS LOADED BY HAND 
AND CONVEYORS 

EACH SOLID CIRCLE (e) REPRESENTS 200,000 TONS OR MAJOR FRACTION THEREOF EACH OPEN CIRCLE (0) REPRESENTS 100,000 TONS OR USS 

BASED ON DATA OF TME NATIONAL· BITUMINOUS e.OAl. c.oMMISSION 
MINlAAL nCHNOLOGY AND OU~T fill_ ..... STU£lCI 

WPA-HATlONA" MK"""" ""O.JICT 1-" 
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Figure 33 shows the trend of production in western Kentucky 
and the percentage of output mechanically loaded from 1918 to 
1936. In 1922, when the strike was in progress in Illinois and 
Indiana, western Kentucky had a contract with the United Mine 
Workers of America which did not expire until April 1923, and 
the area was not closed down. Following this, deep-mine out
put, which- had fluctuated between 8 and 10 million tons between 
1918 and 1921, rose to 13 million tons in 1922. After 1925 

the area broke away from the United Mine Workers. Illinois and 
Indiana were operating under the Jacksonville Agreement at this 
time, and in western Kentucky underground production increased 
from 8 million tons in 192~ to 20 million tons in 1927. After 
Illinois and Indiana secured the adjustments following the 1927 

suspension, which resulted in the expansion of mechanical 
loading in those areas, tonnage in western Kentucky registered 
an enormous drop. 

Pi,8re 1 •• - TOTAL UIDBIGIOUID PIODUCTIOI II WESTBII IBITUCIT 
AID PBICB.TAGB WBCBA.ICALLT LOADBD. 1.11-1. 

MILLIONS OF NET TONS PERCENT 
~0r-------r-------r-------y-------~------,-------,-------.40 

�5r-------t-------t----,~+_~~--+_------+_------4_------~30 

IO~~f_~~--~r_+-f_----+_------~------~------~------~eo 

5r-------r-------r-------t-------+_~~~J_------+_------~IO 

PERCENT 
MECHANICALLY LOADED-V 

/ 

/ 
/ -"", 

'-
.,'" 

~~18~--~~18~21~--~~~~~~?=~~~IQ~3~O-L~--IQ~3~3-L~~,Q~3~6~--~ o 
1939 

MINERAL "n.CHNOL.OS'f' AND OUT1lUT PCR MAN STUDt'S 
WPA- .... TIONA.~ R' •• RCM ~CT E-IS 

6xentuckY Is the 0017 State whose m1nlng areas are cHvlded between the Appalachian 
snd. the Eastern Inter10r cosl regions. The prob1elill or the eastern or Appalachian 
area In KentuckY are similar to those or southern West Virginia and Virginia, 
whereas those ot western KentuckY are more like those or Illinois and Indiana. 
Moet ot KentuckY's machlne-loeded tonnage In past ;pears bas COllIe rrOlll the western 
part or the State. 
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Up to 1936 mechanical loading in this area was limited by 
low wage scales. Although in one year, 1932, approximately 
11 percent of the underground output had been mechanically 
loaded, the percentage declined to 4 in 1936. Nearly all the 
machine tonnage in this period was loaded by pit cars and came 
from Muhlenburg County.6 Sales of new loading equipment in 
1937 and 1938 indicate that western Kentucky operators are 
actively experimenting with duckbills and mobile loaders. 

Resource conditions, though perhaps not so favorable as in the 
adjoining fields of southern Illinois and Indiana, are no bar 
to the use of loading machinery. The three most significant 
seams in western Kentucky are, in order of importance, NO.9, 
nearly 5 feet thick; No. 11, nearly 6 feet thick; and No.6, 
3~ feet thick. 

Micbi,.1l 

Annual coal output in Michigan has been less than 1 million 
tons since 1923, and only 626,000 tons were mined underground 
in 1936. Mechanization of cutting, drilling, and hauling 
are well advanced, but mechanical loading has never developed 
beyond an experimental stage; two or three mines that. have 
tried scrapers and conveyors have reverted to hand loading. 

Coal seams in Michigan average 34 inches, roof conditions 
require close timbering, bottom is soft, and the mines are 
excessively wet. In a recent conference, howeve~, State Mine 
Inspector William Muir expressed the opinion that changes 
in mining methods might overcome obstacles to mechanical 
loading. He suggested that a modified longwall system, elim
inating the necessity for frequent moving of equipment from 
room to room, would make it possible to use conveyors to 
advantage. The system suggested is similar to that used in 
many mines ~f Alabama and Arkansas where physical conditions 

are likewise difficult. 

10 ... 

In Iowa physical conditions are poor, with thin seams, 
relatively difficult roof, and many impurities intermingled 
with the coal. Mechanical loading has never been important, 

6see table B-14 for growth of mechanical 10a(11ng by type of loading equipment. 
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and in 193~ and 1935 no mine reported using mechanical loaders, 
although the use of conveyors reappeared at one mine in 1936. 

I ••••• 

Kansas seams are thin, and the competitive position of 
underground mines was early made difficult by the rise of strip 
mining on a large scale. Since 1931 the deep mines of Kansas 
have produced less than a million tons annually. There were 
no records of any mechanical-loading equipment in the State up 
to 1937. Mechanization has centered entirely on large-scale 
surface stripping operations. 

Milloari 

Conditions in Missouri are similar to those in Kansas, 
with mechanization concentrated in the stripping industry. 
Mechanical-loading experience has been limited. In the peak 
year, 1929. only 126.000 tons were loaded, and this dropped 
to 35.000 tons in 1935. No mechanical loading was reported 
in 1936. 

Art ••••• 

Among the low-tonnage areas in which mechanical loading 
has been tried, Arkansas is perhaps the most important from 
the standpoilt of the value of its experience to other areas. 
Adverse physical conditions probably have greater influence on 
productivity than they do in any other State in the Mississippi 
Valley. Because of the variety and difficulty of the resource 
conditions which surround Arkansas coal production. they 
are given greater attention than would be justified on the 
basis of current or prospective tonnage. Despite difficult 
resource conditions inherent to thin pitching beds, distance 
from markets, and severe competition with gas and oil. mechani
zation in Arkansas has made distinct progress, advancing from 
17 percent in 1933 to'over 33 percent in 1937. Conveyors and 
scrapers are the principal types of equipment used. Shipments 
of new equipment into the State indicate that the advance 
continued through 1938. 7 

Total Arkansas output in 1936 was slightlymore than 1.623.000 
tons; it was about the same in 1937. Approximately 3 percent 

7see table B-16 for growth of mechanical loacllng by type of equ1pment. 
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of the total was strip mined in 1936. Mining is centered 
in six counties, and in 1936 Sebastian produced 41.5 percent, 
Logan 28.8 percent, Johnson 14.1 percent, and Franklin 11.8 
percent, with Pope and Scott together producing 3.8 percent. 

Only a small part of Arkansas is underlain by coal. The 
total area is estimated at 1,620 square miles, of which 300 
to 350 square miles are workable. The lignite area in the 
southeastern part of the State has never been a market factor 
and has no prospect of becoming one. 

Most of the Arkansas coal comes from the Hartshorne and Paris 
seams, the former producing about 69 percent and the latter 
28 percent of the total output. The Charleston seam produces 
about 3 percent of the State's total output. The Hartshorne 
seam is mined in the Spadra and Russellville district in 
Johnson and Pope Counties and in the Sebastian district. The 
Paris seam is mined only in Logan County and covers nearly all 
the output of that county. Markets for coal from this seam 
have grown rapidly in recent years. The Charleston seam 
is mined locally in Franklin County, and strip mining has 
occurred there. 

Generally speaking the quality of Arkansas coal is excellent, 
and for this reason it has been able to compete in Missou.ri, 
Kansas, and even in Nebraska and Minnesota with coals which 
have lower mining costs and lower freight rates. Proximity to 
the midcontinent oil and gas fields, however, greatly restricts 
potential markets. 

Practically all Arkansas coal is produced in either shaft or 
slope mines. Because of heavy pitch, slopes with electric 
hoists are employed in many areas. Shafts ranging in depth 
from 50 to 450 feet have been utilized. 

The chief obstacle to high man-hour output lies in thinness 
of seams which range from 14 to 48 inches of workable coal. 
In characteristic areas of the Hartshorne seam shale partings 
occur which divide the coal into two or more benches. In 
Sebastian County, where this seam locally reaches a maximum 
gross thickness of 7 or 8 feet from roof to floor, these 
partings· are as much as 36 inches thick and divide the coal 
into benches 4 feet or less in thickness. Ordinarily only the 
coal from the thicker bench is mined and the remainder of 
the seam is lost. At best, the Hartshorne seam affords only 
48 inches of minable coal, and in many places 30-inch coal 
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is recovered. In the thicker parts of this seam the coal 
above the binder contains dirt bands, but the bottom bench 
is clean and of excellent quality. 

The Paris seam ranges from 18 to 3ij inches thick. Coal is 
, overlain by 2 inches of hard slate which is separated from the 

main shale roof by a mud band. When the machine cut is made 
in the rock bottom the coal drops to the floor without shooting 
or wedging. This system of cutting, used with longwall mining, 
has made practical the use of scows which operate on the 
princip'le of scrapers. B 

The earth movements by which the mountains that border the 
Arkansas coal fields were formed have caused folding and 
faulting so that the coal seams dip as much as 17 degrees 
at outcrop. In some of the individual basins the dip is slight 
for small distances at the bottom. Vertical and horizontal 
displacements also add to the difficulties of mining. Roof 
conditions in Arkansas are generally controllable. This is 
indicated by the practice of longwall mining, which is used 
at practically all mines working the Paris seam in Logan County 
and is spreading into Sebastian County. The largest producer 
in Pope County was using longwall mining in 1936. Room-and
pillar mining is used elsewhere in the State. The significance 
of the distinction between the two systems is that longwall 
mining is suited to mechanization. whereas extremely thin seams 
are more difficult to mechanize with room-and-pillar systems. 

The future of mechanical loading seems to depend in consid
erable measure on technical developments in cutting as well 
as in loading. It is a frequent practice to cut the rock 
beneath the coal. If present experiments in the cutting of 
rock bands 12 to 2ij inches thick are successful. such machines 
will have wide applicability in Arkansas mines and should lead 
to more intensive mechanized lOading. 

Although thin seams and other difficulties are likely to 
preclude high productivity in Arkansas in the future as they 
have in the past. it should be noted that Arkansas operators 
have applied mechanization to conditions which. in States like 
Illinois and Indiana. would have been considered impossible 
a few years ago. Experiments now being carried on under the 
wide variety of physical conditions will probably lead to 

Bror deta1ls of th1s operat1on see Albert L. Toenges. 'O""waU JI'"'",, Jl8t"ods ,,, 
S0II8 JI'MS of tTae JlWw. ',si,,,,, Sio.ies (U. S. Dept. Int .. Bur. M1nes I. C. 8893. 
m1meo., June 1936). 
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significant advances in mechanization if economic possibilities 
enlarge the market for Arkansas coals. 

Standard data showlng comparative performance under hand- and 
machine-loading were compiled for Arkansas deep mines, but the 
data bore evidence of faulty reporting, and itwas believed that 
no conclusive results could be drawn. Only a rough idea can be 
given of the difference in productivity between Arkansas mines 
in a machine-loading versus a hand-loading period. In an 
effort to secure some basis of judgment, a few mines in which 
reporting seemed to be reasonably accurate were selected, 
and output per man-hour in a highly mechanized and in a hand
loading period was tabulated: 

Ha~- Machlne-
Mine loading loading percentage 

~r~d period increase 

A 0.214 0.316 47.7 
B .235 .319 35.7 
C .234 .292 24.8 
D .296 .351 18.6 

Oklahoma 

Whereas in Arkansas mechanical loading advanced materially, 
in Oklahoma, so far as is shown by the reports, it did not 
reach significant proportions by the end of 1936. In the 
Oklahoma counties producing low-volatile coal physical con
ditions are much the same as in Arkansas; all the coal is 
excellent, but competition with other fuels is severe. The 
developments of mechanical loading in Arkansas may in time 
extend to these portions of Oklahoma. 

In the fields of Oklahoma producing high~volatile coal there 
is considerable strip mining. Over 22 percent of the State's 
output was mined by stripping in 1936. The chief stripping 
counties are Wagoner, Haskell, and Rogers, located in the 
northeastern portion of the State adjacent to Kansas fields. 

Texa. 

Stripping of lignite is the only form of mechanization in 
Texas. There are no records of mechanical loaders in use 
in underground mines. 
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COAL rlELDS or TBB IOC1Y MOUITAIIS 

This region, richly endowed with ores of the major metals, 
contains two-thirds of the Nation's coal reserve, much of 
it of low rank and located in areas of sparse population. 
Although the dip of the beds varies from moderate to steep, 
most of the mining is confined to thick seams which more than 
offset the handicaps imposed by dip. Coal is mined almost 
entirely by underground methods, except in Rosebud County 
in Montana, Campbell County in Wyoming, and in North Dakota 
in adjacent counties on the Great Plains, where resource 
conditions favor strip mining. 

TWo of the States in this region - Wyoming and Montana - have 
reached a high degree of mechanization, and Utah and Colorado 
are now making rapid strides. Washington, with nearly the most 
difficult physical conditions of any State mining bituminous 
coal, loaded ~ percent of its output by machine in 1937. 

Mechanized loading in the far West has been fostered to 
a large extent by five important considerations: favorable 
resource factors, progressive management, captive mines with 
assured outlets for their coal, relatively high wage scales, 
and cooperation between capital and labor. 

The coal fields of Wyoming contain the largest reserves 
of any State in the country. Ninety-five percent of these 
reserves consist of sub-bituminous coal, but production today 
comes largely from the Rock Springs, Kemmerer, and Hanna 
districts (bituminous areas) in the southern part of the State. 
In recent years the output from the southern section has 
been from three-fourths to four-fifths of the total for the 
State. The Sheridan and Gebo districts are the most important 
producing areas in northern Wyoming. 

Coal in the Hanna field in Carbon County ranges from 30 to 
3~ feet - one of the thickest coal deposits in the country. 
Although the seam pitches heavily, other factors are favorable 
to mechanical loading, and management has been highly successful 
in adapting mechanization and mining methods to local condi
tions. This field was one of the first in the United States to 
experiment with mechanical loading. Thickness of the coal in 
the Rock Springs field in Sweetwater County ranges from 5 to 8 
feet with floor and roof of shale or sandstone, advantages' 
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which are partly offset by pitching seams. The Sheridan field 
in the north has ideal conditions for mechanical loading (thick 
and level seams with good roof conditions), and mobile loaders 
were used here successfully as early as 1924. 

Mo.' ••• 
Montana, like Wyoming, produces the major portion of its 

tonnage in captive mines. The commercial market for Montana 
coal is largely limited to the State since nearby areas have an 
abundance of coal within their borders or are served by other 
forms of energy. Much of the coal produced is sub-bituminous. 
Lignite fields in the eastern part of the State are not at 
present commercially important. Deep-mine output comes largely 
from thick seams in which resource factors are favorable to 
underground mechanization. 

Mechanical loading has been increasing rapidly in Utah, 
rising from 21 percent in 1933 to about so percent in 1937· 
Mining is concentrated largely in Carbon County, which produced 
86 percent of the output in 1936. Emery is the only other 
county hav~ng a significant output. Resource conditions and 
mining methods are suited to machine loading. Mobile loaders 
have predominated, conveyors have been used, and duckbills were 
being tried in 1937 and 1938. 

Resource conditions in Utah may be indicated by quoting from 
two publications of the U. S. Bureau of Mines: 

utah's principal producing coal mines •••• have 
comparatively thick beds. Little coal under 5 feet 
thick is being worked and practically none under 
4 feet; much, if not most, of the coal comes from 
beds in excess of 8 feet, some running as high as 
30 feet. Some mines have a difficult • • • • prob
lem in the mining of two or more beds ~ith only 
a few feet of rock between them. • • • • Most of the 
mines are working under heavy cover, which approxi-
mates 3,000 feet in some instances. 9 . 

The dip of the coal beds • • • • range from less 
than 1 degree to about 10 degrees ••••• Mining 
•••• thick seams presents unusual djfficulties. 

---~ 

9A• L. MUrray ancl D. Harrlngton. Accident '"f/erie...ce of the COtJ l Nines of utall fM 
the Period 1918 tol929 (U. 8. Dept. cam •• Bur. Mlnes 1. C. 6630. mlmeo •• NOV. 1931). 
pp. 1~. 
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• • • • The method pursued has been to drive the 
advance heading of the rooms about 7 feet high, then 
to take a second cut of about the same height, making 
the rooms when completed 12 to 14 feet high. The 
remainder of the coal in the roof is taken down as 
the pillars are pulled. 10 

In some of the mining operations in thick seams top and bottom 
coal is left in place. 

Waahh.'oa 

Difficult resource conditions (steep pitches, bad roof, 
and other handicaps) until recently retarded all forms of 
mechanization in Washington. Even machine undercutting is 
a relatively recent development in this State. Washington 
experience is significant to the coal industry as a test 
of management's ability to overcome difficulties. 

Colorado 

Colorado is the most important coal-producing State west of 
the Mississippi River. Seasonal production in parts of the 
State, pitching seams, and low wage scales at some mines have 
until recently retarded mechanization, but a large amount of 
new equipment was installed in 1936 and 1937, and in. the latter 
year a million tons of coal were mechanically loaded. This was 
more than five times the amount in 1935. Obstacles to mechan
ical loading are no greater than those that have been overcome 
in other Rocky Mountain States, and recent experience indicates 
an increase in mechanical loading in the years ahead. Until 
1938 no particular type of equipment was used predominantly. 

lie. M •• to 0 

New Mexico produces between 1 and 2 million tons of coal 
annually. The State contains nearly all ranks of coal, but 
most of the output is bituminous or sub-bituminous. Like 
Colorado, New Mexico has until recently had a relatively 
low wage scale. The mines of the State present SUbstantial 
handicaps to mechanization. Two companies in Colfax County, 
the largest center of production, have installed mobile loaders 
and scrapers. 

10C• A. Allen. Analyses of Uta/! Coals (U. S. Dept. Int •• BUr. H1nes Tech. Paper 
NO. 346. 1926). PP. 3-4. 
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North Dakota has a large stripping industry which has pro
duced over a million tons annually since 1930. Between 1930 

and 193' thi annual deep-mine production was about 700,000 

tons; it increased to 8",000 tons in 1936. Coal resources 
are lignite which islargely used in the State as domestic fuel. 
Few of the underground mines have developed mechanical loading; 
however, two mines were using mobile loaders for more than 
two-thirds of their output in 1935. 

COAL FIELDS OF THE APPALACHIABS 

Coal is the great mineral resource of this area. Within 
its hills and mountains lie a little over one-sixth of the 
Nation's reserves of coal. The value of these coal deposits is 
greatly enhanced by their proximity to the important centers 
of consumption. In 1937 the Appalachian States produced 
three-quarters of the bituminous and anthracite output. The 
early experience of Illinois, Indiana, Wyoming, and Montana 
will be helpful to the mines in this area, but more significant 
will be the knowledge gained by early mechanization of the more 
difficult seams which are mined from Ohio and Pennsylvania 
south to Alabama. 

More than 20 million tons of West Virginia coal were loaded 
mechanically in 1938. The significant factor today, however, 
is the prospect of still greater mechanization which current 
competitive conditions are stimulating. If the advances made 
since 1935 are continued in the years immediately ahead, 
West Virginia will have as important a place in mechanical 
production during the early forties as Illinois and Indiana 
had during the period which ended in 1935. 

Although eastern Kentucky has shown comparatively little 
interest in mechanization, the importance of this area from the 
standpoint of production is such that when economic demands 
become effective this field will probably become an important 
mechanization center. 

Pennsylvania has alreadY progressed far enough to remove any 
serious doubt concerning the future of mechanization both in 
the western and in the central portions of the State. 

11rhe lIgnIte tlelds ot North DakOta are adjacent to the coal tlelds ot Montana, 
and they are dIscussed here rather than In the sectIon dealIng wIth condIt10ns in 

. the M1sSlss Ippi Valley. 
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A wide variety of physical conditions is found in this area. 
Thick, medium, and thin seams are worked; roof conditions run 
the whole range from bad to excellent; seams are generally flat 
although some are encountered that dip moderately. All types 
~f loading equipment are in use under a greater variety of 
conditions than in any other section of the country. Except 
for a few areas in parts of Pennsylvania, Ohio, and Alabama, 
mechanization was relatively unimportant up to 1935. Increased 
wage scales were just becoming an important consideration 
at that time. Since then mechanization has forged ahead, 
particularly in West Virginia. In general, this mechanization 
has advanced under physical conditions much more adverse than 
those in the Mississippi Valley. 

Mines are opened principally by drifts, although there 
are many shaft mines. Deep mining predominates; sites for 
profitable strip mining are not numerous. 

The Appalachians may be divided into three areas - northern 
(Pennsylvania, Ohio, and Maryland), southern (West Virginia, 
Virginia, eastern Kentucky, and northern Tennesseel, and 
Alabama (including Georgia and southern Tennesseel. Within 
each division is to be found a diversity of physical condi
tions and past experience and differing immediate prospects for 
mechanization of loading. 

P .... 'h .... 

Counting both bituminous and anthracite tonnage, Pennsylvania 
heads the country in coal production. A significant market 
factor in connection with Pennsylvania coal deposits is the 
geographical location of abundant coal reserves of good quality 
in close proximity to major centers of consumption. 

Pennsylvania is extensively underlain by coal-bearing for
mations but, as in many States, production centers in rel
atively few counties. The bituminous coal fields of the State 
are divided into two areas - western and central. Western 
Pennsylvania produces high-volatile coal, and the seams are 
relatively thick; central Pennsylvania produces low- and 
medium-volatile coal from relatively thin seams. Mechanical 
loading is concentrated most heavily in western Pennsylvania, 
principally in Washington, Allegheny, and Fayette Counties. 
In the central part of the State Cambria, Somerset, and Indiana 
Counties are the principal producers of mechanically loaded 
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coal. Figure 3~ shows graphically the important producing 
counties and the amount mechanically loaded in each (see 
also table B-16). Bituminous strip mining is relatively 
.insignificant in Pennsylvania. 

Production comes from a large number of seams and mechanical 
loading is practiced in eight of them. Progress therefore 
represents experience with varieties of physical conditions 
greater than those in anyone of the Middle Western States. 
Production by seams and by mechanical loading is given in 
table lS, together with average seam thickness. 

T.~l. 11.- BITUMIIOUS-COAL PIODUCTIOI, TOIIAGI W1CBAIICALLI 
LOADED, AID SlAY T.ICIIISS II PEIISILVAIIA, 

BI SIAM, IIlta 

Tons Percent. 5e- t.bickness 

Tot.al mechan- mechan- (incbes) 
Seam product.ion ical1;y icall;y Simple Weigbt.ed 

loaded loaded average average 

Tot.al 110.417.947 11.492.971 10.4 52.8 64.8 

Pit.t.sburgb b 59.016.636 6.337.497 10.7 74.1 77.4 
Lower Kitt.anning C 18.325.977 1.753.394 9.6 39.6 41.5 
Upper Freeport C 10.593.164 1.184.493 11. 2 43.1 47.1 
Lower Freeport. c 7.651.669 525.395 6.9 42.0 50.9 
Double Freeport.b 6.754.498 843.636 12.5 78.2 79.1 

Upper Kit.t.anning C 4.281.577 680.437 15.9 43.7 47.1 
Clarionc 946.246 0 0 45.9 57.9 
Brookvillec 905.071 111.001 12.3 43.4 40.0 
Sewickle;yb 470,453 0 0 53.6 57.5 
Middle Kitt.anning C 419.393 57.H8 13.6 33.0 35.4 

Redst.one b 141.094 0 0 49.5 53.4 
Lower Bakerst.ownc 5.517 0 0 32.0 32.0 
Mahoning C 5.023 0 0 26.0 26.0 
Unspecified 901.629 0 0 - -

a 
b COIIPuted from A_l BU .. iftOlOl /I8~t (Pennsylvania Dept. Hines. Illmeo.). 
Hlned predominantly In western ·pennsyl vania. 

c"lned predominantly In central Pennsylvania. 

By far the most important bituminous deposit in this State 
is the Pittsburgh seam, the world's greatest coal bed. Its 
physical characteristics have received wide att~ntion in 
technical discussions. It not only furnishes a large part 
of the output in western Pennsylvania but likewise in the 
adjoining States of Ohio and West Virginia. The Pittsburgh. 
seam is consistently thick enough to permit the use of any type 
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of loading device, but the limiting factor is the draw slate 
which characterizes the roof. Persistent effort, however, 
has enabled management to overcome much of the difficulty 
arising from the presence of draw slate. Practically all 
the mechanization in such counties as Allegheny, Fayette, 
Washington, and Westmoreland is in this seam. 

The Double Freeport (or Thick Freeport) seam is the only 
other important one in western Pennsylvania, though minor 
tonnages come from several less important seams. The seam 
is thick, as the name implies, and has a good roof; however, it 
contains a middle band of bone which must be handled with care 
to insure clean coal. The problem has been largely solved by 
careful mining methods and by modern surface preparation 
including mechanical cleaning. Mechanization in this seam 
centers in Allegheny County. 

From the standpoint of output the Lower Kittanning seam is 
the most important in central Pennsylvania and the second 
most important in the State. It is sometimes called the 
"B" and sometimes the "Miller" seam. Thickness ranges from 
30 to S6 inches. The Upper Freeport seam ranges from 33 to 
66 inches. Other Pennsylvania seams show a wide variation 
in thickness, roof conditions, and physical factors. 

OUo 

A substantial part of Ohio output comes from the Pittsburgh 
seam. 12 Seams are fairly thick and level and roof conditions, 
although difficult in some areas, are subject to control. 
The greatest progress in mechanical loading in Ohio has been 
at those mines apparently having a superiority in skillful 
management. The awakening of interest on the part of other 
operators indicates that this State will be showing further 
progress in mechanical loading in the near future. 

Marrh •• 

The Georges Creek field in this State is one of the old
est mining districts in the country. The Big Vein, as the 
Pittsburgh seam is called in Maryland, has been reworked a 
second and even a third time by removing top coal, bottom coal, 

121n Dhlo the Pittsburgh seam Is variously referred to as the No. B and the 
Pittsburgh No. B. 
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and pillars left from the original mining. Other Maryland 
seams are medium or thin. Mechanical loading has been confined 
to ~~e use of conveyors in mines of two of the larger com
pan,i,es operating in the. thinner seams. Depletion of the 
Big Vein is an important factor in the State's position and 
will probably preclude any great extension of mechanical 
loading until such time as the thinner Maryland seams are 
more intensively developed. 

The coal fields of West Virginia fall into three natural 
divisions - northern, southern high-volatile, and southern 
low-volatile. The production of anyone of these three divi
sions exceeds, with few exceptions, the output of nearly 
everyone of the other coal States. 

The same advantage of proximity to consuming markets which 
was noted for Pennsylvania applies to West Virginia, though 
in lesser degree, and this advantage is su-pported by the 
exceptionally high quality of West Virginia coal. In addition 
to the outlets in many markets, skillfully developed by selling 
agents and based upon the high reputation of West Virginia 
steam, gas, and coking coals, many of the operating companies 
enjoy trade outlets favored by intercorporate relations. 

During the late twenties and early thirties wage scales in 
West Virginia were relativety low and offered little incentive 
to mechanize; hence the Stat'e's experience through 1935 throws 
little light upon probable future trends. Higher wage rates 
have placed upon management the burden of holding costs at a 
competitive level. The result is that physical conditions 
formerly considered not amenable to loading machinery are now 
being successfully mechanized. 

West Virginia has an advantage in that it installed mech
anization at a time when the design of loading equipment 
was in a fairly advanced stage. This and the accumulated 
experience of other areas have made it possible for West 
Virginia operators who have recently taken up mechanical 
loading to avoid some of the costly experiences which burdened 
earlier efforts. 

Figure 35 shows graphically, by county, production and 
centers of mechanical loading (see also table B-171. 
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The following tabulation shows the 1937 percentage distri
bution of total tonnage and tonnage mechanically loaded in the 
thre~ important fields; 

" 

F 18111. 

Northern 
Southern high-volatile 
Southern low-volatile 

Total 

"Percent of Percent of 
total state mechanically 
production loaded 

production 

22.7 36.2 
34.4 52.4 
42.9. 11.4 

100.0 100.0 

Percent 
of total 

production 
mechanically 

loaded 

20.7 
19.9 
3.5 

13.0 

The variety of physical conditions under which machine load
ing is being practiced is evidenced by the fact that in 1937 
some mechanical loading was performed in 21 of the 29 seams 
mined in WestVirginia. 13 This is in contrast to Illinois 
where machine loading is concentrated in the No. 6 seam. 
Table 16 shows, by seam, total production and mechanically 
loaded tonnage. 

From the standpoint of proportion of tonnage mechanically 
loaded the Sewickley seam is far ahead of all the others, with 
91 percent. Island Creek follows with 4ij percent, Pocahontas 
No.6 with 29 percent, Red Ash-Douglas with 27 percent, and 
Powellton with 26 percent.,. In other words, five of the im
portant seams, which togetlier account for nearly 16 million 
tons, have more than one-fourth of their tonnage mechani~ 
cally loaded. These seams do not include the three largest 
producers - Pittsburgh, Pocahontas NO.3, and Sewell. The 
Pittsburgh seam loaded 17.5 percent mechanically in 1937, but 
in the other two seams the percentages were small. 

Seam thickness in West Virginia is quite variable. The 
Pittsburgh seam, which is the most important from the point 
of production, averages 93 inches in Marion County, 8ij in 
Harrison, and83 in Monongalia. In other northern West Virginia 
counties where it is mined, it ranges from 86 to So inches. 
The Sewickley, which is the other important seam in northern 
West Virginia, averages about 70 inches. In the Pocahontas 

13The d1st1nct1ons between coal seams 1n var10us parts ot west V1rg1n1a present an 
1ntr1cate problem. The same seem 1s trequently des1gnated by d1tterent names where 
1t appears 1n dltterent areas. For s1mpl1c1ty the group1ngs used 1n the West 
V1rg1n1a Department ot H1nes reports are tollowed. 



Tabl. 11.- BITUMINOUS-COAL PRODUCTION IN WEST VIRGINIA AND TONNAGE MECHANICALLY LOADED. 
BY TYPE or LOADING EQUIPMENT AND SEAM. te.,a 

Tonne._ lIechanicall,. loaded 

Net. t.ons Percent of t.ot.al productJ.OD 
Se •• Total product.lon 

Loaded . Hand-lo.ded Loaded Hand-loaded 
Total by aachine' 1atoo conve7ora Total hI' •• ch1ne' lnto cQDve70ra 

rotal 118.96S,Oee 15.490.883 11,497,410 8,993.4S3 13.0 9.8 3.4 

Pl~~.burQh 24,004.582 4.212.359 8,9&3,468 288.891 17.11 le.4 1.1 
pocahont •• No. a 17.508.892 72,804 84.08e 88.ae8 0.4 0.2 0.2 
So"ell (Do"71 (Brad.h.", 12. 138.48a !515, 882 261.9:5" 288.1178 4.8 2.2 a.1 
Xsland Creek_Cedar Grove (Thacker) 10,985,926 4,821,416 4,290.871 1140.5411 44.0 89.1 •• 9 
pocMont..B Ko. .. S,19:5,204 129,e61 0 129,861 1.8 0 1.e 

Beckle;r (War Creek J 7.e04.872 1148.1811 101,705 541,4BO 8.2 1.8 e.9 
1I081e 8,474.999 290,413 228.008 84,407 4.5 8.11 1.0 
Doroth7_Wlnltrede (Black Band) 4,730,189 421,873 802.18e 119.737 8.9 e.4 2.11 
ChlltoD 4.183.108 798.937 0 793.937 19.0 0 19.0 
No. a G •• 8.920.978 441,647 'S8a.ODO 78.497 11.3 9.8 2.0 

Mo. IS Block-Lower Xl tt&DJl1DII 3,8'16,488 39,119 17.839 21.280 1.1 0.11 o.e 
powellton 2,831.368 728,818 477,242 249,373 28.7 18.9, 8.8 
.lr8 Creek 2,448,9150 220.484 0 220,484 9.0 0 9.0 
PoeaboDta. 110. 5 1.7:53,243 0 0 0 0 0 0 
Bel.Jaont-Levl.t.oD 1,718,028 :292.899 0 292.899 17.0 0 17.0 

Sevlek:le7 1,619,678 1,888.2711 1.396,2'76 0 91.2 91.2 0 
Upper "reeport 1.036,2151 8.838 0 B.888 0.9 0 0.9 

Co.lbul', 989,232 193,0'13 14,010 179,083 19.11 1.4 18.1 

Bern.ba" 720,934 2.828 0 2,828 0.4 0 0.4 

Alaa-Peerles. 662,095 92.8D2 78.817 13.8311 14.2 12.1 2.1 

Welch D08.888 0 0 0 0 0 0 

pocahontas No. 8 503.1197 147.928 0 147.928 29.4 0 29.4 

Redstone 24D.182 0 0 0 0 0 0 

Bakerstown 191,239 0 0 0 0 0 .0 

Red •• h-Dou,la. 186.936 38,027 0 38,027 27.4 0 27.4 

pocabont.a. No. 9 85,019 0 0 0 0 0 0 

Upper Xl ttannlng 315,811 0 0 0 0 0 0 

Midd.le Iti t1.aDnlnll 19.199 0 0 0 0 0 0 

Wapesburll 400 0 0 0 0 I) 0 
_. 
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and New River districts of the southern low-volatile field 
the thickness of important seams ranges as follows: Pocahontas 
NO.3, 39 to 69 inches; Sewell, 36 to 52; Pocahontas No. ~, ~1 

to 72; Beckley, ~7 to 69; Fire Creek, 36 to ~o; and Pocahontas 
'1 

NO.5, 63. In the southern high-volatile field the range of 
thickness for the important seams is as follows: Island Creek, 
68 inches; Eagle, 37 to 66; Dorothy, 56 to 63; Winifrede, 
35 to ~8; Chilton, 52; No.2 Gas, ~~ to ~8; NO.5 Block, 
5S to 107; Powellton, 28 to 86; and Cedar Grove, 3~ to 72.14 

The major portion of the output of the northern field comes 
from the Pittsburgh seam, which produced 2~ million tons in 
1937, followed by the Sewickley seam with only 1~ million tons. 
Mechanical loading has been successful under a variety of 
physical conditions in this field and there are no technical 
reasons why it should not expand. However, skillful manage
ment in some of the large mines of the area has attained 
especially high man-hour output with hand loading, and even 
with the higher wage scales this may temper enthusiasm for 
mechanization. 

In the southern high-volatile field the Island Creek seam is 
the most ·important, but it does not overshadow the others 
as does the Pittsburgh seam in the nor.thern field. Mechanical 
loading has occurred under an even greater variety of physical 
conditions than it has in the northern part of the State. 
Considering the joint influence of physical and economic 
conditions, it is highly pr()bable that mechanization in this 
area will continue to expand. 

In the southern low-volatile field the famous Pocahontas 
No. 3 is the most important coal seam, followed by Sewell, 
Pocahontas No. ~, and Beckley, in the last of which most of 
the mechanization hitherto has occurred. Coals from this field 
are soft and friable. The area is well supplied with cleaning 
plants, but under present marketing conditions the larger sizes 
sell at a premium, and .this fact tends to retard any type of 
mechanization which increases degradation. 

The Virginia coal fields are located in the southwestern part 
of the State, adjacent to the coal fields of West Virginia and 

14ror a more detailed correlation between counties, seams, thickness, and mechan
Ical loading see the .. _, R.porb Of t"- 1)e1Gf"~t of N'nes ot West Vlrglnla. 
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Kentucky. Although the Pocahontas district in Tazewell County 
pioneered in the early stages of mechanization, nearly all 
the present mechanical loading centers in the harder structure, 
high-volatile coals, particularly in the Grundy field of 
Buchanan County. Marketing and corporate factors in Virginia 
are similar to those in West Virginia. 

The Pocahontas seams, like those in West Virginia, are 
friable and suffer degradation unless handled with care. The 
Pocahontas Fuel Company', however, was a pioneer in mechanical 
loading, having installed machines in Virginia as early as 
1918. It was also the first company to approach an annual 
mechanically loaded output of a million tons. This early 
interest in the movement was no doubt encouraged by the thick
ness of seams and other favorable physical conditions. The 
small net differential between hand-loading and machine-loading 
costs, however, naturally retarded the movement, and it was 
practically abandoned during the depression. As long as the 
larger sizes of low-volatile coal sell at a premium and wage 
rates remain stationary, great advances in mechanization in 
the fields which produce these coals are unlikely. 

E •• ,.,. l •• '.etr 

Eastern Kentucky is one of the great coal-producing areas of 
the country. As in southern West Virginia, coal is mined from 
many seams, the most important of which are referred to as the 
Elkhorn and the Harlan groups. Physical conditions do not 
present handicaps that make mechanical loading impossible. 
The coal seams average about 51 inches in thickness and range 
from 32 to 60 inches. 

Low wage rates in this area prior to NRA offered little 
incentive for installing mechanical loading, and the movement 
is still slow in getting under·way. In 1935 and 1936 less than 
1 percent of the deep-mined output was loaded mechanically. 

Figure 36 shows the course of production in underground 
mines for the period of this study; as strip tonnage has always 
been negligible, underground output is practically the record 
of total output. The upward course of production from 1921 
to 1927 reflects largely the ability of an area paying rela
tively low wages at that time to increase its markets in 
competition with its northern neighbors with their higher 
labor costs. 



\ 

174 BITUMINOUS COAL 

Pi,ure 88.- TOTAL UNDERGROUND PRODUCTION IN EASTERN KENTUCKY 
AND PERCENTAGE ,MECHANICALLY LOADED._ 1118-88 
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Three mines in eastern Kentucky did a substantial amount 
of mechanical loading in 1935, and over the whole period of 
the study ~8 mines experimented with it. For the most part the 
experimenting was done in the years 1927-30. 

TeUllellee 

Tennessee coal seams are'generallY thin and overlain by 
strata which are unfavorable to mechanical loading. ~oreover~ 

they are surrounded by fields in other States which are closer 
to important markets. 

Of somewhat more than 5 million tons produced in 1936, only 
290,000, or 5.7 percent of the total, were loaded mechanically. 
No stripping occurred. 

Alabama 

Alabama has been and still is a melting pot of experimen-. 
tation in mechanical loading. Despite difficult physical 
conditions, such as pitching beds,' impurities, and varying 
seam thickness, the State loaded about one-sixth of its output 
by machines in 1937. Mechanization made considerable progress 



RESOURCE INFLUENCES ON LOADING 175 

even under low wage scales. A large proportion of the output 
is from captive mines and others with good marketing outlets. 

Alabama coal fields form the southern end of the great 
Appalachian coal region. The three important districts are 
the Coosa Basin, Cahaba Basin, and the Warrior Basin. More 
than ~o coal seams have been identified in the State but none 
has been correlated or traced throughout the various basins. 
In general, seams vary in thickness from place to place and 
in many cases partings will appear and disappear within .short 
distances. Warrior Basin coals are more regular and less 
disturbed by faults than those in the other districts. 
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