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CHAPTER VII

BASES FOR ANALYZING PERFORMANCE OF MECHANICAL-
AND HAND-LOADING MINES*

The importance of loading from the point of view of employ-
ment and the rapidity of the transition from hand to machine
methods make mechanization of loading by far the most important
current item of mining technology. Loading coal into mine cars
employs more men than any other deep-mine occupation. Studies
of the Bituminous Coal Division of the National Recovery
Administration in 1933, when all but 12 percent of deep-mine
tonnage was loaded by hand, revealed that from 50 to 60 percent
of all the persons employed in underground bituminous mines
were occupied with loading coal. Today, with approximately
25 percent of the tonnage loaded by machines, the ratio of
loaders to other employees is somewhat smaller, but loading
still offers far greater potential employment than any other
deep-mine process. The remainder of this report, therefore,
will deal with output per man in the several coal regions and
the relationships between mechanical loading and productivity.
I 1S Silsast necessary, however, to list and describe briefly
a few of the important nontechnological causes of change in
the statistical measures of average output and to appraise
the statistical data which form the basis for the analysis.

NONTECHNICAL CAUSES OF INCREASED AVERAGE LABOR OUTPUT

Concentration of Production in More Efficient Mines

Among the causes of increasing output of mine labor, use of
mechanical power has undoubtedly been outstanding. Power has
long been used in auxiliary operations such as pumping and
ventilating and since 1890 has been applied in underground
mines tocutting, hauling, drilling, and finally to loading coal.
Strip mining embodies an exceptionally intensive application

*By Frederick G. Tryon, formerly Chief of the Coal Economics Division of the U. S.
Bureau of Mines, now Director of the Dpivision of Research, National Bituminous Coal
Commission; willard E. Hotchkiss; Charlotte K. Wwarner; and Joseph J. Gallagher.
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BASES FOR ANALYZING LOADING PERFORMANCE 177

of mechanical power for removing the earth and rock covering
the coal and, as in underground mining, loading, hauling,
and other processes are highly mechanized.

Notwithstanding the technical progress in all divisions of
mining activity during the past gemeration, the adaptation
of mine processes to these changes required the exercise of
managerial functions which are indispensable to a well-rounded
operation of any mine and especially of a mechanized mine.
Such functions involve mine lay-out, personnel, and above all
the synchronizing of the several operatioams.

There is, however, still another important factor which
affected the recorded average labor output. The demand for
coal during the World War brought thousands of new mines into
production and resulted in the expansion of what later proved
to be an already overdeveloped industry. Although capacity
continued to increase for a time after the war, it soon became
obvious that the top-heavy structure must collapse; between

1

1923 and 1929, 3,274 commercial mines* went out of business,

with a corresponding shrinkage in the number of jobs.

Even after this drastic liquidation capacity was still in
excess of demand, and in the depression years 1929-32, 630 more
commercial mines went out of business. It is true that some
of these 3,904 mines that closed were worked out, but the
great majority of them were marginal, high-cost mines that
could operate only in periods of attractive prices. For
the most part they labored under competitive disadvantages,
unfavorable resource conditions, and managerial difficulties.
The closing of such mines tended to raise the average level
of labor productivity.

The brunt of the liquidation in the years 1922-29 fell upon
the mines that produced from 10,000 to 50,000 tons a year.
In figure 37 it may be seen that the curve showing the number
of mines in this group (known as Class 4) dropped from 3,139
in 1922 to 2,04% in 1924, and the downward course continued
through 1935 (see also table B-18). Class 3 and Class 2 mines,
those producing from 50,000 to 100,000 and those producing
100,000 t0 200,000 tons a year, declined in number less sharply
l“Commer-cial mines" 1s here used to designate all mines with an annual production

of more than 1,000 tons as distinct from small-scale operations, known as "wagon
mines" and "country banks", producing less than 1,000 tons annually.
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178 BITUMINOUS COAL

than Class 4 mines in the years prior to 1930. At the same
time, Class 1 mines, those producing over 200,000 tons a year,
actually increased in number between 1923 and 192 grET T IS
interesting to note that Class 5 mines, those producing less
than 10,000 tons a year, showed a rather surprising vitality

between 1923 and 1929. The total significance of this group,
however, is slight.?

It may also be seen in figure 3% that Class 1 mines, those
producing over 200,000 tons a year, have consistently pro-
duced a much larger share of the total output than have any
other class. It is notable that the proportion of total
output produced by the various size groups declines with
the size of mines. This means that, in spite of the large
number of small mines, the bituminous industry is essentially
a mass-production industry in which the average unit labor
requirements are determined chiefly by the concern

s having
the larger output.

Liquidation of smaller mines of course added to the con-
centration of tonnage in mines of large capacity. In 1923
about 4% percent of the bituminous tonnage of the country was
produced in mines with an output of over 200,000 tons
a figure comparable to war and pre-war averages.
lost its relative advantage in the immediate post

a year,
This group
-war years,
but between 1923 and 1929 it increased its percentage of total
output from 4%.2 to 65.2, During the depth of the depression
Class 1 mines again lost ground to other groups, but in 1935,
62.2 percent of the total output came from thi

S group, and
in 1936, 69.0 percent,

The accompanying tabulation, prepared from studies of the

United States Coal Commission and the United States Bureau of

2This showing was due in part to more complete 1ists of small operators available
in later years and in part to the fact that mines that had once been in a higher
group dropped into the smallest group during the period. Many of the mines in this
lowest group are known as "local commercials", a designation coming from the fact
that they sefrve a local market, often using a truck for delivery. Such mines
are not subject to competitive pressure to as great an extent as are larger mines
which ordinarily must depend on commercial Industrial markets., The same 1line of
reasoning largely explains the Increase in the number of mines 1in this group
after 1929, when mines in other size groups were decreasing. The actual vitality
of truck and wagon mines with their local domestic markets was undoubtedly greater
under adverse conditions than that of the somewhat larger mines. The truck mines
were likewise favored by the Increasing mileage of hard roads.

Flgures for 1934 and 1935 are not fully comp

years since the coverage of small trucking operations was much more complete
after 1833 than 1t had been before. This improved coverage was made possible by
the cooperation of the NRA Divisional Code Authorities,

arable with those for preceding
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180 BITUMINOUS COAL

Mines, shows clearly the relationship between size of mines or
companies and output per man-day:3

Production Output per man per day
(tons) i

T T T

1805 1914 1920 1921 1929

Under 10,000 1.96 2.29 2.36 2.70 2.74
10,000 to 50,000 2.52 2.91 3.24 3.45 3.42
50,000 to 100,000 2.90 3.35 3.80 3.98 3.91

100,000 to 200,000 3.34 3.78 4.10 4.28 4.54

Over 200,000 3.80 4,18 4,350 4.73 5.32

All classes 3.23 3.71 3.99 4.19 4.77

e s 2 e S LT ———

It is clear that small mines show a lower output per man per
day. In part, the relation is a reflection of seam thickness
and other physical factors, because natural conditions that
limit the output per man tend also to limit the output per acre
of coal land, and therefore, other things being equal, make for
smaller mines. Conversely, favorable natural conditions
that permit high output per man make for larger mines. But, in
part, the higher labor productivity of larger operations is a
matter of superior management and equipment. Large enterprises
command the services of skilled engineers in planning and
operating mines and are ordinarily in a better financial
position to invest in up-to-date machinery; they have more
favorable market connections and operate a greater number
of days per year. In other words, large-scale mines are
similar to other large-scale enterprises in that they can
realize the savings of mass production.

STt

e

It should be clear, then, that the elimination of many weak
mines and a growing conceantration of tonnage in the hands
of large-scale producers have contributed to raising average
output per man-day. Because the component units that make
up the totals of all mines change from year to year, changes

in average performance reflect to some extent the changes in
the composition of the group.

Spata for 1804-21 from Report of the United States Coal Commission (S. Doc. 195,
eégth Cong., 2d sess., 1926), pt. III, D. 1888. The figures represent mines of

commerclal size exclusive of so-called "local commerclial® mines employing less
than 10 men.

Data for 1929 from F. G. Tryon and L. Mann, "Coal, * Mineral Resources of the
United States: 1929 (U. S. Dept. Com., Bur. Mines, 1832), Part II, "Nonmetals,*

D. 720. Only independent companies are included; captive or consumer-owned
mines have been excluded.
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BASES FOR ANALYZING LOADING PERFORMANCE 181

Shifts From Old to New Mining Areas

In 1890, 65 percent of the bituminous output of the country
was produced in four northern States - Pennsylvania, Ohio,
Indiana, and Illinois. Twenty-four years later, in 1914,
production coming from these States had declined to s7 percent.
The percentage coming from the four southern States - Kentucky,
Tennessee, Virginia, and West Virginia - had increased from
12 to 25 between 1890 and 1914. The following quotation
indicates the importance of this relative growth in the tonnage
coming from the South.

Whereas . « « « southern Ohio declined notably
in relative importance among the fields of the
Appalachians competing in western markets and whereas
the Pittsburgh district also lost in relative stand-
ing, shipments from northern West Virginia increased,
the non-union regions of eastern Kentucky were
developed with extraordinary rapidity, and an entire
new field - Logan County, West Virginia, coming into
first production in 19805 - had taken rank as one
of the most productive districts of the country
by dion 4% it Ll T En i 8988 8iipe riicent fof il hesicoasl
shipped up the Lakes originated in the union dis-—
tricts of Pittsburgh and Ohio. 1In 1913 their share
had dropped to 67 per cent. In 1898 southern West
Virginia shipped to the Lakes only 40,000 tonmns,
or less than 1 per cent of the total. In 1913 its
contribution ran over 6,000,000 tons, or 23 per cent
of the total.*

In general the coal fields in the northern States mentioned
were closeé to the great consuming markets and were naturally
the first to be opened. With the development of railroads,
which gave southern fields access to markets under low per-mile
freight rates, the stimulus of highly flexible wage scales
incident to the nonunion labor policies then prevailing in
those areas resulted in a rapid growth of southern tonnage.
At times, also, large-scale suspension of mining in the or-
ganized fields of the North threw business to the South.
Until 1923 the growth of the southern fields was relative,
but northern shippers continued to increase or at least to hold
their total annual tonnage. After 1923 an actual displacement
of tonnage occurred, caused primarily by widening differentials
in wage rates, and during the remainder of the 1920's, as
4. G. Tryon, *"The Effect of Competitive Conditions on Labor Relations in Coal

Mining,® The Annals of the American Academy of Political and Social Science,
Vol. CXI (1924), p. 87.
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182 BITUMINOUS COAL

the South increased its tonnage, that of the North sharply
declined, not only relatively but absolutely.

Table 17 shows the proportion of the national bituminous
output produced from 1920 to 1938 in each of the four important
northern and the four southern States mentioned. It may be
noted that the northern States dropped from sg9 percent of
the Nation's tonnage in 1920 to 41 percent in 1927 and the
southern fields advanced from 26 to 4s percent. In other
words, nonunion States with no fixed standards of wages and
working conditions absorbed more and more of the business.
The low point for the northern area was reached in 1927, when a
prolonged strike occurred. Between 1927 and 1929 the previous
trend was reversed; in the latter year the four northern States
produced 46 percent of the total output and the four southern
States produced 41 percent. These percentages have remained
relatively constant through 1938.

Table 17.- PERCENTAGE OF TOTAL BITUMINOUS—COAL PRODUCTION
PRODUCED IN THE IMPORTANT NORTHERN AND SOUTHERN STATES,

1920-37°2

L Northern Southern
Year West
Total|Tllinois [Indiana| PeRAN- (qgp;q Total | Ken~ | Ten— | Vir- |y
sylvania tucky |[nessee| ginia ginia
1920 58.8 15.8 5.1 30.0 8.1 (25.5 8.3 1.2 2.0 18.0
1921 57.2 18.7 4.9 27.9 7.7 | 28.0 7.8 1.1 1.8 17.5
1922 51.8 13.9 4.5 28.8 8.4 | 32.7 | 10.0 ALk 2.5 |19.1
1923 56.3 14.1 4.8 30. 4 7.2 | 30.2 7.9 1.1 2.1 19. 1
1924 51.9 14.1 4.5 27.0 8.3 | 83.5 9.3 1.0 2.2 21.0
1925 48.7 12.9 4.1 26. 3 5.4 | 37.8 | 10.8 1.0 2.5 23.5
1928 47.7 12.1 4.0 28.7 4.9 | 89.5 | 11.0 1.0 2,5 25.0
1927 41.2 9.0 3.5 25.7 3.0 | 45.0 | 13.4 1.1 2.5 |28.0
1928 43.8 11.2 3.3 28.2 3.1 |42.4| 12.4 1.1 2.4 28.5
1929 48,0 11.4 3.4 26.8 4.4 [ 40.8 | 11.3 1.0 2.4 25.9
1830 48. 5 11.5 3.8 28.8 4.8 | 40.4 | 11.0 1.1 2.3 28.0
1931 48.2 11.8 3.7 25.8 | 5.3 | 40.8 | 10.5 1.2 2,5 |28.8
1932 43.7 10.8 4.3 245 4.5 | 42.7 11.4 1.2 2.5 27.8
1933 45.0 11.2 4.1 23.8 5.9 [ 42.7 | 10.8 1.1 2.5 28.3
1934 48. 4 11.5 4.1 25.0 5.8 | 41.8 | 10.7 1.2 2.8 27.3
19835 48.4 12.0 4.2 24.5 5.7 | 41.3| 11.0 1l 2,8 26. 8
1938 | 46.2 11.8 4.1 25.0 5.5 | 41.5 | 10.8 1.2 2.8 26.9
1937° |45.9 | 11.8 8.9 | 24.9 |5.5|41.8/10.6 | 1.2 | 3.1 |26.7

aCCm:utcd from data in Mineral Resources of the nited States (U, S. Dept. Int., Geglogical
Survey, 1920-23: U. 8. Dept. Com., Bur. Mlines, 1024-31);: Statistical Apperdix to Minerals
Yearbook (U, S. Dept. Int., Bur. Mines, 1832-33 t0 1835); Ninerals Yearbook, 1937 (U. S. Dept.
Int., Bur. Mines, 1937), pp. 787-867; and Bituminous Coal Tables, 1936-1937 (U. S. Dept. Int.,
Nat. Bituminous Coal Com., 1938).

Yestimated.
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The data presently available do not show how much the shift
in relative percentage from North to South may have contributed
to an increase in the national average of output per man-day.
Average seam thickness in Pennsylvania in 1920 was 62 inches;
in West Virginia, 64 inches; and in Virginia, 62 inches.
Average seam thickness in Ohio was 62 inches, and in the
adjoining southern area of eastern Kentucky it was s2 inches.
On the score of the most important single physical factor in
productivity, therefore, the shift conferred little advantage.
A greater advantage probably resulted from the factor of age
of mines. In 1926, for example, approximately go percent
of the output of eastern Kentucky came from mines opened after
1910. In contrast, only about so percent of the coal mined
in Ohio during the same year came from mines operated since
1910, and about 15 percent came from mifes opened before 1900.
Obviously the operator of a new mine cdn employ modern prin-
ciples of mine lay-out and modern technology so as to realize
significant advantages in labor requirements. Certain limited
areas of the northern districts had the additional resource
handicap of an advanced state of depletion in particular seams.
Such districts as Clearfield, Pennsylvania; Hocking Valley,
Ohio; and Georges Creek, Maryland, had little thick coal left.

Whatever the causes, it is a fact that man-day output in Ohio
and Pennsylvania increased at a slower pace than it did in
the newer fields to the south. In Ohio oltput per man-day
was actually about 1.s percent less in 1930 than in 1920,
whereas in eastern Kentucky man-day output in the same period
increased about 23 percent, Pennsylvania showed an increase
of 22 percent between 1920 and 1930; West Virginia 27 percent.
These figures suggest that shift of tonnage from north to south
has been one factor in increasing the fational man-day output,

but it is probably a minor one.

It will be noted that the comparisons just made apply ex-
clusively to Appalachian areas; they do not apply to Illinois
and Indiana. Development of a large stripping industry and
the widespread use of deep-mine mechanical loading in the late
twenties resulted in substantial inc¢reases in output per
man-day in the Illinois-Indiana area. In spite of this,
I1linois and Indiana lost tomnage heavily during the period
of the twenties. In 1890 about 17 petrcent of the national
production came from these two States; in 1914 and in 1920
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184 BITUMINOUS COAL

the percentages were 18 and 21, respectively. Compared with
this, only 13 percent of the Nation's output came from Illinois
and Indiana in the strike year 1927. Since then the area has
advanced to slightly over 16 percent of the total output of the
country, about the same position that it held prior to 1900.

There can be no doubt that the handicap under which the
I1linois-Indiana area operated during the twenties was largely
incident to adverse wage differentials and unsettled labor
conditions. It is equally obvious that the gain in relative
position after 1927 was due in large measure to exceptionally
favorable costs realized in strip mines and in highly mech-
anized deep mines which were producing progressively larger
percentages of the total tonnage from the area.

Shifts of tonnage have not been confined to major areas;
notable shifts have occurred within States. For example,
almost 20 percent of Illinois output 4o years ago came from
the thin-vein longwall district® in the northern part of the
State close to the Chicago market. This district has declined
as thicker veins in southern areas have been developed. The
accompanying tabulation shows the percentage of Illinois

deep-mine output that came from longwall mines between 1900
and 1936:8

Year Percent Year Percent Year Percent
1900 18.4 1928 2.8 1930 0.7
1809 12.1 1924 2.8 1931 0.8
1912 9.2 1925 1.9 1932 ALl
19156 8.8 1928 1.8 1933 1.6
1918 5.0 1927 152 1934 2.2
1920 4.3 1928 0.8 1935 1.5
1921 2.9 1929 algat 1938 1.4
18922 2.7

In contrast to 18.4 percent of the tonnage produced in these
mines in 1900, the percentage since 1925 has been less than
2.5. All these longwall mines were working thin seams less
than 4 feet in thickness; tonnage per miner was correspondingly

5The more common method of mining in America is the room-and-pillar system
in which pillars of coal are left to support the roof. In longwall mining
the only pillars left are so-called shaft plllars and sometimes pillars along
the mainline haulageways.

6Computed from data in annual Coal Report of Illinois for the years 1900-38
(I11inois Dept, Mines and Minerals),
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BASES FOR ANALYZING LOADING PERFORMANCE 185

low and the piece rate agreed upon to compensate for the
difficult conditions was correspondingly high. The greater
output per man that could be realized in the thick seams
in the southern part of the State was, of course, the chief
reason for the shift of Illinois tonnage from the north to the
south. Although longwall methods were suitable to the veins
in which they were operated, the resource handicap of the thin
seams could not be overcome. The shift of tonnage from thinner
to thicker seams in Illinois occurred between the years 1900
and 1918; as a factor contributing to increased labor output,
it of course applies only to that period.

Data have not been compiled from which it would be possible
to measure the extent to which shifts of tonnage from older
to newer mining areas have increased labor output, but it
appears that the over-all influence of these shifts has on the
whole been favorable. It is not believed, however, that the
joint influence of more favorable resource conditions and con-
centration of production in more efficient mines over the
period covered by this review has increased average man-day
output as much as have technical and managerial improvements.

Changes in Composition of the Working Force

It is probable that the long-time trend of output per man
has also been influenced slightly by changes in the composition
of the working force. While historical statistics of the age
composition of coal miners are meager, the working force
in the past 20 years has contained a larger proportion of
adult men than at the time of the 1880 census. In that year
s percent of the employees above ground and 6z percent of the
underground force were boys under 16 years of age. As early
as the 1889 census fewer boys were reported as being attached
to the industry - 33 percent on the surface and 3 percent
underground. By 1902 the proportion of boys under 16 had de-
clined to 2 percent for both surface and underground employees,
and 7 years later (in the 1909 census) less than 1 percent were

reported in this age group.’

71n the anthracite industry the employment of boys was a much greater problem. In
the 1880 census 43 percent of the surface workers and 9 percent of the underground
workers were reported as boys (age not given). They were engaged mainly in the
breakers as slate pickers. By 1909 the number of boys under 16 had declined to
about 7 percent of the outside force and less than 0.05 percent of the underground
torce, and by 1919 boys had practically disappeared as surface workers.
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186 BITUMINOUS COAL

The introduction of labor legislation, compulsory education,
and the gradual advance in living standards have combined
to reduce greatly, and in most States virtually to eliminate,
the employment of boys underground; this has, in a minor way,
contributed to the indicated gain in productivity.

In the meantime, technology itself was doubtless affecting
the character of the working force underground. The period
from 1890 to 1936 was one of continuous and rapid change
in mining methods. The technical developments are outlined
in some detail in chapter II. Although data are lacking from
which to measure quantitatively their effect on the amount
and kind of labor employed in mining, it is obvious that such
important technical changes could not occur without having
an effect on the composition of the working force of mines
that became mechanized.

Coal-mining literature has not dealt with occupational phases
of mechanization to the extent that it has with the machinery
phase, but a few comparisons of the basic occupations will
indicate the nature of the change that occurred. Probably the
most striking contrast is the ome between the amount of labor
involved in undercutting coal with a pick and the operation
of a modern cutting machine. Likewise, tramsition from man
to animal and then to machine power in haulage is almost
equally significant in its effect not only on the amount but
on the type of human labor required. The available data
in reference to mechanical loading since 1923 make it possible
to measure the effect on unit labor requirements of this
most recent item in mine mechanization somewhat more closely
than earlier technical advances can be measured. Even here,
however, the measurements recorded have to do with the amount
rather than the kind of labor employed.

For knowledge of effects of mechanization on the character
of the working force, reliance must be placed largely on
personal observations, but it is obvious that the type as well
as the amount of labor required to produce a given output
differs in highly mechanized mines and in mines in which many
of the processes continue to be performed by hand. Changes in
the character of the working force are especially pronounced
in the case of a basic change like the substitution of mechan-
ical loading for hand loading; the use of a highly developed
machine such as the mobile loader obviously intensifies the
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change. An employee may have all the qualities required
to do the heavy work involved in shoveling coal and yet not
be able to adapt himself to the machine operations incident
to mobile loading.

In considering such adaptations, two important facts must
be recognized. In the first place, development of highly
mechanized operations in the bituminous industry is not a
unique occurrence; the problem of adaptation is one with which
modern industry is constantly confronted. In the second place,
the activities of so-called hand-loading miners are by no means
confined to shoveling coal into mine cars. Hand loaders
must have skill in laying tracks in the rooms, in setting
timbers, in watching roof, and in drilling and blasting.
Machine operation involves a higher specialization of tasks
than hand loading and necessitates an ability on the part
of miners to operate the machine and to adjust themselves to
its speed. It has not been possible to make detailed studies
concerning the extent to which miners have been able to do
this. Testimony of both operators and miners on the subject
varies considerably, but the point is usually emphasized
that coal mining has traditionally required a high level of
intelligence with alertness and adaptability to new conditionms.

One operator in whose mines mechanical loading now approaches
100 percent has observed that high-school graduates have shown
an inclination to enter his mines - something that rarely
happened in the past. Other operators who have carried mech-
anization a long way have expressed the view that nearly all
able-bodied miners under so years of age readily adapt them-
selves to the requirements of machine operation. However, all
competent observers admit that there are some miners who cannot
make the shift from old to new processes, and the alternative
to throwing such employees out of work is to provide work that
does not require the learning of new skills. Although the
exact nature and extent of changes in the working force as
the result of mechanization cannot be precisely measured,
it seems probable that over the period of almost half a century
covered by this analysis of long-time trends they have had
a tendency to increase labor output.S
85ee F. 6. Tryon and Others, Technology and the Mineral Industries (WPA National

Research Project in cooperation with U,  S. Dept. Int., Bur, Mines, Report No. E-1,
Apr. 1937), p. 20.
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188 BITUMINOUS COAL

SOURCE AND CHARACTER OF DATA

Since 1890 every operator of a bituminous-coal mine producing
Over 1,000 tons per year has been asked to report once a
year to the U. S. Bureau of Mines (before 1925 to the U. S.
Geological Survey) certain simple facts about his business.
These include (1) the number of tohas produced; (2) the aver-
age number of men employed; (3) the number of days the mine
operated; and (4) since 1903, the number of hours in the es-
tablished working day. Similar data were reported in the
census year 1880.

Building upon the fact that the typical coal mine works with
a customary crew of men and adjusts itself to the fluctuation
of demand by intermittent operation, the early statisticians
computed the number of man-days worked at the mine by multi-
plying its reported average number of men employed by its
reported days of operation. The result, divided into the
number of tons produced, yielded output per man per day.
Averages for States and regions were carefully weighted by the
number employed. This system of measurement, refined and
interpreted by later workers, provides the chief reservoir
of information on the productivity of labor in coal mining
and is the one drawn upon in the present study.

Few other industries offer the economist so large a store of
material for inductive studies of the relations of technology
and employment. The record covers not only the machines
installed and the output per worker, but permits analysis
of the interactions of technical change with interfield compe-
tition, wage rates, labor relations, costs, and plant capacity.
The fluctuations in these items may be traced from year to year
through cycles of prosperity and depression. Quantitative
measures of the resource factors which control productivity are
more complete than for any other of the extractive industries.
The record covers all establishments of commercial size,
that is, mines producing over 1,000 tons annually, and it is
reasonably comparable from minhe to mine and from year to year
over a period of almost half a century.

On the other hand, the very comprehensiveness of such a
record is necessarily purchased at the cost of precision in
observation. The system of statistical reporting has been
based upon voluntary cooperation, fotr the collecting agencies
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had no power to compel the submission of reports. It had
to be adapted to the limitations of producers' records and
simple enough to be applicable to thousands of reporting units.
In 1936 the mines of commercial size numbered 6,875, of which
4,218 produced less than 10,000 tons a year. A production
of 10,000 tons represents an annual turn-over of perhaps
$20,000. Hence, a great number of the reports represent
small-scale business.

The results, therefore, are statistical aggregates, or
averages, and not engineering observations. They are in
no sense a substitute for the time studies of the production
engineer or for detailed cost-accounting analysis. They
do show trends and broad relationships in a way that studies
based on isolated cases, no matter how accurately reported,
cannot approach.

Subject to these limitations, the long-time trends of labor

productivity in coal mining are clearly revealed:

(1) In the half-century covered by the record, output per
man per day has increased twofold to threefold.

(2) The increase has been gradual. It is the result of
a continuing process of technical evolution rather than
of sudden revolutionary change. Aside from short-time
irregularities, to which reference will later be made,
the upward course of the output per man-day, when
shown on a ratio scale, follows a straight line from
1880 to 1932. (See figure 1.)

(3) The chief cause of the short-time irregularities in
daily output is found, upon analysis, to be changes
in the length of the working day. Most important
of these is the universal adoption in 1933 of the
8-hour (and later 7-hour) day under the bituminous-coal

code of NRA.
A clearer picture is given by the record of output per man-

hour. This can be calculated beginning with 1903.? Figure 38
shows the trend of output per worker since that year, reckoned
both per day and per hour. Reduced to the hourly basis the
trend approaches still closer to a straight line.

Even on the hourly basis, however, the line of productivity
shows certain irregularities that suggest the existence of

gPrior to 1903 systematic records of the length of the working shift at each mine
are lacking.
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190 BITUMINOUS COAL

Figure 88.— INDEXES OF OUTPUT PER MAN-DAY AND PER MAN-HOUR
IN THE BITUMINOUS-COAL INDUSTRY, 1903-88

(1920=100)
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statistical refraction in the underlying data. Most of the
causes of distortion have been pointed out in earlier reports
of the Bureau of Mines and the U. S. Geological Survey. To
show their bearing upon the subject of this study it will
be in order to describe briefly the factors involved in the
computation of output per worker and the errors of observation
to which, at times, they become subject.

We will consider the items of (1) tonnage produced, (2) aver-
age men employed, (3) share-the-work agreements, (4) days
operated, (s5) man-days (the product of men employed times
days), and (6) hours per day and total man-hours.

Tonnage Produced

The valume of the product in coal mining is readily ascer-
tainable. It is all reducible to the standard net tom of
2,000 pounds. Ninety percent of the output is shipped to
market in railroad cars or river barges, and the number of tons
reported as shipped by the mine operator may be checked against
the number reported as loaded by the originating carrier. An
additional 6 percent consists of colliery fuel, coal made into
beehive coke, local sales, or truck shipments from mines with
rail or river connections, the measurement of which offers
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no serious difficulty. The remaining 4 percent, derived from
"truck" or '"wagon mines", is harder to ascertain, and, since
1923, no attempt has been made to canvass mines producing
less than 1,000 tons per year.l® The total output of the
mines producing over the minimum limit and included in the
statistical record may be accepted as reaching a high standard

of accuracy.

Number of Men Employed

The second element in measuring the output per worker is
the average number of men employed. This presents greater
difficulties.

Until recently the questionnaires used contained no instruc-
tions as to how the average was to be determined, the method
being left to the judgment of the reporting producer. The

methods used have varied.

The Bureau of Mines, however, in making a careful study of
the returns over a period of years, found that the average had
been most frequently derived by adding together the number
of names on the pay roll in each of the 2-week periods during
which the men worked and dividing the sum by the number of
active pay-roll periods.!! This process gives the normal
working force when the mine is operating, excluding periods

1oBased on Minerals Yearbook, 1938 (U. S. Dept. Int., Bur. Mines, 1938), p. 684.

111t is particularly important that this method be followed in certain districts
where the demand is highly seasonal and where the number of men on the rolls
declines sharply in summer and increases in winter. Critical review of the data
indicates that in such districts operators have generally allowed for these
seasonal fluctuatlons and reported a figure representative of the mean for the
year. This is shown by the following comparison of the numbers reported in 1833
and 1934, when the annual average only was called for, with the computed monthly
average in 1936 when data for each month was called for. It 1is clear that the
averages reported in 1933 and 1934 are comparable with the mean of 1835 rather
than with the maximum, as reported in the month of peak employment.

Years when annual average 1936 when monthly pay rolls

only was reported were reported

State T T
Monthly Max imum

1833 1634 mean month
Arkansas 3,871 3,415 3,705 4,053 (Oct.)
Colorado 7,908 8, 094 8, 127 9,578 guec )
Kansas 3,808 3,744 3,860 4,191 (Nov.)
Michigan 1,188 1,668 1,451 1,648 (Dec.)
Montana 1,324 1,671 1,661 1,860 sNov )
Utah 2,808 2,807 2,730 3,689 (Dec.)
Wyoming 3,753 3,760 3,987 4,441 (Dec.)

(Data for the first two columns are from annual reports of the Bureau of Mines;
data for the last two are from F. G. Tryon and Others, Employment and Related
Statistics of Mines and Quarries, 1835, Part I, "Bituminous Coal" (WPA National
Research Project in cooperation with U, S. Dept. Int., Bur, Mines and U. 8. Dept.
Com,, Bur. Census, Report No. E-4, July 1837), p. 11. Periods of shut-down are
excluded from the third column.
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192 BITUMINOUS COAL

of shut-down when only maintenance men are employed. It is
slightly in excess of the number actually working, because
of the inclusion of absentees and because of labor turn-over.l?

Many operators, however, did not take the trouble to average
their pay-roll periods but reported instead the number of men
employed in a "typical" period. When this occurs there is
a strong. tendency to report the most recent pay-roll period at
the time the return is made, usually in January of the follow-
ing year.'® 1If the recent pay roll approximates the average
for the year preceding, this method yields a fair picture
of the normal working force of the mine. When a coal mine uses
its whole crew as long as it has orders for coal and then
shuts down completely except for a few maintenance men, the
typical pay-roll period and the average pay-roll period will be
substantially the same. In ordinary years, therefore, when
employment is neither increasing nor decreasing, no great
error is involved. The chance of error is least in averaging
a group of mines; it increases when onée mine only is considered
because of the special conditions that may always affect

individual experience.#*

In a year of sharp changes in demand and employment, however,
the practice of reporting typical pay rolls would tend to
introduce an element of bias into the employment record.
During a prolonged period of depression the operator tends
to reduce his working force. He may adjust to the decline
of demand by eliminating needless jobs, by shutting down
high-cost portions of the mine, or by ceasing to hire new

12The inflation due to labor turn-over can hardly be great since 1t is confined
to the turn-over occurring within a pay-roll period. Studles by Delos Walker
for the U. S. Coal Commission indicate that the turn-over in bituminous-coal
mines is much the same as in manufacturing industry, averaging 100 percent per
year in 1621. At this rate, the turn-over in a 2-week pay perlod would be
6 percent. Assuming that the average man quits at the midpoint of the pay period,
the actual inflation would therefore be 24 percent, (For data see Report of the
United States Coal Commission [1925], pt. III, p. 1263.)

The effects of absenteelsm are discussed in the section dealing with time worked.

13m a study of 129 shipping mines reporting to the Illinois Department of Mines
and Minerals in 1929 such a tendency was obvious. The department sent out its 1929
questionnaire between Christmas and the first of the year and, as would be
expected, reports were actually made out some time in January 1930. It was found
that there was a definite tendency to report the number of men at work during a
period in January 1930. Admittedly, this 1s a small sample of mines on which to
base conclusions as to bias in reporting on a large scale; however, the U. S.
Bureau of Mines frequently sent out its questionnaire around the first of the year
and found it to be true that returns to the State Department of Mines and Minerals
were usually the same as those made to the Bureau. (From an unpublished manu-
script by J. E. Ely, Labor Productivity in Illinois Coal Mining, prepared for
National Research Project, "Mineral Technology and Output Per Man Studles.")

l4rests applied to census of mines and quarries data for Indiana mines in 1929
showed that 680 percent of the tonnage in the State came from mines in which there
was a varlation of 10 percent or more in employment between the maximum and
minimum months. (See appendix A for a detalled discussion of these data.)
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men as others leave. Under these conditions the number of
men employed in the pay-roll period at the end of the year
would be smaller than the average for the year as a whole.
With the recorded number of men lower tham the average for
the year, the recorded labor output would be higher than
the actual labor output. This happened extensively during
the early years of the great depression, and it is probably
the chief cause of an apparent sudden rise in the output per
man for 1930, 1931, and 1932, all years of sharply contracting
pay rolls,

Conversely, when employment is increasing sharply, the
practice of reporting a recent typical pay roll would overstate
the average number employed and understate the output per
worker. This condition prevailed during the recovery years
after 1932. Its effects were intensified by the shortening
of the working week under the NRA code to 40 hours in 1933 and
to 35 hours in 1934. This reduction in working time, coming
on the heels of the revival in demand, operated to increase
the numbers on the pay rolls. Under these conditions the
employer making out his annual return and setting down, under
the query on average number of men employed, the number on his
latest pay roll would overshoot the mark. Such errors of
overstatement in the numbers employed are among the chief
causes for the apparent decrease in the output per worker
for 1933 and 1934, which appears in figure 38 even when the
ratio is calculated on an hourly basis.

It is clear that the chance of bias from this cause is
greatest during periods of depression and recovery. To guard
against it, arrangements were made in 1935 and 1936 to as-
certain the number of men on the pay rolls at the fifteenth
of each month, from which the average for each mine was then
computed directly by the Bureau of Mines. Beginning with
1935, therefore, the chance of error from this particular
cause was eliminated, and the returans for that year reached
higher standards of accuracy than were previously attained.l®
16The additional detalls secured by the Bureau of Mines at the 18356 canvass were
made possible by the cogperation of the Works Progress Administration. The results
are published in the monograph, Tryon and Others, Employment and Related Statistics
of Mines and Quarries, 1835, Part I, "Bituminous Coal.™ It should be noted that,
in computing the average number employed, pay periods in which the mine was inac-
tive and maintenance men only were employed were excluded from the computation, the
object being to ascertain the numbers employed when the mines were in operation,
The element of intermittent employment so characteristic of coal mining was

taken care of by a supplementary inquiry recording the number of days worked
by the mine.
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194 BITUMINOUS COAL

Share—-the—Work Agreements

The depression has raised another special problem in re-
cording employment by the practice of dividing the available
work among two or more groups of men who labor on alternate
days. Such arrangements for staggering or alternating work
are not to be confused with the practice of operating both
a day and a night shift but relate rather to division of the
available jobs between two groups of men on the same shift,
usually the day shift.

The practice first attracted attention in Illinois, where,
as early as 1932, in an effort to take care of men displaced
through mechanization, the wage agreement with the United Mine
Workers provided that:

In any mechanized mine where men belonging to

the local affected have been thrown out of work

due to such mechanization, the men so affected

shall be entitled to share the work equally up to

the point where the further sharing of work would

impair the efficiency of operation or the quality

of the product.

The provision cited appears to be mandatory. Another clause
of the Illinois agreement is permissive., It provides that men
on the rolls of mines in a given locality may at their option

share work with employees of other mines thrown idle.

Adoption of a share-the-work agreement in a mine creates the
possibility that either of two sets of employment figures
might be returned: (1) the figure which the operator has been
accustomed to report, namely the total number on the pay roll,
or (2) the actual number of men working. Obviously, the number
working is the only valid figure to use in computing labor
productivity. In Illinois the Department of Mines and Minerals
promptly recognized the difficulty and beginning with 1932
asked the owners of mines affected by such agreements to
report both the number of men on the pay roll and the number of
men working. In 1934, for example, it was found that 35 mines
in Illinois were operating under such agreements. The total
number of men on the pay rolls of these mines was reported as
14,139 and the average number working as 11,240, the difference

T
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between the two amounting to 2,899. A sufficient number
of the operators of these mines reported the higher figure to
introduce a definite bias into the Bureau of Mines record
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of output per man for Illinois. Fortunately the State figures
permit correction of this bias in the "mechanized" mines
of the State, at least as far back as 1932. Beginning with
1935 the Federal Bureau made arrangements to ascertain the
actual number of men working. The bias is therefore elim-
inated as far as the mechanized mines are concerned. How far
it continues to affect the hand-loading mines of the State
through the operation of permissive work-sharing has not
been determined.

Similar agreements to share the work at mechanized mines
were made in Indiana, though on a much smaller scale. These
Wwere adequately treated in the statistics for 1935-36 by
the collection of special data covering both numbers working
and numbers on the roll. No basis for correcting errors
arising from this practice prior to 1935 is available.

Outside of Illinois and Indiana the number of staggered-work
agreements appears to be small, at least during the period
covered by this study. The practice is authorized by the wage
contracts for Iowa and Washington, but the authors have found
no instances of definite agreements for dividing the work in
either State which affected the years 1935-36.18 No systematic
search has been made for purely local agreements which may not
be covered by the district contracts, although it is reported
by officials of the United Mine Workers of America that there
are some agreements of this type.

There remains the further possibility that work was divided
among the men during the depression years without formal
agreement of any kind. Such arrangements have undoubtedly
existed, particularly when a company sought to provide some
employment for all the men living in the houses of its camp.
If the company continues to report total names on the pay roll,
the computed man-days would be inflated and the average output
per man correspondingly depressed. Specific data on this
point are lacking. Inquiries made thus far suggest that the
employer has commonly stated the number working rather than
the total on the rolls, and that outside of Illinois and
18yarious district wage contracts during this period provided that preference
might be given to men at 1dle mines in the fllling of vacancles at active mines
(U M« W. of A. District No. 8, Ohio, Oct. 1, 1835, to Apr. 1, 1837, Section 44;
U. M. W. of A. District No. 82, Northern Panhandle of West Virginia, Apr. 1, 1934,
to Mar. 31, 1835). Varlous agreements likewise provided that daymen on idle days
should have an equal division of the avallable work which they usually perform

when the mine hoists. Such provisions, however, do not involve a problem of
double counting between two crews Oof men who work on alternate schedules.
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196 BITUMINOUS COAL

Indiana the factor of divided working time has had no great
effect upon the output per worker. Where the operator reports
actual man-days or man-hours, for example, the chance of
error from divided working time disappears. Where the error
persists, it has generally been overshadowed by other factors
working in the opposite direction. It remains, however, one
of the undeniable hazards in measuring employment under the
conditions of the depression.

The subject deserves further study, partly because there is
reason to believe that staggered employment may increase.
It is associated, for example, with the practice of employing
a swing shift in order to permit operating 6 days a week
rather than being restricted to the s-day week written into
the present wage agreements.

Time Worked

In the American coal industry few mines keep an accurate
record of the time worked by the men. The time of employees
paid by the day can usually be ascertained from the pay rolls,
but for the tonnage or piece workers, who constitute on the

“average about 60 percent of the working crew, no record of

the time spent is ordinarily kept.

An approximate answer to the guestion of time worked is given
by the record of tipple time. Ordinarily, "the tipple runs
when the mine runs." Hence, in the effort to record working
time, the U. S. Geological Survey and U. S. Bureau of Mines
phrased their inquiry:

Total number of full days mine (tipple) was in
operation during the year. Parts of days should
be reduced to equivalent in full days.

The figure reported by the operator, inanswer to this question
was then multiplied by the average number of men employed to
ascertain the total number of man-days worked at the mine.

The result tends to understate somewhat the time of surface
employees engaged in the shops or power plant, or in operating
the hoist, fans, and pumps, since they work on days when the
mines are idle. On the other hand, it tends to overstate
the time of the tonnage workers by the amount of absenteeism.17
17A: any one time some of the men on the rolls will be absent because of 1llness
or other factors. The percentage of absenteeism among the tonnage men was found

by studies of H. B. Drury for the U. S. Coal Commission to average 10 percent.
Report of ithe United States Coal Commission (1825), pt. III, p. 1128.
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BASES FOR ANALYZING LOADING PERFORMANCE 197

Generally, however, the tipple time gives a reasonably con-
sistent measure of the average time worked by the crew in those
districts following the standard custom of operating mine and
tipple on the same schedule.

A bias arose, however, in certain districts where the custom
developed locally of sending men underground to do preparatory
work and even to load coal on days when the tipple was not in
operation. In Utahandin Routt County, Colorado, this practice
had a serious distorting effect upon the calculated output
per man. To obviate this the operator was requested, beginning
in 1932, to report mine time separately from tipple time. The
mine time was then multiplied by the number of men inside
to obtain man-days worked below ground; the tipple time was
multiplied by the number of menm outside to obtain man-days
above ground.!8® This permitted correction of the bias in the
districts in question, though the record after 1932 is not
strictly comparable with that before.i® The influence of this
change in method is noted in the following chapters wherever it
has a significant effect upon the area under discussion. For
the United States as a whole the effect is obviously too small
to impair the comparability of the record.

A wholly different type of bias in the record of working time
arose during the period of car shortage in 1920 and the ypears
immediately following. Increase of traffic and the disturbed
conditions of the war had brought on a congestion of railway
transport, and from 1917 to mid-1923, whenever the demand was
active, the typical mine found that its ability to market coal
was limited by the supply of railroad cars. The cars available
were allocated among the minmes on the line on the basis of
ratings determined by the originating railroad. The standard
system of rating which ultimately developed (known as CS-31)
was based upon the mine's daily capacity. The rating was
determined by dividing the tons shipped by the number of tipple

187pe method still falls to allow for the fact that certaln classes of outside men
working in the shops and power plant, or operating fans and holsts, work more days
than the tipple. Inability to make accurate allowance for the time worked by these
men results in understatement of the number of man-days of surface labor.

19The use of tipple days as a measure of average working time has also at times
given unduly high ratios of output per man in strip mining. As is developed at
greater length in chapter IV, the men who operate the stripping shovel may work
more days than either the tipple employees or those loading coal in the pit,
With the result that man-days computed from tipple time only are too low and
output per man-day too high. Adequate correction for this bias was not possible
until 1935, when data simultaneously collected on dollar wages pald, studied
in connection with the prevalling wage rates, furnished a check on the computed
number of man-days of labor.
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198 BITUMINOUS COAL

hours and multiplying the quotient by the number of hours in
the recognized working day. The lower the number of tipple
hours, therefore, the higher became the rating. As a result
the producer had a strong incentive to arrange his operations
so as to reduce his tipple time, or even to understate it,
thereby inflating hourly capacity and daily rating. It is
believed that some of these understatements of tipple time
were carried over into the annual reports made by operators
to the U. S. Geological Survey. The effects upon the annual
record of working time are first apparent in 1920, and from
that year through 1924 the '"car shortage" bias operated to
overstate slightly the average output per man.?® The effect
was greatest in the newly opened fields of West Virginia and
eastern Kentucky where the congestion of railway traffic was
most acute. Despite the element of inflation there is no
doubt that throughout this period the actual man-day output
continued to increase.

Number of Man—days

Prior to 1932 the number of man-days was calculated for
each mine by multiplying the average number of men employed
by the total days of tipple (or mine) operation. The product
is obviously no better than the two factors from which it
is derived, and the defects in either automatically carry

over into the result.

Beginning in 1932, in an effort to improve the accuracy
of these data, the Bureau of Mines asked all operators who

onhe record Indicates a lag in time between the advent of the car shortage and
its effects upon the annual record of time worked. Car shortage first appeared
in late 1918, and mine ratings early became a subject of controversy. However,
the method of rating mines on the basis of production per tipple hour was not
formally adopted as the national standard until September 12, 1918. From the
armistice to September 1919 car supply was plentiful, and from November 1 to
December 12, 1919 most of the mines were idle on account of a strike. Throughout
1920, however, car shortage was the factor limiting production in virtually all
districts (except for brief periods of the so-called *daymen's strikes®) and mine
ratings were the subject of much attention, and the indications of an effect upon
the reported annual working time are clear. The great suspension of 1922 and the
rallroad shopmen's strike brought another acute car shortage at all mines remaining
in operation; this continued into the early part of 1923. In March 1923, CS-31
(which had been revised in December 1919) was revoked and new mine-rating rules
were issued by the individual carriers. Existing ratings were reviewed and in many
cases sharply reduced. Shortly thereafter the congestion of traffic cleared up
and throughout 1924 there was a car surplus, but remembering past shortages and
anticipating possible future restrictions, operators were still keenly interested
in their ratings. In the judgment of the authors the effects upon recorded working
time continued to have some influence upon the annual reports for 1924. By 1925,
however, all concerned had come to realize that car shortages were over. The
railroad rating had become a routine record, seldom consulted and devoid of
immediate interest, and the effects of this particular bias upon time worked and
therefore upon output per man had disappeared.
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kept actual records of either man-days or man-hours to use
them in rendering the amnual reports.2! Wherever such actual
man-days have been available the Bureau has used them in place

of the former calculated man-days.

Only a small proportion of the operators - chiefly large
companies - have thus far been able to supply such data based
upon actual records. The number is increasing, however,
and fortunately for the purpose of this study, it includes a
great many of the mines that have installed loading machinery.
In 1936 approximately 35 percent of the total number of man-
days worked in the industry as a whole consisted of reports
based upon systematic records, the remaining 65 percent being
computed as before.

In some instances the change from computed to actual man-days
has obviously affected the historical comparability of the
series. In general, the recorded numbers of man-days tend to
run somewhat higher than the old calculated numbers, thus
serving to lower output per man. At individual mines the
change may have a material effect. Nationally the effect
is probably small.

Hours per Day and Total Man—hours

As already pointed out, in order to follow the course of
output per worker it is necessary to allow for changes in the
length of the work shift. This is done by converting man-days
into man-hours by multiplying the former by the number of hours
in the working day. Any defects in the determination of
man-days, therefore, carry over into the record of man-hours.
In addition, the operation introduces a further possibility
of error through difficulties in determining the number of
hours actually worked by the miner.

The published statistics of the Bureau of Mines cover the
length of the established working day and are given in table
B-1. FEach mine reports its standard day, whether 10, 9, 8, or
7 hours. The average for all mines, weighted by the number
of men employed, stood at 8.7 hours in 1903, the year of

earliest record, and at 8.6 hours in 1916. It declined to

8.3 in 1917 and to 8.1 in 1918 as the 8-hour standard spread

21Most of the returns received in response to this request have been in terms
of man-days rather than man-hours.
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to West Virginia and Kentucky in the tightening of the labor
market and the growth of collective bargaining which accom-
panied the war. This change in working hours is reflected in
a downward dip of the curve of output per man-day in figure 38.
Calculated per man-hour, the curve of labor output shows no

break at this point.

It is clear, however, that the official statistics do not
reveal the full extent of the changes that have occurred at
times in hours actually worked. The established working day
does not of itself measure the length of time spent at work.

Men may leave before the mine as a whole stops work. Time
workers may lose fractional days through illness or accident.
In particular, the tonnage men or piece workers who constitute
so to 70 percent of the working force in a hand-loading mine
may quit work early, for the custom of the industry allows them
that freedom. It has never been customary for these men to
punch time clocks, and generally no record is kept of the hours
they spend in the mine.?? Sometimes a man leaves because he
has finished his allotted work for the day, sometimes because
he feels ill or has other interests to attend to, or sometimes
because he has earned enough for 1 day. In prosperous times,
therefore, the normal working day may overstate slightly

the actual number of hours worked.

On the other hand, the decline in labor standards during
the early years of the great depression, from 1930 t0 1932,
led to practices of working longer than the normal operating
day. The published statistics make no allowance for overtime,
Some mines follow the clean-up system by which the miners are
expected each day to load out all coal shot down and the daymen
are expected to bring it to the surface. During the depression
overtime was not always paid for, and it became more common.
Running time was poor and wages extremely low. Miners were
anxious to piece out their meager earnings by working longer
hours. Individual men stayed on after the mine as a whole
stopped loading, or entered the mine on days when the tipple
22This conclusion 1s confirmed by the response 0of producers to the request that
actual man-days or man-hours be reported wherever & record was kept, which has been
carried in the annual questionnalire since 1932. Most of the producers indicating
that a record is kept have reported in terms of man-days rather than man-hours.
This is because it 1s much easler to record a man's presence in the mine during
the day than to record the hours at which he entered and left. Whereas the
proportion of total man-days based upon actual records was 35 percent in 1936, the
corresponding proportion for total man-hours was much less. Conversion of reported
man-days into calculated man-hours necessarily involves the uncertainties of the

actual number of hours worked by tonnage men above referred to. Operators
reporting actual man-hours usually also report actual man-days.
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was idle to prepare their rooms and load an extra car Or two
of coal. None of these practices is reflected in the official
statistics. The nominal working day - doubtless reported in
good faith - increased but little during this period, the
average standing at 8.09 hours in 1930, 8.08 in 1931, and
8.10 in 1932. Were time-clock records available, these hours
would doubtless be increased, especially in the South. The
bias in this instance tends to understate slightly the number
of man-hours between 1930 and 1932; conversely, the tendency
is to overstate output per worker.

Upon adoption of the NRA code working hours were everywhere
fixed by agreement and, with the approval of both employers and
the men, were vigorously enforced. The changes in practice
help to explain the apparent differences in hourly output
before and after the code, which at first sight seem to be
greater than a reduction from 8.10 to 7.02 hours alone would
justify (see table B-i1). The 8-hour day became effective at
all mines on October 2, 1933, and the 7-hour day at all but
a few small local mines on April 1, 193y.

As in the case of man-days, the mechanized mines have been
among the first to develop actual records. On the whole,
therefore, the chances of error in converting man-days to
man-hours are less for the mechanized mines than for the

hand-loading mines.

Summary

The authors are well aware of the limitations of mass data
regarding labor productivity. On the whole there are few
industries for which the available records of man-days and
output per worker are as good as for bituminous-coal mining.
The defects which the statistician discovers are probably
due more to the vigor with which the field of coal has been
explored than to inherent inferiority of its records in com-
parison with those of other kinds of business. Perhaps the
chief lesson to be drawn is the importance to both managers
and mine workers of extending to all mines the practice of
maintaining actual records of man-days or man-hours worked
which the more progressive mines have already developed.

The net effects of the several causes of statistical bias
upon the recorded output per worker may be summarized briefly
by reference to figure 38.
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202 BITUMINOUS COAL

The apparent drop in the daily per-man output in 1917-18 is
due to shortening of the working day in the southern coal
fields. Computed on a per-man-hour basis, no break in the
long-time trend is shown.

The slight upward bend in per-man output from 1920 tO 1924
is due, in part at least, to what has been termed the "car
shortage" bias, that is, to an understatement of the factor
of time worked, carried over, from the system of mine ratings
for distribution of railroad cars, into the annual reports of
number of days operated.

The somewhat sharper upward bend from 1930 to 1932 is due
to a combination of factors associated with the difficulties
of statistical measurement during the great depression. First
and probably most important is the tendency to understate the
average number of men employed in a period of falling pay rolls
by reporting as typical a recent pay roll, representing the end
of the year rather than the mean. Second is unreported over-—
time or time worked on days when the tipple was not loading
coal. Both factors work to overstate output per worker. Over
the industry as a whole they clearly outweigh any share-the-work
arrangements in effect during the same period.

The downward bend in the curve of output per man-hour in
1933 and 1934 is die chiefly to overstatement of the average
number of men employed in a period of rising pay rolls and
partly to the extension of share-the-work arrangements.

These various elements of bias were largely disposed of
in 1935 and 1936 by improvements in the methods of statistical
reporting, chief of which is the collection of monthly pay-roll
figures and of corrective data on the effects of share-the-work
agreements in Illinois and Indiana. These improvements make
the 1935 and 1936 measurements the most accurate yet available.

The explanations cited are given in terms of industry av-
erages. The factors mentioned have been present in some
districts and absent in others. For individual districts
still other influences affect the record; these require spe-
cial analysis.

In the case of particular mines the effects of one or more of
these factors may be'augmented by simple errors of reporting.

For the mass of mines covered by the analysis the percentage
of error introduced by these factors is small.




r—
Lng
er
ork

in
1.ge
i nd

of
cal
011
ork
a ke
le.

Vi
ome
CiLS

pe—

of

age

iy,

[ A IR TPy

BASES FOR ANALYZING LOADING PERFORMANCE 203

Conclusions must, of course, be qualified in the light of
the data upon which they rest. An effort is made to include
in the analysis, at all significant points where explanation
appears necessary, a statement of possible error or of any
lack of conclusiveness in the recorded findings. The find-
ings relate primarily to trends rather than to short-time
fluctuations. Nevertheless, it cannot be seriously doubted
that the data are a useful guide for studying unit labor

requirements in relation to employment.
CLASSIFICATION OF MINES

Basis of Classification

Data on mechanical loading in the records of the U. S.
Geological Survey start with the year 1923, but in comparing
performance of mines that turned to mechanical loading with
performance of those that remained on a hand-loading basis,
analysis was extended back to 1918 and continued through
the year 1935. This was done to include a s-year period of
complete hand loading for both groups of mines. For some
items, 1936 and 1937 figures became available while the study
was in progress but too late to be analyzed in detail without
undue expense and delay. Quantitative measures of performance,
therefore, pertain chiefly to the period 1918-35. The con-
tinued advance of mechanical loading since 1935 is indicated
by the fact that the percentage of the total underground
tonnage of the country loaded by machine in 1936 was 16.3, and

in.193%7 about 20.0, compared with 13.5 in 1935.

The group of over goo mines that had installed and used
mechanical loading devices at one time or another during the
years 1923—-35 wWere classified for the purpose of the study in
two major groups: (1) those whose experience with mechanical
loading was substantial and successful, and (2) those whose
experience was limited and apparently experimental. The fol-
lowing criteria as to loading were used in classifying mines:

(1) Successfully mechanized mines (designated as Group "A").-

All mines that produced 30 percent or more of their
tonnage by mechanical loading in 1935; all mines idle,
or worked out, or abandoned in 1935 but consistently
producing 30 percent or more of their tonnage by me-
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204 BITUMINOUS COAL

chanical loading in 3 years of significant activity
immediately prior to shutting down,?23

(2) Experimentallymechanized mines (designdted as Group "B") .—
All mines that produced less than 30 percent of their
tonnage by mechanical loading in 1935; mines that were
idle or abandoned in 1935 but produced less than 30 per-
cent of their tonnage by mechanical loading in 3 years
immediately prior to shutting down; mines that tried
out mechanical loading and reverted to hand loading.

A series of identical mines in Group "A" that had continued
as producing mines during the whole period of the study was
designated as Group "A-1." The purpose of this segregation
was to show comparability of results with the more inclusive
Group "A" mines, some of which came in as new mines during
the period or were inactive in some years, although they were
important from the standpoint of mechanical loading.

When the data for Group "B" mines were subjected to analysis
it was found that many of these mines had reverted to hand
loading and that the machine tonnage of mines in which there
was 30 percent or less of mechanical loading had slight effect
on average productivity. For that reason it was not deemed
necessary in considering the performance of hand-loading and
machine-loading mines to treat this group separately since,
taking the period as a whole, they were from a practical

Standpoint hand-loading mines. Analyses of performance,

therefore, differentiate Group "A" and Group "A-1" mines from

"all other" mines. The "all other" group includes those mines

that never installed mechanical loading together with Group "B"
mines that utilized it on an experimental or temporary basis.

Performance data in respect to the following items were

tabulated and charted: (1) tons mechanically loaded, (2) tons

cut by machine - percent of total underground production,
(3) number of mines, (y) production, (s) hourly capacity,
(6) men employed,

(7) days operated per year, (8) tons per
man-hour,

and (9) number of men required to maintain 1,000 tons

of hourly capacity. In addition, tables are presented showing

(1) number, production, and tonnage mechanically loaded of

sthjrty percent was used as a dividing point becau
running over 30 percent usually soon appro
process, whereas those runni
on a hand-loading basis.

se 1t was found that mines
ached full mechanization of the loading
ng under 30 percent were clearly still essentially
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Group "A" mines, 1918-35; (2) a comparison of number, pro-
duction, and tomnnage mechanically loaded of Group "A" and
Group "B" mines, 1918-3s5; and (3) growth of mechanical loading
by types of equipment, 1918-36. These tables will be found
in appendix B, tables 20-63. The facsimile of the office
form so1-A used in tabulating data by mines and for summarizing
data for the several areas will be found in appendix G5 adiihe
form is marked to show sources of data and methods used in
computing averages. Tables and charts are presented for the
United States; for Illinois and Indiana in the Middle West;
for central and western Pennsylvania (which includes No. 8
field in Ohio) and for Alabama in the Appalachian field; and for
Wyoming, Montana, Utah, and Washington in the far West. Data
for other areas in which there was mechanical loading in 1935
were not of sufficient significance to warrant presentation
in this form.

To recapitulate:

Group "A" includes mines that successfully mechanized
their loading process;

Group "A-1" (a subdivision of Group "A") includes mines
that successfully mechanized their loading process
and were in operation each of the years 1918 t0 1935;

Group "all other" includes mines that never installed
mechanical loading, together with Group "B" mines,
which did a limited amount of mechanical loading without
becoming essentially machine-loading mines.

A check on the comparative recordof performance for Group L
mines in relation to the group "all other" mines was found
in the fact that performance curves for Group "A" and the
identical series Group "A-1" were in most instances the same.
Fluctuations in Group "A" from year to year were not SO much
the result of changes in the composition of the group as the
result of occurrences within the mines making up the group,
since like performance was registered in the "A-1" group which
was composed of the same mines throughout the period. As
the deviations between Group "A" and Group "A-1" mines were
relatively few, the charts of performance in the two groups
for the most part speak for themselves. In interpreting
the results, reference is made to the "A-1" group only when
there is particular occasion to emphasize likeness or to point
out unlikeness of performance between the two groups.
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208 BITUMINOUS COAL

The crux of the study of performance lies in the record
of labor output or its reciprocal, unit labor requirements.
From the foregoing discussion of statistical procedures it will
be recalled that the labor-output measure was based on computed
rather than actual working time. In analyzing comparative
performance for machine-loading and hand-loading mines, the
data for man-days were translated into man-hours. As pre-
viously noted, defects in the data may affect some of the
short-time fluctuations; they are not believed to distort
seriously the trends for the period as a whole.

Changes in the Composition of Groups

Changes from year to year in the composition of the groups
to which analysis pertains must also be noted in interpreting
results. Within areas where mechanically loaded production
assumed significant proportious, physical, technical, and
managerial conditions in Group "A" mines were in general
superior to those in mines that continued to load by hand.
The hand-loading group of mines, on the other hand, is made up
indiscriminately of the mines that were left after selecting
the Group "A" mines, Group "A" is therefore much more homo-
geneous in its composition thanm the group "all other" mines.
Moreover, by comparing the performance of the more inclusive
Group "A" with that of the identical series Group "A-1",
it is possible to draw fairly accurate conclusions concerning
changes in the performance of the individual mines making
up the "A" group.

For "all other" mines there is no way of determining to
what extent fluctuations in average perférmance are due to
occurrences in individual mines and to what extent to changes
in the composition of the group. As analysis proceeds it will
be noted that performance of the hand-loading group of mines

was greatly influenced by the elimination of mines that were
unable to survive.

In considering differences in performance, both of mechanical-
loading and hand-loading mines, in the years to which this
study pertains, account must be taken of the disastrous decline
which nearly every bituminous area of the country suffered
at one time or another between 1923 and 1933. Fluctuations
in the several factors that reveal performance in the various
mines and areas have quite a different significance when
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related from year to year to a base of total output which
is rapidly declining than they would have if related to a
relatively constant base. The impact of the decline fell with
varying degrees of intensity on different areas and mines
with the result not only that the significance of individual
mines in the total picture was constantly changing but that
a vast number of mines disappeared entirely from the scene.
In general, the hand-loading mines were the ones that suffered
this fate.

Changes in the composition of the group of mines remaining on
a hand-loading basis were so great that records of performance
for the group throw practically no light on the performance
of individual mines. As will be noted, general conclusions
concerning the performance of different sections of this group
can frequently be inferred from known facts concerning occur-
rences in particular areas, as, for instance, the development
of truck mining in Illinois, but such conclusions do not
constitute measures of performance. Although quantitative
figures for the "all other" group of mines have been analyzed
for the purpose of showing general trends as between hand-
loading mines and those that turned to machine loading, extreme
care is needed to avoid applying general averages for the group
to specific mines or to subdivisions of the areas analyzed.

COMPETITION AND REGIONAL DISTRIBUTION

It cannot be assumed that decreases in unit labor require-
ments resulting from machine loading represent a net loss
of employment. Hope of lowering costs through reduction in
labor requirements was the dominant motive that led operators
to install mechanical loading. Areas in which such loading
became particularly significant in the late twenties were
areas that were making desperate efforts to overcome a handicap
of competition not only with strip mines but with deep mines
that had low standards of wages and working conditions. Under
these circumstances pressure was intense to reduce operating
costs in the hope of gaining business or at least of fore-
stalling even greater losses.

Shifts of production between areas reflect in comsiderable

measure an influx of coal from southern Appalachian and other
low-wage areas into markets formerly supplied largely by
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I1linois and Indiana, where wages were relatively high. Bear-
ing in mind that the total tonnage of the country was much
smaller in 1937 than it was in 1918, it is significant that
in 1918 the percentage of the Nation's output that came from
I1linois and Indiana was the same as that which came from
West Virginia and Kentucky, 21 percent, whereas in 1929 only
14.8 percent of the total came from Illinois and Indiana, but
37.2 percent came from West Virginia and Kentucky. Deep-mine
operators in Illinois and Indiana not only suffered from the
general decline of the bituminous industry and from loss
of tonnage to other areas but also encountered increasingly
stiff competition from strip operators in their own area.
Accentuating these factors was the close proximity of large
consuming centers to be served if competitive conditions
could only be met. The promise of immediate return from
machine loading, in the forms of reducea cost and more busi-
ness, was great, and accordingly pressure to mechanize was
well-nigh irresistible.

Not only did mechanization of loading appear as a means
of survival for operators but it gave hope of stabilizing
employment. The fact that loss of business was the outstanding
cause of meager employment created a motive for union co-
operation which was only less strong than the motive which
operators themselves had for mechanizing. Inasmuch as the
extent to which operators in these strongly unionized areas
could benefit from mechanical loading depended in large measure
on the cooperation of labor, a favorable attitude on the part
of the union was of crucial importance. The day rate for
inside skilled labor was reduced in Illinois and Indiana
in 1928 from $7.s50 to $6.10, with corresponding adjustments in
tonnage rates, but more important than this was the cooperation
of the union in fixing rates for mechanical loading. This
joint effort was highly successful, and in the period from
1928 to 1936 the major portion of the mechanized tonnage of the
country came from the Illinois-Indiana area. In the year 1937
the rapid advances of mechanical loading in other areas brought
the Illinois-Indiana proportion of the total machine-loaded
output of the country down to 43 percent, but these two States
have continued to load mechanically an increasing percentage
of their own deep-mine tonnage.?®4
24Un1ess specifically attributed to another source, figures for 1937 and 1938 are

preliminary and may differ somewhat from figures to be published in Minerals
Yearbook.
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Concentration of machine loading in the Illinois-Indiana area
and the fact that the balance of the machine-loaded tonnage
came from scattered areas made these two States the focal point
of mechanical loading during the years following 192%. When
the situation in the area is analyzed it becomes apparent
that the growth of machine loading from 1927 to 1937 was not
a phenomenon that stood by itself. It was a sequel to a whole
succession of technical advances. From the standpoint of
natural resources, of corporate strength, of management,
of labor, and of markets, conditions were highly favorable;
the movement was one that seemed to have promise for both
operators and miners.

Although mechanical loading in the United States was highly
concentrated in the Illinois-Indiana area, the movement was
developed to an even higher degree in Wyoming and Montana.
About go percent of Wyoming tonnage and 8o percent of Montana
tonnage was loaded by machine in the years 1935-37; hand
loading in these States had practically disappeared. The thick
coal seams of the Rocky Mountain areas offer conditions highly
favorable to mechanization of loading. Corporate and marketing
conditions are also favorable, because much of the tonnage
is from captive mines that dispose of their output to their
parent interests, the railroads of the area. It is notable,
however, that with wages on an even higher level than in
I1linois and Indiana, the labor factor is fully as significant
in Wyoming and Montana as it is in the two Midwestern States.
In 1928, when the day rate for skilled labor (trackmen) in
Il1linois and Indiana was reduced from $7.s0 to $6.10, the
Wyoming rate was reduced from $7.92 to $6.72 and the Montana
rate, which is the highest in the country, from $8.39 to $7.19.

During the years following 1927, when Illinois and Indiana
were making rapid strides with mechanical loading, they were
the only States east of the Mississippi River in which there
were regional union agreements; labor standards in most south-
ern and eastern areas were extremely low. It is notable that
mechanical loading did not make any significant advances
in the high-tonnage eastern areas until the National Recovery
Administration and collective bargaining entered the picture
in October 1933 and greatly reduced the wage differentials
between. these areas and the union areas to the west. With

the advance of labor standards Appalachian operators showed
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Table 18.- DISTRIBUTION OF BITUMINOUS COAL LOADED MECHANICALLY,
BY STATE, AND PROPORTION OF STATE UNDERGROUND TONNAGE
LOADED MECHANICALLY, 1985%

Underground tonnage | Fercent of
loaded mechanically total State
State production
Net tons Percent loaded
mechanically
United States 47,177,224 100.0 13.5
Illinois and Indiana 28,280,778 55.7 58.7
Illinois 20,513,082 43.5 55.3
Indiana 5,787,898 12.2 82.5
Wyoming 4,530,032 9.8 89.8
Western Pennsylvania
and Ohio No. 8 field 4,322,865 9.2 8.5
Central Pennsylvania 3,824,405 7l 10. 4
West- Virginia 2,089,322 4.4 2l
Alabama 1,303,853 2.8 15.4
Montana 1,291,373 217 80. 3
Utah 898, 118 1.9 30. 5
Virginia 851, 807 1.4 517/
Western Kentucky 430, 930 0.9 5.8
Washington 429,617 0.9 27.8
Arkansas 292, 0684 0.8 26.8
Tennessee 238,579 0.5 5.8
Colorado 197,319 0.4 3.3
Eastern Kentucky 102, 320 0.2 0.3
Maryland, Missouri, New
Mexico, North Dakota,
Oklahoma, and remain-
der of Ohio 529, 042 1.1 3.6

8F, G. Tryon, L. Mann, and W. H. Young, "Bituminous Coal," Minerals Yearbook, 1937
(U. S. Dept. Int., Bur. Mines, 1937), pp. 831, 833. Data for central and western
Pennsylvania, Ohio No. 8 field, and eastern and western Kentucky compiled from
unpublished records of the Bureau of Mines.

increasing interest in mechanical loading. This was strikingly
true in West Virginia, where machine output advanced from
about 2 million tonms in 1933 to over 15 million tons in 193%7,
and to 20 million tons in 19¢38.

Table 18 shows the distribution by State of tonnage loaded
mechanically in 1935, the last year for which detailed analyses
of performance in hand-loading and mechanical-loading mines
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were made. Illinois, Indiana, and Wyoming produced 65.3
percent of the total machine-loaded output of the country.
Wyoming, Montana, Indiana, and I1linois, in the order named,
headed the list of States in regard to the percentage of their
own underground production loaded mechanically.

Tonnages,loaded by machine in such areas as western Penn-
sylvania, central Pennsylvania, and West Virginia were sub-
stantial, even compared with Wyoming, and they far exceeded
those of other far western areas where machine loading was
important, but the percentage of their own output mechanically
loaded in these important eastern States was small.

Such States as Washington and Utah in the far West and
Alabama and Arkansas in the South, where the percentages
of output loaded mechanically gave the movement local sig-
nificance, produced total tonnages that were too small to
influence the national picture. ZLocal factors and gemneral
business conditions have caused numerous ups and downs in
the areal development of mechanical loading; but, with the
exception of West Virginia where the most significant advances
have occurred more recently, tonnages loaded by machine in 1935
indicate, in general, the progress of mechanization in the
‘areas concerned.

Experience with machine loading in areas other than those
discussed above was rather sporadic during the period ending
in 1933. Discussion is more logically associated with de-
velopments in these areas since 1935 and is therefore deferred
to chapter XI, in which more recent advances in mechanization

are considered.

Among the four States that loaded a major portion of their
tonnage mechanically in 1935, Wyoming was the first State
to advance the movement significantly. In 1923, 1 percent of
the State's tonnage was machine loaded, and this had increased
to 20 percent as early as 1926. Each year of the period under
review has shown an increasing percentage of coal mechanically
loaded. Montana was the latest of the four States to start
machine loading, and the rise here was much more spectacular.
From the first record in 1928, when 17 percent of output was
so loaded, it had increased to 547 percent in 1930 and to
approximately 8o percent in 1932, at which level it has since
remained. In Indiana it was not until 1928 that machine
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212 BITUMINOUS COAL

loading advanced to 20 percent of underground output, and its
increase was gradual but steady through 1933 when it had
reached approximately so percent. Between 1933 and 1934 ma-
chine loading forged ahead at a rapid pace, in the latter year
reaching 63 percent of underground production. Illinois mines
showed a gradual increase in machine tonnage from 1923 to 1926
and a spectacular increase from 13 percent in 1928 to almost
50 percent in 1930 and 60 percent in 1931. During 1932, 1933,
and 1934 there was a decline in the percentage mechanically
loaded, but by 1936, 62 percent was being machine loaded.

COMPARATIVE SIGNIFICANCE OF AREA DATA

The significance of mechanization data for different areas
depends, as previously indicated, on several factors. [n any
over-all statistical analysis, coverage of a fairly large num-
ber of items and reasonably extended time series are essential
since erratic performance in individual items and inevitable
errors of reporting in mass data are accentuated when coverage
is limited. The unit of analysis for the present study is
in most cases a particular State. Performance records for
mechanized- and hand-loading mines were analyzed for sig-
nificant States wherever the number of Group "A" mines was
large enough to avoid revealing operaticas of an individual
concern.?5 There were only a few States in which the number
and tonnages of Group "A" mines were large emough to have
national significance; in some cases, to which appropriate
reference is made, indications of inaccurate reporting throw
considerable doubt on recorded data.

It has already been noted that the high percentages of total
tonnage loaded by machine in Wyoming and Montana give greater
significance to these States in connection with machine loading
than would otherwise result from their tonnages relative to
national output. In addition, Wyoming has done important
pioneering in mechanical loading. All told, the importance
of these areas is primarily in showing results of mechanization
when carried to an advanced stage under rather favorable
resource conditions. However, relatively small total tonnage
25The bituminous areas in central and western Pennsylvania are distinct and are
usually considered separately in a geographical analysis of the industry. In
western Pennsylvania the most important seam is the Pittsburgh, which extends
across the West Virginia Panhandle into eastern Ohio. Accordingly, in order to

avoid disclosures in Ohio, data for western Pennsylvania include mines in the
Pittsburgh No. 8 field in Ohio.
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and special marketing conditions limit the application of this
far Western experience to eastern areas, which produce the
major portion of the Nation's coal. Tonnage in both Wyoming
and Montana is largely from captive mines and is disposed of

to the parent interests of the mining companies.

Turning to the important Appalachian region, records for
mechanical loading prior to 1935 were, for the most part,
too meager to justify drawing conclusions. West Virginia,
which leads all the States in total output of bitumipous
coal, loaded only about 2 percent of its tonnage mechanically
in 1935, and coverage of mines for the period 1918-35 was
too small to justify tabulation of results. About 6 percent
of western Pennsylvania tonnage was loaded by machine in 1935;
records of machine loading in that area before 1935 give no
adequate basis for general conclusions. Central Pennsylvania,
where 10 percent of output was loaded mechanically im 1935,
is the only Appalachian area in which experience during the
period covered is extensive or typical enough to have general

significance.

In spite of relatively meager experience with mechanical load-
ing prior to 1935, the heavy total tonnages of West Virginia
and Pennsylvania give a significance even to their limited use
of mechanical loading which would not apply to the experience
of less important areas. For example, central Pennsylvania,
prior to 1935, had demonstrated the advantages of conveyors
in that area, and valuable experience with mobile loaders
had been acquired in western Pennsylvania. An indication
of the possible future of machine loading in the East is
found in its phenomenal expansion in West Virginia during
1936, 1937, and 1938,

Considering the small amount of the country's tonnage pro-
duced in far Western mines and the limited experience in most
of the Appalachian fields prior to 1935, Illinois and Indiana
remain the two States in which analysis of mechanical-loading
statistics for the period 1918-1935 is significant. In 1935
these two States produced s5s5.7 percent of the machine-loaded
tonnage of the country, and s6.7 percent of their joint output
was machine loaded. Performance records of machine load-
ing in the area span more than a decade of time and cover
a substantial number of mines.
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214 BITUMINOUS COAL

Data for the period ending in 1935 are more nearly adequate
for the Illinois-Indiana area than for any other in the coun-
try, and mechanization in the area continues to advance.
Notwithstanding the spectacular increase of machine loading
in West Virginia since 1935 and substantial advances elsewhere,
Illinois and Indiana together still produced one-half of the
machine-loaded tonnage of the country in 1936. Although
advance of mechanization in areas that produce the major
portion of the Nation's coal was more rapid in 1937 than
it was in 1936, Illinois and Indiana were still producing
43 percent of the machine-loaded tonnage of the country in
1937, far larger concentration than is shown in any other
heavy-tonnage area.

In an earlier chapter attention was called to the importance
of a suitable balance between physical conditions, corporate
strength, management, marketing outlets, and labor in the
development of mechanization. In respect to labor it is true
that before and during the introduction of mechanical loading
serious strikes had occurred throughout the Illinois-Indiana
area, and local difficulties were by no means unknown in the
Periods intervening between the major stoppages. Nevertheless,
relations with labor in this area had for many years been
firmly established on a permanent basis of collective bargain-
ing, and, as already noted, the introduction of machine loading
itself was brought about with the cooperation of labor.

Balancing all the factors, discussed in chapter III, that
determine both progress of mechanization and changes in labor
productivity, it is obvious that these general conditions go
far toward explaining the successful development of mech-
anization in the Illinois-Indiana area. In addition to these
general factors, extremely difficult competitive conditions
created a strong motive, which resulted in translating poten-
tial into actual mechanization within a short period of time.
Taking all the general and special factors together, conditions
for installing machine loading in Illinois and Indiana in

the late twenties should be characterized as excellent rather
than average.




)

EER I S G RS SR R e e (D

 d» Mm@ ® ® d O

(O )5k )

1Y

e

uvs

R R

2D,

ins

CHAPTER VIII

PERFORMANCE OF MECHANICAL- AND HAND-LOADING MINES
IN THE ILLINOIS-INDIANA AREA*

In 1935, out of a total machine-loaded output of about 47
million tons, over 26 million came from Illinois and Indiana.
In 1936 the Illinois-Indiana machine-loaded tonnage stood
at one-half of the total for the country and, in spite of
spectacular advances in West Virginia, it was still 43 percent
of the total in 1937.

The growing importance of machine loading in this area 1is
indicated by the following percentages, for selected years,
that mechanically loaded tonnages are of total deep-mine
output in the same State:?

State 1923 1928 1928 1930 1931 1932 1935 1936 1837

DT nois o0 3.8 13.5 48.0 ©59.4 b57.0 b55.3 62.4 70.7

Indiana Q3N 3290 8203 R 30 SH HRA DNIBH 62 S50 S5 N80 116

Related to competitive and other factors that helped to
stimulate the introduction of machine loading in this area
are, of course, favorable resource conditions and the advances
made in the better-situated mines with regard to mechanization
of other mine processes. Comparison of hand-loading and
machine-loading mines reflects the influence of other phases
of mine technology. Although data are lacking which would
permit segregation of each technical item, it cannot be doubted
that results under machine loading are attributable to a con-
siderable degree to excellence and balance in the general
equipment of leading Illinois and Indiana mines.?

*By Willard E. Hotchkiss and Charlotte K. Warner.

1Based on tables B-23 and B-28. The 1937 figures are estimates of the National
Bituminous Coal Commission.

2A recent unpublished study by J. Edward Ely of 129 Illinois shipping mines
operating in 1929 and 114 operating in 1935, based on data reported to the Illinois
Department of Mines and Minerals for those years, attempted to determine by use of
statistics the relative importance of several technical, physical, and management
factors in explaining the different productivities of mines.

Whatever the scientific merit or the methods used for allocating value to the
several factors considered, an analysis of particular mines in one area for onl
[ Continued
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216 BITUMINOUS COAL

Beginning with early experiments, the movement toward machine
loading covers practically the whole period of the present
study, but the most notable advances have been made during the
past decade. Competitive, managerial, resource, marketing, and
labor factors which stimulated the introduction of machine
loading in Illinois and Indiana were outlined in chapter VII.
It is not necessary to review all these influences, but in
considering the growth of machine loading, note should always
be taken of the system of collective bargaining which for many
years has been firmly established in the area. In spite of
periodic general suspensions and frequent local stoppages,
there has been no likelihood in recent years that the policy
of operating under union agreements would be discontinued.

At the expiration of the Jacksonville Agreement in 1g92%, the
I1linois-Indiana area was surrounded east, south, and southwest
by nonunion areas in which operators were relatively free to

2 [Continued]

two years would not furnish a basis for generallization concerning the importance
of these factors for the industry as a whole. However, a rough statement of the
conclusions reached will give a general ldea of the complex factors by which labor
output 1s Influenced.

The study concluded that the factors listed below explained the major portion
of the difference Iin labor output per man-day among mines by the number of
tons Iindicated:

Machine loading 100-percent mobile loading
over hand loading 3.00

100-percent pit-car load-
ing over hand loading 1.10

Machine haulage Mainline locomotive haul-
age over mule haulage 1.05

Gathering-locomotive haul-
age over mule haulage 0.28

Seam thickness Increase of 1 foot in
thickness (up to 7 feet -
beyond 7 feet, no further
increases) 0.40

Size of mine Large over very small mines 0.95

It will be noted that the productivity factors listed above have to do mainly with
mining technology er thickness of seams. Recalling that Illinois, the mining area
to which these, estimates apply, has relatively thick seams and that this area is
one in which mechanical loading has been highly developed, it i1s interesting
to note that the study allocates an importance more than twice as great to the
factor of mobile loading over hand loading as it does to any of the other factors
enumerated. In the same connection, the indication of relative effectiveness
of the higher-capacity form of mobile loader and of the lower-capacity pit-car
loader checks with comparisons made later in this chapter.

The experience of the 129 mines did not afford an adequate basis for computing
the savings effected by machine undercutting as compared with the old-time practice
of undercutting by hand. Machine cutting had become the general practice in
Illinois, and the mines which did not use machines were probably shooting off
the solid, rather than undercutting by hand.

J. Edward Ely, author of Labor Productivity in Illinois Underground Coal Mining,
a study made for the National Research Project, in which these calculations occur,
was associated with the present study in its earlier stages and had access to all
the basic data. His method of allocating influence to different items in mine
operation is known to statisticians as multiple correlation. The effort represents
a promising approach to the statistical measurement of significant items which
cannot be entirely segregated.
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reduce wages, increase hours, and determine working conditions.
Not only were southern Appalachian operators utilizing their
flexible labor standards to encroach upon the previous markets
for Illinois-Indiana coal, but competition from low-cost strip
operators in the immediate area intensified the pressure upon
underground mines. Miners and operators alike were eager
to remedy these conditions. Factors that helped to facilitate
mechanization in Illinois and Indiana have been previously
enumerated, but the jeopardy from potentially fatal competition
furnished the major impetus given the machine-loading movement

after 1926.

The forces that were stimulating mechanization brought extra-
ordinary results. The foregoing tabulation shows that in 1926
less than 4 percent of Illinois output was loaded by machine,
but 4 years later 48 percent was so loaded. This represented
an eleven-fold increase of mechanically loaded coal. In
Indiana the movement had developed somewhat further im 1926
than it had in Illinois; from 11 percent of total deep tonnage
machine loaded in that year, the percentage increased to

32 percent in 1930.

Although proximity and relative similarity of conditions jus-—
tify consideration of Illinois and Indiana as one major area,
development of mechanical loading in the two States has not
been identical. Because of differences in significant items
of data and in recorded results, separate analysis is made for
the two States. Comparative performance of machine-loading
and hand-loading mines in Illinois and Indiana, successively,
is followed by a composite summary of employment factors
for the area as a whole.

ILLINOIS

Tons Mechanically Loaded

It may be seen from figure 39 that in 1923, when the record
of mechanical loading started, the machine tonnage was in-
significant. Development of the movement during the next
4 years was gradual in Group "A" mines; only 4,446,000 tons
were loaded by machine in 1928. From 1928 to 1931, however,
a phenomenal advance brought machine output to a peak of
21,124,000 tons. A severe drop occurred in the depression
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Figure 89.—- COMPARATIVE PERFORMANCE IN ILLINOIS OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-856

(Strip mines are excluded)
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JND Figure 89.— COMPARATIVE PERFORMANCE IN ILLINOIS OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-85 - Continued

(Strip mines are excluded)

DAYS =T TONS -8-
R E L) 250 e I I I
DAYS OPERATED TONS PER MAN-HOUR
PER YEAR (3-YEAR MOVING AVERAGE®)
200 : - — 1.00
_— .‘T‘GROUP A
“— - .
‘ | :
150 | = 075 — - :
| // e 7] | |
e { — GROUP A7 | | l
V. \ | i e ol | i
NALL OTHER M ‘ | L—"""| ALL OTHER MINES~" | —_—— | §
100 050 ! |
‘ | | i
) = ‘ |
50 - 0.25 ! i
| [
3—‘—; 0 Loy P Lol PRt DA E S FEEES o Ll i) ilth [ N i ;
R 1018 1021 1924 1927 1030 1933 1936 1018 1921 1924 1927 1930 1933 1936 g
4
T MEN -9- }
2000
TON SR 3 ! T i
INS) ~— ALL OTHER MINES\ RN i
\-\‘_J_,_____-\‘ o N i
i
o0 e — >~ GROUP A §
: ——
Aines GROUP A-1”" \ :
| 3
1000 . - i
= 500 TNUMBER OF MEN REQUIRED !
TO MAINTAIN 1,000 TONS i
OF HOURLY CAPACITY
el (3-YEAR MOVING AVERAGE®*) f
3 1936 0 L 1 J L - } | 1 j i | | /| | i ;
1e18 1921 1924 1927 1930 1933 1936 :;
§
N MILLIONS
e 100
YED] * ACTUAL FIGURES FOR I9I8 AND 1935
i oU IES SEE PP -
FeR BRI G EIES 7 WIS 225 Hr Zhael MINERAL TECHNOLOGY AND OUTPUT PER MAN STUDIES
BASED ON TABLE B-20 WPA-NATIONAL RESEARCH PROJECT E-I65
s
ICTION
MINES
———150
25
—
medesmmeabemed -+ O
3 1936

§
it
h
|
-
§
§
{
i
§
i
§
i
g
i
H
:
£
i
i
;
i
i
§
;
!
{
g
§

AR S




§
{
|
1
|
§
i
:
1
H
{
|
i
i
@
%
§1
5

220 BITUMINOUS COAL

year 1932, but by 1935 the total machine-loaded tonnage of the
State stood at 20,164,000 tons.

The mechanically loaded tonnage shown in panel 1 as coming
from "all other" mines reflects, of course, the mechanical
loading of the Group "B" mines. Since Illinois served in
a measure as' a proving ground for mechanical loading during
the twenties, the experience of Group "B" mines, whose use
of mechanical loaders was largely experimental and in many
cases short-lived, is significant. OQOver the 13-year period
from 1923 to 1935, 74 mines were classified in Group "B."
Of this number only 11 were included because they loaded
less than 30 percent of their tonnage mechanically in 1935.
Thirty-four mines installed machine loading for varying periods
and reverted to hand loading, whereas 29 mines put in loading
devices for a year or so and then closed down.

The fact that a total of 63 mines did not continue the
use of mechanical loading suggests that many of the earlier
installations were ill-advised. Some cases no doubt reflected
a vain hope of securing reductions in cost that would enable
the mines to survive the economic pressures. The largest
amount of machine tonnage in Group "B" mines in any year was
2,651,000 tons in 1929. After that time the machine output
of this group declined and stood at only 349,000 toms in 1935,

Tons Cut by Machine

The point has been repeatedly stressed that results achieved
under mechanical loading flow from the joint operation of many
factors, among which mechanization and balanced operation of
other mine processes are outstanding. The only machine proc-
ess other than mechanical loading which could be measured from
Bureau of Mines data is undercutting by machine. Considering
that in the later years of the period covered by the study
most of the tonnage that was not undercut was shot from the
solid,® it would not appear that machine undercutting has
exerted a major influence on the comparative performance
of machine-loading and hand-loading mines.

Group "A" mines and the identical series "A-1" had a high
degree of machine undercutting as far back as 1918. Group "A"
mines increased their percentage of undercutting from %2.6 in

3’I‘his is the technical phrase for blasting without previous undercutting. See
machine-cutting section of chapter II for more detailed discussion.

e
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1918 to 98.6 in 1935. The "all other" group likewise increased
its percentage of machine undercutting substantially during
the early years of the period - from s1.2 percent in 1918 to
72.4 percent in 1926. The leveling off and subsequent decline
were mainly the result of the changing composition of the
group. After 1928 an increasing percentage of the tonnage
of the "all other" mines came from smaller mines in which
machine cutting was not highly developed. The extension of
machine undercutting to cover practically all the tonnage
of Group "A" mines in the later years of the period indicates
its interdependence with mechanical loading.

Number of Mines

Relative stability in the number of Group "A" mines compared
with the drastic liquidation of the "all other" mines is the
notable fact revealed by panel 3. There were s2 Group "A"
mines in 1918 and 44 in 1935; 32 mines remained throughout
the period in the identical series, Group "A-1." The peak
year for the "all other" mines was 1921, when the number
was 434. During the decade 1921-31 the number dropped to 196,
followed by a rebound between 1931 and 1935 to 295 in the
latter year. The increase was due mainly to many trucking
mines which opened up during this period.*

In the analysis of the three groups of mines for which data
have been separately analyzed and charted, it must be remem-
bered that they are not entities of the same kind. Group "A-1"
mines, by definition, are identical throughout the period
and have greater homogeneity than the "all other" mines.
As the phrase "all other" suggests, this group contained mines
of diverse types, and its composition changed from year to
year. Change resulted not only from the great liquidation
of mines in the group but also from the fact that mines which
would fall in this group are more readily opened than are those
which could qualify as Group "A."

Production

Panel 4 shows the steep downward trend in total deep-mine
production from 1920 to 1932 which was the end-result of sharp
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222 BITUMINOUS COAL

fluctuations from year to year. The essential meaning of this
decline becomes clear from analysis of the curve for particular
years in the light of known conditionms.

Disregarding the depression year 1921 and the strike years
1919 and 1922, low production years for almost all areas,
it is notable that the year 1923, during which output would
normally register a big advance to make up for low production
in 1922, showed an output of 10 million tons less than in
1918 and 1920. The year 1923 was regarded as a fairly pros-
perous year; in the later discussion of employment and hourly
capacity it appears that, although tonnage was substantially
below the 1918 peak in 1923, liquidation of capacity had
not yet started. Production declined from 78 million tons
in 1923 to 66 million tons in 1926. In other words, from 1920
to 1926 a drop of about 22 million toms occurred.®

Between 1923 and March 31, 1927, the basic wage of $7.50 per
day remained in force under the Jacksonville Agreement. The
languishing of the Illinois coal industry during this period
and the crisis of the 192% strike were doubtless responsible
for some change in the relationships between the union and
operators. The reduction of the $7.50 rate to $6.10 in 1928
with corresponding reductions in tonnage rates was accompanied
by a program of cooperation under which the spectacular advance
in machine loading occurred. The years from 1923 to 1929
represented a period when, with minor recessions, the business
cycle was swinging upward. Coal production in Illinois in
1928 and 1929 was in harmony with this swing, but from 1923
to 1927 output ran strikingly counter to the general trend
of business. In 1929, after 2 years of substantial advance
in tonnage, output was still 11 million tons less than it
was in 1926.

Production registered a further precipitous decline during
the depression from 55 million tons in 1929 to 27 million toms
in 1932. Partial recovery occurred between 1932 and 1935 and
output stood at 37 million tons in the latter year. Although
analysis of performance terminates with the year 1933, there
5Ac least a part of the decline from 1918 to 1923 may be regarded in the light of
a readjustment from abnormal war and post-war demands, but 1t should be noted that
this short period includes not only a depression but two major strikes. It 1is
reasonable to suppose that any tendency that consumers may have had to substitute

other energy producers for coal during this period was accentuated by the seriously
unsettled condition of the coal industry.
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was a further advance to 42 million tons in 1936, and a de-
crease to 41 million tons in 1937.

The causes for such drastic readjustments as those in the
I1linois coal industry during this period are seldom simple
or apparent. Among forces that can be appraised, competition
of other fuels and improvements in combustion which tended
to reduce the demand for coal must be included with those
already cited. These forces were operative throughout the
industry, but in Illinois they were greatly enhanced by the
intensity of competition with other coals. Coal from low-wage
areas in the East and South was making heavy inroads upon
Illinois markets; urgency of producing lower-cost coal to
meet competition was acute. The accompanying tabulation,
showing average daily earnings of all wage earners, gives
an indication of the influence of the wage factor in the

I1linois situation:®

Date of sample

pay period I1l. Ind. Ohio Pa. Ky. W. Va.

Year

1921=22 Oct. 1-Feb. 15 $8.47 $7.92 $7.49 $8.10 $5.72 §6.389
1924 Oct.-Dec. RIS 8 G ET S 04 6.41. 5.42 D03

192627 Nov. 286-Mar. 22 8.58 7.98 6.81 8.18 4.99 5.45

1929 First quarter 6.84 6.85. 4.91 5.37 4.95 15362k
1¢31 First quarter e8I A 55 4T OB AT 7SS4 56 4.86
1933 February 5.0 521t #2888 ¢ 3.03 3. 01 .12

Comparative rigidity of costs in Illinois deep mines under
the Jacksonville Agreement undoubtedly accelerated the rise
of the stripping industry. Deep-mine operators were beset
on all sides by competition of other fuels, competition of
other areas, and competition of strip mining nearby.

Despite the serious situation with which Illinois deep mining
was confronted, those mines that later turned to mechanical

8

Based on the following Bulletins published by the U. S. Departm

Bureau of Labor Statistics: KHours and Earnings in Anthracite 3nd Ef{:;é;guga%ggi
Mining: Anthracite - January, 1922; Bituminous — WNinter of 1921-22 (Bull. No. 3186,
1922); Hours and Earnings in Anthracite and Bituminous Coal Mining, 1922 and 192U
(Bull, No. 416, Sept. 1928); Hours and Earnings in Bituminous Coal Mining, 1922
‘l"?fgr;ganfgelsgz(ssu(l?ulhb Ng.lsftsgé Nov. )1921",7); Eourspand Earnings in Bituminous Coal
Aining, . . , Y 1930); Wages and Hours of Labor 1 itumi

Mining: 1933 (Bull. No. 601, Aug. 1934). g i R i
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loading fared much better than the mines that did not. In the
years 1918-26 Group "A" mines increased their output from
24 million to 32 million tons, but the Group "all other" mines
declined from 6s million to 34 million tons. Reverting to
panel 31, it will be seen that mechanical loading figured
but slightly in the Group "A" tonnage during this period.
It is also notable that the same upward trend in tonnage char-
acterizes the Group "A-1" mines, indicating that the increase
was not brought about simply by the entry of new mines.

In considering the drastic decline in output of the Group
"all other" mines it must always be recognized that this
group was heterogeneous and included the poorer mines of the
area; in many of them unfavorable resource conditions and
other disadvantages made high costs inevitable. Many of them
could only operate when the price of coal was high, and they
were out of the race when competition forced prices down.
Decline in output of the Group "all other" mines reflected
largely a closing down of mines as the curve for this group
in panel 3 indicates.

Loss of tonnage as a result of the 192y strike was about
the same for both groups of mines; after the strike mechanical
loading advanced materially. From 1928 on, it is a substantial
factor in the performance of mines in the "A" group. In
1928 Group "A" mines loaded 1% percent of their tonnage by
machine; in 1929, 50 percent. At the same time, their output
rose to 30 million tons, a figure but slightly under that
of the 1926 peak. In view of the contrast, not only between
the two groups but in the output of Group "A" mines before
and after the expansion of machine loading, there is every
reason to believe that demoralization of the coal industry in
I1linois would have been much greater than it was if machine
loading had not enabled the mines of the "A" group to lower
costs and thus recover some of the lost tonnage. Mines in

this group were able to increase both their total output
and their share of the business.

In 1928 and 1929 expansion of general business reached its
height, a fact which should be related to the output of both
groups of mines. Moreover, the average efficiency of the "all
other" mines had unquestionably been raised by the liquidation
of weak mines during the years 1923-27. In these circumstances
it is not surprising that decline of tonnage in the "all other"
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group was arrested. Output was about the same in 1929 as it
had been in 192%. Although Group "A" mines lost tomnnage,
they were still able to increase their share of total tonnage
moderately in the years 1930 and 1931; however, the coming
of the depression following the financial crash late in 1929
brought new forces into play.

Decline of industrial demand during a depression tends to
give relatively greater importance to the domestic market than
it possesses in periods of business prosperity. Low transpor-
tation costs frequently enable small mines with inferior
mechanical equipment to compete in a local domestic market.
This fact, and the further fact that by 1927 the weaker mines
in the "all other" group had been eliminated, enabled this
group to weather the depression about as well as the more
highly mechanized Group "A" mines.

An important factor in the ability of the "all other" group
to carry on during the depression and the years of advancing
business following 1932 was the development of a vigorous
trucking industry in Illinois. Improvements in motor transport
and the phenomenal rapidity with which good roads had spread
to most sections of Illinois and to adjoining States in the
early thirties, added to the proximity of large consuming
markets, made conditions almost ideal for the development
of trucking. Meantime, the general unemployment acted to
induce truck operators to seek business at exceedingly low
charges, often sufficient to yield them only the barest levels
of subsistence. The radius for truck shipment is of course
less than for rail shipment, but within that radius trucking
mines often enjoy an advantage in transportation costs and
in elimination of retail charges, factors which are highly
important in the domestic market. Trucking mines have the
further advantage of lower fixed charges, which means that

a higher percentage of their total expense can be adjusted
to the volume of business.

Besides all this, small enterprises that operate with limited
capital do not need to be successful in order to of fer severe
competition to their more efficient rivals. No doubt, in the
absence of proper accounting, many trucking concerns have sold
coal below cost, but as long as original equipment holds
up such concerns can continue in business, and the disaster
that ultimately results from selling below cost may be long
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deferred. Even then, the places of concerns that fail are
frequently filled through reorganizations and the starting
of new ventures. Trucking mines, both the profitable and
the unprofitable ones, are likely to have a permanent place
in the Illinois picture.

To summarize, two circumstances chiefly explain the ability
of the "all other" mines to hold their share of the total
business during the depression: average efficiency had been
raised by the previous liquidation of weak mines, and trucking
mines that had opened had exceptional ability to meet demands
in the domestic market, the relative importance of which
the depression had enhanced.

Reviewing the market position of hand-loading mines from the
standpoint of output, it is notable that their share of total
tonnage declined from 73 percent in 1918 to 37 percent im 1931,
but in the years 1932-35 they averaged about 43 percent of
total Illinois deep tonnage.

In view of the superior ability with which Group "A" mines
escaped liquidation and came to produce a rapidly increasing
share of the total Illinois deep tonnage before machine loading
came into the picture, it is obvious that the classification
of mines that was adopted for the purposes of this study was
in essence a classification into "good" mines and "poor" mines.
Group "A" was made up of mines which throughout the period were
in a relatively advantageous position in respect to resources,
management, corporate strength, trade outlets, and technology.
The "all other" mines, especially at the beginning of the
period, included a disproportionate share of mines whose
relative weakness was reflected in heavy liquidation when
expanding markets gave way to declining markets.

Although the record begins in 1923, panel 1 and table B-21
reveal that mechanical loading was not of sufficient importance
prior to 1926 to influence greatly average efficiency of
Group "A" mines. In analyzing performance of the two groups
of mines it is essential to divide the period from 1918 to
1935 into two parts: (1) 1918 to 1926, and (2) 1928 to 1935.
The strike year 1927 divides the two periods and, because
of its abnormal conditions, has been omitted.

During the period 1918-26 Group "A" mines increased their
share of the area's production of deep-mined coal from 27.2 to
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48.5 percent. Even more significant, the group increased
its total tonnage from 24 million to 32 million tons. In other
words, during this period, which preceded any substantial
development of machine loading, all the impact of the decline
in I1linois tonnage fell on mines of the "all other" group.
Output from this group was 6s million tons in 1918 and 34 mil-

lion tons in 1926.

From 1928 to 1931 Group "A" mines absorbed from so0.6 to
62.6 percent of the total business of the State. From 1932
to 1935 hand-loading mines managed to maintain their relative
position in the market.

Summing up the experience of the two groups of mines for the
whole period from 1918 to 1935, Group "A" mines substantially
held their own during a prolonged period of adversity in the
industry while the "all other" group lost about %s percent
of its tonnage.

Hourly Capacity

The curve for hourly capacity as shown in panel 5 represents
potential hourly output by mines operating with current equip-
ment, management, organization, and labor force. It has been
commonly assumed that mechanization of loading would cause
undue expansion of mine capacity. In order to throw light
on this question, a comparative analysis of the hourly capacity
of Group "A" mines and "all other" mines was made.

Note has already been made of the discrepancy between the
trends of capacity and production in the "all other" group
of mines from 1918 to 1923. It will be recalled that there
were two major strikes and a depression during this period.
Conditions were assumed to be highly abnormal in those years,
and capacity did not become adjusted to the lowered output.
The subsequent loss of capacity in the group after 1923 was
due to the shutting down of a great number of mines.

Hourly capacity in Group "A" mines increased steadily from
13,000 tons in 1918 to 23,000 tons in 192%7. Since this in-
Crease occurred before mechanical loading had reached sig-
nificant proportions, it could not have resulted from that
movement., The decline in hourly capacity that occurred both in
the inclusive Group "A" and the identical series of "A-1" mines
after 1927, at a time when mechanical loading was increasing,
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seems to show that the result of large-scale machine loading
has not hitherto been to increase mine capacity. Looking
toward the future, proof is not at hand to show that in-
crease in capacity will be a major result of the expansion
of machine loading.

Men Employed

Peak employment was reached in the year 1923 when the total
number of men for all deep mines in Illinois was 98,903,
In 1935 the number employed had declined to 41,093. The causes
of this decline are essentially the same as those which brought
about the general decline in the bituminous industry, already
discussed at some length. As will be noted later in discussing
labor output, many more men would have been required to produce
the 1935 output of coal if unit labor requirements had remained
as they were in 1918, but it is highly improbable, other
conditions being what they were, that the actual output of
I1linois in 1935 and intervening years could have been produced
and sold under 1918 unit labor requirements. Shrinking markets
must be set down as the major cause of the decline in the
number of men employed.

Contrasted with this over-all decline, the number of men em-
ployed in Group "A" and in Group "A-1" mines actually increased
during the period 1918 to 1927. In Group "A" 20,265 men were
employed in 1918, and this number rose to 30,689 by 1927,
an increase of si.4 percent. Because of the inclusion of more
mines in this group in the latter year, the percentage increase
in employment in Group "A-1" mines was less - or 39.5 percent.
This increase means, of course, that the entire loss fell
on the "all other" group. From a peak of 72,667 men on the
pay rolls of the mines of the "all other" group in 1923,
the number shrank to only 45,199 men in 192%, a decline of
38 percent. This is the comparative record of the two groups
of mines during a period prior to extensive introduction
of machine loading.

After 1927 Group "A" mines in Illinois turned to mechanical
loading on a large scale, Beginning in 1928 the number of
men employed in both Group "A" and "A-1" mines started to
decline. Whereas 30,689 men were employed in Group "A" mines
in 1927, only 23,446 were employed there in 1929. Inasmuch as
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production was increasing during 1928 and 1929, there can
be little doubt that in those years, unlike the earlier period,
much of the decline in the number of men employed resulted
directly from the widespread installation of mechanical load-
ing. After 1929 the explanation for a decline in the number of
men employed is again complicated by the factor of a declining
market. Between 1932 and 1935, when output was increasing from
the low point reached in the depression, there was no increase
in the number of men employed. Taking the period 1927-35 as
a whole, the number of men employed in Group "A" mines dropped
from 30,689 to 16,118, a decrease of 47 percent,

Turning to the record of "all other" mines during these same
years, the number of men employed dropped from 45,199 in 1927
to 24,975 in 1935, a decline of 45 percent. In other words,
job mortality was nearly the same for the hand-loading and the
machine-loading mines during the period from 192% to 1935 when
machine loading was an important item in the operation of
Group "A" mines. The conditions previously noted which enabled
the hand-loading mines to maintain their relative share of
the tonnage during the years 1932 t0 1935 were of course
in considerable measure responsible for their ability to make
the comparative showing they did in respect to men employed.

As previously indicated, the authors of this report consider
it unwarranted to infer that the number of men employed in
Group "A" mines could have remained at the 1926-2% level
if these mines had not resorted to machine loading. It is
extremely doubtful whether these mines could have met the
competitive conditions with which they were confronted on
the basis of unit labor requirements and unit costs in the
year 1926.

Operators with any chance of retaining business had little
choice about trying to cut costs and, with labor the largest
cost item, this meant cutting labor costs. Union represent-
atives, aware of this fact, presumably entered into cooperative
arrangements for the installation of loading machines, believ-
ing that employment would decline less if costs were lowered.
Among the States east of the Mississippi River, Illinois
and Indiana were the only ones with a wage structure fixed
by collective bargaining. Loss of business to other areas
and consequent decline in the number of men employed would
undoubtedly have been much more serious if the industry in
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230 BITUMINOUS COAL

I1linois had not reduced labor costs. It is highly probable
that more jobs would have been lost if Group "A" mines had
continued to load coal by hand.

To summarize, for every 1,000 men employed in Group "A" mines
in Illinois in 1923, 1,170 men were employed in 1927, an
increase of 170 men per thousand. In the "all other" group,
on the other hand, only 620 men were employed in 1927 for every
1,000 men. employed in 1923. This was a period when mechanical
loading was insignificant. During the period 1927-35, When
mechanical loading was increasing rapidly in Group "A" mines,
there was little choice between the two groups of mines from
the standpoint of job security. Of every 1,000 men employed
in Group "A" mines in 192%, 325 men were employed in 1935; Of
every 1,000 men employed in the "all other" group of mines in
1927, 550 were employed in 1935. Looking at the period 1918-35
as a whole, job security was much greater in Group "A" mines
than in those of the "all other" group. Of every 1,000 men
employed in Group "A" mines in 1918, approximately 8oo were em-
ployed in 1935; of every 1,000 men employed in the "all other"
group of mines in 1918, less than yoo were employed in 193s.
In other words, job mortality was three times as great, for the
period as a whole, in the mines of the "all other" group as it
was in Group "A" mines. This, of course, is merely restating
that Group "A" mines were on most counts greatly superior
to the "all other" mines.

Share—the-Nork Agreements and Numbers Employed.- Before
closing this analysis of the trend of employment, recognition
should be accorded to the local share-the-work agreements
adopted by the Illinois operators and the miners' union in
an effort to mitigate the impact of mechanization upon the
employees of the industry. Reference has already been made
(chapter VII) to the provision of the State wage contracts,
adopted as early as 1932, authorizing the staggering of work
among the employees of the mines affected by mechanization.
It is known that in 1935 local agreements for dividing work
were in effect at 27 Illinois shipping mines, excluding strip
pits. At these mines the difference between the average
number of men actually working and the total number on the
pay rolls was reported to the State mining department as 2,617.
It is apparent, therefore, that the share-the-work agreements
of Illinois exercised an appreciable influence in reducing
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the number of men displaced. In effect, the share-the-work
contracts had preserved 2,617 jobs, although thereby reducing
by approximately 20 percent the average number of days of
working time available to each man on the rolls.

Most of the jobs preserved by the share-the-work agreements
were at the highly mechanized mines. Twenty of the mines enu-
merated belonged to Group "A." Seven were in the "all other"
group, four being incompletely mechanized mines classified
in this study as Group "B" mines and three being hand-loading
mines. For all of the 27 mines the figures for men employed
in 1935 represent the average number of men actually working
rather than the total number on the rolls. If allowance
is made for the practice of dividing work, the total number
of men on the pay rolls of the Group "A" mines in 1935 is
increased by 1,722 and becomes 1%,840. Similarly, the total
number of men on the pay rolls of the "all other" mines is
increased by 895 and becomes 25,870. On this basis, the
decline in number of jobs between 192% (before share-the-work
agreements were developed) and 1935 is reduced to 42 percent
for the highly mechanized mines of Group "A" and to 43 percent
for the mines of the "all other" group.

Days Operated per Year

Employment opportunity in an industry is reflected not only
in job security but in the availability of work as indicated
by the number of days each year a person is actually at work.
In this, Group "A" mines make a much better showing than the
group "all other" mines. Panel 7 reveals the superior position
of this group of mines both before and after the installation
of machine loading.

For the years 1923 to 1926 Group "A" mines averaged 27 more
days of operation per year than did the "all other" group.
The low points of operation in 1927 and 1928 were the result of
suspensions that were in progress from April to October of 1927
and from April to midsummer of 1928. Leaving these strike
years out of the count, Group "A" mines again averaged more
days of employment than did the Group "all other" mines during
the years 1929-31. In 1932, another strike year, Group "A"
mines dropped below the "all other" group, but they regained
their advantage immediately thereafter and held it to the
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end of the period. During 1933, 1934, and 1935 Group "A"
mines averaged 24 more days per year than did mines of the
"all other" group. Considering the joint effect on employ-
ment of the number of men employed and the number of days
worked, it is clear that opportunity for higher annual earnings
from 1923 to 1935 was greater in Group "A" mines than in
"all other" mines.

Tons per Man—hour and Number of Men Required to Maintain

1,000 Tons of Hourly Capacity

Panels 8 and 9 reveal the fact, which has been emphasized
repeatedly, that mines included in Group "A" required fewer
men per unit of output than mines of the "all other" group.
Panel 8 records increases in labor productivity expressed
in tons of output per man-hour of labor; panel ¢ expresses the
same result in reciprocal form - the number of men required to
maintain 1,000 tons of hourly capacity. In relating changes in
labor productivity to advancing technology, whenever improved
output results from increased expenditures for equipment the
resulting higher productivity is a gross gain rather than a net
saving. Carrying charges on the new equipment must be deducted
from the decrease in labor cost to establish the net savings
reflected in profits.

As an approach to the question of how mechanical loading
affected labor output, the years 1918-35 are divided into three
periods: 1918-22, 1923-27, and 1928-35.

During 1918-22 both groups of mines were hand-loading, and it
will be noted that from 1918 to 1921 both groups registered
substantial decreases in unit labor requirements. Moreover,
the recorded decreases are greater for Group "all other" than
for Group "A" mines. The latter required 150 fewer men to
maintain 1,000 tons of hourly capacity in 1921 than they
required in 1918, whereas the "all other" group of mines
required about 200 fewer men.

The authors believe that these figures contain more than
normal inaccuracies and that they somewhat overstate the
decrease in unit labor requirements for both groups of mines.
As explained in chapter VII in discussing known biases in
the figures, the period from 1918 to 1922 was one of acute
railroad-car shortage. The system of car allotments caused
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a bias in the direction of overstating mine capacity, and these
inaccuracies in reporting tended to carry over to some extent
into operators' returns to the United States Geological Survey,
with the result that increases in labor output or, conversely,

decreases in unit labor requirements were accentuated.’ There
is no doubt, however, that unit labor requirements in both

groups of mines decreased substantially during this period.

A somewhat different picture is shown for the period 1923-27.
Group "A" mines loaded 0.5 percent of their tonnage by machine
in 1923, 0.9 percent in 1924, 2.9 percent in 1925, and 6.1
percent in 1926. The Bureau of Mines compiled no data on
machine loading in 1927. It is apparent that the direction of
productivity curves for Group "A" mines could not have been
influenced in any material way by machine loading at this time.
Decrease in unit labor requirements for Group "A" mines was
very gradual during this period, as indeed it had been from
1921. This, together with the fact that so large a percentage
of their tonnage was cut by machine, indicates not only that
these mines had already taken advantage of most of the im-
proved technology then current but also that their mechanized
processes were well advanced, which is known to be true.
Unit labor requirements in the "all other" group of mines
showed practically no change between 1923 and 1927.

For the period 1928-35 the picture again changes. Group "A"
mines loaded 17 percent of their output by machine in 1928,
76 percent in 1930, 93 percent in 1932, and 95 percent in
1935. In 1928 unit labor requirements in the group started
a downward sweep which continued through 1935. It required
350 fewer men to maintain 1,000 tomns of hourly capacity in 1935
than it did in 1927, an over-all decline of 26 percent.

Although the correlation between increase in machine loading
and decrease in unit labor reguirements is obvious, it must
again be recognized that many factors that have influenced
productivity of Group "A" mines cannot be brought within the
scope of quantitative measurement. It must also be recognized
that introduction of mechanical loading did not stand by
itself as a segregated policy of management; to be successful
it had to be incorporated in a synchronized program which
included all the technical and management processes of a mine.

‘For further discussion of the car-shortage bias, see chapter VII, ftn. 20.
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Nevertheless, extension of mechanical loading was a focal
point in managerial policy during this period, and without
it unit labor requirements could scarcely have decreased
to the extent reflected in panel 9. The slight change in unit
labor requirements during the years 1921 to 1927 indicates
that the forces that brought about the downward trend of labor
requirements in earlier years were about spent by 1921. The
new forces that accentuated the decrease in labor requirements
after 1927 were closely associated with the introduction
of loading machines.

The curve for unit labor requirements in the "all other"
group of mines remained almost constant between 1927 and 1930
as it had between 1921 and 1927. After 1930 the record is
obscured by errors in reporting. The authors believe that unit
labor requirements in this group of mines did not change
greatly between 1930 and 1935, and this belief is strengthened
by two checks made on the labor-output data for these years.

In the first place, unit labor requirements remained almost
constant between 1921 and 1930 although the composition of
the "all other" group changed greatly during this period.
After 1930 it is true that this group included an increasingly
large number of trucking mines, but the virtual equality
of requirements in 1930 and 1935 indicates that trucking
mines were not preeminently responsible for the intervening
rise. In the second place, as originally reported to the
Bureau of Mines, unit labor requirements in Group "A" mines
tended to rise in the years from 1930 to 1933 as did those
in mines of the "all other" group. It was possible in the case
of Group "A" mines to make a correction for divided working
time, and when this correction was made, the downward trend
of unit labor requirements remained substantially the same

during these years.

Comparative Labor Requirements With Mobile Loaders

and Pit—Car Loaders

Mobile loaders and pit-car loaders are the types used almost
exclusively in Illinois. The pit car is one of the simplest
loading devices, being merely a mechanical aid to hand loading:
the mobile loader, on the.other hand, represents almost com-
plete mechanization. In order to show the comparative effect
of different types of equipment upon productivity, a study
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of unit output was made for selected mines during a period of
hand loading and for the same mines during a period in which
loading equipment of the type being studied was in use.®
Included in this study were 17 Illinois mines using mobile
loaders and 21 Illinois mines using pit-car loaders. In the
mines using mobile loaders 33 percent fewer men were required
to maintain 1,000 tons of hourly capacity than had been re-
guired in the same mines during a representative period under
hand loading. In the 21 pit-car mines 17 percent fewer men
per 1,000 tons of hourly capacity were required than during
the period of hand loading.

In discussing different types of loading equipment emphasis
is directed to the fact that they apply mechanical power in
varying degrees of intensity and have correspondingly different
influences on unit labor requirements. The comparisons just
noted illustrate this point. Figure 40 embodies a more com-
prehensive proof of the same point (see also table B-2y4).
In the upper panel is shown the mechanically loaded tonnage
of Group "A" mines broken down by type of mechanical equipment
used, and in the lower panel is shown the composition of
Group "A" average unit labor requirements by type of loading
equipment.® Since the average effect of mechanical loading
on labor output was not great prior to 1928, the following
analysis by types of loaders is confined to the period from
1928 10 1935.

For mines using mobile loaders the average number of men
required to maintain 1,000 tons of hourly capacity in 1928
was 1,232; this number declined to 836 in 1935, a drop of
32.1 percent., On the other hand, unit labor requirements
for mines in which pit-car loaders predominated declined
from 1,305 men per 1,000 tons of hourly capacity inm 1928 to
1,182 in 1935, a drop of only 9.4 percent. Performance of
mines that shifted from pit-car to mobile loaders followed
BAs the mines selected for comparison are scattered throughout several States,

the table containing the results of the study is shown in chapter XI, which deals
with over-all findings for the United States. See chapter XI, table 19.

9The division of Group "A" mines fell logically into three groups: (i) mines that
used only mobile loaders or in which they were used for at least two-thirds
of the mechanically loaded tonnage for at least 3 years, (2) mines that used
only pit-car loaders or in which they were used for at least two-thirds of the
mechanically loaded tonnage for at least 3 years, and (3) mines that started their
mechanical-loading program with pit cars and changed to mobile loaders at the end
of the period. A few mines that could not be classified under any of the above
groupings had to be omitted.
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Figure 40.- TONNAGE MECHANICALLY LOADED AND UNIT LABOR
REQUIREMENTS AT GROUP "A" MINES IN ILLINOIS,
BY TYPE OF LOADING EQUIPMENT USED,
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Figure 41.- AVERAGE INCREASE (OR DECREASE) IN TONS PER MAN-HOUR
IN A MECHANICAL-LOADING PERIOD, 1981-85, OVER A HAND-LOADING
PERIOD, 1918-22, FOR 48 ILLINOIS GROUP "A" MINES,

BY TYPE OF LOADING EQUIPMENT USED
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The figures represent the combined result of all factors influencing
output per man-hour in the course of the 18 years from 1918 to 1935. The
hand-loading period represents in each case the ave-age for the 5 years
1918-22 (centering therefore on 1920). The mechanical-loading period
represents in each case the average for the 5 years 1931-35 (centering
therefore on 1933), except that in a few instances the mines were not
loading mechanically in 1931 or 1932, in which event a shorter period was
used. It is obvious that the savings reflect many other factors besides
mechanical loading, such as changes in cutting, haulage, preparation, labor
efficiency, and management, and also whatever alteration in seam conditions
may have occurred.

roughly the course of pit-car mines until 1930 and thereafter
showed a greater reduction in labor requirements. In other
words, this third group consisted of mines using pit-car
loaders at the beginning of the period and mobile loaders
at the end of the period, and their performance reflected
this fact.

The previous measures of savings have dealt with averages,
but it is also valuable to show performance records in in-
dividual mines in Group "A." Figure 41 presents the average
increase (or decrease) in toms per man-hour in a highly mech-
anized period over a hand-loading period for a selected group
of 43 Illinois mines. Forty of these mines used either mobile
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238 BITUMINOUS COAL

or pit-car loading equipment, whereas in 3 mines equipment
was mixed .10

From the performance record of mines it becomes clear that
the type of equipment used has an important influence on the
results obtained under machine loading. Since the different
types of equipment embody the application of mechanical power
in different degrees of intemsity, it is inevitable that their
effect on productivity would vary. Nevertheless, analysis of
I1linois mines, confirmed by the performance of mines in other
areas, indicates that output per man-hour and, conversely,
unit labor requirements, vary greatly between individual mines
both under hand loading and under machine loading even when the
same type of equipment is used. This showing again emphasized
the point that conditions other than type of equipment used
always influence labor output.

A time factor also enters into the performance of pit-car
and mobile-loading mines in Illinois to a greater extent than
it does in the performance of mines in most other areas.
The pit-car loader was the initial type of equipment and
represented mechanical loading in an early stage. For that
reason pit—car loaders were used in the earlier years in mines
that were later found to be well adapted to the use of mobile
loaders. The history of mechanical loading in Illinois and
Indiana has followed similar lines.

The mobile loader has undergone substantial changes in recent
years with the idea of making it adaptable for use in thin
seams from which it was formerly excluded because of its
bulk. These changes are not expected to overcome all the
effects of thin seams on productivity, but replacement of
less-effective by more-effective equipment will unquestionably
tend to make labor more productive under machine loading in the
future than it has been in the past. The Illinois-Indiana area
has been an important proving ground for mechanical loading.
It follows that replacement of pit-car loaders with mobile
10The highly mechanized period for the majority of mines covered the years 1831
to 1935, and the hand-loading period the years 1918 to 1822. Seventy-five percent
or more of the total tonnage was loaded mechanically for at least three of the
five years 19831-35. The separation of mines into groups using either pit-car
loaders predominantly or mobile loaders predominantly was on the basis of the mines
us ing one type of equipment for at least two-thirds of their mechanically loaded
tonnage for 3 or more years. Several mines shifted from pit-car loaders at the
beginning of the period to moblile loaders at the end, and these were classified
separately. This somewhat arbitrary classification was set up so that there would

be a degree of comparabllity between the various mines shown. Thirteen mines which
did not meet the above tests were not included in this selected group.
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loaders in this area will have considerable significance
for the industry as a whole, especially in view of current
changes in design which enlarge the field of operation for
mobile loaders.

INDIANA

Without in any sense minimizing the significance of the
development of mechanical loading in Indiana, particular
attention will be directed to the points of difference between
I1linois and Indiana. Competitive conditions that faced
I1linois mines were fully as severe in Indiana, and in respect
to strip mining they were and are locally perhaps even more
severe because strip mines have produced in recent years
a larger percentage of total tonnage in Indiana than they
have in Illinois. A summary of the data used in analyzing
performance of Indiana mines may be found in figure g42.

Tons Mechanically Loaded

Considering the period from 1923 to 1935 as a whole, the
advance of mechanical loading has been somewhat more steady
in Indiana than in Illinois, and the percentage of Indiana
deep-mine output loaded by machine in 1935 was 62.5 percent
in comparison with ss.3 percent for Illinois. Indiana produced
12.2 percent of the total machine-loaded tonnage of the country
in that year; Il1linois produced 43.5 percent. The phenomenal
rise in mechanically loaded tonnage that took place in I1linois
between 1928 and 1930 is lacking in Indiana, but from 1932 to
1935 the increase in mechanical loading was more pronounced
in Indiana,

Another significant difference between the two States con-
cerns changes in the composition of Group "A" mines. These
changes were much greater in Indiana, where a substantial
number of mines were added to the group during the period and
a number dropped out. Because of this the curve for loading-
machine tonnage for Group "A" mines deviated more widely from
the curve for Group "A-1" in Indiana than in Illinois.

The only year from 1923 t0 1935 in which Group "A" mines
showed a decline in mechanically loaded tonnage was 1932,
when the amount was only 247,000 tons less than it had been
in 1931. Group "A" mines made a striking advance between




i
%
i
5
f
i,
{
I
§i
£
!
§
3
f Figure 42.— COMPARATIVE PERFORBMANCE IN INDIANA OF UNDERGROUND
i MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
1
} OTHER UNDERGROUND MINES, 1918-85
1
1
i (Strip mimes are excluded)
E TONS IN MILLIONS == PERCENT =i2= DAYS
o I [ ane: 300
|7TON5 MECHANICALLY
£ LOADED
%: 8 |
8
&
i 200
i, 6
‘i OTHER erLEs
1 4
$§
# GROUP A 100
5 25
H 2 GROUP A-l - TONS CUT BY MACHINE
2: = ,__én’j’: (PERCENT OF TOTAL
ALl MINES
{ e i e UNDERGROUND PRODUCTION) J
} o [ i e S e o e s et s )
i- 1918 1921 1924 1927 1930 1933 1936 1918 1921 1924 1927 1930 1933 1936 o
2‘. NUMBER =3 TONS IN MILLIONS TONS IN MILLIONS -4-
i 300 30 i
! ":/\,\ NUMBER OF MINES PRODUCTION
A (NET _TONS)
!‘ 200 20 -
\ 4 TOTAL PRODUCTION J
; X INDIANA DEEP MINES »\
= S \
[ ALL OTHER M\NES/ Ntk Y F\_,\ S TOIANA DEEP MINES
i S SN | ALL oTHER mines””  \] T
| 100 o = 10 10 + .
A GROUP A
! N
GROUP A
j | N._,_._—-T._,-"“l——;?'\.\ L~ = J
F'— GROUP A-1™y GROUP A-1 L e
: 0 'f_'x_‘i_u‘_l"T'n_“n_ bty iy o Ty e My e ° ) {Lanll L L: ’? (L (B TREEN] I
i 1918 1921 1924 1927 1930 1933 1936 1018 1921 1924 1927 1930 1933 1936
|
| TONS PER HOUR -5- TONS IN MILLIONS MEN == TONS IN MILLIONS *
} 20,000 30 30,000 30 ACT
'
i '\. \ HOURLY CAPACITY '\‘ A MEN EMPLOYED
l‘ A A " FOR |
L 3 BASEI
| 15,000 -
TOTAL PRODUCTION
f / INDIANA DEEP MINES — 20 20,000 20
(
P 10000
\ TOTAL PRODUCTION
\\- C\INDIANA DEEP MINES
S 10 10000 = o 10
1 5,000 GROI Sl z
i / \ \\-‘
S —
F) == A e e
1 ——TerOUP A-I—~ | —" ] R b S
¥ 0 L 0 0[— ey R £ | 56 Sy (] (T 1 0
Is 1018 1921 1924 1927 1930 1933 1936 1918 1921 1924 1927 1930 1933 1936
¥
i.

i
f
|




'\\‘

] 1936

33 1936

IN MILLIONS
—30

'YED

20

i
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242 BITUMINOUS COAL

1932 and 1935 as more mines in the group turned to mechanical
loading. Group "A—1" mines advanced only moderately during
these years.

Many of the earlier installations in Indiana were short-
lived, sometimes on a trial basis, and freguently discarded
after a short period. Of 29 mines classified in Group "B" over
the period, only 2 were in Group "B" because they loaded less
than 30 percent of their coal mechanically in 1935. Seventeen
mines put in loading machines for various periods and then
reverted to hand loading, while an additional 10 mines tried
out loading devices for 1 year or more and then shut down.
The peak year for production in Group "B" was 1930, when their
mechanical loading totaled 987,000 tons. By 1935 Group "B" had
almost disappeared, only 20,000 tons coming from these mines.

Tons Cut by Machine

A greater fluctuation was registered in the percentage of
tonnage cut by machine in Group "A" and "A-1" mines in Indiana
than in Illinois, but about the same over-all increase oc-
curred. The percentage cut by machine in the "all other" group
continued to increase through 1934, when it reached a peak
of 86 percent. In Illinois, on the other hand, the "all other"
group tended to level off dfter 192%7. Apparently no let-up
occurred in the efforts of the Indiana mines left in this group
to better their position in respect to machine undercutting.

Number of Mines

In I1linois the total number of mines in Group "A" decreased
over the years; in Indiana the end of the period saw 9 to
10 new mines in the picture. There were only 10 mines in the
identical series Group "A-1" in Indiana, a smaller percentage
of the total "A" group than in Illinois.

The "all other" group in Indiana decreased in number from
291 in 1919 to a low of 100 in 1934 with a small increase
indicated in 1933. In Illinois the drastic liquidation in
number of mines was stopped in 1931, after which the number
increased through 1935. The apparent difference between the
two States is partly a matter of statistical coverage, the
returns for small mines in Indiana being less complete.
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Production

The deep-mine industry in Indiana suffered more severe
tonnage loss than in Illinois. In 1918 underground production
was 29 million toms; in 1929 it had declined to 13 million,
a loss of 55 percent. During the depression years a further
decline to 73 million tons in 1932 occurred. From the de-
pression low, tonnage increased to 10 million tons in 1936
and then dropped to ¢ million in 1937.

Between 1918 and 1926, when mechanical loading was of little
significance, output in the Group "A" mines rose from 4 to
6 million tons, the trend paralleling that of Illinois. It
should be noted in this connection, however, that the identical
"A-1" mines in Indiana showed a much smaller increase, from
2,800,000 to only 3,253,000 tons, The "all other" mines took
the whole impact of the over-all loss in tonnage.

In the period 1927-32, when Group "A" mines were inten-
sifying their efforts to mechanize loading, production showed
little variation - ranging roughly from 3% to 4% million tonms.
Indiana "A" mines registered an advance between 1932 and 1935
from 33 to 6 million tonms. In 1935 Group "A" mines were doing
the same volume of business as in 1926. The "A-1" mines did
not fare quite so well and in 1935 were still over a million
tons short of reaching the 1926 level. Production in the
"all other" group continued to decline from 19278 EOETO3 .
The ability of the Illinois hand-loading mines to retain their
relative place in the market after 1929 was not paralleled
in Indiana.

Summarizing the period as a whole, Group "A" and "A-1" mines
were able to hold their own in the face of a disastrous decline
in the total business of the area. Because of the tremendous
tonnage losses taken in the group of hand-loading mines,
the "A" mines were able to increase their share of the tonnage
from 13 percent in 1918 to 65 percent in 1935,

Hourly Capacity

Hourly capacity in both "A" and "all other" mines increased
sharply up to 1923. Since then the capacity of the "A" group
has remained much the same, indicating that increased mech-
anization of loading has not caused further expansion of
Capacity. Failure of capacity in the "all other" group to
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244 BITUMINOUS COAL

adjust itself to declining production levels in the immediate
post-war years was remedied after 1923, and the tremendous drop
in capacity reflects the drastic liquidation of this period.

Men Employed

Employment has suffered serious declines in Indiana. In
1923, 33,780 men were employed in underground mines; by 1934
this number had fallen to 8,487 and in 1935 it increased
to 8,765,

Most of this shrinkage occurred in the hand-loading mines.
Although the number of jobs in Group "A" mines decreased
by 4o percent in 1935 from the peak employment year 1923,
the group so increased its share of the total business that
reduction in jobs was much less than it was for the "all other"
group. The over-all loss in employment in the hand-loading
mines was from 27,000 in 1923 tO 4,652 in 1935, 2 decline
of 83 percent.

A miner's chance of holding his job in Indiana was much
better, taking the 17-year period as a whole, in a Group "A"
mine than in a hand-loading mine. Of every 1,000 jobs in
Group "A" in 1923, 600 jobs remained in 193s. In the hand-
loading mines, on the other hand, only 170 jobs were left
in 1935 for every 1,000 available in 1923.

It should be noted that the figures for men employed in 1935
represent, in the case of certain mines known to have operated
under staggered-work agreements, the average number working
rather than the total number on the rolls. If allowance were
made for the practice of dividing work, the total number of men

on the pay rolls would be increased by several hundred workers,

most of whom were employed at the mechanized mines.

Days Operated per Year

Superiority in annual working time in Group "A", compared
with "all other" mines, was not so pronounced in Indiana
as in Illinois. In recent years, however, Group "A" mines
have shown a considerable advantage over the hand-loading
group, amounting to 17 days in 1933, 39 days in 1934, and
36 days in 1935.

When the question of employment opportunity is viewed from
the joint angle of men employed and of days operated, it
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becomes clear that the group "all other" mines has been largely
forced out of the employment picture.

Tons per Man-hour and Number of Men Required to Maintain
1,000 Tons of Hourly Capacity

The curves of unit labor requiremeats for mechanical-loading
mines have the same general trends in Indiana as in Illinois.
In the period prior to 1927, when the influence of mechanical
loading was unimportant, Group "A" mines showed a gradual
decline in man-hour requirements. Between 1928 and 19353,
when mechanical loading in "A" mines increased from 46 to
95 percent of Group "A" output, labor requirements were sharply
reduced. Although no single item can be cited as the sole
cause of this sharp decline, the fact remains that the downward
trend appeared simultaneously with the rapid increase in
mechanical loading.

Comparing directly decreases in unit labor requirements for
the two States, it is found that in Indiana the decline was
11.5 percent, and in Illinois 15.6 percent, between 1918 and
1927. In 1935, 33.7 percent fewer men were required in Indiana
to produce 1,000 tons of hourly capacity than were necessary
in 1927; in Illinois the decrease amounted to 26 percent
in the same period.

Labor requirements in the hand-loading mines in Indiana
declined from 1918 to 1924, when 335 fewer men were required
to maintain 1,000 tons of hourly capacity; this was in contrast
with the moderate decline in Group "A" mines. The same tend-
ency for the curve of the "all other" mines to flatten out
between 1924 and 1930 occurred in Indiana as in Illinois.
The authors believe that the figures after 1930 are distorted
by errors in reporting which arose, in part, from shared-work
agreements. The fact that labor requirements stood at almost
the same point in 1935 as in 1930 leads to the belief that
no great changes occurred in the hand-loading mines in this
period.

Comparative Labor Requirements With Mobile Loaders
and Pit-Car Loaders

In Indiana the pit-car and the mobile loader were used almost
exclusively although in recent years a few mines have installed
conveyors. The upper panel of figure 43 shows the composition
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Figure 48.- TONNAGE MECHANICALLY LOADED AND UNIT LABOR
REQUIREMENTS AT GROUP "A"™ MINES IN INDIANA,
BY TYPE OF LOADING EQUIPMENT USED,
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of Group "A" tons mechanically loaded by type of equipment
which predominated, and the lower panel shows unit labor
requirements by type of equipment (see also table B-29).
The important fact brought out in the chart is the considerably
greater reductions in man-hour requirements made in mines that
used mobile loaders. The mines that used pit-car loaders
showed the smallest decreases, and mines that shifted from
pit-car to mobile loaders followed roughly the course of
pit-car mines up to 1929, after which reduction in labor
requirements was accelerated. Inasmuch as these mines loaded
predominantly with pit-car loaders before 1929 and switched
to mobile loaders during the following years, the showing
of this group in reference to the relative efficiency of the
two types of loaders tends to confirm conclusions indicated
for the other two groups.

COMPOSITE EMPLOYMENT FACTORS IN THE ILLINOIS-INDIANA AREA

In the case of Group "A" mines in Illinois, which utilized
different types of loading equipment, many significant dif-
ferences in performance are concealed in group averages.
This is true within individual States in respect to nearly
all the items analyzed, and it is of course even more true
when data for different States are combined. Nevertheless,
Illinois and Indiana together constitute in many respects
a major area in the bituminous industry, an area that possesses
sufficient identity to differentiate it from other important

coal-producing areas of the country.

The authors believe that the foregoing analysis makes it
clear that mechanical loading, taken together with all the
other items of mine operation essential to its success, has
substantially decreased unit labor requirements; however,
it must also be recognized that a decrease in unit labor
requirements is no new phenomenon. It has become especially
significant during the past two decades because of the sharp
decline in the amount of bituminous coal that the market
has been able to absorb. Considering all the mines in the
I1linois~Indiana area for the period from 1918 to 1935, declin-
ing business has been the major cause of declining employment.

Although more employment would have been provided in 1935
if mechanical-loading mines had continued under the 1927 labor
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248 BITUMINOUS COAL

requirements, it is clear that business would have been lost
unless costs were materially reduced. A striking fact which
emerges from analysis of performance for Group "A" mines from
1928 to 1935 is the rapid decline of unit labor requirements.
Since no data are available for measuring the volume of em-
ployment that came from the business salvaged through loading
by machine, that item in the employment situation must remain
a matter of speculation although it is believed that the amount

of business and employment salvaged was guite substantial.

Figure 44 shows, for the period 1918-35, indexes of total
man-hours, underground production, and number of men required
to maintain 1,000 tons of hourly capacity for Group "A" and for
"211 other" mines. The base year used was 1923. It will be
seen that the index of the number of men required to maintain
1,000 tons of hourly capacity in Group "A" mines declined
steadily throughout the period. In the "all other" mines
man-hour requirements remained almost comstant after 1923.
The recorded advance between 1931 and 1934 is believed to have
resulted from faulty reporting under the conditions of the
depression years. The trend is better shown by the more
accurate observation of 1935 which indicates little change from

the predepression level. In this group of mines which did not

turn to mechanical loading the greatest single cause of lost
employment was the closing of mines that could not survive.
Employment opportunity for the-period as a whole was con-
ditioned almost entirely by the demand for coal. Indexes
of both production and man-hours dropped over the period,
production declining from 128.17 in 1918 to 27.1 in 1935 and
man-hours from 148.6 to 27.4 in the same period.

Group "A" mines, able to survive the decline in the industry,
became predominantly mechanical-loading mines after 1928.
Mechanical loading unquestionably exerted a large influence
in enabling these mines to combat adverse conditions, but the
fact remains that throughout the period they were superior
to the "all other" mines in resource conditions, financial
stability, management, equipment, and market connections.
Changes in unit labor requirements had a greater influence
on employment opportunity im this group than they did in the
"all other" group.

"A" tonnage, 86.4, was almost

In 1935 the index of Group

the same as it was in 1918, but the index of man-hours in 1935
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Figure 44.- INDEXES OF PRODUCTION, MAN-HOURS, AND UNIT LABOR
REQUIREMENTS AT GROUP"A" AND "ALL OTHER" MINES
IN THE ILLINOIS-INDIANA AREA, 1918-385
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250 BITUMINOUS COAL

Tonnage mechanically loaded in Group "A" mines was increasing
in 1928 and 1929. Even though production rose in those years
from the low point reached after the 1927 strike, employment
opportunity lagged; the market did not increase sufficiently

to absorb the accelerated release of labor.

During the years of deepening depression, 1930, 1931, and
1932, Group "A" mines experienced both a loss of markets
and a continuing decrease in labor requirements. The index
of production dropped from 110.6 in 1929 to 60.1 EnsioRoh
while man-hours declined from g92.2 to 42.2. In the years
1932-35 production in Group "A" mines took a sharp upward
turn and in 1935 was only 2.1 percent below the 1918 level.
Man-hours, as has already been pointed out, were 39 points
below the 1918 level. With loading almost fully mechanized in
Group "A" mines in 1935, the increase in employment over
the depression low in 1932 was not commensurate with the
substantial increase in production.

Because Group "A" mines were more successful in holding
business than "all other" mines, the loss of jobs in machine-
loading mines was much less than it was in hand-loading mines.
Of every 1,000 men employed in Group "A" mines in the area
in the peak year 1923, over 600 were employed in 193s; of every
1,000 men employed in 1923 in the "all other" group, only
300 were employed in 193s. In other words, job mortality for
the whole period was far greater in the mines that remained
on a hand-loading basis than it was in those that had turned to
machine loading by the end of the period. In addition, men
who retained jobs in Group "A" mines averaged more working
time year in and year out than men in the hand-loading mines.

By confining attention to the Illinois-Indiana area it would
be possible to conclude that when Group "A" mines took business
that they could not have secured under hand loading they
thereby diminished the business and the employment available
for hand-loading mines. Such a conclusion, however, would
ignore the fact that Group "A" mines were much more success-
ful than the other group in combating adversity long before
mechanical loading became important.

The most disastrous losses of tonnage and liquidation of
mines in the "all other" group occurred between 1923 and 1928
when machine loading was not a major factor in Group "A" mines.
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In Indiana this decline continued through to 1935, but in
I1linois, because of the increase in trucking mines, the hand-
loading group was strengthened and able to hold its relative
share of business after 1931. It seems fair to infer that
in the existing competitive situation throughout the industry
from 1928 to 1935 hand-loading mines in the Illinois-Indiana
area could not have bettered their showing even if Group "A"
mines had not turned to mechanical loading. There is no
reason to suppose that the mines in the hand-loading group
could have kept from other areas much, if any, of the business
that went to Group "A" Illinois-Indiana mines after 1928.

A1l told, insufficient business was the major cause of un-
employment among Illinois-Indiana miners in the years following
1928, as it had been in the preceding years. It would have
taken substantially more man~hours of labor to mine the coal
produced by Group "A" mines of the area if it had been mined
under the unit labor requirements of 192%. However, it is
evident that substantially smaller tonnages would have been
sold in the years 1928-35 if hand loading with its higher
costs had continued in the mines that turned to mechanical
loading. While it is clear that, directly, reduced unit labor
requirements had an adverse influence on employment, their
actual indirect influence in the Illinois-Indiana area was
favorable insofar as they enabled Group "A" operators to retain
business and to mine coal which could not have been mined if

costs had not been reduced.!?

The competition of Illinois-Indiana deep-mine coal with
low-cost Appalachian and strip-mine coal during the years
following 192%, when mechanical loading became important,
must be kept constantly in mind in considering the effects
of mechanical loading on employment. The wage differential
I‘lDir.‘fer‘em:es In costs under different degrees of mechanization are shown in the
following producing, administrative, and selling costs of the National Bituminous

Coal Commission for the period April to December 1937. (Refer to Docket No, 15,
Exhibit Nos. 190, 1868, 189, 187, and 188, respectively, for Illinois, and Exhibit

Nos. 213, 209, 212, 210, and 211 for Indiana. These are avallable to the public
in printed form at the offices of the National Bituminous Coal Commission in
Washington, D. C.) Interest charges are not included.
Deep mines
St str T T =
State All mines Strip mines e Mechanical— Hands
loading loading
I11inois $1.78 $1.43 $1.87 $1.75 $2. 18
Indiana 1.64 1.48 1.80 1.76 1.98
€ mech-

Mines classified as "mechan
the S

al-loading" loaded over half their tonnag
anically. Ott S

ified as rhand-loading."
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which Illinois-Indiana mines suffered prior to 1933 was greatly
modified when substantially the whole bituminous industry
was brought under collective bargaining and National Recovery
Administration codes. Strip-mining competition, however, has
been growing in intensity since 1933 and is an important factor
in the Illinois-Indiana marketing situation. A new factor is
the sudden advance of mechanical loading in West Virginia

since 193s.
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CHAPTER IX

PERFORMANCE OF MECHANICAL- AND HAND-LOADING MINES
IN THE FAR WEST*

The influence which even the limited bituminous output of the
far West might exert nationally is diminished by the remoteness
of those mines from the great consuming centers of the East and
the Middle West. Under these circumstances possible markets
for coal are confined largely to local domestic consumption,
to consumption in local industries, particularly metallurgical
industries, and to supplying railway fuel.

In the practical working out of production and distribution
the domestic market has furnished the main outlet for commer-
cial producers, since both metallurgical and railway fuel have
been produced largely in captive mines and disposed of to the
affiliated railways or industrial corporations. In some cases
the difficulties of commercial producers have been intensified
by the fact that captive mines have disposed of surpluses in
the commercial market. Sparsity of population is, of course,
another limitation upon the possible development of commercial
markets, and this inherent difficulty has been aggravated by
the competition of 0il and gas in several far Western areas.

The prevalence of captive mines has resulted in the tonnage
of the far West being produced in large part by concerns
that have had relatively large holdings and that, from the
standpoint of corporate strength and management, have been in a
favorable position to install techmical improvements whenever
it appeared profitable to do so. Relieved of the market
fluctuations incident to highly competitive commercial produc-
tion, captive mines have been able to plan their production
on an annual basis with a prospect that schedules could be
successfully maintained, subject only to changes which the
business cycle made in the requirements of parent concerns.
In these circumstances mechanization programs were relatively
immune from some of the most serious hazards that confronmt

commercial mines.

ard E. Hotchkiss, Frederick G. Tryon, and Charlotte K. Warner.
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Figure 45.- COMPARATIVE PERFORMANCE IN WYOMING OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-86

(Strip mines are excluded)
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Figure 45.— COMPARATIVE PERFORMANCE IN WYOMING OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-85 - Continued

(8tzip mines are excluded)
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256 BITUMINOUS COAL

Added to all these items is the fact that the northern
portion of the far West has always been high-wage territory.
The highest wage rate for the whole industry is found in
Montana and the next highest in Wyoming. The long history of
union agreements and peaceable relations in Wyoming, as well as
the safeguards given to labor in connection with mechanization,
are indicative of the importance attached to the labor factor
in that State.

Labor history in Washington, Utah, and notably in Colorado
has been quite different from that in Wyoming and Montana. The
absence of labor conflicts in Wyoming has not been paralleled
in Washington, and the turbulent labor history in Colorado
is too well known to require reiteration. In one way or
another, however, the labor factor has featured prominently
in the coal-mining history of the far West. High wage rates
unquestionably had an important influence in bringing about the
rapid transition from hand to machine loading in Wyoming
and Montana. In Utah, where lower rates had obtained, the
30 percent of total tonnage mechanically loaded in 1935 was
a substantial figure compared with percentages in heavy-
tonnage areas in the East. Equally impressive was the rapid
introduction of mechanical loading in Washington, beginning in
1928 and reaching 28 percent of output in 1935. In Colorado,
lower wage rates prior to 1933, seasonal demand, and seam con-
ditions prevailing in some areas have until recently retarded

mechanization.

WYOMING

Wyoming is the most important center of mechanical loading
in the far West. As in Indiana and Illinois, mining was
carried on during the period of this study under relatively
high wage rates. Physical conditions, though different from
those in the Illinois-Indiana area, were nevertheless conducive
to a mechanical-loading program. The largest company in
Wyoming, The Union Pacific Coal Company, not only pioneered
in installing loaders but developed the special duckbill
self-loading head for shaking conveyors. Performance of
Wyoming mines has been charted in figure y4s.

In 1923, 1.4 percent of deep-mine output was loaded mechani-

cally, and this increased to 89.8 percent in 193s5. In 1936
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there was a further increase, to 92.2 percent, and the National

Bituminous Coal Commission estimated the same percentage in

1937. Wyoming leads all States in regard to percentage of
total output loaded by machine and, for practical purposes,
the industry in the State has become completely mechanized.
It must be kept in mind, however, that in terms of the national
picture Wyoming has a much smaller tonnage than Illinois
or Indiana. 1In 1935 the total deep output of Wyoming was
5,043,000 tons whereas that of Indiana was ¢,233,000 tons
and that of Illinois 37,115,000 tons. Wyoming, with its
almost complete mechanization of loading, contributed only
9.6 percent of the total machine-loaded tonnage of the country
in 1935. The several mining areas represent quite different
orders of magnitude, a fact that must always be recognized
in making comparisons.

Tons Mechanically Loaded

The record of Group "A" mines has been practically the
record of mechanical loading for the State. It represents
an extraordinary degree of success in adapting machinery
to a wide variety of physical conditioms. An electric shovel
was installed underground in the thick seam of the Hanna
district as early as 1916, although the official statistics
date from 1923. The thinner beds of the Rock Springs district,
despite a pitch of from s to 15 degrees, were mechanized by
use of the duckbill-equipped conveyor. Other beds suited
to mobile loaders were successfully developed.

Tons Cut by Machine

Machine cutting in Group "A" mines rose from 66.8 percent
in 1918 to 98.2 percent in 1935. In the case of "all other"
mines the tonnage cut by machine has remained small. Many of
the mines in this group, especially at the end of the period,
represented small operations where cutting machines have not
been used in the past.

Number of Mines

The number of mines in Group "A" rose from 15 in 1918 to 23
in 1921 and remained fairly stable throughout the rest of the

period. There were 13 mines in Group "A-1."
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258 BITUMINOUS COAL

The group of "all other" mines declined from s3 in 1919 to 29
in 1929 and then increased to 41 in 1935. The increase in
number at the end of the period was almost entirely in the
group of smallest mines with an annual production of less than
10,000 tonms and represented mainly small trucking operatioms.
Although the number of these concerns increased, it will be
noted in panel 4 that there was no corresponding increase
in production. Mines falling in the group producing less than
10,000 tons annually have for many years contributed less than
2 percent of the total output of the State.

Production

The coal industry in Wyoming suffered severe inroads after
the World War; however, when adjustments to a new level were
made in 1924, production was sustained for a period of years.
Between 1924 and 1930 total production remained almost con-
stant, fluctuating between 6,000,000 and 6,750,000 tomns.
The decline during the depression years was severe and output
reached a low of 3,919,000 tons in 1933.

At the beginning of the period, in 1918, Group "A" mines
contributed 41.1 percent of the total underground tonnage
of the State; by 1935 this group was producing g93.s5 percent
of the tonnage. At the end of the period the only survivors
in the "all other" group were the trucking mines and a few rail
mines whose seam conditions were a barrier to mechanization.

In Illinois and Indiana the ability of Group "A" mines
to continue in the face of declining markets was believed
to be the direct result of their success in mechanical load-
ing; because of lower labor costs per ton they were able to
hold business that would probably have gone to other areas
or States.

In Wyoming the situation is complicated by the fact that from
40 to 60 percent of the Group "A" tonnage was captive coal,
produced for the use of an affiliated railroad. How much,
if any, of this captive outlet would have been lost had the
mines in question failed to mechanize is obviously a matter
of speculation. However, even a consumer operating its own
mines cannot ignore the comparative cost of its own product
and that of commercial coal or of fuel oil. The railroad
system concerned already supplies a fourth of its requirements
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with fuel oil and has ceased to operate its captive mine in
Washington. Under the circumstances it is evident that a
reduction in mining costs at captive as well as commercial
operations helps to hold the market for coal.

The commercial mines of the State were affected by the
competition of natural gas, and it is noteworthy that nearly
all of those able to survive through 1935 had turned to me-
chanical loading.

Hourly Capacity

Capacity of both hand-loading and mechanical-loading mines
increased up to 1922, when it was practically the same for both
groups of mines. Thereafter Group "A" capacity continued to
rise to a high of 3,386 tons per hour in 1931, followed by a
sharp decline during the depression. The group of hand-loading
mines absorbed about all the capacity liquidation, dropping
from 2,896 tons per hour in 1922 to 231 toms in 1935.

Men Employed

The average number of men employed at Group "A" mines in-
creased over the period as a whole, standing at 2,866 in 1918
and 3,481 in 1935 (panel 6). The fluctuations prior to 1930
were largely the result of new mines entering the group.
The "A-1" identical mines have shown little change over the

period in total number employed.

On the other hand, the "all other" mines, which employed
5,001 men in the peak year 1922, gave work to only 434 men
in 193s.

It is clear that job opportunity was much greater in the
large captive or commercial mines that adopted mechanical load-
ing than in those mines remaining on a hand-loading basis. A
man working in the "all other" mines in 1922 had only 1 chance
of 10 of being employed in 1935, unless he could transfer
to a mechanized mine.

Fortunately for the men in the hand-loading mines, many such
transfers to the mechanized operations did take place. The
largest producer in the area, operating a number of mines,
followed the policy of imstalling loading machines no faster
than the men displaced could be absorbed at other jobs in its
properties under normal rates of labor turn-over and super -
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260 BITUMINOUS COAL

annuation.! This policy, while perhaps foregoing immediate
savings in cost, won the cooperation of labor and aided the
work of management in adapting mechanization to the limitations
of local seam conditions.

Days Operated per Year

Prior to 1924 the numbers of days worked in the mechanical-
loading and hand-loading mines were almost identical. In the
period 1925-30 the greater working time of the "A" and "A-1"
mines must be comsidered in relation to the superior position
of captive mines in affording greater opportunity for work
as well as to the fact that those mines installed mechanical
loading. During the depression years, however, the heavy loss
in tonnage in the "A" group is reflected in the drop in the
number of days of operation to such an extent that working
time for mechanical-loading and hand-loading mines was again
approximately the same.

Tons per Man-hour and Number of Men Required to Maintain
1,000 Tons of Hourly Capacity

In Wyoming it was not possible to show performance records
of output per man-hour and unit labor requirements on the
same basis as in other States. The change in the method
of reporting man-hours adopted by the U. S. Bureaun of Mines
in 1932 caused a substantial difference in the returns of the
largest producer in this area. The problem was discussed
with the company during the course of this study, and a new
statement of man-hours was obtained for the period 1926-35
which was more accurate than the old one and was comparable
throughout the period. As the new series is clearly more
informative, it has been substituted for the old one. A com-
plication arose, however, because of the fact that the new
series was compiled by camps or districts rather than by mines,
the company being unable to separate the record for each mine
within a given camp. To use the new series, therefore, it has
been necessary to include the hand-loading mines located within
the camps where mechanization occurred and, in order to keep
LEugene McAuliffe, of The Union Pacific Coal Company, wrote in the Mining Congress
Journal in February 1830 (Vol. 16,.p. 94): "Early in the mechanical loading
program, the policy of refusing to release men to put machines in their places was

put into effect and made public. Machines were introduced only at such times and
in such numbers as the natural reduction in forces made possible. "

R
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the record comparable, to include them also back to 1918, the
beginning of the period studied. Specifically, therefore,
the "A" series in panels 8 and g of figure 45 includes the
hand-loading operations of the company in the Hanna, Reliance,
Rock Springs, Superior, and Winton districts.? In all, eight
hand-loading mines were included in this way.

This difference in the composition of Group "A" mines, which
results from the inclusion of the eight hand-loading mines
referred to, must be kept in mind in examining the curves
of panels 8 and 9. At the beginning of the period nearly
all of the eight were operating. They began to shut down
immediately after 1923. By 1928 all but two had closed, and by
1935 all of them were idle or abandoned. On the whole, these
eight mines naturally represented the higher-cost operations
of the company, with lower tonnages per man-hour, and they
affect the Group "A" average accordingly. Their inclusion,
for example, tends to lower the Group "A" curve in panel 8
during the early part of the period; there was no corresponding
effect in 1935, when all of them had ceased production. For
this reason, the indicated increase in the toms per man-hour
from 1918 to 1935 is slightly greater than it would be if
mechanized mines only were considered. The general trend
of the curve, however, would remain unchanged, the increase
in output per man-hour extending over the entire period from
1918-19 to 1935.

If the record is examined year by year it is evident that
the output per man-hour in the Group "A" mines advanced rapidly
from 1921 to 1926, slowed down for a time, and then advanced
again at a somewhat less rapid pace from 1930 to the end
of the period.

The increase shown from 1921 to 1926 is of interest because
it occurred while hand loading was still the dominant method
of production. As already noted, mechanical loading had begun
in the Wyoming field even before 1923, but its contribution
to the gains in productivity during this period was slight.

zThe company's mines in the Cumberland field, which remained on a hand-loading
basis prior to thelr abandonment in 1830, were not included in Group "Am but were
shown in the ®all other" group.

It should be noted that the new series is used only in panels 8 and §, since they
are the only ones affected by the record of man-hours. In panels 1 to 7 the
classification of mines into Groups "A® and "all other® is the same as the standard
adopted for use 1in other States.
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In part, the increase from 1921 t0 1926 was due to the dimin-
ishing influence, as they were progressively closed down,
of the eight hand-loading mines referred to. The larger part
of the increase, apparently, was due to improvements effected
in other ways. Just how these improvements were obtained the
statistics do not disclose. It is known that machine cutting
was extended during these years (panel 2), that certain prop-
erties were consolidated, and that important changes occurred
in company management. The over-all result emphasizes the fact
noted elsewhere that mechanical loading is only one of many
influences affecting productivity, and that improvement in
other types of equipment or better coordination of operations
underground may result in marked savings independent of the
mechanization of loading.

In the latter part of the period, from 1930 on, the increase
in productivity is clearly associated with the growth of
mechanical loading.

For the Group "A" mines as a whole the over-all increase
in output per man-hour between 1918 and 1923 was 24.6 percent.
Between 1923 and 1935 it was 26.2 percent.

The increase in productivity in Wyoming after 1923 was thus
less than it was in Illinois or Indiana. Among the causes that
differentiate the Rocky Mountain States from the Mississippi
Valley States is the presence of pitching seams which limited
the form of mechanization in many Wyoming mines to the less
powerful types of machines, particularly the duckbill. In
Wyoming the spread of mechanization to virtually all of the
larger mines has carried it into more and more difficult seam
conditions. Again, the average for Group "A" is affected by
the inclusion of one large high-cost producer, whose two mines
were exhausting the thicker portions of their coal., At the
end of the period these two mines were facing progressively
more difficult seam conditions, as evidenced by the fact that
in February 1938 the mines were permanently abandoned. If this
company is eliminated from Group "A", the remaining mines show
a greater increase in productivity. For all these reasons, the
weighted average savings in Group "A", as shown by panels

8 and 9, are probably less than the savings effected by in-
dividual operators under favorable circumstances.
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Specific data for The Union Pacific Coal Company are given
in a paper published by its president, Mr. Eugene McAuliffe.®
For all mines of the company, including both hand-loading
and mechanical-loading operations, the indicated output per
man-hour increased as follows:

Mons Perce§t fons Percent

Year per man- SR Year per man-— loaded

hens mechan- Han mechan-

ically ically

1923 0.581 3.32 19356 0.877 £9.03

1824 -850 5.72 1938 . 878 89.95

1825 722 8.55 1837 . 884 98. 50

3-year 3-year

weighted weighted

average .842 6.04 average . 883 99.51

The increase in average output per man-hour for 1935-37 over
1923-25 in this company's experience amounts to 37s5 percent.
The increase is the result of all factors operative, of which
mechanical loading is but one.

Panel g in figure 45 is the converse of panel 8 and shows
that in 1923 the Group "A" mines required 1,399 men to maintain
1,000 tons of hourly capacity; in 1926, 1,247 men; and in 1935,

1,109 men.

The fluctuations in labor requirements in the "all other"
mines as shown in panel ¢ reflect the changing composition of
this residuval group with the steady reduction in its capacity
after 1922. By 1930 the tonnage of the hand-loading mines was
becoming imsignificant. Today it consists of truck mines and
a few rail mines so located that adverse physical conditions
have prevented mechanization. Under such conditions an in-
Crease in average unit labor requirements was to be expected.
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Figure 46.- COMPARATIVE PERFORMANCE IN MONTANA OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-385

(Strip mines are excluded)
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Figure 46.- COMPARATIVE PERFORMANCE IN MONTANA OF UNDERGROUND
MINES WHICE HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-85 - Continued

(Strip mines are excluded)
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266 BITUMINOUS COAL

scale in the country. Physical conditions were exceptionally
well adapted for the introduction of loading machines and
the corporate and managerial set-up was advantageous to a
program of mechanization. As a result the percentage of
the deep-mined coal mechanically loaded rose from 17.1 in 1928
to 80.3 in 1935. In 1936 the percentage increased to 83.2,
and the National Bituminous Coal Commission estimate for 1937
was 79 percent.

The deep-mine production in Montana is small, averaging
around 17 million tons in recent years. The data for this area
are of interest from the standpoint of a small segment of
the industry which, like Wyoming, is approaching full mech-
anization. Figure 46 presents a graphic summary of performance
of Montana mines during the period 1918-35.

Tons Mechanically Loaded

Group "A" mines have accounted for practically all the
mechanically loaded tonnage in the State. With the exception
of the year 1931, the advance in tonnage has been sustained
throughout the period, increasing from 363,000 tons in 1928
t0 1,291,000 tons in 1933.

Mobile loaders have been the predominant type of loading
equipment used, accounting for over 68 percent of the tonnage
loaded in "A" mines in 1935, whereas pit-car loaders accounted
for 26 percent and conveyors for 6 percent.

Tons Cut by Machine

A wide differential exists in Montana as in Wyoming between
percentage of tonnage cut by machine in Group "A" and in "all
other" mines. Group "A" mines increased machine cutting from
55 percent of total production in 1920 to 83 percent in 1923.
No increase in cutting occurred during the next 3 Or 4 years,
but upon the advent of the mechanical-loading program the
tonnage undercut again increased, and the 100-percent mark
was reached in 1930.

Although machine cutting was increasing uUp to 1931 in the
"all other" mines, the decline thereafter is of little sig-
nificance in view of the small total tonnage produced by this
group. The decline does not represent abandonment of machine
cutting so much as it does the fact that the tonnage in this
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group after 1931 came from small mines which had never used
machines. The average yearly tonnage per mine in this group
in 1935 was less than 10,000 tons.

Number of Mines

The number of mines using mechanical loading in Montana has
been small. In Group "A" there were five mines in 1918; this
number increased to eight at the end of the period. There were
only four mines to make up the identical series of "A-1" mines.

The "all other" mines suffered serious mortality, drop-
ping from a high of 53 in 1919 to less than 20 in the years
after 1930.%

Production

The deep-mine industry in Montana was severely hit long
before the depression of the thirties. Production dropped from
a level of 43 million tonms in 1920 to approximately z% million
tons in the post-war collapse of 1921, and it never recovered.
Changes in smelter practice, introduction of natural gas into
this area, and development of hydroelectric power caused
a shift from coal to other forms of energy. The opening, late
in 1924, of a large strip mine supplying railroad fuel also
cut into the market for deep-mine coal. Markets outside the
State were lost to Montana because of a greater use of oil
and gas in neighboring States and to some extent because of
the increasing use of North Dakota lignite.

Production of the "A" mines remained relatively stable
over the whole period: 1,45%,000 tcns were mined in 1918
and 1,429,000 tons in 193s. However, the Group "A" output
of about 1; million tons in 1918 was but 32 percent of deep
production, whereas roughly the same Group "A" tonnage in 1935
was 89 percent. The operating situation in Montana, as in
Wyoming, is not comparable with Illinois-Indiana conditions
in that between so and 60 percent of the "A" tonnage came
from captive mines whose output went to the parent company.
In an area highly weighted with captive tonnage a permanent

4Attentlon is called to the fact that local commercial mines (mines employing less
than 10 men) have been omitted from the count of the number of "all other® mines.

The number of such local commercial mines is impressive, 58 in 1935, but the
tonnage contributed by them is insignificant,




268 BITUMINOUS COAL

trade outlet may be a much more potent influence in sustaining
output than the degree of mechanization.

To summarize, Group "A" mines, to a considerable degree,
were able to hold their relative position because of their
corporate relationship - not primarily because they installed
mechanical loading; the "all other" mines lost their markets
almost entirely - not primarily from failure to install mech-
anization devices but because the markets of this area were
being supplied by strip coal or by forms of energy other than
coal. Although it may be argued that a lower selling cost
made possible by a high degree of mechanization might have
enabled deep-mined coal to compete more effectively with oil
and gas, it seems unlikely that even complete mechanization
could have reduced costs sufficiently to stem the tide.

The identical series of "A-1" mines shows a sharp divergence
from Group "A" after 1930. This represents a declining tonnage
in one large mine in Montana in Group "A-1", which had prac-
tically gone out of production by the end of 1935, and the
inclusion of a large new mine in Group "A."

Hourly Capacity

The hourly capacity curve for Group "A" mines has shown
a moderate increase over the 17-year period. Here, again,
the increasing spread between the "A" and "A-1" curves after
1930 has been mainly due to the opening of a large new mine
in the "A" group, which has shown an enormous increase in

output per mine-hour.

Hourly capacity of the "all other" mines dropped from 1,615
tons in 1921 to a low of 135 toms in 1933 - the natural result
of the tremendous drop in tonnage of this group.

Men Employed

The Group "A" curve of employment showed a consistent decline
from 1,457 men in 1919 to 815 in 1930, although production
in these mines during this period was slightly upward. The
increase in employment after 1930 is due to the inclusion of
a large new mine in the "A" series. The "A-1" mines remained
at about the same level after 1930.

Loss of jobs fell almost entirely on the "all other" mines;

in the peak year 1918, 3,143 men were employed, and by 1935

i
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this group employed only 426. Otherwise stated, in the hand-
loading group g out of 10 of the 1918 jobs were lost by 1933.
In the mechanical-loading mines 3 out of every 10 men who were
employed in the peak year 1919 had lost their jobs by 1933.

Days QOperated per Year

Prior to 1927 the difference in working time between the
two groups of mines was small, a slight advantage going to
the "all other" group. The advantage in working time of the
"A" group after 1927 must be considered in relation to the
superior market connections of its captive mines.

Tons per Man—hour and Number of Men Required to Maintain
1,000 Tons of Hourly Capacity

Curves of productivity and unit labor requirements in Montana
show much the same general trends that they do in Wyoming.
The "A" mines show marked savings in unit labor requirements
during the period of hand loading prior to the installation of
loading machines. 1In 1918, 2,062 men were required to produce
1,000 tons of hourly capacity in Group "A" mines; in 1924 only
1,289 were necessary. That this decline was associated with
changes in mining practice is indicated by the contemporary
increase in the tonnage cut by machine shown in panel 2.
Between 1924 and 1928 unit labor requirements remained about
the same, an indication, perhaps, that the forces making for
large savings under hand loading had been about exhausted.
At the outset of the machine-loading program in 192%7-28 labor
requirements again started to decline. The reduction between
1926, the last year of hand loading, and 1930, when 93 percent
of the output was mechanically loaded (with mobile loaders,
pit-car loaders, and duckbills), was 20 percent. In a g-year
period these Montana mines changed from hand loading to almost
complete mechanical loading, with the result that labor re-
quirements showed comparatively little change after 1930.°

Labor requirements per unit of capacity in "all other"

mines in 1918 were about equal to those in Group "A" mines.
i e

5The change in method of reporting man-days and man-hours had little effect on

Group "A" mines. If the same basls of "calculated" man-hours ("number of menn

times "number of days mines operated" times "hours in official workday") had been

g?eg throughout the period 1932-35, labor requirements would have shown a reduction
Dercent.
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Although there was the same tendency in the hand-loading
group to show a marked decline in the following years, the
decrease was much less sharp than in the "A" mines, and labor
requirements remained almost constant between 1922 and 1930.
The increases in labor requirements after 1930 were probably
due in the main to the changed composition of the group,
which at the end of the period was made up largely of very
small mines.

WASHINGTON

Wage scales in Washington were relatively high throughout
the period of this study, but physical handicaps and labor
resistance delayed mechanical loading. The coal deposits
of the State range from sub-bituminous to high-rank bituminous
or even to anthracite and are characterized by a great variety
of physical conditions. In general, however, mining conditions
are exceptionally difficult. Steeply pitching seams and
bad roof necessitating close timbering occur in many mines
of the State and are factors that were almost prohibitive
to the introduction of mechanical loading in the earlier
years. In view of such obstacles mechanical loading was not
undertaken until the problem had been thoroughly studied and
until experience from other areas, especially Wyoming, became
available. It was surprising that mechanical loading in 1935
had advanced to cover 24.6 percent of the output. In 1936,
33.6 percent was loaded by machine, and the National Bituminous
Coal Commission estimated an increase to 42 percent for 1937.

In analyzing Washington performance under hand and machine
loading, the significance of these data must be considered in
relation to small production, limited number of men employed,
and the substantial amount of captive tonnage, as well as the
physical handicaps under which coal is extracted. The great
variation in physical conditions sometimes makes averages
misleading. The record for Washington is interesting as
a side light on mechanization from an outlying area of the
industry; it is not typical of bituminous mining generally
but is significant for its success in overcoming handicaps.

See figure 44 for a graphic summary.
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Figure 47.-~ COMPARATIVE PERFORMANCE IN WASHINGTON OF UNDER—
GROUND MINES WHICH HAVE ADOPTED MECEBANICAL LOADING

AND OF ALL OTHER UNDERGROUND MINES,
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The series of mechanized mines charted has been confined
to Group "A" inasmuch as the identical series of "A-1" mines

Was too small to show separately.

GFOU‘p npn

The mechanical loading of
mines was entirely negligible.

Group "A" tonnage
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272 BITUMINOUS COAL

mechanically loaded rose from 86,000 tons in 1928 to almost
1

z Million toms in 1931, and though there was a decline in

1932 and 1933, by 1933 tonnage loaded was almost back to
the 1931 level.

Tons Cut by Machine

In the other coal areas under review machine undercutting
was already a well-established practice by 1918, whereas in
Washington only a very small percentage of the tonnage was cut
by machine prior to 1928. Mechanization of cutting was delayed
because of the steeply pitching seams, which were a barrier
to the use of cutting machines.

When management attacked the problems of mechanization,
both cutting machines and loaders of the conveyor type were
found adaptable to Washington mines. The sudden spurt forward,
both in the percentage of tonnage cut by machine and that
mechanically loaded in the "A" mines, shows the rapidity with
which this movement advanced once it was under way. In 1928
Group "A" mines cut 26.4 percent of their tonnage by machine;
in 1935, 96.4 percent. During these same years mechanical
loading jumped from 10.% percent to gia.1 percent of Group "A"
production. This is the only area in which there was a rela-
tively synchronous introduction of machine cutting and loading.

The fact that mechanization of cutting made no permanent
advance in the "all other" mines during the years 1918-29,
and practically disappeared thereafter, would indicate that
the anticipated introduction of mechanical loading in Group "A"
mines was one reason for installation of machine cutting.
Although much of the coal in the "A" mines was shot from the
solid prior to the introduction of machine cutting, it was
obviously impossible to plan a program of machine loading

as long as any considerable part of the coal continued to be
undercut by hand.

Number of Mines

The number of mines in the "A™ group has been small. There
were five in 1918, an increase to eight in 1932, and a drop
back to five in 1934 and 1935. Disclosure of individual
operations prevented the inclusion of the "A-;" series of
identical mines.
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There has been no persistent downward trend in number of
"all other" mines as has been noted in other areas, The sharp
upward swing after 1930 was due to the increase in the number
of trucking operationms.

Production

The significance of the performance of Washington mines
is limited by the small amount of tonnage represented in
this State. Total production in the area fluctuated between
a high of 4,082,000 tons in 1918 and a low of 1,383,000 tons
in 1934, with a small increase in 1935 and 1936. Importation
of California fuel oil and rise of hydroelectric power were
among the chief reasons for decline in the coal industry.

Group "A" mines in Washington have shown no marked tenden-
cies to increase their share of towal production. In 1918,
24.4 percent of the production came from this group; in 1929,
35.8 percent. The percentage dropped off sharply in 1933
and 1934 but was back to 30.3 percent in 1935. The bulk
of Group "A" tonnage came from captive mines, but some of
these mines were selling their surplus coal in the commer-
cial market.

Hourly Capacity

Irregularity of the hourly capacity curve for the "A" mines
is due to the varying number of mines included. In 1923
and 1926 the shut-down of one large mine caused a decline
in capacity, and the downward trend after 1930 was due to
a decline in the capacity of two mines from over 1,000 tons
to less than 4oo tons per day.

The "all other" group showed a general tendency to decline
after 1926, with a slight upturn in 1935. New mines after 1930
were so small that they did not cause any increase in capacity.

Men Employed

The size of the coal industry in Washington has meant that
it was always a small source of employment. In the peak year
1918, 5,109 men were employed in the mines; in the low year
1934, the number had dropped to 2,161.
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274 BITUMINOUS COAL

In the "A" mines, which varied in number throughout the pe-
riod, there was an over-all loss in employment of s53.6 percent
between the 1919 peak and 193s. For the "all other" mines the
loss was only slightly more, a drop of s9.0 percent occurring

between 1920 and 1935.

Trend of Qutput per Man

It is not feasible to measure the net changes in productivity
resulting from mechanization in this State. The tonnage
and the number of mines covered is small, and their expe-
rience is affected by variable factors which obscure the
underlying trends.

Of the eight mines in Group "A", only two were in operation
during each year, and it is therefore impossible to show any
data for Group "A-1" on a strictly comparable basis from
year to year without danger of disclosing data for individual
operations. One mine in Group "A" was new in 1932, and its
record for the next few years is affected by development work,
which tends to increase the number of man-hours per ton. Three
large mines in the group are affected by a change in reporting
man-hours in 1932: their "actual man-hours" based on a sys-
tematic record after 1932 run somewhat higher than the number
obtained by the method of calculating man-hours which was used
before 1932.8 The effect of this, of course, is to increase
unit labor requirements. Still another mine in Group "A"
formerly produced a large tonnage of railway fuel for the use
of an affiliated railroad, but in 1932 it was leased to an
independent operator and thereafter produced only a small
tonnage which was sold on the commercial market. This mine,
therefore, had a large effect upon the average before 1932 and
a small effect thereafter, and as the mine operates a very
thick seam, and has low unit labor requirements, its inclusion
lowers the group average before 1932 and increases it there-
after. The case of this mine illustrates the difficulty of
computing changes in average output per man-hour in a field
where physical conditions vary as greatly as in Washington.
e‘Pr‘ior to 1932 man-hours were calculated by multiplying the number of men, the
number of days of tipple operation, and the number of hours in the established
working day. After 1932 the Bureau of Mines asked for actual man-hours from the
companies keeping such records. The experience of the companies in question
indicated that actual man-hours run above calculated man-hours, a fact which tends

to increase unit labor requirements in the period since 1932 in comparison with
that before 1932.
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The combined effect of these influences is to depress group "A"
average unit labor requirements in the early part of the period
under review and to raise it in the latter part. The averages
are given in panels 8 and 9 of table B-33, but as they are
clearly not comparable, the usual charts have been omitted
from figure y4%.

Prospects for the Future

For the foregoing reasons statistical analysis of available
data on mechanization up to 1933 in Washington cannot be
expected to give an accurate index of effects that mecha-
nization may have had on employment opportunity. Even if
data concerning the trend of past performance were entirely
comparable they probably would be less valuable as an in-
dication of what the future may hold than would an analysis
of the current situation. The reasons for this lie largely
in the recency of the movement, the smaller number of mines
covered, and the fact that prior to 1935 effort was in large
measure focused on overcoming great initial difficulties.

In some cases obstacles to mechanization which were formerly
considered insurmountable have recently been overcome. Devel-
opments during the past few years at the Roslyn mines are
pertinent as an example of progress in meeting difficulties.
These mines were formerly operated almost entirely to supply
coal to the Northern Pacific Railroad, but during the past
decade the larger sizes have been sold commercially.

Mining in the Roslyn seam is carried on under adverse con-
ditions. Pitches are steep, the roof requires close timbering,
and other natural obstacles have to be overcome. For these
and other reasons there was, until recently, very little
mechanical loading or machine cutting. By 1935 almost all the
coal was undercut by machines and loaded mechanically in
Group "A" mines.

Mr. George Watkins Evans, author of a paper inm which the
Roslyn operations were described,” has expressed the opinion
that there are few fields in Washington that could not be

v
"Mechanlzation in the Roslyn Ccal Fleld,® Transactions of the American Institute
of Mining and Metallurgical Engineers, Vol. 130 (1938), Dp. 307-11. For reference

Eg C\?e rrnodifj.cation of the duckbill principle developed in Washington, see
ch. V, ftn. 9.
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276 BITUMINOUS COAL

successfully mechanized if there were sufficient volume to
justify the capital investment required.

Mechanization in Washington, as in Montana, appears to
have gained its impetus largely from successful development
in Wyoming, although the loading devices principally used
in Wyoming mines were not directly adapted to Washington
conditions. Reports to the Bureau of Mines show the hand-
loaded conveyor as the type of machine by which, chiefly,
mechanization advanced in Washington during the period covered
by this study. In order to meet local conditions, however,
considerable adaptations are taking place in the character
of equipment, with increasing elimination of the work of hand
shoveling. Devices that can operate on a 7- or 8-percent
downgrade are reported in use. In view of the heavy pitches
in most Washington mines, such a development would have con-

siderable significance.

In the consideration of the possible future of mechani-
zation in Washington it is interesting to note that the Royal
Commission on Fuel of the Province of British Columbia, in
which mining conditions are somewhat similar to those in
Washington, is giving consideration to the problem of mech-
anization, particularly in the light of Washington experience.

UTAH

Conditions in Utah are somewhat different from those in the
far West areas previously considered. Prior to NRA, Utah mines
were not organized, wage rates were below those in Wyoming and
Montana, and the pressure to install mechanical loading in an
effort to reduce labor costs was not so intense. A large
part of Wyoming and Montana tonnage is produced by captive
mines; in Utah most of the tonnage must be sold in the com-
mercial market. In view of these conditions, mechanization
in respect to both mechanical loading and machine cutting
has been considerable. Utah mines loaded 18.1 percent of their
coal mechanically in 1928 and, though growth has been slow,
30.5 percent of the total output was mechanically loaded
in 193s. In 1936 the percentage had increased to 41.8 percent
and, according to an estimate of the National Bituminous Coal
Commission, to 49 percent in 1937.
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Distortion of Utah Figures Due to Practice of Men
Working When Tipple Is Idle

Before analyzing the standard charts it is necessary to call
attention to exceptional conditions of employment in Utah mines
which have affected the data in respect to hourly capacity,
days operated per year, toms per man-hour, and number of men
required to maintain 1,000 tons of hourly capacity.

It was a common practice in Utah for men to go into the mines
and work at the face on days when the tipple was idle.® During
the years 1918-31 the Bureau of Mines labor-output figures were
based on man-day data computed from tipple days operated rather
than actual days worked by the men. Under the conditions
prevailing in Utah this resulted, of course, in a man-day
figure which was considerably lower than actual number of
man-days worked. Beginning in 1932 the Bureau of Mines asked
operators to report their actual man-days and man-hours of
employment when known. It was found that many Utah operators,
recognizing the need for more accurate employment data, kept
a record of the man-shifts or man-hours worked. For the years
after that it was therefore possible to correct the error which
the reports for earlier years had carried. Since the divergent
figures were not comparable, table B-y3 has been arranged
to include, for the "A" and "A-1" mines, both corrected and
uncorrected data. Figure 48 presents graphically the data
in this table.

Tons Mechanically Loaded

The record of mechanical loading in Utah starts in 1926.
Group "A" mines showed a sharp increase in mechanical load-
ing between 1926 and 1929, tonnage jumping from 104,000 to
867,000 tons. With the decline in total production during
the depression mechanical loading also dropped, but by 1935
machine-loaded tonnage in Group "A" mines had increased to
slightly over the 1929 level.

e R N

8This practice was not confined solely to Utah mines; wherever drift mines are
bprevalent 1t 1s easy for men to enter the mines and perform work in preparation
for the next shift. In areas where shaft mines are the rule it is not easy for
a miner to make other than a scheduled trip into the mine. Although it is true
that this practice occurred elsewhere, especially in the western States, up to the
Dresent time these distortions have not been reflected in the reporting to the
extent that they were in Utah, where management permitted regular work underground
on days when no coal was dumped by the tipple.
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Figure 48.-

(Strip mines

are excluded)

COMPARATIVE PERFORMANCE IN UTAH OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL

OTHER UNDERGROUND MINES, 1918-85
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Figure 48.- COMPARATIVE PERFORMANCE IN UTAH OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES,

1918-86 - Continued

(Strip mines are excluded)
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280 BITUMINOUS COAL

Mechanical loading in Group "B" mines was unimportant.
Utah's experience was similar to that of Wyoming and Montana
in that mines that adopted the new technique were successful in
adapting it to their uses. Throughout the period of mechan-
ical loading mobile loaders have been used almost exclusively.
although there has been an increased use of conveyor loading

in recent years.

Tons Cut by Machine

Utah has shown a high degree of mechanical undercutting.®
Except during & somewhat perplexing decline from 1925 to 1929,
when a few of the largest mines in the State reported shooting
from the solid (more probably pillar coal), the "A" mines
have cut more than 85 percent of their coal by machine in
recent years. The "all other" mines have shown a gradual
advance since 1918, from 46 percent to 87 percent in 193s.

Number of Mines

The number of mines in the "A" group increased from %7 in 1918
to 13 in 1934 and dropped back to 12 in 1935. The "A-1" group
includes five mines.

The number of "all other" mines remained relatively stable
up to 1932, with an increase in 1933 and a decline to the
previous level in 1934 and 1935. An increase in trucking
operations serving the Salt Lake City area in recent years has
been one of the reasons for the relative stebility in number
of mines in the face of a declining production after 1929.

Production

Utah did not experience the sharp decline in total tonnage
during the years 1918-29 that occurred in Montana, Wyoming,
and, to a lesser extent, in Washington. In 1929 a production
of 5,161,000 tons was at about the same level as in 1918. The
drop during the depression years was severe, however, a low
of 2,406,000 tons being reached in 193y4.

The tonnage of Group "A" mines has constituted an increas-

ing percentage of the total for the State, advancing from

gParc of this has been stimulated by a law passed in 1924 which made shooting from
the solid 1llegal, Utah having an explosive-dust problem as well as gaseous mines.
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36.8 percent in 1918 to 63.6 percent in 1930. Since 1930 the
"A" mines have not bettered their position, remaining at about
the 6o-percent level. The increase in mechanical loading,
it will be noted, occurred between 1926 and 1929, the years
in which the "A" mines were greatly increasing their share
of the business.

The tonnage of the "all other" mines remained relatively
constant between 1918 and 1925, at about 58 percent of total
production. After 1925 they experienced a sharp decline which
seems to have been arrested in 1931. Since then there has been
quite an increase in the percentage of the total tonnage coming
from the smaller mines of the "all other" group producing under
50,000 tons annually. This represents an increase in the
trucking industry.

Men Employed

Employment in Utah "A" and "A-1" mines, though showing a
tendency to fluctuvate, remained relatively stable from 1920 to
1930, With output sharply reduced after 1930, the number
of men employed in Group "A" mines declined from 1,899 in 1930
to 1,329 in 1932,

Employment in the "all other" group started downward after
1925 when these mines began to lose tonnage. The over-all drop
in this group between 1922 and 1935 has been from 2,888 to
1,381, a loss of 52 jobs per 100.

Days Operated per Year

The curves marked by an asterisk for "A" and "A-1" mines
after 1932 represent the average number of days worked by the
tipple and are comparable with the data as reported prior
10 1932. The continuation of the "A" and "A-1" curves after
1932 is representative of average days worked by the men.10

Tons per Man-hour and Number of Men Required to Maintain
1,000 Tons of Hourly Capacity

If the asterisked lines after 1930 for "A" and "A-1" mines
are accepted as the best guide of unit labor requirements,
man-hour requirements have been declining since 1918. It will

1OSee table B=-43.
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282 BITUMINOUS COAL

be noted that for Group "A" mines a large part of the reduction
was made between 1918 and 1926, before mechanical loading
became important. Some part of the steep decline between
1918 and 1921, however, resulted because of several new mines
that opened in 1918 and were on development work in that and in
the following year. A new mine will frequently show unusually
high per-ton labor requirements until development work is
advanced. After 1926 mechanical loading came with a rush,
several mines operating with power shovels during 1927. In
that year unit labor requirements again declined and have
continued to decline since, but at a more moderate rate. It
must be kept in mind, however, that mechanical loading had not
advanced in Utah, even in the "A" mines, to the extent that
it had in Wyoming and Montana. In 1928, 28 percent of the
production in "A" mines was mechanically loaded; in 1932,
46 percent; in 1935, 51 percent. The fact that the mobile
loader was the predominant type of equipment used in these
mines during this period in Utah made for larger savings.

In the "all other" mines no correction could be made to show
the figures over the whole period .on a comparable basis, and
it may be assumed that the increase in labor requirements
between 1930 and 1933 is the result of changes in method

of reporting man-hours.

COLORADO

Colorado is the largest coal-producing State west of the
Mississippi River. Figure 49 shows the course of underground
production in this State and the percentage of coal mechan-

ically loaded.

Prior to 1935 Colorado had experimented with mechanical
loading, but its experience was limited. Only four mines
in the State could be classified as Group "A" mines in 1935,
and only 3.3 percent of the tonnage was loaded by machine
in that year. This was an advance from less than 1 percent
mechanically loaded prior to 1928. Apparently all types
of loading equipment were tried, none of them achieving out-
standing success. Mines that installed loading devices during
the late twenties and early thirties frequently reverted
to hand loading after a short period of trial. Significant
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Figure 49.- TOTAL UNDERGROUND PRODUCTION IN COLORADO AND
PERCENTAGE OF OUTPUT MECHANICALLY LOADED, 1918-87
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progress with mechanical loading in Colorado is too recent
to figure in the analysis of performance to 1935.11!

SIGNIFICANCE OF FAR WESTERN EXPERIENCE

The history of mechanical loading in Wyoming and Montana is
significant in revealing results when, with favorable resource
conditions, mechanization becomes practically complete, Recent
progress in Washington offers a striking example of success
in overcoming serious resource obstacles. Developments since
1935, especially in Colorado, supplementing Washington ex-
perience, seem to indicate that resource handicaps are not
likely to have the effect in retarding mechanization in the
far West in the future that they have had in the past.

Mechanization of loading in Wyoming, by far the most impor-
tant far Western area from the standpoint of this study,
has not had as significant reactions on employment in the
mechanized mines as it would have had if less considerate
labor policies had obtained. On the other hand, the employment

opportunity formerly available in mines which remained on

11New Mexico 1s the only other coal-producing State in the far West. The State
broduced nearly 1, 400,000 tons in 1935, of which about 100,000 tons were ma-
chine loaded.
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284 BITUMINOUS COAL

a hand-loading basis has practically disappeared in both
Wyoming and Montana. Upon these mines fell the chief impact
of the substitution of other fuels or the competition of
strip-mined coal in Montana. Prediction concerning effects
on employment of advancing mechanization in the far Western
areas that remain to be mechanized is unwarranted; because
of different conditions it is not likely that the record
in Wyoming and Montana will be closely paralleled elsewhere.
Mechanization in recent years has been advancing rapidly
in Utah and Colorado. By 1937 about one-half of Utah's output
was being mechanically loaded; in Colorado the percentage was
14. It is difficult to predict at what speed mechanization
will continue in these two States or when they will reach the
high degree of mechanical loading achieved in Wyoming and
Montana. The picture is not clear for Washington or New Mexico
either, although it appears that future progress will be slow
in these States.
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CHAPTER X

PERFORMANCE OF MECHANICAL~ AND HAND-LOADING MINES
IN THE APPALACHIAN AREAS*

The areas of the Appalachian region which are brought to-
gether for analysis and discussion in the present chapter are
almost as diverse as are the scattered areas of the far West.
They do not constitute a unit even to the limited extent that
the Illinois-Indiana area is a unit. The northern Appalachian
area includes central Pennsylvania, western Pennsylvania, Chio,
and Maryland; the southern Appalachian area includes West
Virginia, Virginia, eastern Kentucky, Tennessee, and Alabama .
Western Kentucky is classified regionally with Illinois and
Indiana. Nevertheless, the fact that all the Appalachian
fields except those at the extreme south are in that part
of the country in which population and markets are concentrated
sets them somewhat apart from coal areas to the west.

The accessibility and richness of the coal resources in the
Appalachian fields has enabled them, during the decade ending
in 1936, to supply over %0 percent of the Nation's bituminous
coal and to provide about the same proportion of the jobs
in the bituminous industry.

From the standpoint of the present study the chief signifi-
cance of the region is as an example of mechanical loading
in its earlier stages. At the time the analysis of Bureau
of Mines data, on performance of mechanized and unmechanized
mines from 1918 to 1935, was completed, the record for 1936
Wwas but partially compiled, and only estimates were available
for 1937. Analysis of comparative performance of mechanical-
loading and hand-loading mines had to be confined to those
areas that had gone far enough with mechanical loading in 1935
to make a significant showing. The only Appalachian areas
that qualify under this criterion are central and western
Pennsylvania and Alabama.

Outside of Pennsylvania significant machine tonnage in the

northern Appalachian area came exclusively from the Pittsburgh

*,
By Willard E, Hotchkiss and Charlotte K. Warner.
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286 BITUMINOUS COAL

No. 8 field in Ohio, which was classified with western Penn-—
sylvania.! Mechanically loaded tonnage in the rest of Ohio
prior to 1935 was negligible, as was that of Maryland.

In the southern Appalachian area West Virginia and Virginia
contributed, respectively, 4.4 percent and 1.4 percent of
the total machine tonnage of the country in 193s. However,
the West Virginia machine tonnage of slightly over 2 million
tons in 1935 was only about 2 percent of total West Virginia
output, the largest percentage for any year up to that time.
Virginia's mechanically loaded output in 1935 was about 650,000
tons, or 6.7 percent of output. In eastern Kentucky and
Tennessee mechanical loading up to 1935 was so limited as to
have no significance even locally.

In considering performance data for central and western
Pennsylvania it should be noted that differences in resource
conditions have resulted in different types of loading equip-
ment. Western Pennsylvania, where mechanical loading centered
mainly in the thick Pittsburgh seam, has followed the example
of T1llinois and Indiana in installing chiefly mobile and
pit-car loaders. In central Pennsylvania, on the other hand,
thin seams and moderately dipping beds have led to the adoption
of hand-loaded conveyors.

CENTRAL PENNSYLVANIA®

Tons Mechanically Loaded

Mechanical loading in this area has been on a considerably
smaller scale than in the Midwestern and far Western States.
Total machine-loaded output in 1935 was 3,624,000 tons, which
represents but 10.4 percent of underground production. The
percentage remained the same in 1936 and in 1937 increased to
an estimated 11 percent.

Examination of the Group "A" curve shows machine-loaded
tonnage increasing throughout the period 1924-34, even includ-
ing the depression years, but with a slight drop in 1935.

1Resource conditions in western and central Pennsylvania are basically different,
and 1n discussion of bituminous mining they are usually regarded as separate areas.
For the purpose of the present study two Ohio Group "A" mines in the Pittsburgh
No. 8 fileld, whose identity would have been disclosed if they had been analyzed
Separately, were combined with the Group "A" mines of western Pennsylvania.

2Includes the following counties: Armstrong, Bedford, Blair, Bradford, Cambria,
Cameron, Center, Clarion, Clearfield, Clinton, Elk, Forest, Fulton, Huntingdon,
Indiana, Jefferson, Lycoming, McKean, Potter, Somerset, Tioga, and Warren.
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Group "B" in central Pennsylvania, which appears in panel 1
of figure 50 as "all other" mines, reached a maximum output
of slightly over 1 million tons in 1931 and dropped to 324,000
tons in 1935.

Experience of Group "B" mines in central Pennsylvania is
worthy of study. The degree of experimentation in this area
is apparent from the installation and later abandonment of
mechanical-loading devices in 68 mines during the period
of this study. Some experiments lasted only 1 or 2 years,
others as long as 5 or 6 years, before the mines reverted to
hand loading. An additional 30 mines put in loading machines
for less than the 30 percent of their tonnage that would have
qualified them for Group "A", and later went out of business,
in some cases permanently. Most of the installations were made
only 1 or 2 years before the mines closed down, which may
indicate that resort to mechanization reflected a desperate
effort to survive. Only 21 mines were included in Group "B"
because they loaded less than 30 percent of their output by
machine in 1935.

The hand-loaded conveyor was the chief type of equipment used
in this area. The fact that 68 mines found it inadvisable to
continue mechanical loading and reverted to hand loading
suggests that the equipment may not have been adapted to
conditions in these mines or that management did not use it
effectively. Efficient use of conveyors, like that of mobile
loaders, may require some adjustment in mining practice.
Another pertinent consideration was the relatively low wage
scale in central Pennsylvania prior to 1934 which, in many
cases, may well have minimized the saving from conveyor loading
below a point that would justify the carrying charges on the
equipment. All in all, Group "B" experience, both in the mines
that survived and in those that perished, seems to reflect
a quest for savings that were not realized.

Tons Cut by Machine

The percentage of the tonnage cut by machine in Group "A"
mines increased considerably after 1928, the period in which
mechanical loading started to assume significant proportions
of the Group "A" tonnage. Although the "all other" mines also

showed a considerable increase in machine cutting, advancing
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Figure 50.~ COMPARATIVE PERFORMANCE IN CENTRAL PENNSYLVANIA
OF UNDERGROUND MINES WHICH HAVE ADOPTED MECHANICAL LOADING
AND OF ALL OTHER UNDERGROUND MINES, 1918-385

(Strip mines are excluded)
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Figure 50.— COMPARATIVE PERFORMANCE IN CENTRAL PENNSYLVANIA
OF UNDERGROUND MINES WHICH HAVE ADOPTED MECHANICAL LOADING
AND OF ALL OTHER UNDERGROUND MINES, 1918-85 - Continued

(Strip mines are excluded)
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290 BITUMINOUS COAL

from 45.9 percent in 1918 to 69.8 percent in 1931, most of the
gain was made during the first 10 years of the period. For
this district the figures of machine cutting include tonnage

mined with pneumatic picks.

Number of Mines

The number of Group "A" mines was necessarily small in
comparison with the area total, fluctuating between 27 and 33.
There were 12 mines in the "A-1" group. The "all other" mines
dropped from 1,663 in 1923 to a low of 627 in 1932. The
indicated increase in number between 1932 and 1935 is mainly

in the group of mines serving the truck market.

Production

The coal industry in central Pennsylvania was in the doldrums
long before the depression of the early thirties. In 1918
the area produced 72,526,000 tons; by 1929 the tonnage had
fallen to 50,563,000. Down to about 1927 the district was
largely unionized, but thereafter it operated nonunion and
wages fell to low levels until the coming of NRA. It was,
however, confronted with loss of its markets to the nonunion

coals of southern West Virginia.

Notwithstanding the over-all declining market, Group "A"
mines, here as elsewhere, were able to better their relative
position. In 1018 they produced 6.5 percent of the total deep
production; in 1928, 12.8 percent; inm 1935, 1%7.9 percent.
The fact that these mines, in the face of a disastrous decline
in tonnage for the area, continued to increase their share of
total business after 1928 was not necessarily the result
of mechanical loading. Group "A" mines in this, as in other
areas, included a number of particularly strong mines from
the standpoint of corporate relations, management, and market
connections. About 35 percent of the tonnage was produced by
captive operations, and much of the remainder came from mines
that had relatively permanent trade outlets for their product
These factors were probably as much responsible for the re-
tention of business as was mechanical loading. It is notable
that the percentage of mechanical loading in Group "A" mines
in central Pennsylvania had been considerably less than in
Group "A" mines in Midwestern and far Western areas. The
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maximum mechanically loaded tonnage for Group "A" during
the period of study was 60.6 percent in 1933. The percentage
declined to s52.%7 by 1935,

Hourly Capacity

In this area capacity of the Group "A" and "A-1" mines
was approximately doubled during the period covered by the
analysis. This resulted largely from the inauguration of mul-
tiple shifts at certain mines in the group.® Hourly capacity
of the "all other" mines declined from a peak of 38,886 tons
in 1923 to a low of 21,538 tons in 1933.

Men Employed

The number of men employed in all central Pennsylvania deep
mines dropped from 88,786 in 1921, the peak year, to 50,417 in
1932. dJob mortality was almost exclusively the result of loss
of business due to changes in market demand and to competition
of southern coal. In contrast to the general situation,
the number of men employed in Group "A" mines increased from
4,884 in 1918 to 7,582 in 1935; again, however, there is no
clear indication that the superior position of this group was
a result of mechanical loading.

Days QOperated per Year

The generally advantageous position of Group "A" mines is
seen immediately in the curve for days of operation. In
every year of the period they offered their employees more
opportunity for work than did the "all other" mines.

Tons per Man-hour and Number of Men Required to Maintain
1,000 Tons of Hourly Capacity

From 1918 to 1927, when mechanical loading had no signifi-
cance in the performance records of the "A" group, the trend of
unit labor requirements in both groups of mines was downward,
with about the same differential between the groups existing in

3Hu1t1ple shifts have the effect of increasing the average daily tonnage. The
Increase carries over into the statistical device adopted for analyzing the trend
0f capacity, namely, dividing daily production by the number of hours in the
€stablished working day, which ylelds the ratio of hourly capacity shown in
the curves. The increase in terms of the dally tonnage which can be produced
at these mines 1s real but appears to result more from the increase in the number
0f shifts per day than from simple expansion of facilities.
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Figure 51.— COMPARATIVE PERFORMANCE IN WESTERN PENNSYLVANIA AND
O NO. 8 FIELD OF UNDERGROUND MINES WHICH HAVE
ADOPTED MECHANICAL LOADING AND OF ALL OTHER
UNDERGROUND MINES, 1918-86
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Figure 51.—- COMPARATIVE PERFORMANCE IN WESTERN PENNSYLVANIA AND
IN THE OHIO NO. 8 FIELD OF UNDERGROUND MINES WHICH HAVE
ADOPTED MECHANICAL LOADING AND OF ALL OTHER
UNDERGROUND MINES, 1918-85 - Continued

(Strip mines are excluded)
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294 BITUMINOUS COAL

1927 as in 1918. In the "all other" group the over-all decline
amounted to 16 percent; in the "A" mines, to 18 percent.
During this period the forces that made for decreased require-
ments were operating about equally in both groups.

In 1928 and thereafter an advance in both mechanical loading
and machine cutting occurred in the "A" mines. Mechanical
loading rose from 20.2 percent of Group "A" output in 1928
to 60.6 percent in 1933, and undercutting advanced from 73 to
90 percent of output during these years. During the years
1928-31 the small but increasing spread between the Group "A"
and "all other" mines is believed in part to reflect the wider
use of loading and cutting equipment in Group "A" mines.
In both groups of mines, however, the record of unit labor
requirements from 1930 to 1934 appears to be affected by the
difficulties of statistical reporting characteristic of the
depression years. As was pointed out in chapter VII, in 1930,
1931, and 1932 influences were at work tending to understate
the number of man-hours actually expended, whereas in 1933
and 1934 the reverse was true.? The record for Group "A"
mines in 1935, however, shows a saving over the period before
mechanical loading. Because of seam conditions, the type of
loading equipment used, and the smaller amount of mechanical
loading in "A" mines up to 1935 savings were much smaller than
those realized in the Il1linois-Indiana area.

WESTERN PENNSYLVANIA AND OHIO NO. 8 FIELD®

Tons Mechanically Loaded

The total tonnage mechanically loaded in western Pennsylvania
and in the Ohio No. 8 field was impressive - 4,323,000 tons
in 1935, 6,855,000 tons in 1936, and 9,867,000 tons in 1937 -
but in percentage the area stands far down the list. Only
6.5 percent of deep output was loaded mechanically in 1935
and 8.3 percent in 1936; there was an estimated increase to
11.7 percent in 1937.

Prior to 1928 the tonnage loaded in Group "A" mines was neg-
ligible, but between 1928 and 1931 it increased from less than

4see also appendix A,

5\Jester‘n Pennsylvania includes Allegheny, Beaver, Butler, Fayette, Greene,
Lawrence, Mercer, Venango, Washington, and Westmoreland Counties, Ohio No, 8
field includes Belmont, Harrison, and Jefferson Counties.
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1 million to over 33 million toms. After the depression drop
to about 3 million, tonnage in 1935 had risen to 3,772,000,

Between 40 and so percent of the tonnage loaded in this
area in the years 1928-31 came from Group "B" mines. The
experimental nature of many of these early installations
is revealed by the fact that s1 mines put in machine loading
for a year or more and then reverted to hand loading, and
7 mines put in loading devices just before shutting down
permanently. Only 12 mines were included in Group "B" because
they loaded less than 30 percent of their tonnage mechanically
in 1935. Pit-car loaders, mobile loaders, and face conveyors
were the main types of equipment that went into these Group "B"
mines. In 1931, for example, about two-thirds of the machine
tonnage came from mines that were experimenting with pit-car
loaders (including also a few conveyors); the remaining one-
third was from mines in which mobile loaders were used almost
exclusively. Group "B" mines reached their peak of loadin
in 1930 with 2,729,000 tons and then declined rapidly t
378,000 tons in 1934.

Tons Cut by Machine

Cutting in Group "A" mines has shown a high degree of mech-
anization throughout the period of the study, with an over-all
increase from %7%.3 percent in 1918 to g7.3 percent in
In the "all other" mines the percentage of machine cut
advanced from 67.0 in 1918 to 86.7 in 1933, although it wil
be noted that most of this increase occurred in the

period 192%7-31.

Number of Mines

The number of mines that successfully adopted mechanical
loading in this area remained small. In 1918 Group "A" in-
cluded # mines; the number rose to 11 at the end of the period.
The two mines in the Ohio No. 8 field were in the group of six
mines making up the "A-1" series. The number of mines ir

the "all other" group reached a maximum of 1,299 in 1923, bu

the exceedingly high mortality rate reduced the number to 516

in 1933. The increase to 627 in 1935 was mainly in the groug

of smaller mines serving local markets.
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296 BITUMINOUS COAL

Production

The total deep-mine output of the area amounted to 122,299,000
tons in 1918. The low point of %3,169,000 tons reached in 1922
was the result of the great strike that shut down about g¢s per-
cent of the capacity in the Pittsburgh district and 100 percent
of the capacity in Ohio. After the poststrike increase in 1923
tonnage started to decline, the over-all loss between 1918 and
1929 amounting to 19 million tons. Between 1929 and 1932
production dropped from 103 million to o million, a more
severe loss than that which occurred in central Pennsylvania.

Figures for Group "A" mines have little significance in
this area other than as performance records of two or three
large companies. In 1918 these mines produced 1.5 percent
of the deep output; they produced 10.3 percent in 1932. The
percentage dropped to 9.1 in 193s. Part of the increase prior
to 1932 was due to the addition of new mines to the group,
although Group "A-1" shows that there was a slight tendency
for mechanical-loading mines to increase their share of the
business. As in central Pennsylvania, the increasing use of
mechanical loading was doubtless only one of the factors
enabling these mines to hold their position.

Hourly Capacity

In this area there was a marked increase in the capacity of
the Group "A" and "A-1" mines during the period covered by the
analysis. It results largely from the inauguration of multiple
shifts at certain mines in the group.® Capacity in the "all
other" mines was almost cut in half between 1923 and the low
point of 1932, although since then it has tended to pick
up rapidly.

Men Employed

There were 110,549 men employed in deep mines in western
Pennsylvania and the Ohio No. 8 field in 1918, and by 1923 this
number had increased to 126,774 men. After 1923 the coal
industry in this area was attacked on two fronts - increased
competition from southern areas and a general decline in

markets. Liquidation ot capacity set in almost immediately
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and the number of men employed dropped precipitously, reaching
a low of 64,321 in 1932, a decline of about 5o percent. Mech-
anization was a small contributing factor in the great loss of
jobs that occurred in this area. The great majority of men
were forced out of employment because mines were closed down
by the hundreds. Conditions improved in 1933 and 1934, and
by 1935 the number of men employed had risen to %9,986.

The number of men employed in Group "A" mines is too small
to have significance in the over-all employment picture.
Group "A" mines employed 1,649 men in 1918 and 5,360 in the
peak year 1930. This figure had dropped to 5,013 in 1935. The
identical series of "A-1" mines employed 1,271 men in 1918,
4,214 in 1930, and 3,s42 in 1935. As in other areas, Group "A"
mines revealed superior ability to withstand adversity.

Days Operated per Year

The curve of days operated for the "all other" mines conforms
in general to the production curve. Group "A" mines worked
4s days less than the "all other" mines in the strike year 1919
because of the fact that the "A" mines are located in the
Pittsburgh area of Pennsylvania and in eastern Ohio, both union
strongholds at that time. The same explanation holds for
the strike of 1922, when the "A" mines worked <8 days less
than the "all other" group. In 1923 and 1924 working time was
higher for the "A" group, but in 1925 the "A" mines dropped to
90 days compared with 203 for the "all other" mines.

In 1924 operators in the Pittsburgh district signed the
Jacksonville Agreement to continue the $7.so-per-day scale
until 1927. By 1925 the forces of competition between union
and nonunion areas were already under way with nonunion op-
eérators reducing wage scales to the 1917 level and lower.
Operators in the Pittsburgh area felt they could no longer pay
the Jacksonville scale and stay in business, and they started
to shut down their mines early in 1925. One large company in
the area closed all its so mines in that year and reopened
later on a nonunion basis. In the following year, 1926,
the average number of days worked in Group "A" mines rose from
the low of 9o to 267. The advantage in working time was main-
tained by the "A" group until the end of the period.
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298 BITUMINOUS COAL

Tons per Man-~hour and Number of Men Required to Maintain
1,000 Tons of Hourly Capacity

Man-hour requirements for both Group "A" and "all other"
mines were almost identical between 1918 and 1923. Starting
in 1924-25 and continuing through 1928-29, the curves of unit
labor requirements in the "A" and "A-1" mines run considerably
higher than those of the "all other" mines. The difference
is probably more apparent than real, the explanation lying in
unusual circumstances during much of this period. Several
mines of the "A" group were working under disturbed labor
conditions from 1925 to 1929, which doubtless had some effect
on productivity. It is also true, however, that the method
of computing man-days by multiplying mine working time by the
reported number of men employed, which at best gives only an
approximation, is not adapted to measuring performance during
an industrial dispute.” By 1930 the abnormal conditions had
disappeared, and the mines of this group had regained any lost
ground and forged ahead of the "all other" group. Mechanical
loading was advancing rapidly: 29 percent of Group "A" output
was machine loaded in 1929 and 61 percent was so loaded in
1931, although from 1931 to 1935 the percentage of machine
loading in the group remained relatively constant.

Without doubt the increasing spread between Group "A" and
“all other" mines after 1930 was largely the result of me-
chanical loading. The irregularities in the curve of labor
requirements of the "all other" mines from 1930 to 1934 are
almost surely attributable, as in other areas, to faulty
reporting under the conditions of the depression years.®

OHIO

Except for the Ohio mines classified with western Penn-
sylvania, performance data for machine-loading and hand-loading
mines were not analyzed as were those for central and western
Pennsylvania. Nevertheless, Ohio experience with mechanical
loading is worthy of mention.

Figure 52 shows the course of deep-mine production and
the percentage of coal mechanically loaded in all Ohio mines.

7The data reported by the mines in question to the Bureau of Mines have been
checked against those reported to the Pennsylvania Department of Mines and found
to be the same.

8See appendix A.
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THE APPALACHIAN AREAS 299

Ohio lost many of its markets to nonunion areas after the
World War in the period following the Jacksonville Agreement.
In 1927 and 1928 Ohio mines were shut down by serious strikes
as a result of nonagreement over wage rates at the expiration
of this agreement, and by 1929 the area was virtually all
nonunion, Ohio markets had shrunk so much during the twenties
that the depression could do little more damage and, except in
1932, tonnage varied but slightly from 1929 to 1937.

Although experimentation with mechanical loading began in
Ohio in the midtwenties, the percentage loaded remained a minor
part of total underground production. In 1936, however,
10 percent of the production of all Ohio mines was mechanically
loaded, and this was raised to 14 percent in 193% accord-
ing to the preliminary figures of the National Bituminous
Coal Commission.

The incentives for increasing markets were just as strong
in Ohio as in the Illinois-Indiana area, but a combination
of factors retarded a general movement toward mechanical
loading. Low wage rates in Ohio after 1927 were, of course,
an important deterrent to a mechanical-loading program, but
part of the severe tonnage loss was due to competition of

Figure 62.- TOTAL UNDERGROUND PRODUCTION IN OHIO AND PERCENTAGE
OF OUTPUT MECHANICALLY LOADED, 1918-37
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300 BITUMINOUS COAL

southern areas where wages were also low. Equally important
in this area was a lack of recognition on the part of manage-
ment of the advantages of mechanical loading. Part of this
was no doubt caused by the fact that a considerable portion
of Ohio tonnage came from old mines in which depletion was
so far advanced that the life of the properties did not seem
to justify heavy investment in new equipment. Physical con-
ditions are, on the whole, not unfavorable, although difficult
roof conditions in some areas would have prevented early
installations of machine loaders.

Only two Ohio mines located in the Pittsburgh No. 8 seam
could be classified in Group "A", and to avoid disclosure
of data for these mines they were included with Group "A" mines
in western Pennsylvania. Over go percent of the total tonnage
mechanically loaded in Ohio in the years 1933-35 came from
these two mines. Seven Group "B" mines were also classified in
the Ohio No. 8 field. Of these, four reverted to hand loading
after short periods of experimentation; the other three were
below the 30-percent mark for mechanical loading in 19353.
Outside of the No. 8 field experimentation with mechanical
loading was confined to 16 Group "B" mines which contributed a
negligible part of the total machine-loaded tonnage of Ohio.

WEST VIRGINIA

West Virginia now leads all the States in total output of
bituminous coal and in the past 10 years has produced between
26 and 28 percent of the country's tonnage. Figure 53 shows
the trend of production and the percentage of output loaded
mechanically. Experiments with mechanical loading began early
in West Virginia, but the proportion of underground tonnage
mechanically loaded remained small up to 1935. Low wage scales
offered no incentive for machine loading, but with the coming
of NRA and collective bargaining, interest began to develop
and, as a result, mechanical loading increased from ¢.8 percent
of production in 1933 to 2.1 percent in 1933. In 1936 it
jumped to 7.4 percent, in 1937 to 13 percent, and preliminary
reports of the West Virginia Department of Mines indicate that
21 percent of the production was mechanically loaded in 1938.

Chief interest in mechanical loading in West Virginia must
center on its present status and its future possibilities,
aspects which are covered in detail in chapter VI.
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Figure 538.- TOTAL UNDERGROUND PRODUCTION IN WEST VIRGINIA AND
PERCENTAGE OF OUTPUT MECHANICALLY LOADED, 1918-37
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BASED ON TABLE B-55

Past performance records were too limited to have any value
for analysis, and the standard charts and tables as presented
for other areas have been omitted.® Only 16 mines in 1935
could have been classified in Group "A", and their combined
tonnages amounted to less than 2 percent of the State's output.
Mechanical loading in these Group "A" mines was not a dominant
proportion of the total Group "A" output (only slightly over
50 percent in 1934), and it was obvious that 1935 was too
early in the evolution of machine loading to yield a repre-
sentative performance record under conditions of machine
loading and hand loading. If the data had been brought up to
date through 1936-3%7, a considerable number of new mines and
new tonnages would have been added to Group "A." However,
the record under machine loading for most of these mines would
have covered only 1 or 2 years, a period too short to reveal
definite effects of machine loading on unit labor requirements.

Although mechanical loading made little headway up to 193s,
there was considerable experimentation over the period. One
hundred and thirty mines can be said to have fallen in the
experimentally mechanized Group "B" classification. Of these

gTable B-55, showing the growth of mechanical loading by types of equipment, is the
only one of the standard series presented.
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302 BITUMINOUS COAL

130 mines, 88 experimented with loading machines for short
periods and then reverted to hand loading. Eleven of the
latter mines, however, were again trying machine loading
in 1936 or 1937. Sixteen mines in Group "B" put in mechanical
loading and then went out of business or were abandoned, while
the remaining 26 mines were included in Group "B" by virtue
of having less than 30 percent of their output machine loaded
in 1935. Mobile loaders accounted for most of the machine
tonnage in the thicker seams, although face conveyors were
growing in popularity up to 1935.

VIRGINIA

Figure s4 shows that the coal industry in Virginia maintained
or increased its production in the period 1923-29. Although the
depression drop was from 12,748,000 tons in 1929 to 7,692,000

tons in 1932, by 1937 tonnage had increased to 13,588,000.
The increase after 1932 was partly due to the opening of a new

field in Buchanan County made possible by an extension of the
Norfolk and Western Railway.

As in West Virginia, low wage rates were a principal factor
in retarding machine loading. The 1937 estimate of underground
production mechanically loaded in Virginia is 11 percent.

Figure 54.- TOTAL UNDERGROUND PRODUCTION IN VIRGINIA AND
PERCENTAGE OF OUTPUT MECHANICALLY LOADED, 1918-87
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The trend of mechanical loading is shown in figure s4.
Machines of various types have been used. From 1926 to 1931
the bulk of the mechanically loaded tonnage was loaded by
mobile loaders installed in the Pocahontas field in Tazewell
County, but, as in West Virginia, the friable nature of the
Pocahontas coals and consequent degradation have limited
the use of mobile loaders; since 1932 the tonnage from this
source has declined. In the meantime conveyors had been
introduced into the high-volatile fields, and they account for
much of the increase shown since 1934. In 1935 and 1936
renewed activity in the use of mobile loaders occurred in
the Buchanan County field.

It was not possible to present data for Group "A" and "all
other" mines in this area without disclosures for individ-
ual operations; therefore the usual tables and charts are

not presented.

ALABAMA

Alabama coal fields lie at the southern extremity of the
Appalachian region, but mining conditions in the area are
basically different from those that obtain in heavy-tonnage
Appalachian areas to the north. Resource conditions in Alabama
are adverse. Many of the seams are thin and pitch heavily. In
general the beds contain a high percentage of impurity and
81 percent of the 1936 output had to be mechanically cleaned.
As a result of the difficulties with which mining is sur-
rounded, costs per ton in Alabama are high. For the period
from April to December 1937 the National Bituminous Coal
Commission found total producing, administrative, and selling
costs to be $2.53 per ton in Alabama, Georgia, and parts of
Tennessee, compared with $2.19 for parts of West Virginia and
Virginia, known as Southern No. 1, and $2.04 for parts of
West Virginia, Virginia, Tennessee, and eastern Kentucky areas,
known as Southern No. 2. Unlike other low-wage areas to the
north, the necessity of reducing costs brought about more
interest in mechanical loading in Alabama prior to the reduc-
tion of wage differentials under the Bituminous Coal Code of
the National Recovery Administration in 1933 than it did in
West Virginia, Virginia, and Kentucky. Performance of Alabama

mines has been charted in figure ss5.
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Figure 56.- COMPARATIVE PERFORMANCE IN ALABAMA OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-85

(Strip mines are excluded)
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Figure 65.- COMPARATIVE PERFORMANCE IN ALABAMA OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL

OTHER UNDERGROUND MINES,

1918-86 - Continued

(Strip mines are excluded)
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306 BITUMINOUS COAL

Tons Mechanically Loaded

The mechanical-loading movement, though under way as early as
1923, did not make much progress until 1930, when 13.4 percent
of Alabama deep-mine coal was loaded mechanically. This
increased to 18.8 percent in 1931. The depression brought
about a drop to 11.8 percent in 1934, and this was followed by
an increase to 14.3 percent in 1936 and an estimated 16.9 per-
cent in 1937.

Group "A" mines in Alabama loaded only 3 million toms mechan-
ically in 1928, but the amount had risen to 1,346,000 tons
in 1931. :

Group "B" mines, charted as "all other" mines in panel 1 of
figure 55, handled about yo percent of Alabama machine-loaded
tonnage in 1930 and 1931, but thereafter the percentage rapidly
declined. Eighteen Group "A" mines mechanized their loading
successfully. Over the whole period of study there were 24
mines in Group "B." Eight mines in this group reverted to hand
loading after 1 or 2 years of experiment with loading devices.
Eight other mines closed down after trying mechanical loading
for short periods, and a final group of eight mines were in
Group "B" because less than 30 percent of their tonnage was
loaded mechanically in 1935.

Tons Cut by Machine

Machine cutting in the "A" mines increased from 6o percent of
output in 1918 to 9o.2 percent in 1932, with a slight decline
in 1935. In the "all other" group machine-cut output increased
from 30 percent in 1918 to %7 percent in 1934.

Number of Mines

The number of Group "A" mines in Alabama increased from 11
in 1918 to 17 in 1926 and varied by only 1 during the remainder
of the period. Seven mines were included in the identical
Group "A-1" series. The number of "all other" mines was at a
peak of 286 in 1918. Except during 1922 and 1923 the trend was
sharply downward over the remainder of the period. Decline in
the number of "all other" mines between 1918 and 1927 centered
in small mines having an annual output of less than 50,000
tons, with the result that the total tonnage for the group
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remained at about the 1918 level between 1923 and 1927 despite
the sharp decline in number of mines.

Production

Alabama deep-mine output, which was 18,563,000 tons in 1918,
dropped t0 15,029,000 tons in 1919. The area was tied up for a
short period by the 1919 strike, but decline in tonnage was
caused chiefly by a contraction of markets. The major portion
of Alabama coal is used by steel and allied industries which,
as manufacturers of war materials, were greatly affected by
the cessation of war demands. Tonnage increased slightly in

1920, but that year was marked by a bitter and protracted
d

strike in the area. In 1921 further slackening of demand an
continued labor trouble brought about a drop in tonnage to
11,922,000 tomns.

Alabama was not affected by the 1922 strike and production
rose to almost 18 million tons. After 1922 the Alabama steel
industry underwent recovery and coal tonnage remained on a high
level until 1926 with only a small recession in ] 927 0
and 1929. Between 1929 and the low point of the depression in
1932 Alabama output dropped 56 percent, from 17% million
less than 8 million tons. Recovery in the Alabama s
industry did not get well under way until 1936, a fact
accounts for the failure of coal tonnage to show any m
increase in 1934 and 1935.10

Group "A" mines have produced a small percentage of tota
Alabama deep-mine tonnage during most of the period. TI
production curve for "all other" mines follows closely
curve for the State. Group "A" mines, however, have bettered
their position over the 18-year period. In 1918 they produc
only 7.3 percent of Alabama deep-mine tonnage, whereas im 19

"a 1"

they produced 24 percent. The identical Group "A-1" min

increased their share of the total from 5.1 percent im 1g

13.5 percent in 1935. As in other areas, Group "A"

!

better market outlets than the "all other"

40 percent of the tonnage of the group came from c
loRecalling that 1030, 1931, and 1932 were years

mechanical loading in Alabama, it 1s Interes
occurred during a period of extreme decline in
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and a major portion of the remaining tonnage was produced for

known trade outlets.

Hourly Capacity

The hourly capacity of both Group "A" and Group "A-1" mines
has increased, the Group "A" mines at a more substantial rate
because new mines came into the group. In part, the increase
was caused by the introduction of multiple shifts at certain
mines (see page 291, footnote 3). The capacity of the "all
other" group apparently was not influenced by the sharp decline

in business until after 1931.

Men Employed

The coal industry in Alabama enjoyed a period of relatively
steady demand in the years 1922-27 and employment remained at
a correspondingly high level. Declining demand, first apparent
in 1928, started a dewnward trend in the number of men em-
ployed which was not arrested until 1933. From a peak of
29,000 men employed in deep mines in 1923 the number dropped
to a low of 18,000 in 1933, a decline of 38 percent. Very
little advance occurred in 1934 and 1935.

Group "A" mines in Alabama, as in other areas, were able to
withstand adverse conditions much better than other mines.
The number of men employed in the mines of this group rose from
2,229 in 1918 to a peak of 4,227 in 1929. In 1935, 3,898 men,
only 7.8 percent less than in 1929, were still on the rolls of
Alabama Group "A" mines. The identical group of "A-1" mines
employed 1,s44 men in 1918, 2,084 men in 1929, and 1,962 in
1935, a drop of 5.9 percent from the 1929 peak.

Decline in number employed by the "all other" group of mines
was not serious until after 192%7. The heavy post-war reduction
in output had been temporary and was reflected in fewer annual
working days rather than in the loss of jobs. Between 1927 and
1929, however, declining output was also reflected in fewer men
employed, and the number dropped sharply with the spectacular
loss of tonnage after 1929.

Days Operated per Year

Working time in Alabama coal mines depends largely on the

prosperity of the steel industry. Between 1918 and 1929 this
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State averaged more days of employment per year than any other
large bituminous area in the country. In 1929, when the
average number of working days for all deep mines in the
United States was 220, Alabama mines worked 233 days. After
1929 meagerness of working time was the typical employment
condition of the Alabama coal industry.

For the greater part of the period from 1918 to 1935 the
record of Group "A" mines for days operated per year has
been somewhat better than that of the "all other" group, but
the difference is not striking.

Tons per Man-hour and Number of Men Required to Maintain
1,000 Tons of Hourly Capacity

In areas previously studied the bases upon which Group "A"
mines are divided from "all other" mines brought together in
Group "A" the mines in which resource, management, and engi—
neering conditions were generally more favorable to high pro-
ductivity than they were in the other mines of their respective
areas. This fact was revealed by superior performance of
Group "A" mines before, as well as after, the introduction of
mechanical loading. In Alabama, on the other hand, Group "A"
mines had higher unit labor requirements or lower productivity
than the group of "all other" mines throughout most of the
period of study, and their average did not overtake the average
for the "all other" group until 1931.

A study of the individual companies in Group "A" indicates
that they were not inferior from the standpoint of management.
The very fact that they undertook mechanical loading suggests
that their management was progressive. Their action in me-
chanizing cutting more rapidly than the "all other" mines and
their success with mechanical loading would seem to put them
ahead of other Alabama mines from the standpoint of technology.
Group "A" mines in Alabama also had the advantage of high-
quality coal and proximity to the Birmingham market. Against
these advantages the mines suffered from the handicap of
difficult physical conditions; in an area noted for geological
handicaps these mines were distinctly below the average. It
is impossible to measure exact physical conditionms or their
effects on productivity, but the following tabulation suggests
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310 BITUMINOUS COAL

the relative influence of the two factors, seam thickness and

dip, on the two groups:

Seam thickness (inches)?!l Degree of dip (1920)1%

T T T

Year All mines Group "A" Mine Degrees

1917 58.3 All minesl% 3%
1918 - Groupialal

Mine 1 123
1935 - Mine 2 14
1937 57.8 Mine 3 18

Over the 18-year period covered by the study Group "A" mines
showed considerable savings in unit labor requirements, chiefly
in the years after 1927 when mechanical loading was being
rapidly introduced. The percentage of Group "A" output mechan-
ically loaded jumped from 22 percent in 1928 to 48 percent in
1930 and 63 percent in 1933; it dropped to sz percent in 1934
but was back to 60 percent in 1935.

Even with these large increases in mechanical loading within
the group, the registered declines in unit labor requirements
appear too large to be attributable entirely or even chiefly
to mechanical loading. The suggestion that improvement in
other factors such as haulage and cutting are responsible for
the decline in unit labor requirements is fortified by the
fact that mechanical loading in Alabama "A" mines was performed
mainly by hand-loaded conveyors and pit-car loaders, the types
of equipment having the smallest influence on productivity.
Conveyors were used to load roughly so percent of the machine
output of Group "A" mines from 1930 to 1935. Pit-car loading
was used for about 35 or 4o percent, and a modified longwall
system in use in certain mines in this area permitted the use
of scrapers for the balance. In one or two instances the
scraper installations resulted in a rather large increase in
output per man-hour.
llWeighted averages of seam thickness, computed from data for 1917 from Annual
Report of Coal Mines, State of Alabama, 1917 (Birmingham, Ala.: Dispatch Printing
Co., 1917); for 1918 from same for 1918 (1918); for 1935 from Forty-fourth Annual

Report of State Mining Departiment of Alabama, Coal Mines, 1935 (Wetumpka, Ala.:
Wetumpka Printing Co., 1936); and for 1937 from same for 1937 (1938) «

12Degree of dip taken from unpublished records of the study of physical conditions,
made by Margaret H. Schoenfeld (see chapter III, ftn, 7o

1SWe1ghted average.
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A study of geological factors connected with bituminous
mining in Alabama seems to indicate that in areas with excep-
tionally poor geological conditions the physical factors
encountered tend to show more fluctuations from better to worse
than they do in areas where seam conditions - thickness, pitch,
and purity of coal - are more favorable.l4 In the absence of
opportunity for quantitative measurement there is reason to
believe that changes in physical conditions of actual workings
in Alabama Group "A" mines may have contributed substantially
to change in productivity.

Unit labor requirements in the "all other" mines showed but
moderate decline over the period as a whole. In 1918, 2,985
men were needed to maintain an hourly capacity of 1,000 tons;
in 1935, 2,571 men. The movement of the curve between 1930
and 1934 is affected, as it was in other areas, by certain
inaccuracies in statistical reporting during the depression
years, From 1930 to 1932 there was a definite tendency to
understate the number of man-hours actually worked, and in
1933—34 a tendency to overstate the number. The more accurate
observations for 1935 leave no doubt that substantial savings
in labor requirements have been attained.

Considering the direction taken by the curves of productivity
and unit labor requirements during the period of the present
study, emphasis should constantly be placed upon the fact that
the significance of these curves is almost entirely in the
relation they bear to the resource conditions with which
bituminous operators in Alabama had to contend. From this
standpoint it is a fair assumption that any positive results of
mechanical loading in Alabama were chiefly by way of overcoming
obstacles which would have been impossible or extremely diffi-
cult to overcome without these aids.

14Tnis i1s the case for some other States, notably Washington.
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CHAPTER XI

SUMMARY AND CONCLUSIONS*

The fact of employment opportunity or lack of opportunity has
a significance which is primarily local in the sense that a job
is attached to a given mine in a given locality rather than to
the coal industry. Miners are affected by an increase or a
decrease in the number of jobs or in working time to the extent
that these changes apply to nearby mines in which they may hope
to find employment. From this point of view an analysis of
data by areas is of greater interest than an over-all picture
of the industry. Yet, increasingly, employers, labor, and the
Government are finding themselves forced to regard the problems
of the bituminous-coal industry in terms of their national as
well as their local aspects.

In discussing performance data for the particular areas the
danger of drawing conclusions from short-time fluctuations has
been emphasized. It is even more necessary to limit con-
clusions to general trends in the case of the composite records
for the United States.

It must also be kept in mind that averages can be misleading
when applied to groups of changing composition. Conclusions to
be drawn from performance of hand-loading mines are, therefore,
necessarily tentative, in view of the heavy mortality suffered
within this group. In view of these limitations, composite
showings for hand-loading and machine-loading mines throughout
the industry have value chiefly as a vehicle for reviewing
trends already noted in connection with particular areas.

PERFORMANCE OF MECHANICAL—- AND HAND-LOADING MINES
IN THE UNITED STATES, 1918-85

Aggregate performance data on mechanical loading to the end
of 1935 were compiled and charted for the whole United States
on the same basis used for the individual areas. Because
the important areas heretofore analyzed account for the bulk of
the total machine tonnage, their performance necessarily

*By Willard E. Hotchkiss.
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influences the composite showings for the country as a whole.?
The standard performance charts for the United States are
presented in figure s6.

Tons Mechanically Loaded

Tonnages mechanically loaded in Groups "A" and "A-1" conform
closely to the corresponding curves for Illinois because of
the large percentage of the machine-loaded tonnage coming from
the mines of that State. In Group "B" mines over 11 million
tons were machine loaded in 1930, and in 1934 this had declined
to 1,779,000 tons. The slight increase in 1935 was mainly
the result of mines that put in loading equipment for the first
time but which were still under the 30-percent mark. In 1935
Group "B" mines were responsible for only s.s5 percent of the

=]

total tonnage mechanically loaded.

Tons Cut by Machine

Since successful machine loading is dependent on other mine
processes operating at a high level of mechanization, it
natural to find Groups "A" and "A-1" with a greater perc
of their tonnage cut by machine than have the hand-loadi

mines. By 1932 Groups "A" and "A-1" were cutting

cent of their tonnage by machine. The large
percentage of tonnage cut in hand-loading mines
halted about 1931, the group showing a tendency
at about 8s percent.

Number of Mines

Mines included in Group "A" numbered 1%0 in 1918

1935, The identical "A-1" group included 104

1ivout 43 million, or 90 percent, of the 47 million
loaded in the United States in 1835 came from
been analyzed. Some areas have been discu
formance, such as Colorado chapter I
chapter X. Discussion of few remaini
Maryland, Missouri,

outside the No.

in 1935, centers in

in chapter VI. In one of t

of local importance with 26.6 p

Although Arkansas experience wl

other areas from the standpoint

conditions, its discussion per

situation and future possibilit

“The individual areas
course, add to the to

"A" mines in Arkansas, (

North Dakota, Oklahoma, Tenne
shown separately.
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Figure 56.— COMPARATIVE PERFORMANCE IN THE UNITED STATES OF
UNDERGROUND MINES WHICH HAVE ADOPTED MECHANICAL LOADING
AND OF ALL OTHER UNDERGROUND MINES,

1918-86

(Strip mines are excluded)
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Figure 656.— COMPARATIVE PERFORMANCE IN THE UNITED STATES OF
UNDERGROUND MINES WHICH HAVE ADOPTED MECHANICAL LOADING
AND OF ALL OTHER UNDERGROUND MINES,

1918-86 - Continued

(Strip mines are excluded)
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316 BITUMINOUS COAL

maximum for the country in the "all other" group was reached
in 1922 when it contained 8,824 mines. After 1923 the group
suffered high mortality and by 1932 had declined to only
3,544 mines - two-fifths of the number that were in operation
in 1922.% This had increased slightly, to 3,698, by 1935.

Production

The production curve for hand-loading mines closely parallels
the curve for total deep-mine production. QOutput of mines
that turned to mechanical loading was a minor portion of the
country's tonnage. Sharp fluctuations in output of "all other"
mines between 1918 and 1926 left total output of that group in
the latter year at 492,741,000 tons compared with 521,789,000
tons in 1918. This was not a drastic reduction in view of the
fact that the bituminous mines of the country were supplying
an inflated war demand in the earlier year.

Comparison of the production curve for "all other" mines in
the country as a whole with the curves for particular areas
such as Illinois and Indiana shows that the hard times suffered
by the bituminous industry in particular areas from 1918 to
1926 was associated partly with fluctuations from year to year
but even more with shifts of tonnage from area to area. After
1926, however, the over-all production curve for "all other"
mines maintained a sharp downward trend until 1932. This
applied in every year except 1929, with the result that total
output of the group dropped to 248,101,000 tons in 1932.

During the whole period 1918-32, when output from the "all
other" group underwent sharp fluctuations and drastic decline,
Group "A" mines exhibited comparative stability. The trend of
production in Group "A" mines was upward from 1918 to 1929,
rising from 46,479,000 to 66,608,000 tons, an increase of
43 percent. This increase in output was only partly the result
of an increase in the number of mines in the group in the
latter year, for in the "A-1" identical series of mines produc-
tion rose from 33,068,000 tO 41,371,000 tons, an increase of
3The count of number of mines in the *all other" group is not strictly comparable
over the entire period. "Wagon mines® and "country banks® have been excluded
throughout the period, but local commercial mines (mines employing less than
10 men) could only be excluded from 1923 to 1935. Between 1922 and 1924 the
recorded decline 1s therefore greater than that which actually occurred. In making
a comparison between these and published figures of the Bureau of Mines for Class 4

and § mines, It must be remembered that the Bureau of Mines tables include local
commercial mines.
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25 percent. In the period of general business depression from
1929 to 1932 the downward trend of output in this group was not
S0 severe as was that of the mines that continued to load
by hand. To sum up the period as a whole, Group "A" mines
produced 19 percent more coal in 1935 than they did in 1918,
whereas Group "A-1" mines were able to sell about the same
amount of coal at the end of the period as at the beginning.
On the other hand, because of vast liquidation of capacity,
the mines left in the "all other" group in 1935 produced
4y percent less than they produced in 1918.

Hourly Capacity

Hourly capacity in Group "A" mines rose from 23,000 tons in
1918 to 39,000 tons in 1927; in Group "A-1" mines it rose from
17,000 to 24,000 tons. This occurred in the years when mechan-
ical loading could not have been an important factor in causing
the increase. After 1928, in the period of intense mechaniza-
tion of loading, Group "A" mines showed only a slight expansion
of capacity up to 1931, declined during the depression, and
ended in 1935 with gi1,000 tons. Group "A-1" mines in 1935
reported the same hourly capacity, 24,000 tons, as in 1927.
The evidence seems conclusive that mechanical loading up to
1935 did not bring about any great increase in mine capacity.

Expansion of capacity in the "all other" mines was marked
from 1918 to 1923 when the all-time peak of 344,000 tons per
mine-hour was reached. The large liquidations that took place
in coal mining after 1923 reduced mine capacity to 250,000
tons in 1929, and a further 50,000 tons were lost by 1933.
Better markets caused the hourly capacity curve to turn upward

slightly from 1933 to 193s.

Men Employed

The number of men employed in Group "A" mines increased from
42,000 in 1918 to 63,000 in 1927 and then declined to 50,000
in 1935. The identical series of Group "A-1" mines was able to
offer in 1935 practically the same employment as in 1918.%

For the country as a whole employment centered in the hand-
loading mines. Employment was at its peak in 1923 when 636,000

4It must be kept in mind that the performnce curves of Gr:up"A" %n?
mines for the United States are highly weighted by Illinois and
reflect Illinols experience.
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318 BITUMINOUS COAL

men were employed. In 1929 the number had fallen to 439,000.
Within a period of 6 years 19%,000 jobs were lost. The great
depression of the early thirties caused further retrenchments
and by 1932 employment had dropped to 351,000. Recovery in the
coal industry, apparent since the middle of 1933, assisted
in some measure by the y-hour day and the s-day week, resulted
in a slight increase in employment; in 1935, 402,000 Men were
employed in hand-loading mines.

From the national standpoint the ability of Group "A" mines
to offer job security to their personnel was of minor signifi-
cance in the over-all employment picture. In 1935 approxi-
mately 9o percent of the jobs were still concentrated in
hand-loading mines.

Days Operated per Year

A comparison of working time in Group "A" and "all other"
mines shows that for the country as a whole the hand-loading
group held the advantage in many of the years up to 1929. The
strike in Illinois and Indiana was, of course, the explanation
for the low points reached in 1927 and 1928 in Group "A" mines.
In 1934 and 1935 Group "A" mines worked 13 and 16 more days,
respectively, than the hand-loading group.

Tons per Man-~hour and Number of Men Required to Maintain
1,000 Tons of Hourly Capacity

Superiority of Group "A" mines is shown by their comsistent
ability to mine coal with less labor per unit of output than
was needed by mines of the "all other" group. This fact,
striking for areas in which mechanical loading was concentrated
prior to 1935, is shown with equal clearness in panels 8 and 9
for the United States as a whole. Comparison on a national
basis of the mechanized and nonmechanized groups is greatly
affected by the fact that the mechanized mines reflect chiefly
Illinois-Indiana experience and the nonmechanized or "all
other" mines reflect chiefly Appalachian experience, including
that of West Virginia and Kentucky.

If attention is directed to panel ¢ for the United States it
may be seen that the "all other" mines showed greater improve-
ment for part of the period of study than did Group "A" mines.
During the period 1918-28, a time when mechanical loading was
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unimportant, unit labor requirements for the "all other" group
declined 18.6 percent whereas the decline for Group "A" mines
was 14.4 percent.

The trend of unit labor requirements in both groups of mines
was plainly downward during the entire period 1918-31. How
much of the decline for the "all other" group can be attributed
to managerial or technical changes other than mechanical
loading and how much to inaccuracies in reporting and to
the changing composition of the group cannot be determined.
Whatever the major causes, labor requirements decreased from
2,198 men per 1,000 tons of hourly capacity in 1918 to 1,739 men
in 1929, a decline of 21 percent. Between 1930 and 1934 the
trend of the curve is affected by inaccuracies of reporting
associated with the depression years to which references have
already been made. The general trend, however, seems to have
been slightly downward, for the net change from 1929 to the
more careful observations of 1935 was a decline of 2 percent.
During the period after 1923 average performance of the "all
other" group of mines was greatly improved by the closing
of many marginal mines, but it is also probable that mines
which were able to survive did so in part by improving their
productivity.

In regard to Group "A" mines it appears that prior to 1928,
even though they were probably ahead of the "all other" mines
as a class in utilizing the then-current technology, they were
unable to make as great an improvement in labor productivity
during this period as was made in the mines of the other group.
In the years following 1928, when performance of Group "A"
mines came to reflect increasingly the results of mechanical
loading, spread in productivity between the two groups again
increased, and it is believed that this represented mainly
the effects of mechanical loading. Unit labor requirements
in Group "A" mines were 20 percent less in 1935 than they were
in 1928. In the "all other" group of mines they were only
s percent less, the average decrease for all deep mines being

7.5 percent,

Changes in unit labor requirements cannot be translated into
terms of employment without making assumptions regarding
other factors that enter into the employment ratio. One such
factor is length of the working day. In 1934 the official
working day was reduced from 8 hours to 7, but there is no way
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320 BITUMINOUS COAL

of forecasting future changes. Another factor destined to have
a major effect on employment opportunity is the amount of coal
that will be produced by mines operating at different levels
of productivity. In the past, as mechanization of loading
progressed, Group "A" mines produced an increasing percentage
of the total output; this percentage has continued to increase
during the 2 years following 193s.

Reductions in cost resulting from mechanical loading nat-
urally increased the amount of coal produced in certain areas,
but there is no way of determining to what extent this increase
was at the expense of other areas or of mines that did not
mechanize. Increased tonnage which reflected sales that
could not have been made on higher cost levels represented a
contribution to employment, but sales that resulted from taking
business away from another area or another mine meant merely
a shift of employment from one place to another.

In analyzing effects of mechanical loading in the Illinois-
Indiana area it became fairly clear that the employment situa-
tion would have been worse than it was if operators had not
utilized the lower costs incident to mechanical loading in
order to arrest loss of tonnage to other areas. For the
industry as a whole it seems clear that the only way in which
decline in unit labor requirements can be prevented from
resulting in loss of man-hours of employment is by increasing
the market for coal sufficiently to counteract the adverse
effect of increased output per man.

Comparative Labor Requirements With Different
Loading Devices

Man-hour output in any area, and for the industry as a whole,
is a resultant of many factors in which the complementary items
of resource conditions and mining technology are preeminent.
To whatever extent types of equipment may vary in their effect
on labor output, the results achieved with them depend in large
part upon conditions and management in the mines in which
they operate.

In recognition of the fact that the effects of mechanical
loading depend greatly upon the coordination and types of
equipment used, comparisons were made of labor requirements in
the various areas when different types of loading were in use
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Table 19.— LABOR OUTPUT AND LABOR REQUIREMENTS IN SELECTED
BITUMINOUS-COAL MINES IN PERIODS OF HAND AND
MECHANICAL LOADING, BY TYPE OF LOADER®

Tons produced per man-hour

Type of loader
Hand- |Mechanical- b:
loading loading oS i loading

period period LRQrense e period

Scraper loaders” . 398 0. 895

Mobile loaders, total . 738 1. 118

Illinois and Indiana . bl

Illinois . . 120
Indiana

Montana
Wyoming

Duckbills®

Pit-car loaders, total

Illinois
Indiana

Hand-loaded face
d
conveyors"

80omputed from data of the U. S. Bureau of Mines
75 percent ormore of total production had been loe
represent average performance of from 2 to 4 ye
output. The hand=-lceding period covered was a.
could not, of course, be included If there wi

or forwhich {twas difficult toget a represent
indications of inaccurate reporting. In ord

and hand-loading conditions so as to refle
magnitude of production between the two peri
nificance (as measured by man-hours w )

DAr}mr‘ss:, Oklahoma, central Pennsyl
Cyyoming.
Alabama, Arkansas, central pennsylvania, washington, and Wyoming.

and of labor requirements in the same mines during a

loading period. Selection of mines was made on a basis th
believed to reveal representative performance. Table 19

the results of this comparison.

Scraper loaders in the scattered mines in which they were
used were the most effective of the several devices.
of mining methods, discussed at length in chapter V, th
of scrapers is limited. Only five scattered mines lo
central Pennsylvania, Wyoming, Arkansas, and Oklahoma
studied for comparative performance of a scraper-loading
with a hand-loading period for the same mines. The comparison
showed that 2,525 men were required to maintain an hou
capacity of 1,000 tons under hand loading but only 1,439
were required with scrapers, a saving of 43 percent.

ar wh

wil

Because of the exceptionally favorable conditioms und
scrapers have been installed, their effect on man-hour
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compared with hand loading has been greater than that of mobile
loaders. The selected mines in which the performance of mobile
loaders was studied, however, showed a decrease in man-hour
requirements of 34.1 percent in the mechanical-loading compared
with the hand-loading period.

Thirty-four mines using pit-car loaders reduced the number of
men required per 1,000 tons of hourly capacity by 16.3 percent.

Five mines using duckbill loaders reduced man-hour require-
ments by 18.6 percent.

Twenty-one mines scattered in Alabama, Arkansas, central
Pennsylvania, Washington, and Wyoming made an over-all saving
of 13.5 percent with conveyors.

In considering the national significance of types of loading
equipment used in particular areas, it should be recognized
that during the past few years mobile loaders have undergone
substantial changes in design which have greatly increased
their flexibility for use under varying conditioms. Changes
in machine design will not entirely overcome the drag of poor
resource conditions on man-hour output, but the use of increas-
ingly effective equipment and improvements in management will
unquestionably tend to reduce unit labor requirements under
machine loading.

The smallest unit labor requirements or the largest labor
outputs under hand loading were in States where natural condi-
tions were most favorable, as in Illinois, Indiana, Wyoming,
and Montana. In general, the best combination of resource
factors was found in those States having thick coal, level
seams or seams with manageable pitches, and good floor and
roof. Such conditions favored the mobile loader when operators
in those areas turned to machine loading. The result was that
areas with excellent physical conditions were in a position to
realize greater savings than areas with poorer conditionms which
used lower-powered equipment.

In Wyoming, where man-hour requirements under hand loading

were comparable with Illinois and Indiana, the duckbill loader
became the dominant type of loading equipment, but here again
there was a definite fitness of this equipment to the physical
conditions. Southern Wyoming mines with steep pitches, to
which duckbill loaders were adapted, realized savings, but
less than did mines that were able to use mobile loaders.
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The relation between physical conditions and pit-car loaders
is much less marked than that between physical conditions and
mobile and duckbill loaders. Pit-car loaders were favored
during the early stages of mechanization in Illinois and
Indiana because they were cheap and applicable to existing
mining practice. As organization for more complete mechaniza-
tion progressed, pit-car loaders declined in favor of mobile
loaders from which greater saving could be realized. Man-hour
output records of Illinois and Indiana mines under pit-car
loading and mobile loading reflect in large measure the rela-
tive degrees of mechanization embodied in the two types of
equipment, pit-car loaders being installed as a mechanical
aid to hand miners, whereas mobile loaders necessitated re-
organization of many mine processes.

The hand-loaded conveyor is the only loader that can be
installed in almost any mining situation. This means that in
earlier years many mines with unfavorable resource factors had
no alternatives to conveyors when they turned to mechanical
loading. Although the hand-loaded -conveyor is potentially a
slower-speed and lower-capacity form of mechanical loading,

the smaller savings shown by mines using it were also the
result of resource handicaps. For example, in Alabama and
Arkansas seams are thin and pitching, and, in Alabama, the
seams contain many impurities. Conditions are not so adverse
in central Pennsylvania as they are in Alabama and Arkansas,
but thin seams and moderately pitching beds, plus the necessity
of mining clean coal, forced central Pennsylvania mines to use
conveyors rather than more powerful types of equipment. It is
believed that under favorable conditions and with close super-
vision larger savings could be made with hand-loaded conveyors

than the experience of the 21 mines in table 19 would indicate.

Analysis of comparative performance under hand loading and
machine loading with different types of equipment in different
areas shows clearly that the effect of mechanical loading on
productivity depends in large measure on the type of loader
used. Nevertheless, the fact that output per man varies
greatly between mines, both under hand loading and machine
loading, even with the same type of equipment, indicates
that conditions other than type of equipment have a large
influence on man-hour output. Physical conditions that indi-
cate utilization of one type of loader rather than another
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324 BITUMINOUS COAL

help to determine output per man even when equipment best
adapted to the particular seam is used. Management exerts
a very important influence in combining the best technology to
attain the highest degree of productivity possible under
existing resource conditions.

NATION-WIDE VIEW OF MECHANIZATION TO 1938

Advance of mechanical loading since 1935 has been outstand-
ing. Equally significant has been the growth of strip mining.
These two phases of mechanized mining appear destined to play
an important part in the bituminous industry in the years
immediately ahead. Although both of them will be influenced
by numerous, unpredictable forces, careful study of current
sitvations in the light of past experience will indicate some
of the probable trends for the future. Economic and resource
factors, which will in part determine the future of strip
mining, were discussed at some length in chapter IV. The
place of strip mining in this chapter is merely to serve as
a phase of mechanization in comparison with machine loading
in deep mines and to give a balanced picture of mechanization
as a whole.

Effort to appraise the current situation in mechanical
loading must necessarily be broken down into areas and types
of mining conditions. While the study for the period ending
in 1935 was in progress, figures for 1936 and estimates for
1937 revealed rapid development of new centers of mechaniza-
tion. In order to connect the current situation with the
history of the movement to the end of 1935, State and regional
comparisons of tonnage and percentage distributions of mechani-
cally loaded deep-mine tonnage were made for the years 1930,
1935, 1936, and 1937. The year 1930 was shown because the
total output of bituminous coal in the country was nearly the
same in that year as it was in 1936 and 1937, and the bases
upon which percentages of mechanical loading are figured
therefore remain fairly constant.

Table 20 shows that the Middle West (chiefly Illinois and
Indiana) is still the most important center of mechanical
loading although its proportion of the total tonnage mechani-
cally loaded dropped from s7.s percent in 1930 to 43.7 percent
in 1937. The southern Appalachian area, represented mainly by
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Table 20.- PERCENTAGE DISTRIBUTION OF BITUMINOUS COAL
MECHANICALLY LOADED, BY REGION, 1980 AND 1985-87°

Region

United States

Middle West and Southwest
Middle West (Ill., Ind.,
west Ky., Mo., and Iowa)
Southwest (Ark. and Okla. )

Appalachian
Nothern (Pa., Ohio, and Md.)
Southern (W. Va., Va.,
east Ky., and Tenn.)

Alabama

Rocky Mountain (Wyo., Mont.,
Wash., N, Dak., Colo., Utah,

and N. Mex.) | 1kt 16.2 14 58 Sa T

8pata computed for 1930 from F. G. Tryon, L. Mann, and H. O. Rogers, "Coal, "
Mineral Resources of the United States: 1930 (U. S. Dept. Com., Bur. Mines, 1932),
Part II, ®Nonmetals," p. 873; for 1935 from F. G. Tryon, L. Mann, and W. H. Young,
»Bi tuminous Coal, " Minerals Yearbook, 1937 (U. S. Dept. Int., Bur, Mines, 1937),
D. 833; and for 1936 from Bituminous Coal Tables, 1936-1937 (U. S. Dept. Int.,
Nat. Bituminous Coal Com., 1938). In some cases speclal break-downs were required
to obtain sufficliently detalled figures. The data for 1937 represent p
estimates of the National Bituminous Coal Commission based on reports o
Departments of Mines, operators, and sales of new equipment.

West Virginia, showed the greatest increase in the same period
- from 7.6 to 21.6 percent of the total. The percentages
contributed by the northern Appalachian Region and the Rocky
Mountain Region were about the same in 1937 as in 1930.

Turning to the showing for individual States in table 21,
by far the most phenomenal advance in mechanical loading
since 1935 has been in West Virginia where the tonnage loaded

by machine in 19397 was 7% times that for 193s5; im contrast to
the 2 percent of its total output loaded by machine in 193s,
13 percent was so loaded in 1937. Preliminary figures of the
West Virginia Department of Mines indicate that 21 percent was
mechanically loaded in 1938.

Other States making notable advances are Colorado, with
machine-loaded tonnage in 1937 five times that of 1935, and
Ohio, Arkansas, Utah, and Washington, with 1937 machine tonnag
approximately double that of 1935. Advances in these States

involved comparatively small tonnages, but Pennsylvania, which
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326 BITUMINOUS COAL

Table 21.- BITUMINOUS COAL MECHANICALLY LOADED AND PERCENTAGE
OF UNDERGROUND PRODUCTION, BY STATE, 1980 AND 1986-87%

Percent of
Number of tons underground production

1930 1935 1937 1930 | 1935 | 1938 | 1987

United States 46,993,848"| 47,177,224 | 66,976,872 | 83,500, 000

+
C
o
O

‘u

Alabama 2,058,052 1,308,853 1,741,452 2,100,000
Arkansas 244,818 292,084 522,411 550,000
Colorado 122,680 197,318 557,548 1,018,039
Illinois 22,846,555 | 20,513,082 | 26,110,068 | 28,344,382
Indiana 3,503,188 5,767,696 7,146,080 7,428,306
Iowa (c) (o] (c) (c)
Kentucky 989,156 583,250 858, 747 1,300,000
Eastern 417,631 102, 320 318,164 n.a.
Western 571,525 480,980 340,588 n.a.
Maryland (c) (c) (c) (c)
Missouri 109,088 (e) 0 0
Montana 1,114,705 1,291,373 | 1,484,121 1,431,000
New Mexico (c) (c) () (c)
North Carolina 12,000 (0] (0] (0]
North Dakota (o] (c) (c) (c)
Ohio 1,497,000 1,488,303 2,049,075 3,204,102
Oklahoma (c) (c) (c) (c)
Pennsylvania 7,034,908 8,489,485 9,033,855 | 11,9851, 639
Central 2,847,763 3,624,405 3,930,181 4,275,470
Western 4,187,143 2,845,080 5,108,874 7,876,169
Tennessee 58,255 233,579 290,220 450,000
Utah 881, 682 898,118 1,358,543 1,835,000
Virginia 864,301 851,807 779,232 1,500,000
Washington 424,208 429,617 808,488 838, 000
West Virginia 2,228,401 2,059,322 8,712,935 | 15,480,863
Northern 580,321 356,198 2,813,048 5,908,414
Southern 1,848,080 1,703,124 8,099,889 9,584,449
Wyoming 2,864,698 4,530,082 5,189,283 5,300,000
Undistributed 167, 084° 518,524 754,824 760, 689
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Prnis figure differs slightly from that shown in Mineral Resources of the United States: 1830 (U. S
Bur. Mines, 1832) Vecause of revisions made during the present study

®Included in "Undistributed.®
n.a. Data not avallable.

ranks second among the States in total bituminous output,
almost doubled its 1935 machine tonnage in 1937%7.

In spite of significant advances in new areas, the States in
which machine loading was concentrated prior to 1935 continued
in 1936 and 1937 to increase their ratio of machine-loaded to
hand-loaded tonnage. In Illinois the percentage of underground
tonnage mechanically loaded increased from 55.3 in 1935 to
70.7 in 193%; in Indiana the increase was from 62.5 to 80.6.
Wyoming increased from 89.8 percent of deep production to
92.1 percent in the same period, but a small percentage decline
occurred in Montana.

Figure s7 shows the distribution of hand-loaded, machine-
loaded, and strip-mined tonnages by State for 1930, 1935, 1936,
and 1937. If it is kept in mind that the output for the
country varied but little in 1930, 1936, and 1637, tonnage
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figures in the different areas are highly significant. Strip
mining, which represents the highest degree of mechanization,
increased in the Illinois-Indiana area from 12 million toms in
1930 and 14 million in 1935 to 1% million in 1936 and 19 mil-
lion in 1937. The increase in strip tonnage was occurring at
the same time as the remarkable growth in machine-loaded
underground tonnage.

The spectacular advance in 1936 and 1937 in the percentage of
total tonnage loaded by machine in West Virginia assumes
peculiar national significance by virtue of the fact that
West Virginia has become the most important bituminous State in
the country. If the 21 percent of the State's total tonnage
loaded by machine in 1938 should rise rapidly to the Illinois-
Indiana figure, the change would bring about marked displace-
ments, but it must be remembered that the resource conditions
of the State are on the whole decidedly less favorable to
mechanization than they are, for example, in the No. 6 seam of
Illinois. The developments since 1935 in West Virginia are
partly the result of improved technology and accumulated
experience in using loading devices, but the chief impetus was
basic changes in the labor situation since 1933. Under the
higher wage rates now prevailing, certain favorable areas in
the Sewickley, Pittsburgh, and Island Creek seams are being
mechanized with exceptional rapidity. How fast mechanization
can be extended to inherently more difficult areas remains

to be seen.

Strip mining under favorable conditions has an advantage in
man-hour output and in cost over deep mining, even in areas
with low wage standards. This no doubt would have resulted in
its growth even if the standards of the low-wage areas had not
been raised. Nevertheless, the over-all competitive advantage
of strip mining over deep mining has been intensified by higher
wage levels in areas which supply the major portioa of the

Nation's bituminous coal.

The influence on deep-mine mechanization of raising the wage

level in low-wage areas is, of course, much more direct than in
the case of strip mines. The recent rise of mechanical loading
in West Virginia and substantial advances in other areas whose
wage standards were raised are in large measure direct reflec-
tions of these changes. Through its effect on competition,
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Figure 57.~ DISTRIBUTION OF HAND-LOADED, MECHANICALLY LOADED,
AND STRIP-MINED BITUMINOUS COAL, BY STATE,
1980 AND 19856-87
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Figure 57.— DISTRIBUTION OF HAND-LOADED, MECHANICALLY LOADED,
AND STRIP-MINED BITUMINOUS COAL, BY STATE,
1980 AND 1985-87 - Continued
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330 BITUMINOUS COAL

increase in mechanical loading in heavy-tonnage eastern areas
tends to stimulate further advances in other areas.

The influences exerted by labor standards, flexibility of
management, and types of equipment are relative today, as they
have been in the past, to the physical conditions in which
these forces operate, and there is no reason to suppose that
the growth of mechanization and its influence on productivity
will not be a resultant of these several basic factors in the
future. The present situation, however, is greatly modified
by progress in machine design and in management, which have
materially enhanced the scope of mechanization during the past
few years. This change is reflected in a growth of mechaniza-
tion that is both intensive and extensive.

The transition from pit-car to mobile loaders in Illinois
and Indiana is the most striking example of the intensive
advance of mechanization, whereas the introduction of the
newer and smaller designs of mobile loaders to replace the
hand-loaded conveyor is another. Any change in machinery which
increases the degree of substitution of mechanical power for
man-power may be said to represent intensive mechanization.

In looking at the percentage figures for the country as
a whole in the following tabulation, it is clear that mobile
loaders are showing the greatest gains and pit cars the great-
est loss. Although conveyors have been gaining, the rate has
been much slower than that of mobile loaders.

Percent of mechanically loaded tonnage

Percent of 5
loaded by® -

underground -

roduction
e ) Mobile Duck-

Pit— Hand-loaded
mechanically loaders Scrapers car face

loaded bills j5aders conveyors

1930 10.5 42.7 40.7 9.6
1935 13.5 52.3 23.5 16.8
1938 18.3 81.2 ! 15.7 18.4
19837 20. 3 87.1 9.8 17.2

Figure 58, showing tonnages loaded by the various types of
loading equipment in 1930 and 1936, indicates the intensive and
extensive advance of mechanization during that period for the
individual areas.®

SBased on table B-63.

eFigures were not avallable when this study was completed to show the dis-
tribution for 19837 for every State.
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Figure 58.— DISTRIBUTION OF MECHANICALLY LOADED BITUMINOUS
COAL, BY TYPE OF LOADER AND STATE, 1980 AND 1986
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332 BITUMINOUS COAL

In Illinois and Indiana substitution of the higher-powered
mobile loader for the pit-car loader was the significant
intensive development. In Illinois mobile loaders accounted
for 4u percent of the mechanically loaded tonnage in 1930;
in 1936 the percentage was 71. Indiana showed an even greater
shift, from 49 percent in 1930 to 9o percent in 1936. Although
a great deal of this was a loss for the pit-car loader because
mines changed from pit-car to mobile loaders, many of the mines
that waited until the early thirties to mechanize went directly
to mobile loaders. (See also tables, in appendix B, dealing
with historical growth of mechanization by types of equipment.)

In West Virginia the introduction of mobile loaders into the
northern and southern high-volatile fields and conveyors into
the southern low-volatile field, former hand-loading areas,
represented the most significant extensive developments.

In central Pennsylvaria hand-loaded conveyors have in the
past accounted for the greater part of machine-loaded tonnage.
The use of scrapers, the only other loading equipment which
ever found much favor in this area, has declined sharply from
1930, and in 1936 conveyors handled ¢4 percent of the machine-
loaded tonnage. Western Pennsylvania continued to increase its
use of mobile loaders; 59 percent of the machine-loaded output
in 1930 came from mobile loaders and %2 percent in 1936.
Pit cars, in this area as in Illinois and Indiana, are giving
place to mobile loaders. On the other hand, an upturn in
conveyor loading to cover 12 percent of the machine tonnage
occurred in 1936. This increase reflects results of apparently
successful experiments with conveyors in overcoming difficul-
ties incident to draw slate in the Pittsburgh seam. In Alabama,
scrapers increased their share of machine tonnage in 1936, and
mobile loading, which was previously negligible, advanced.
Pit-car tonnage has declined since 1931 and conveyor tonnage
since 1933, but conveyors still handled 38 percent of machine
output in 1936. In other eastern areas distribution of machine
output did not deviate greatly from earlier experience and no
new trends were indicated.

In the far West States the current situation in regard to
types of loading equipment has much less significance than in
the East. The duckbill loader has proved a satisfactory device
in Wyoming and its use there has spread to cover increasing
amounts of machine-loaded tonnage. In Montana and Utah mobile
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loaders remain dominant, but in Washington physical conditions
limit equipment to face conveyors and modified duckbills.
In Colorado all types of loading equipment have been tried,
especially in 1936 and 1937, but it is impossible to discover
which types will become dominant.

Performance records for the country as a whole show that
mechanization has advanced under the pressure to secure lower
costs. The urgency of halting the decline in the production
of bituminous coal greatly intensifies this pressure. The
movement advanced in the first instance in those areas in
which pressure of relatively high-wage costs was greatest, and
performance records show that it was successful in lowering
costs. Accumulated experience laid the foundation for a wider
application of the intensive type of mechanization embodied in
the mobile loader and for extending the field of mechanization
both for mobile loading and low-powered conveyor loading.

When the wage standards of the low-wage areas were raised in
1933 and 193y, the stage was set for the conspicuous intensive
and extensive advances which have occurred since 1935. This is
most strikingly typified by the concurrent introduction of
mobile and conveyor loading in West Virginia without the
necessity for the long period of trial which characterized
mechanization in the twenties. The current advance of mech-
anization, both intensive and extensive, taken together with
the rapidly increasing percentage of Illinois-Indiana tonnage
that is either mobile loaded or produced by the still more
highly mechanized methods of strip mining, gives a dramatic and

highly significant setting tothe current mechanization picture.

OUTLOOK FOR THE FUTURE

In trying to project the trends of recent years into the
years ahead, account must be taken of the interplay of forces
by which future developments will be conditioned. Both the
intensive and extensive growth of mechanical loading will
obviously be greatly influenced by resource, managerial, and
wage factors and by changes 1in machine design, but these
factors and the effects of mechanization on employment will be
closely interrelated to the development of markets. In turn,
all of the operating and market factors and their effects

on employment will be subject to the policies of operators,
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workers, and Government. In concluding the discussion of these
topics, different phases of unemployment will be sketched and
the factors that influence the relation of technology to
employment will be summarized.

It will aid in viewing the problem in perspective to recall
that despite the admitted fact of unemployment, the decline
in number of jobs since 1929 is less in bituminous-coal mining
than in many other branches of industry. In 1937 the average
number of men employed, according to preliminary data of the
National Bituminous Coal Commission, was 484,000; it was
503,000 in 1929. The decrease amounted to 3.8 percent.

Prospective Advances in Mechanical Loading

Mechanical loading and strip mining in 1937 were most impor-
tant in the Mississippi Valley States, which included Illinois
and Indiana. In this area, which offers one-fifth of the
employment in the bituminous-coal industry, 41 percent of
the total'production was loaded mechanically and 2% percent
came from strip mines. The far West, where only one-twentieth
of the employment centers, produced 42 percent of its output by
mechanical loading and 11 percent by stripping. Approximately
three-fourths of the total production and employment in the
bituminous-coal industry is in the great Appalachian coal
fields, where in 1938 only 11 percent of the total output was
loaded by machine and where strip mining was insignificant.
The future of mechanical loading must necessarily lie chiefly

in the latter area.

The advances made during the past 2 or 3 years indicate
substantial increase in the years immediately ahead; the
mechanical-loading movement will extend into fields in which
little or no coal was mechanically loaded in 1936 and 193%.
It is to be expected, moreover, that the shift from low-powered
to high-powered equipment by reason of more flexible designs
and better management will continue. Many mines from which
mobile loaders would have been excluded in the twenties will

begin their mechanization programs with these machines.

Looking at mechanization from the standpoint of types of
equipment, it is clear that though the use of pit-car loaders
will continue for a number of years in areas where they are
already installed (a progressive decline in their use is

ARy
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plainly indicated), there will be little reason for new in-
stallations. Extension of scraper loading must depend upon
highly problematical developments in roof control, which would
make possible concentrated mining on long faces. Duckbill
loaders are operated with marked success in the pitches of
Wyoming, and some of them appear to be successful in other
scattered areas. BExperimentation in new areas, together with
possible improvements in design and use, may sharpen con-
siderably the moderately upward trend of duckbill loading.
The future of mechanical loading in general appears to center
largely with the mobile loader and the conveyor.

Shifts that have already occurred from pit-car loaders to
mobile loaders and the number of recent installations of
conveyors and mobile loaders are fairly good indications
of trends for the immediate future. For the next few years
mobile loaders are likely to predominate in thick to medium
seams and conveyors in seams ranging from medium to thin,
the choice often hinging on physical conditions other than
thickness, particularly on character of the roof. A trend
toward use of loaders in combination with conveyors is also
evident.

Installation of mobile loading in new centers during the past
3 years has greatly enlarged the experience base for future
mechanization. Those Illinois and Indiana mines from which
the major portion of mechanically loaded tonnage came prior to
1936 were in a position to secure the advantages of machine
loading as it was practiced during the twenties. Recent
experience in areas which are now extensively adopting mechan-
ical loading indicates that knowledge gained from earlier
efforts, together with the improvements in design and in mining
practice, has stimulated and intensified mechanization programs

in heavy-tonnage eastern areas.

Although the initial impetus to mechanize was the result of
relatively high wage rates in Illinois, Indiana, and Wyoming,
since 1933 wage contracts covering the major part of the
industry have tended to narrow differentials. The present
prospect is that future changes in wage levels will be spread
over practically the whole industry. However, profit margins
are precarious in all areas, and effort to support them by
reducing unit labor requirements will continue to stimulate

mechanization.
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336 BITUMINOUS COAL

During the 6-year period 1932-37 the percentage of total
underground production that was loaded mechanically increased
from 12 to about 20 peréent. Coal Age has estimated that
one-fourth of the underground output was mechanically loaded in
1938. It is possible that this percentage may more than double
within the next decade. However, the areas less favored from
the standpoint of resources and other conditions, even if they
should come to load mechanically as large a percentage of total
output as the better areas, can hardly hope to achieve as high
man-hour output records. The average man-hour output in
the mechanized mines of the country, therefore, can never reach
the levels of areas where conditions are most propitious.

Market Factors

The major purpose of mechanization in bituminous mining is to
reduce cost, and this in turn is directed toward increasing
profit or forestalling loss either by selling more goods or by
realizing better margins on sales made. Efforts to safeguard
reasonable margins may be expected to be an essential element
in any program of market stabilization, but in the long run
the forces of competition will without doubt tend to translate
savings in the cost of mining into increased sales. Although
mechanization in most forms tends to diminish the amount of

~ labor required to produce a given unit of product, its effect

on employment in a particular mine, in an area, or in the
industry will ultimately depend upon the success that operators
have in translating reduced costs into increased sales.

Individual operators or groups of operators can stimulate
demand somewhat through sales campaigns, but results of such
efforts are limited by potential markets. Markets for coal
arise out of demand for energy. The cost at which a unit of
energy can be produced by coal helps in part to determine both
the amount of energy used and the portion of the total which
will be provided by coal in competition with gas, oil, and
hydroelectric power.

The cost of coal-generated energy depends upon the cost of
mining, the cost of delivering coal to the point of use, the
energy content of the coal delivered, and the efficiency with
which heat units of the coal are transformed into energy in
the form of steam or electricity. Although the labor cost
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of mining coal is only one of the items in total
a highly important item. Labor cost for unde
according to the latest cost figures of the National Bituminous

Coal Commission ranges from sz to 68 percent of

duction, administration, and selling cost. As noted earlier,

labor requires a smaller percentage of total cost in strip
mines than it does in underground mines - roughly 32 to g2 per-
cent. In underground mines the average percentage of labor
cost is highest in hand-loading mines and lowest in mines that
have the most efficient installations of machine loading.
In a representative group of hand-loading mines located in
Michigan, Illinois, Indiana, Kansas, Missouri, Texas, parts
of Oklahoma, and New Mexico, the National Bituminous Coal
Commission found labor costs to be between 61 and 81 percent
of total costs, whereas in a group of mechanical-loading mines
in Illinois and Indiana labor costs ran from 50 to 52 percent.
In any case the number of man-days required to produce a given
quantity of coal has a direct effect on labor cost and there-
fore on the price at which coal can be profitably sold.

Granting the influence which increasing mechanization will
have in reducing cost and stimulating sales, the sales efforts
of individual operators will need to be supplemented by some
organized program of sales promotion. For a number of years
at least, low-cost strip coal will be an important market
factor in certain areas. Strip mines can afford to sell coal
more cheaply than deep mines can, and those mechanized deep
mines whose costs are relatively low can afford to sell at
a lower price than the most-efficient hand-loading mines.
The inroads which oil, gas, and hydroelectric power make upon
the energy market and continuing improvements in noncoal fuel
combustion will enhance competitive pressure. [Under these
conditions it is unlikely that any upswing of the business
cycle will automatically create enough demand to bring pros-

perity to the entire bituminous industry.

Bituminous mining suffered substantial declinein the twenties
during years of rapid industrial expansion. The falling off
of total production and employment in the industry clearly
reflects something more basic than the cyclical fluctuatioms
to which industries in general are subject. Experience and
competent authority concede to gas, oil, and hydroelectric

power some advantage in uses for which, respectively, they are
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338 BITUMINOUS COAL

best adapted, but competent engineers have expressed the view
that in the conditions which are met in the major portion
of the energy market a given expenditure for coal will bring
greater returns in kilowatt hours of energy than the same
expenditure for competing energy producers. The coal industry,
beginning with obvious advantages to which have been added
in recent years the further advantages of improved technology
in both mining and combustion, has nevertheless permitted
alternative energy producers to crowd it out of a part of
its market.

In few countries does power enter into the life of the ordi-
nary citizen to the extent that it does in the United States;
in few countries has per-capita consumption of energy reached
anything like the level it has already attained here. And yet,
although an extraordinary expansion in the use of energy has
been in progress, the American coal industry, which produces
the major portion of that energy, has lingered on the brink
of disaster. DBarring such changes as might materially increase
per-capita power consumption, there appears to be little
prospect that even the most effective efforts to stimulate
business can result in sufficient bituminous consumption
to provide full-time employment for the present labor force
of the industry.

Varying conditions and frequently conflicting viewpoints make
it difficult to speak of marketing policy as applied to the
whole bituminous industry, but man-hours of employment for
miners cannot be greatly enhanced in the years ahead except
through some concerted program for stimulating a steady and
fairly rapid increase in the market for coal-generated energy.
About the only feasible way to prevent mechanization from
diminishing employment opportunity is to make it an instrument,
through volume of sales, by which employment opportunity may
by increased.

The immediate needs involve further unification and expansion
of efforts along two lines - research into the now-timely
problem of increasing coal's share of the energy market and
research into the possibilities of developing new uses for
coal, thereby creating additional markets. The crusade for
wider use of energy is at present directed largely through the
hydroelectric industry under the leadership of the Government.
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This movement is regarded with some misgiving by the coal in-
dustry just as it is by the utilities. No doubt the Government
hydroelectric program may force both the utilities and the coal
industry to alter some of their policies, but in the long run
both industries stand to benefit by a wider use of energy.
If, as its proponents predict, Government expansion of hydro-
electric power serves to extend considerably the use of elec-
trical energy, a period of prosperity would probably bring
about the development of a market for energy which would be
served only in part by hydroelectric power. Should increased
mass demand for electrical appliances attain significant
proportions (as did that for automobiles in the twenties),
the coal industry, whose product stands high as an energy
producer, would probably be the chief beneficiary.

Mechanization and Public Policy

Unemployment in the bituminous industry must be approached
from the standpoint of the existing situation rather than on
the basis of ideal conditions. The industry has a productive
capacity far in excess of any prospective demand for coal.
Moreover, access to a flexible labor force provides a ready
means for increasing capacity in response to immediate demand

for coal.

The economic forces which have brought about both mass
production and increasing concentration of business in highly
mechanized mines continue to operate. It is probable, there-
fore, that any substantial increase in coal consumption would
result more largely in increased business for the stronger
mines than it would in relief for the weaker ones. General

expansion of the bituminous industry cannot eradicate the

problem of meager employment in mines whose operations seem

likely to remain unstable.

Effort to reduce cost by lowering unit labor requirements
through improved technology pervades modern industry; it is
part of an evolutionary process. If immediate human interests
associated with technical change are safeguarded and an in-
creased supply of goods equably distributed, benefits are
unmistakable. However, the human effects of increased mech-

he

anization vary between industries, between periods in the
? - 2 . 3 S
development of particular industries, with methods and speed oI
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340 BITUMINOUS COAL

installation, and with the conditions which surround particular

mechanization projects.

History of industry indicates that the urge to secure the
advantages of advancing technology is irresistible. Mech-
anization in coal mining is not new, and its recent advances
conform to a pattern that is typical of American industry.
Changes in recent years seem moderate, however, when compared
with those of other industries.’” The present mechanization
trend is a culminating phase of the movement rather than the
movement in its entirety. Devices which one after another have
become standard equipment in coal mining have nearly always
advanced slowly in their early stages, registering only slight
changes from year to year; but as designs were improved and
results demonstrated, the pace accelerated. The culminating
phases of a movement which has spread over many years fre-
quently assume a revolutionary appearance which a complete
history of the transition tends to dissipate.

7Follow1ng are examples selected from data assembled by the National Research
Project 1llustrating the rate of transition from hand work to machine work in other
Industries. These examples include the linotype machine, the dial telephone, three
types of glass products, and cigars

It took the linotype machine about 20 years to supplant straight-matter typesetting
by hand.

In 1920, 98 percent of telephones in use by the Bell System were of the manual
type; by 1935, 48 percent were dial 'phones.

Prior to 1917 large, long-filler cigars were manufactured entirely by hand; by 1933
the proportion of these cigars made by the automatic long-filler cigar machine had
risen to 65 percent.

In 1903 the so-called Lubbers semiautomatic cylinder machine was introduced in
window-glass manufacture, followed in 1917 by the Colburn automatic machine and
in 1924 by the Fourcault sheet automatic machine; by 1927 only 2 percent of
window-glass manufacture, which prior to 1903 had required five different crafts
of skilled workers, was produced by hand.

The Owens automatic machine was introduced into the manufacture of bottles,
Jars, and containers in 1905 and of "feed and flowm devices in 1917; by 1925 it
1s estimated that 90 percent of this branch of the glass industry was using
automatic machinery.

Prior to 1917 electric-1ight bulbs were manufactured exclusively by hand methods
by 1926, 83 percent of the output of one of the largest producers and 98 percent
of the output of another important manufacturer were produced by automatic machine.

The effect of Improved technology in combination with other factors on output in
five other industries 1s indicated in the accompanying tabulation. It compares
indexes of output per wage earner and per man-hour for the five industries in
1919 and 1936 with similar Iindexes for bituminous coal. All indexes are on
a 1929100 base.

output per Qutput per

Number of
e man-hour
Industry wage earners wage earner

In 1929 1919 1938 1919 1938
Boots and shoes 208,000 85.8 114.3 82.8 138.7
Cotton goods 425, 000 84.0 103.9 85.0 132.8
Iron and steel 420,000 61.7 87.5 51.0 112.8
Motor vehicles 447,000 41.8 95.2 42.7 587
Paper and pulp 128,000 87.3 103.9 60 .4 120.5

Bituminous coal 503, 000 70.4 86.5 79.5 109.7

The deta for the industries other than bituminous coal are from H. Magdoff,
I. H. Siegel, and M. B. Davis, Production, Employment, and Productivity in 59 Manu-
facturing Industries, 1919-36 (WPA National Research Project, Report No. S-1,
May 1939), part two. The bituminous-coal figures were computed from table B-1.
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Mechanical loading, considered in its setting of gemeral
industrial technology, cannot be regarded merely as a forced
response to local or general pressures since the World War.
These pressures, without doubt, have accelerated the movement
and have resulted in some unwise installations, especially in
the early years. In recent years, however, hasty installations
have been less frequent. Mechanization of loading has covered
roughly the past 2 decades and is now finding its culmination
in a rapidly widening coverage of the industry in both area and
tonnage. Progress in the design and production of flexible,
high-powered machines and in the skill with which management
uses them is rapidly carrying the movement forward.

The increasing rate of mechanization is stimulated by the
fact that strip mining, a more intensive technology than any
found in deep mines, has grown to significant dimensions
in certain areas. Moreover, mechanical loading takes on
particular significance from the fact that the hand operation
it replaces has hitherto employed more than half of all wage
earners in the industry. Although this has been a matter
of common knowledge, the crumbling of such an important strong-
hold of hand labor comes as a shock to those who must adjust
themselves to new conditions. This shock is accentuated
by the absence of prospect that consumption of coal will
increase enough to absorb fully the labor released by mech-

anized operation.

With the mechanization of loading rapidly extending its
coverage of the industry, its effects upon employment are no
longer localized to the extent that they were when mechanical
loading in Illinois and Indiana was a partial offset to low
wage standards in Appalachian areas. As previously emphasized,
the Illinois and Indiana mines which mechanized loading during
the twenties probably secured thereby enough business to more
than balance, from the employment angle, the adverse effects

of decreased unit labor requirements.

In the current situation, the more rapidly mechanization
advances and the greater its influence becomes in lowering
unit labor requirements, the more inevitable it is that either
production must expand or the volume of employment as measured
in total man-hours must decline. Whether a decline in man-
hours registers itself chiefly in reducing the number of
jobs or in reducing the hours of employment opportunity for
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342 BITUMINOUS COAL

the average miner depends upon other unpredictable factors,
including the number of mines operating, goveranmental policies
regarding unemployment, and the attitude of the mine owners
and employees toward the problem. Much depends upon the
relative emphasis placed, on the one hand, upon dividing
employment through staggered-work agreements or reduction
of hours or, on the other hand, upon maintaining the annual
earnings of the men who remain at work. Between 1923 and 1929
the shrinkage in man-hours of employment was absorbed almost
wholly through a reduction in the number of men employed.
Between 1929 and 1937 the shrinkage in man-hours was absorbed
chiefly through a reduction in the average number of days
worked per year and in the average number of hours per day,
so that the number of men on the rolls in 1937 came wWithin
3.8 percent of that in 1929. Whatever the method of adjust-
ment, it is clear that any decline in unit labor requirements
must be balanced by an increase in tonnage sold if the total
number of man-hours of employment opportunity is to hold its
own. This is now true whether the problem is viewed nationally

or regionally.

The complex conditions which limit employment opportunity in
bituminous mining reduce to a few factors, of which unit labor
requirements and market demand are controlling. Considered
locally, employment in the bituminous industry depends upon
the ability of the mines in an area or region to sell coal in
competition with other energy producers. Their ability to do
this not only depends upon the relative cost at the point of
consumption of energy from different areas and different plants,
but it depends likewise upon the total market for energy.

The energy market is divided among coal, oil, gas, and hydro-
electric power. The market for bituminous coal is affected
by the amount of energy used and by the relative success of
different purveyors of energy in persuading consumers to buy it
in one form rather than another. Future limits to the total
energy market will be determined by growth of population,
expansions in industry, and changes in standards of living
which directly or indirectly affect per-capita use of energy.
In regard to competition of coal with other emergy producers,
it is fairly obvious not only that the oil, gas, and hydro-
electric industries are highly developed today, but that they
are all susceptible to substantial expansion, although in the
case of oil and gas, expansion would bring a depletion factor
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into the picture at an earlier time than would be the case
with coal. It is notable, however, that a recently published
study of the petroleum and natural-gas industry concludes that
over the next decade production will increase.®

The hydroelectric industry is so intimately bound up with
public policy that, sooner or later, the mutual relationships
between hydroelectric policy and coal policy will require
consideration. The probable influence on demand of the rela-
tive advantages of these sources of energy was considered in
connection with market factors.

Concerted attempts to push coal sales either by stimulating
increased use of energy or by inducing consumers to use bitum-
inous coal instead of alternative energy producers will almost
surely stimulate opposing pressures which in some measure will
neutralize the efforts put forth. If, on the other hand, the
groups which have a stake in the bituminous industry can,
through continuing study, enable the industry to make full use
of its advantages, it seems probable that policies could be
developed and maintained that would considerably advance the
interests of the industry and of the people who find their

means of support in it.

Decision in reference to mechanization rests in the first
instance with the individual operator, subject to such re-
straints as resource conditions, financial requirements,
collective bargaining, and general policy may impose. Results
of procedures adopted by other operators, both successful
and vnsuccessful, supplemented by a thorough study of his
individual problem, are the guides upon which an operator must
depend in planning new installations. Plunging suddenly into
new processes without careful study of all factors involved
frequently means, as it has meant in many coal mines, that
expensive equipment is installed without necessary preparation

and with great prejudice to possible savings.

Human adjustments must always be made as technology advances.
Policies which operators follow in adjusting labor forces
to mechanized operation have important bearing on employment.
This phase of mechanization could not be studied compre-
hensively in the course of the present inquiry, but there

Soin: Kiessling and Others, Technology, Em
Petroleum and Natural-Gas Production

s emarn

i e e TS S S RS

{
!
{
i
;
|
:z
i?

O AR ARO AR i i st i e Covovih s s




|
|
]
|
1
i
!
!-'.
{
i
1.‘
|
|
i
{
|
!

e e R i e P A i A TS

344 BITUMINOUS COAL

is evidence that operators who have installed mechanical
loading in cooperation with workers have found that policy
advantageous, although evidence is lacking that avoidance of
displacements was a general policy in mechanized mines. Most
of the operators who adopted mechanical loading in the twenties
did so under great competitive pressure, and many of them were
not in a position to give much attention to the effect of
mechanization on employment. Naturally the least disturbance
occurred in those mines in which mechanization proceeded at
a pace which obviated necessity for displacing individual
workers. In southern Wyoming, where mechanization of loading
is now practically complete, normal turn-over and adjustments
in hiring new help were in general depended upon to take up the
slack in the labor force occasioned by mechanization.

Bituminous mines that are not highly mechanized call for
greater versatility on the part of workers than is found
in industries in which skills are more specialized, and the
character of work enables the miners to adapt themselves
to new processes with a minimum of difficulty. Machine loading
nevertheless involves higher specialization than hand loading,
and the miner must be able to work with the machine and to
adjust himself to its tempo. Operators in southern Illinois
whose mines have become highly mechanized testify that able-
bodied miners, except those advanced in years, readily meet
the requirements of machine operation. It is conceded, how-
ever, that installation of new machines usually necessitates
providing alternate working places for employees who cannot

acquire the new skills.

Adjustments in individual mines necessitated by mechanization
can, in general, be met without undue hardship if moderate and
cooperative policies are wisely administered, but this is the
smallest part of the employment problem in bituminous mining.
The greatest loss of jobs comes to employees working in high-
cost mines which are either forced out of business entirely
or have sales curtailed by competitive disadvantage. This
problem is beyond the scope of an individual operator. The
low-cost operator has no urge to protect employees of his
high-cost competitor, and the latter is powerless in the face
of conditions beyond his control. Unemployment in marginal
mines and that which results from the liquidation of high-cost
mines obviously cannot be met by policies employed exclusively
by individual operators.
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Furthermore, operators are but one of several interests
involved in the employment problem. Initiative for dealing
with employment problems in marginal mines may have to come
from the employees. For many years organized labor has had a
seat at the council table for part of the bituminous industry,
and in recent years for nearly all of it., For the most part,
labor has focused attention on wages, hours, and general
working conditions, interpreting wages in terms of daily and
tonnage rates rather than annual earnings.® Its influence on

policies outside of wages and hours has been largely indirect.

One important item in mechanization history in which the
union had both a direct and an indirect part was the advance
of mechanical loading in Illinois and Indiana during the late
twenties. Pressure for mechanization in this area arose to
a large extent out of the wage differentials which were un-
favorable in comparison with those of eastern areas operating
nonunion in the years following the Jacksonville Agreement.
After prolonged strikes in 192% and 1928 the day rate in
Il1linois and Indiana was reduced from $7.s0 to $6.10, and
tonnage rates accordingly, and the union contract carried
rates for mechanical-loading machines. Mechanical loading
served as a partial compensation for the handicap of unfavor-
able wage differentials, but a more ample restoration of the
balance between Illinois and Indiana on the one hand and
Appalachian areas on the other awaited the narrowing of wage
differentials undér the joint influence of NRA codes and the
extension of union control into eastern areas. Growth of
mechanical loading in Illinois and Indiana after 1928 and in
West Virginia during the past 3 years is, without doubt,
closely related to wage levels and labor costs.

The official attitude of the United Mine Workers toward

mechanization has been somewhat in contrast with that taken

by many other unions. Because new techniques are assumed
equently offered

to displace labor, workers in the past have fr
r

vigorous resistance to them. Although such resistance seldom

prevents mechanization, it may delay the mov

gin the

Mine Workers

"A minimum of

all mine workers employe

regular rates of pay provided

the guaranteed two hundred (200), and I
y less than the guaranteed t
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346 BITUMINOUS COAL

frequently shifts the angle from which employers undertake it,
Union opposition to mechanization in bituminous mining has
come largely from local groups and has not been a reflection
of general policy.

The union has shown increasing interest during recent years
in general problems of the industry including, naturally,
employment opportunity, which is the most urgent need of its
members. The rapid strides by which mechanization of loading
advanced in the late twenties, aggravation of unemployment
during the depression, and the current transition from hand
to mechanical loading in West Virginia and other areas have
all served to center attention on the progress of mechanization
in its relation to employment. Union labor has been con-
spicuously successful in maintaining labor standards in the
areas which it controlled, and finally in extending them over
the whole industry; because of meager working time, however,
these achievements have not been translated into satisfactory
annual earnings for the average man.

Whatever the results of labor policy may have been at a time
when the major tonnage of the country came from nonunion areas,
it is not to be expected that union labor, having extended its
control over practically the whole industry, will willingly
retreat from the position which it has won in respect to wage
levels. During the past few years wage levels in many basic
industries have substantially advanced, and a policy of high
wages has become an item in our national economy to which many
employers now subscribe. As mechanization in coal mining
advances and as the proportion of total mining costs comprised
by labor costs decreases in magnitude, struggles over the level
of wage rates may become less crucial in future conferences
between operators and miners than they have been in the past.
It is notable that in the case of strip mining, in which labor
Ccosts represent a smaller percentage of total costs than they
do in any other part of the industry, wage negotiations do not
seem to have been particularly difficult, and operations
have not been interrupted to the extent that they have in
underground mines. Whatever may be the significance of future
negotiations concerning the level of wage rates, there are
strong indications that the now more urgent problem of employ-
ment will receive greater attention than has been given to it
in the past.
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Unemployment in the industry is a long-time phenomenon and
has been aggravated by a variety of conditions, only part of
which are directly amenable to human control. Effort to modify
the mechanization movement in order to forestall drastic
displacement of labor cannot solve the problem of unemployment
for mines that languish or go out of business.

By and large, the shift of tonnage to those mines classified
by the present study in Group "A" (mines that successfully
employed mechanical loading) meant absorption of an increasing
percentage of the total business by the mechanized mines.
Unless mines that mechanize succeed in adding substantially
to their volume of business, mechanization must result in
decreased employment opportunity in those mines. However,
the most serious effect of mechanization probably comes through
the difficulties it creates for mines which do not or can-

not mechanize.

Employment opportunity, whether measured in terms of job
security, favorable working time, or both, is greatest in those
mines which, from the standpoint of equipment, management,
market outlets, and corporate strength, occupy a strategic
position. At the other end of the scale are mines which,
although able to survive, lack market outlets sufficient to
utilize their productive capacity. In Illinois and Indiana,
for example, job mortality between 1923 and 1935 was vastly
greater in the hand-loading mines than it was in the mech-

anized omnes.

Acute hardships result whether jobs are lost through declin-
ing markets, reduction of capacity, or decreased unit labor
requirements due to mechanization. Those miners who lose their
jobs through the closing of a mine or for other causes are
faced by an immediate problem; when many men are suddenly
thrown out of employment the impact on displaced workers who
cannot be reabsorbed mounts to tragic proportioms. Large
numbers of miners who have lost their jobs through the closing
down of mines in years past still comsider themselves attached

to the industry. There are no fixed criteria for differenti-
ating the cumulative effects of loss of jobs in past years from
the current problem of unemployment and meager employment.

A long step toward job security would be accomplished if the
e threat

bituminous industry as now coastituted could remove th

of displacement from the presently active workers in the
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348 BITUMINOUS COAL

industry and give assurance of more adequate employment to the
large number of miners who suffer from reduced running time.

The public also has a stake in bituminous mining. For many
years State and Federal Governments have supplied the industry
with scientific and statistical service, and fact-finding
commissions have made studies from time to time looking toward
possible legislation. In cooperation with operators and miners
the National Recovery Administration undertook an extensive
policy of stabilization. After the National Industrial Recovery
Act was set aside by the Supreme Court, Congress, by acts
passed in 1935 and in 1937, created the National Bituminous

Coal Commission.

The law under which the National Bituminous Coal Commission
is trying to stabilize and in some measure to regulate the
bituminous industry is broad enough to include programs for
promoting business if the Commission should decide to adopt
such programs and should it secure appropriations for carrying
them out. There is ample precedent in the Department of
Agriculture, the Department of Commerce, and other Govermment
agencies for Federal effort to aid an industry in meeting its
problems. Enlarging the market for coal is of crucial im-
portance to coal operators ard their employees and, indirectly,
of material consequence to the general public.

The Commission apparently is not attempting to influence
directly the mechanization movement, but mechanization is among
the most obtrusive facts which its stabilization efforts must
ultimately confront. It is not likely that shifts of business
to mines that have low mining costs, favorable trade outlets,
or other advantages over competitors can be prevented, but it
appears certain that hardships attending such shifts can be
better mitigated under constructive policies developed around
the fundamental idea of collective bargaining than they can if
left to the lawless course of chance. Collective bargaining,
supplemented when necessary by controls required in the public
interest, should be able to work out a middle course.

The National Bituminous Coal Commissionl® serves as a medium
through which may be directed efforts of operators, workers,
consumers, and Government for advancing the welfare of the

1Oslnce this was written the functions of the Commission have been transferred
to the office of the Secretary of the Interior.
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bituminous-coal industry and its employees. All these elements
are needed in meeting the difficult employment problems. It is
not to be expected that measures which can be adopted will
either eradicate unemployment or point the way to any early en-
largement of employment opportunity in the bituminous industry.
Until such time as equilibrium is reached between the labor
force of the industry as a whole and of particular areas on
the one hand and labor requirements under advanced technology
on the other, unemployment and meager employment in bituminous
mining will continue., The problem which these present chal-
lenges the best statesmanship which can be commanded.
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APPENDIX A

DETAILED EXPLANATION OF BASIC EMPLOYMENT DATA

AVERAGE NUMBER OF MEN EMPLOYED

Employees Excluded

The following employees are excluded from the Bureau of Mines
totals:

(1) Mine employees not producing coal, such as maintenance
men and watchmen. Other occasional groups engaged in
development work at certain mines not yet producing or
ordinarily not producing are not, in general, included
in the Bureau of Mines figures.

Employees of small irregular mines producing less than
1,000 tons a year. These mines are known as '"wagon
mines" and "country banks."

(3) Coke-works employees.

(4) Office workers.

Absenteeism

In counting names on the pay roll as the average number
employed, it is impossible to exclude those men who are absent
for a short period between two pay-roll periods. This applies
to both voluntary and involuntary absence.

The only large-scale study of absenteeism was one made by the
United States Coal Commission for the years 1920 and 1921.°t
The amount of absenteeism was based on the ratio between time
worked by the men and time worked by the mine. Daymen, who
constituted approximately yo percent of mine personnel, were
found to have worked about 20 percent more days than the mine
tipple, whereas tonnage men worked about 10 percent less than
the tipple. In other words, for yo percent of the men absence
was not a problem; the remaining 6o percent of the men had an
absence rate of about 10 percent. Inferences as to the precise
amount of inflation attributable to absentees in the man-day
and labor-output figures are unwarranted. However, this is not
believed to be a major source of error.

lsee Report of the United States Coal Commission (S. Doc. 195, 68th Cong.,
2d sess,, 1925), pt. I1I, pp. 1124-33.

352




APPENDIX A

An interesting side light on this subject is the considerable
reduction in absenteeism that takes place when a mine installs
mechanical-loading machinery, especially of the mobile-loading
type. Whereas a loading-machine operator whose work is timed
to coincide with the operation of an expensive machine is
necessary to complete the mining cycle, the absence of a
hand loader does not disrupt the mining process.

Monthly Fluctuations in Employment

Unpublished records of the 1929 census of mines and quarries
make it evident that there is some variation from month to
month in the volume of employment in bituminous mines. The
number of men employed on the fifteenth or nearest representa-
tive day of each month in 1929 were listed for individual mines
in Indiana. FEach mine was then classified according to the
percentage that the maximum number employed in a single month
was of the minimum number. Months in which the only men
employed were a small number occupied with maintenance work
were excluded in considering minimum monthly employment. The
data are summarized in the following tabulation:Z

Percent that Number of Mines Tonnage
T T
Percent Tons Percent

of total (thousands) of total

maximum monthly
employment is Namber
of minimum

No variation 5,072 28.

100.1 to 104. 1,129
105 to 109.9 1,001
110 to 114.9 . 704
A 580 111919 . 1,433

1208t 0, 129, . 879
130 to 139. 1,399
140 to 148. 857
150 to 199. . 2,288

O ©O O ©

200 to 2469. sl 2,041
250 to 299. e 162
300 to 349. 0
350 or over 815

O M

Total 100.0 17,580

“Based on unpubllished data of the U, S. Bureau of the Census.,
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354 BITUMINOUS COAL

The tabulation shows that 33 mines in Indiana, which produced
nearly 30 percent of the State's tonnage, reported the same
number of men at work on the fifteenth day of each month.
Seven mines that produced about 12 percent of the tonnage re-
ported a variation of less than 10 percent. These two groups,
covering slightly more than 4o percent of the tonnage, showed
negligible fluctuation in employment. On the other hand,
almost 60 percent of the production came from mines that had a
variation of 10 percent or more, and 1% percent of the tonnage
was from a group that had more than a 200-percent variation.

Share—-the—Work Agreements

Reference has been made to the fact that the wage contracts
between the I1linois Coal Operators Association and the United
Mine Workers of America, which became effective in August 1932,
carried a share-the-work provision, as follows:

In any mechanized mine where men belonging to the lo-
cal affected have been thrown out of work due to such
mechanization, the men so affected shall be entitled
to share the work equally up to the point where the
further sharing of work would impair the efficiency
of operation or the quality of product. . . . .

After a mine has been idle, except through strike,
for a period of thirty days, the miners employed at
mines in the same locality may at their option share
work with those thrown idle, either by doubling up in
working places or some other manner mutually agree-—
able; except there will be no change in men in work-
ing places oftener than every five days of operatiorn.
When a part of the miners at any mine or mines are
thrown idle, as above, for a period of five days of
operation they shall be entitled to share with the
balance in the work in manner provided, unless
provided otherwise.

Adoption of this practice raised an obvious possibility of
misunderstanding in the reporting of employment. The Depart-
ment of Mines and Minerals of Illinois recognized the diffi-
culty and, starting in 1932, asked operators to report both
the number of men on the pay roll and the number of men work-
ing. The following tabulation gives the figures in these
two groups for the number of shipping mines indicated for
the years 1932-37:%

SBased on 4nnual Coal Reports of the Illinois Department of Mines and Minerals.
Numbers of employees include a few men in strip mines.
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Number of employees

Number L T
of Percent that

On number on pay roll
pay roll is of number

Manss Working

at work

1932 45 13,885 19,050 137.
1933 28 8,129 11,287
1934 35 11,240 14,139
1935 28 9,880 1259519
1938 44 25072 14,955
1937 53 13,403 16,477

Obviously it cannot be assumed that all these mines reported
incorrectly to the U. S. Bureau of Mines the number of men on
the pay roll rather than the number working. In the year 193y,
for example, it was found that of a possible overstatement of
2,899 men, 1,600 were in excess of the average number actually
working. In 1935 and 1936 the Bureau of Mines corrected the
reported number of men to take account of divided working time.

For purposes of this study the authors have also reviewed
the reports previously received from mechanized mines in
I1linois and have corrected them for divided working time in
1932, 1933, and 193y, using the data in the State reports cited
above., Although the Illinois State Department did not report
on share-the-work agreements in 1931, the practice may have
been followed at least partially in that year.

It has not been feasible to ascertain how far work-sharing
was followed at hand-loading mines in the State during this
period. It is known, however, that the number of such mines

covered by formal agreements was small.

AVERAGE NUMBER OF DAYS WORKED

It has been noted in chapter VII that mine employees do not
always put in a full working day; similarly, all employees do
not work the same number of days that the tipple operates.
In the United States Coal Commission study on absenteeism
in 19212 it was found that the daymen worked about 20 percent
more days than the number of days on which the tipple was in
operation, whereas tonnage men worked about 10 percent less.
In this sample study daymen constituted about 4o percent and

A=

AReport of the United States Coal Commission (1925), pt. III, pD. 1124-33.
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356 BITUMINOUS COAL

tonnage men 60 percent of the total number covered. All these
employees together, it was found, worked about 3 percent more
days than their mines. The National Recovery Administration

made a somewhat similar study for the pay-roll period December

1-15, 1933, summarized in the following tabulation:®

Weighted Daymen Tonnage men

Number average of T T
Dy iaion of nUnmban oF Number Average Number Average

mines tipple earning days earning days
starts pay worked pay worked

20 860 8.3 84,133 8.4 122,989 7.3

1035 164 8.8 15,842 8.8 15,881 7.8

It will be noted that in the sample mines the daymen, in 1933,
still worked more time than the mine and the tonnage men worked
slightly less.

5Based on Bituminous Coal Code Statistics, Nov. and Dec., 1933 (NRA Division of
Research and Planning).

6Includes Pennsylvania, Ohio, Michigan, West Virginia, Maryland, Kentucky, and
northern Tennessee.,

7Includes I1linois, Indiana, and Iowa.
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TABLES

Most of the tables in this appendix refer to mechanical
loading. Separate performance statistics are presented for
groups of mines according to the degree of mechanical loading
they have achieved. Mines falling inGroup "A" had successfully
mechanized their loading process by 1935. A subgroup, desig-

nated as Group "A-1", is comprised of mines in Group "A" which
operated each yearin the period 1918-35. Mines inGroup "B" are
those which have installed mechanical loading devices but were
still essentially on a hand-loading basis in 1935, or which
tried out mechanical loading and then reverted to hand loading.
The latter mines, together with mines which never tried mechan-
ical loading, comprise the "all other" group. For a more
detailed description of the several groups see chapter VII,
section entitled "Classification of Mines", pages 203-7.

Wherever United States production figures are presented, the
figures for Alaska have been included. This is the practice
which has been followed by the U. S. Bureau of Mines. Alaskan
production, however, is negligible, amounting to 119,425 toms
in 1935, or about o.o03 percent of the total tonnage.
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BITUMINOUS COAL

Table B-1.- PRODUCTION, EMPLOYMENT, AND LABOR QUTFUT IN THE BITUMINOUS-COAL INDUSTRY, 1880-1938%

Employment Labor output

Average
Yot tons nuaber Avorage

\J Total
p3odused of Tan a :u;m::r! mAn-days length of per per
SBDLOT xei worked® establishad men-day man-hourd
on work-day

Weightod
averege Net tons | Net tons

(1) (2) (3) (a) (8)
1880° 40,301,758 93,415 227 21,205,205

1890 111,302,322 192,204 43,438,104
1891 117,901,238 205,803 223 45,894,069
1892 126,856,567 212,693 219 46,623,567
1893 128,385,231 230,365 204 45,994,460
1894 118,820,405 244,603 41,827,113

1895 135,118,193 239,962 46,552,628
1896 137,640,276 244,170 46,880,832
1897 147,617,519 247,817 48,572,132
1898 166,593,623 255,717 53,956,287
1899 193,325,187 271,027 63,420,318

1900 212,316,112 304,375 71,223,750
1901 225,828,149 340,236 76,552,875
1902 260,216,844 370,056 85,112,880
1903 282,749,348 415,777 93,549,825
1904 278,659,689 437,832 88,442,064

1905 315,062,785 460,629 97,192,719 835,857,383
1906 342,874,867 478,425 101,904,525 876,378,915
1907 394,759,112 513,258 120,102,372 1,032,880,399
1908 332,573,944 516,264 99,638,952 856,894,987
1909 379,744,257 (£,8) (£) | (£)

1910 417,111,142 558,533 120,550,661 1,036,735,685
1911 405,907,059 549,775 116,002,525 997,621,715
1912 450,104,982 548,632 122,344,936 1,052,165,450
1913 478,435,297 571,882 132,676,624 1,141,018,966
1914 422,703,970 583,506 113,783,670 a78,539,5€2

1915 442,624,426 557,456 113,163,568 973,206,685
1916 502,519,682 561,102 129,053,460 1,109,859, 756
1917 551,790,563 603,143 146,563, 749 1,216,479,117
1918 579,385,820 615,305 153,210,945 1,244,072,873
1919 465,860,058 621,998 121,289,610 977,594,257

1920 568,666,683 639,547 140,700,340 1,131,230,734
1921 415,921,950 563,754 98,899,345 . 795,150,742
1922 422,268,099 687,958 97,590,036 787,381,690
1923 564,564,662 704,793 126,157,947 1,016,833,053
1924 483,686,538 619,604 105,952,284 856,094,455

1925 520,052,741 588,493 114,756,135 8.08 927,229,571 |

1926 573,366,985 593,647 215 127,515,506 8.07 1,029,050,133 .557
1927 517,763,352 593,918 191 113,705,411 8.08 918,739,721 .564
1928 500,744,970 522,150 203 105,813,960 8,08 854,976,797 | | .ses
1929 534,988,593 502,993 219 110,367,239 8.08 891,767,291 600

1930 467,526,299 493,202 187 92,330,327 8.09 746,952,345
1931 382,089,396 450,213 160 72,077,019 8.08 582,382,314
1932 309,709,872 406,380 146 59,385,730 8.10 481,024,413
1933 333,630,533 418,703 167 69,860,117 8.07 563,771,144
1934 359,368,022 458,011 178 81,724,000 7.27 594,133,480

+626
.656
+644
.592

«605

|
\
\
1935 372,373,122 462,403 179 82,803,000 7.02 581,277,060 | .641
1936 439,087,903 477,204 199 95,078,532 7.02 667,451,295 | .658
1937 442,455,000 484,000 (£) (£) (£) (£) | |
1938 342,000,0004 (r) () (£) () (r) | (1)

o Source: Mineral Resources of tho United States (U. S, Dept, Int., Geological Survey, 1890-1923; U, S. Dept, Com., Bur, Mines,
1824-31); Statistical Appondix £o Minerals Yearbook (U, S. Dept. Int., Bur, Ninos, 1932-33 - 1935); Mimerals Yearbook (U.
Pept, Int,, Bur, Mines, 1937); Bitusmifious Coal Tables (U, S. Dept. Int., Nat. Bit, Coal Com., 1936-37),

b These production date include virtually all coal mined in the United States except Pennsylvania anthrecite.

the years 1924-38 no canvass was made 0f wagofi=mine production, Vagon mines are small workings that produce less than 1,000 tons
a year and operate spasmodically., The exclusion of tk. production in these years is not considered serious, probably not more
than about a million tons.

c These are calculated figures, men times days, for 1890 through 1925; figures for 1926-34 are from unpublished records; that
for 1935 is from Annuel Coal Report, U. S, Bur, Mines; and that for 1936 is from Bituminous Coal Tebles, Nat, Bit. Coal Com.

d Data on man-hours worked end output per man-hour aro based on established length of work-day and therefore subject to error
insofar as the establishod length of work-day varied from the actual hours worked per day by the employees. See text discussion
on this point, pp. 199-201,

o Data for 1880 are derived from Tenth Cemsus of the Unitod States (U, S, Dept, Com.), Vol. XV, "Report on the Mining Indus-
tries of the Unibed States (Exclusive of the Procious Metals),” pp. 661-884, v relate to the States east of the 100th
neridien and are exclusive of "irreguler product" fram small operationms or "farmers' d In estimatirg the output per men
por day, the statisticiens of the Census Office comsidersd two boys to be the equivalent in producing capacity of ome mans Hence
the figure cited for "average number of men cmployed” represents the 90,354 roported as men plus one-helf of the 6,121 reported
as boys under 16 years of age. The figuros vover the census year ending May 31, 1880,

£ Data not available,
£ The census figure for avorage number employed in 1809 is 488,000,

b These figures differ slightly from those shown in table B-S, In table B9 net toms per man per day have been based on pro-
duction figures which exclude wagon-mine production,
1920 and 1922 wero peak years for wagon-mine production, the quantities for these years being, respectively, 4,934,711 and
459,392 net tons, For no other year does wagon-mine produc rise as high as two million tons, Since there are mo employ=
went data for wagon mines, the lebor output figures for these years have been based only on production by commercicl mines,

J Preliminary estimate by Nat, Bit, Coal Com.
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Teble B-2.- INDEXES OF PRODUCTION, MAN-DAYS, AND NUMBER OF MEN REQU

MAINTAIN 1,000 TONS OF DAILY CAPACITY IN THE BITUMINOUS-COAL IND
1890-193%82

T g i s e e e BT

(1910=100)

Number of men [Number of men
required to [ | required to
maintain 1,000 1 |maintain 1,000
Produc= tons of daily Produc- Man- (tons of daily

Year tion capacity Year tion days | capacity
(1) (3) (1) (2) (3)
1890 2647 135.3 1814 101.3 94,4 93.4
1891 28.3 134,6 1915 106.1 93.9 88.6
1892 304 127.3 1916 1205 |107.1 8849
1893 3048 12646 1917 132.3 [121.6 92.0
1894 28.5 121.8 1918 138,9 [127.1 91,7
1895 4 119.4 1919 111.7 |100.6 90.0
1896 11746 1920 13643 (11647 8642
1897 113.8 1921 99,7 82,0 82.4
1898 112,1 1922 101.2 81.0 | 80.6
1899 113.5 1923 135.4 [104.7 | 7742
1900 116.3 1924 116.0 87.9 | 758
1201 117.3 1925 124,7 95.2 7605
1902 113,1 1926 137.5 |105.8 7648
1903 114.5 1927 124,1 | 94,3 7651
1904 2 109,7 1928 120.1 | 87.8 73«0
1905 106.9 1929 128,3 | 91.6 71.3
1906 1031 1930 112.1 7646 | 68e5
1907 105.2 1931 91.6 59.8 65.4
1908 103.5 1932 74.3 49,3 66e4
1909 (v) 1933 80.0 5840 | 7243
1910 100.0 1934 8642 67.8 | 7845
1911 99.0 1935 89.3 68,7 | 76.8
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1912 5 94,1 1935 105.3 | 78.9 j 74,7
1913 95,8 1937 106.1 | (b) | (b)
1928 82.0 | (b) | (b)

e Source: Table B-1, colse 1, 4, and 7 (col. 3 above is the reciprocal of
table B=1, col, 7).

b Data not available,
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BITUMINOUS COAL

Table B-3.- SALIENT STATISTICS ON MACHINE CUTTING OF BITUMINOUS COAL, 1891 TO 1936%

Cut by Machines;: Number Average Average tons of coal produced:
Total Percent of of number Per day
underground underground | cutting of days Per year o Per d.w per machl:e
production® Tons production machines | worked per machine®|per machine®! operator®
(1) (2) (3) (2) (5) (6) (7) (8)

117,901,238 6,211,732 223 11,398 25.56
1892 | 126,856,567 219
1893 | 128,385,231 204
1894 | 118,820,405 171
1895 | 135,118,193 194
1896 | 137,640,276 | 16,424,932 11.9 192
1897 | 147,617,519 | 22,649,220 15.3 196
1898 | 166,593,623 19.5 211
1899 | 193,323,187 13,9 22,7 234
1900 | 212,316,112 2449 23/
1901 | 225,828,149 25,6 225
1902 | 260,216,844 26,8 230
1903 | 282,749,348 27.6 225
1904 | 278,659,689 | 178,606,997 28,2
1905 | 315,062,785 | 103,396,452 32.8 53436
1906 | 342,874,867 | 118,847,527 3447 54,464,
1007 | 394,759,112 | 138,547,823 35.1 53413
1908 | 332,573,944 | 123,183,334 37.0 55417
1909 | 379,744,257 | 142,496,878 37.5 52425
1910 | 417,111,142 | 174,012,293 4.7 60,59
1911 | 405,907,059 | 178,158,236 4349 13,829 61,06
1912 | 450,104,982 | 210,538,822 46.8 15,298 61.72
1913 | 478,435,297 | 242,421,713 50.7 16,379 63.80
1914 218,399,287 51.8 16,507 67.85
1915 243,237,551 5543 15,692 76436
1916 283,691,475 5649 16,198 76415
1917 306,396,127 5641 17,235 73.16
1918 323,931,133 56.7 18,463 70445
1919 276,019,799 60.0 18,959 4,055
1920 | 559,807,130 | 339,813,476 60,7 19,103 80.95
1921 | 410,864,467 | 272,702,389 6644, 19,618 93.39
1922 | 412,059,215 | 267,032,931 6448 20,436 92,02
1923 | 552,624,528 | 377,435,543 68,3 21,229 99.32
192/ | 470,079,584 | 336,271,335 715 18,660 105439
1925 | 503,181,834 | 366,725,758 7249 17,551 107,15
1926 | 556,444,290 | 410,912,680 73.8 17,466 109,442
1927 | 499,395,186 | 374,040,637 749 17,388 112,62
1928 | 480,956,393 | 369,687,007 7649 15,261 119,33
1929 | 514,720,494 | 403,606,717 7844 14,731 125,11 62,56
1930 | 447,683,940 | 362,425,163 81,0 14,237 136.13 68.07
1931 | 363,157,015 | 302,262,746 83.2 13,216 142,94 7147
1932 | 200,068,744 | 243,954,770 8441 12,017 139.05 69.53
1933 | 315,360,352 | 266,999,985 8447 11,845 134,98 67,29
193/ | 338,578,381 | 284,676,715 8441 11,905 134434 67,17
1935 | 348,725,830 | 293,664,208 8442 11,881 138,08 69402
1936 | 410,962,046 | 348,332,330 8.8 11,974 146,19 73410

e b e e e e ST A A - R AL T 4

8 Source: Mineral Resources of the United States (U. S. Dept, Int., Geological Survey, 1891-1923; U, S,
Dept. Com,, Bur, Mines, 1924-31); Statistical Appendix to Minerals Yearbook (U. S. Dept, Int,, Bur,
Mines, 1932-33-35); Minerals Yearbook (U. S. Dept, Int., Bur, Mines, 1937); Bituminous Coal Tables

(Us S. Dept, Int,, Nat. Bit. Coal Com., 1936-37).

b For the years 1891 through 1913 the small amount of strip coal produced has beem included, In 1914 and
thereafter the strip tonnage excluded has been the "total tons mined at strip pits" and will not agree
with other tables which excluded "total at same mines,"” a figure that inoluded an insignificant produo-
tion underground in operations which are both strip pits and deep mines,
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o Col, (2) divided by col, (4).
d Col, (8) divided by col. (5).

e Col, (7) divided by 2, Two men constitute a cutting-machine orew,
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Table B-lj.~ PERCENT OF DEEP-MINED BITUMINOUS COAL PRODUCED BY
THE THREE MAJOR METHODS OF HAULAGE EMPLOYED,
1922

|
Locomotives | Locomotives
States b onlyP and animals®

United States 34,1 53.9

34.3 35.4

3e3

Alebama
Alaska
Arkansas
California
Colorado
Georgia
Illinois
Indisna

Iowa

Kensas
Kentucky
Maryland
Michigan
Missouri
Montans

New Mexico
North Dakota
Ohio
Oklahomsa 77.0
Oregon 100.0
Pennsgylvania 10.7
Tennessee 14,9
Texas ‘ 70.8
Utah | 75
Virginia ' 355
Washington ‘ 2246
West Virgiunia 4.6
Wyoming 31l.1
Other States 100,0
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a Source: H. 0. Rogers, "Exit the Mule,” Coal Age, Vol. 32,
No. 2 (Aug. 1927), pp. 84-88.

b Includes a few mines also using ropes.
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BITUMINOUS COAL

Table B-5.,- NUMBER OF ANIMALS AND LOCOMOTIVES IN SERVICE AT WEST VIRGINIA BITUMINOUS-COAL MINES,

1898-1937%

Year

Total
production

Number
of
animal

Number or
mines using
locomotives

SteanP |

Mumber of locomotives in use

Compressed
air

Ga, n]ineb

1898
1899
1900
1901
1902

1203
1904
1905
1906
1907

1908
1909
1910
1911
1912

1913
1914
1915
1916
1917

1918
1919
1920
1921
1922

1923
1924
1925
1926
1927

1928
1929
1930
1931
1932

1933
1934
1935
1936
1937

16,700,999
19,252,995
22,647,207
27,068,402
24,570,826

29,337,241
32,406,752
37,791, 580
43,290,350
48,091,583

41,897,843
51,849,220
61,671,019
59,831,580
66,786,687

71,254,136
71,707,626
77,184,069
86,460,127
86,441,667

9,935,839
79,036,553
€9,970,707
72,786,996
80,468,192

107,899,941
101,662,897
122,380,959
143,509,340
145,122,447

132,952,159
138,518,855
121,472,638
101,473,172

85,608,735

94,343,535

98,134,393

99,179,061
117,925,706
118, 050,000°

2,162
2,333
2,612,
3,325
3,132

4,047
4,760
5,272
5,477
5,915

6,073
5,901
6,572
6,551
6,486

6,473
6,390
6,208
6,406
7,080

7,418
6,958
7,341
7,902
6,886

7,954
6,668
5,579
5,976
5,602

43769
3,901
3,373
2,772
2,015

2,319
2,103
2,167
1,871
1,985

475

(e)
64
()
60
6/

74
1ol
90
83

24
13d

(c)

DLW
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4,057

a Source:

Production from Mineral Resources of the United States (U. S. Dept. Int., Geological Survey,

1898~1923; U, S. Dept. Com., Bur, Mines, 1924-31); Statistical Appendix to Minerals Yearbook (U. S.
Dept, Int., Bur, Mines, 1932-33-35); Minerals Yearbook (U. S. Dept, Int., Bur, Mines, 1937); Bituminous

Coal Tables (U. S, Dept, Int., Nat. Bit, Coal Com., 1936=37),

Haulage date from Annual Reports (Dept.

of Mines, West Virginia); data from 1898 to 1925 are on a fisoal year, 1925 to date on calendar year,

b Includes a large number used exclusively on the surface,
¢ Data not available,
d Compressed-air locomotives inoluded with steam,

Preliminary figure,
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Table B-6.- NUMBER OF ANIMALS AND LOCOMOTIVES IN SERXICE AT PENNSYLVANIA BITIMINOUS-COAL MINES,
1897-1937

Number Number of locomotives in use
Total of Compressed
production apnimals Flectric Steam? air GasolineP

54y 417,974 6,769 (c) (c)
65,165,133 6,310 (e) {c)
72,150,175 8,013 110 13
79,842,326 9,633 19 17
82,305,946 10,108 132 23

98,574,367 11,833 130 16
103,117,178 12,899 162 23
97,938,287 12,849 169 27
118,413,637 13,710 161 31
129,293,206 12,707 162 13

Rl )] e
8EGH™

O =1 OvEs
DU AR D Oy
-8 Sl N gve)

=t

-

150,143,177 15,323 172 50
117,179,527 14,486 66 170 &
137,966,791 14,722 163 109
150,521,526 13,741 166 19
124,561,257 13,774, 165

@

Jd et

-
DN
W

5

(e BT 6 L4

161,865,488 13,908 164
173,781,217 13,868 168
147,983,294 12,693 5 162
157,955,137 12,135 | 156
170,295,242/ 12,381 A 137

172,448,142 13,730
178,550,741 14,173
150,758,154 13,670
170, 607,847 14,334
116,013,942 12,939

113,148,308 13,347
171,879,913 13,244
130,633,773 10,648
136,928,019 9,856
153,041,638 9,637 s
Battery Trolley
132,964,639 8,607 342 3,826
131,202,163 7,260 299 3,535
143,516,241 6,71, 285 3,576
124,462,787 5,826 272 3,577

97,658,698 4,699 239 3,405

AV ANTRUC RV N

74,775,862 3,99, 229 3,252
1933 795295,944 4,192 235 3,228
193 | 89,825,875 (<) () ()

1935 91,404,670 4yf11 210 3,116
1936 | 109,827,470 4,505 205 3,307

W\

AAYS)

1937 | 110,160,008 4,320 197 3,367

0
-

oy
e |

|

a Source: Production from Mineral Resources of the United States (U, S. Dept, Int,., Geologi-
cal Survey, 1897-1923; U, S. Depts, Com., Bur, Mines, 1924-31); Statistiocal Appendix to Minerals
Yearbook (U, S. Dept. Iut,, Bur. Mines, 1932-33-35); Minerals Yearbook (U. S. Dept, Int,, Bur,
Mines, 1937); Bituminous Cosl Tebles (U, S, Dept, Int,, Nat, Bit, Coal Com., 1936-37). Haulage
data from Annual Reports (Dept. of Mines, Pennsylvmias.

b Includes & large number used execlusively on the surface,
o Data not available,

d Preliminary figure,
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364 BITUMINOUS COAL

Table B-7.- GROWTH OF TOTAL TONNAGE OF BITUMINOUS COAL MECHANICALLY CLEANED, 1906-36%

(Figures represont net tons of clean coal, Data for central washeries operated by consumers
are not aveilable before 1927, No canvess was made in 1922, 1924, 1925, or 1926.)

Bituminous coal cleaned by wet and pneumatic Washed at

methods at mines central
Percent of plants Grand total

Wet Pneumatic national operated by mechanically
Year methods methods Total production consumers cleaned

1906 9,251,946 = 9,251,946
1907 | 13,269,518 11,269,518
1908 | 11,870,438 11,870,238
1909 14,443,147 14,443,147
1910 | 16,035,387 16,035,387

e e o o o
[ W e NN N |

o

.
w o oo ~1 0 ON\O~—

1911 (c) (c)

1912 | 17,538,572 17,538, 572
1913 22,069,691 22,069,691
1917 20,264,121 20,264,121
1915 | 20,873,727 20,873,727

.

.

1916 | 22,922,218 = 22,922,218
1917 25,483,696 = 25,483,696
1918 22,017,293 - 22,017,293
1919 16,884,062 (a) (a)
1920 | 17,984,289 (a) (@)

1921 | 13,628,724 () (@)
1923 | 20,140,385 (a) ()

1927 21,119,441 3,650,582, 24,770,025
1928 | 21,188,911 3,786,185 24,975,096
1020 | 26,427,971 5,843,979 32,271,950

.« o o
20

.

(b)

2,922,022
3,807,943 28,783,039
4,527,170 36,799,120

e e o .
0 £
(=%

Do Do Mol

1930 27,794,648 7,895,109 35,689,757
1931 25,063,165 8,514,638 33,577,803
1932 20,818,509 6,539,090 27,357,599
1933 22,992,590 7,573,839 30,566,429
1934 27,555,730 8,297,984 35,853,704

3,109,862 38,799,619
2,594,570 36,172,373
2,920,770 30,278,369
3,991,782 34,558,211
3,972,845 39,826,559

()

5,849,845 45,361,021
7,708,499 61,094,976

N O OO0 mm~J ooundLww WWWa BEE>WS LLWLWDDN

1935 31,006,643 €,504,533 39,511,176
1936 | 42,795,529 10,590,948 53,386, 477

=

a Source: For 1906-34, L. N, Plein, "Statistical Analysis of the Progress in Mechanical
Cleaning of Bituminous Coal From,(1927-34," Economioc Paper No. 18 (U, S. Dept, Int,., Bur,
Mines, 1936); for 1935, Minerals Yearbook (U. S, Dept, Int,, Bur, Mines, 1937); for 1936,
Bituminous Coal Tables (U. S, Dept, Int,, Nat., Bit, Coal Com,, 1936-37),

b Data not available,

¢ The returns for 1911 apparently were incomplete, but the error cannot now be corrected,
As published, they showed 10,830,823 tons of clean coal, equivalent to 2,7 percent of the
total output,

d Pneumatic cleaning began in 1919, but no statistics are available for 1919 to 1923, The
tonnages in those years, however, were small, but estimates are included in the percentages
of national production,

SR (AR




Table B-8,- MECHANICALLY CLEANED BITUMINOUS COAL, BY STATE, AND PERCENTAGE OF TOTAL STATE OUTHUT MECHANICALLY CLEANED, 1927-36%

(Net tons of clean coal)

1931 1932

Mechanicelly cleaned tonnage

United States 27,692,047 28,783,039 36,799,120 38,799,619 36,172,575 30,278,369 34,558,211 45,361,021 61,094,976

Arkansns ,250 5,893 9,839
Colorado 1,362,998 1,270,985 542,265 284,749 361,870 492,874 715,678

Illinots 560,642 526,551 1,162,817 1,546,459° 1,640,221¢ 1,756,812° 3,154,128 5,613,522
Indiana 250,282 245,822 498,415 (e) (e) (c) (e) (e) 1,283,555 2,198,067

Alabana 13,153,643 13,084,095 13,585,652 11,760,020 9,303,386 5,842,038 6,729,913 6,841,269 9,922,514
9,2 (v) ) b b (v) (b

ansa - - - - - (b) (a) 4 (a)
309,262 541,975 457,655 290,760 341,954 351,416 233,238 351,568
- - - (v) (v) (v) b (b)
155,190 111,469 157,369 (o) (e) (o) (o) (o) (o)
- - (v) (v) (b) 454,914 1,169,5514 1,771,870%

142,802 101,586 73,293 (v) - =

(d)
514,647
(v)

(v) (v)

- - = (b) () (v) (b)

7,278 - 204,543 719,646° 816,906° 854,123° 1,123,115° 1,151,546 1,331,545°
b =

New Mexico
hio

Okclah - - - (b) -
Pennsylvania 5,625,092 6,905,546 11,100,193 13,496,934 12,657,958 10,799,082 12,722,812 15,652,268 17,844,642 21,584,403
Tennessee 344,562 326,903 308,449 297,768 249,453 247,650 308,778
Virginia 1,289,496 269,271 (r) () £) (r) ()
Washington 820,481 892,498 967,098 819,662 603,497 485,610 519,417 400,336
West Virginia 3,655,423 4,598,463 7,639,0987 9,227,9687 9,715,4330 9,323,0947 10,267, 9057 11,002, 7667
Other States - - - 146,019 395,062 470,

341,530 341,117 257,987
(£) 389,548 473,992

614,771 1,203,785
11,613,613 15,360,671
385 79,440 155,357 112,839 148,297

Porcent of State output mechanically clean:

United States

4 XIANEddV

Alabana
Arkansan
Colorndo
Illinoie
Indiana

Kansas
Kentucky
Maryland
Michigan
Missourt

Montana

New Maxico
Ohio
Oklahoma
Pennaylvania

Tennesnee 8.7 7
Virginia (£)
Washington

West Virginia
Othar States

«0 8.2
(£)

30.5 7.3
10.0° 10,0°

n Soures:r L, N, Plein, "Statistioal Analyals of the Progress in Meohanioal O wainous Conl for Kansas inoluded with thoso for Missourd,
Prom 1027-34," Eoonomie Paper 18 (U. Dept, Int., Bur, Mines, 1936); 1938, Minnrals Yearbook

Int,, DBur, Mines, 1937); 1936, Bitumis onl Tables (U. S, Dept, Int., Mat, Dit, Conl Com., 193 for Michigan included with those for Ohio.
Central washeries operated by conswsora in Colorado and Penasylvania aro included,

for Virginia included with those for West Virginia.
b Inoluded with "Other States,"

than 0,05 pereent.
o Data for Indiana inoluded with thoss for Illinots,




Table B=-9,~ NET TONS PRODUCED PER MAN PER DAY AT ALL BITUMINOUS-COAL MINES, UNDERGROUND MINES, AND STRIP MINES
IN SELECTED STATES, 1910-36

United States rkapsas
Strip | Deep Strip | Deep

Mines® | Mines®| Mines® Mines®| Mines®
346 3446 2.57
3.50 3450 2480
3468 3.68
3451 3.61
3.71 3.7

3.90

5453
6402

1921 7431 4418
1922 6483 4e23
1923 750 bel2
1924 4457 8.7 450

1925 453 10664 | Leld
1926 4450 | 9445 beb2
1927 4e55 9497 | 4elb
1928 4e73 | 11,27 461
1929 4485 |13401 | 472

1930 5606 [13.92 | 4492
1931 5630 |15.78 5412
1932 5422 [15457 499
1933 4478 | 12,77 4e61
19324 4e40 12,11 4e23

1935 4450 11421 | 432
1936 462 | 12460 | 442

TV0D SNONIKALIG

See footnotes at end of table.




Table B-9.- NET TONS PRODUCED PER MAN PER DAY AT ALL BITUMINOUS-COAL MINES, UNDERCROUND MINES, AND STRIP MINES
IN SELECTED STATES, 1910-36 - Continued

i i Montana ta (Liegnite)
Deep Deep Strip | Deep Strip Strip | Deep
Year | Mi Mines® i b| Mines® MinesP | Mines® MinesP j MinesP| Mines®

1910 2,58 3426
1911 2486 3.19 2,05
1912 2,97 3438
1913 2493 3451 =
1914 2.83 3.7 4e51

1915 2,63 4011
1916 2059
1917 2495
1918 2,80
1919 2.89 2.7

3.61
3.

W
3450
4420

4609
3464
3.78
3459
3e43

3455

&
3

ppp
BR!
U U e §

N
2
o

1920 3.19 ! 2.96
1921 3.08 2,87
1922 3402 2,73
1923 319 | 10,85 2,83
1924 3,29 | 11,1 2,83

g XIANEddVy

19.96

1925 343 | 11.15 2479
1926 3443 | 11.60 2,66
1927 357 | 11.63 2456
1928 3468 | 12,84 2439
1929 3.63 | 11.64 2,67

36476
47464,
58,431
4845
25486

1930 3.96 | 11.54 2.64
1931 42/, | 15,83 2,11
1932 419 | 14.89 1.99
1933 4415 | 13415 1.83
1934 Leb5 | 12,44 1.80

28,50
40,85
70457
7547
62424

58,05
65463°

IR IR

S~ \aJ\.\)h.d\a)\o WD
BIHII JTRIT IRBER

~
.

1935 4400 8.85 1.9
1936 4480 | 11,75 2,08

~
.

Q
N

~
b

=
(¥

See footnotes at end of table.




Table B-9.- NET TONS PRODUCED PER MAN PER DAY AT ALL BITUMINOUS-COAL MINES, UNDERGROUND MINES, AND STRIP MINES
IN SELECTED STATES, 1910-36 = Continued

Ohio ahora sylvenia Texps (Lirnite) liyoming
Strip | Deep Strip | Deep Al Strip | Deep A1 Strip
Mines®| MinesC MinesP| Mines® Mines? |Mines®| Mines® Mines® |MinesP

3.91
3470
3485
3.83
4415

3.61 3.7
3.69 3.19
3.89 3.22
3.78
3.75

U U

6,91
8458
7425
7461
739

4400
390
3480
3.79
3.94

3494
4401
3.78
4ol
4e27

4450
[2y49)
4e7
4obb
4elB

4469
5,08
5416
5024
5440

0 0 )
(RN N el
RIRES

3439
4ebl
499

6,17
977
9.07
10472
10,62

.
°

.
s
EBBIB

pERI &

.

80!—‘
onN

e o o
.

TV0D SNONIWALIE

11.89
104,27
10.09
11.99
12.58

4e35
4435 6,15
Le2l 6,18
4el9 5 6434
471 6,02

5490

.
4 @
PSS
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11.48
14,08
11.83
10,16

8,12

4481 6420
4496 6,81
4e65 6465
be24s 6420
3.97 6417

o

A
O O

3R

9.70
Lol2 J10.2l

4o 6400
4e21 6,00
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Source: Man-day data computed (number of men employed multiplied by average days worked) for 1910-23 from Mineral Resources of the
United States (U. S. Dept. Int., Geological Survey, 1910-23); for 1924-36, uet tons per man-day published in Mineral Resources of
the United States (U. S. Dept. Com., Bur. Mines, 1924-31); Statistical Appendix to Minerals Yearbook (U. S. Dept. Int., Bur. Mines,
1932-33-35); Minerals Yearbook (U. S. Dept. Int., Bur. Mines, 1937); Bituminous Goal Tables (U. S. Dept. Int., Nat. Bit. Coal Com.,
1936-37).

Net tons per man-day celculated on basis of production figures exclusive of wagon-mine production (mines producing less then 1,000
tons annually) in the years 1918, 1919, 1920, 1922, and 1923 for the U. S. and following States: Ark., Kens., Ky., Mo., Mont.,

N. Dak., Ohio, Okla., and Pa. In this period wagon-mine production essumed larger proportions than in any other years and since
there are no employment data for wagon mines, labor output was based only on production from commercial mines. Between 1910 and 1917
wagon-mine production was small and has been included. In 1921 and from 1924 to 1936 no canvass was made of wagon-mine production.

Due to revisions made during the present study, figures may not in ell cases agree with those shown in publications of the Bur. Mines.

Source: Men-day data teken from unpublished records of Bur. Mines, 1914-25; for 1926-36, net tons per man-day published in Mineral
Resources of the United States (U. S. Dept. Com., Bur. Mines, 1926-31); Statistical Appendix to Minerals Yearbook (U. S. Dept. Int.,
Bur. Mines, 1932-33-35); Minerals Yearbook (U. S. Dept. Int., Bur. Mines, 1937); Bituminous Coal Tables (U. S. Dept. Int., Nat. Bit.
Coal Com., 1936-37).

Net tons per man-day for strip mines based on returns which included dats for underground mines in operetions which were both strip
pits and deep mines. This was necessary because of the impossibility of separating men engeged in stripping from those engaged in
other work. Horse-stripping operations were excluded from 1914 to 1921 and included thereafter.

Due to revisions made during the present study, figures may not in all cases agree with those shown in publications of the Bur. Mines.
Computed. Data for strip mines were subtracted from those for all mines.

Data for Oklahoma included with those for Indiena.

Data for Texas lignite included with those for Montana.
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Table B-10.- PERCENT OF BITUMINOUS-COAL PRODUCTION MINED BY STRIPPING IN SELECTED STATES, 1914-38%

Percent of total State production mined by stripping

Tonnage strsppedb
in United States Indi- | ¢ isas | M8 |Montana North |Okla-
ana Dakota | homa

=
o

1914 1,280,946
1915 2,831,619
1916 3,933,395
1917 5,789,977
1918 8,288,245

5.3
11.4
12.5
11.2
12.1

HHOOO
O DO G
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R
o m N
0 G
Lo
oo
e

LR

1919 5,634,951
1920 8,859,553
1921 5,057,483
1922 10,208,884
1923 11,940,134

10.3
11.9
10.5
13.2
14.6

0O 1O b= b
e oo n
FnONMD
M3 G >
NHwWwonOo
2020
P R
OO oW
=
RETESECES
GG ono
orooO
M3 9

1924 13,606,954
1925 16,870,907
1926 16,922,695
1927 18,378,166
1928 19,788,577

18.7
24.8
29.0
36.3
42,9

> GG
cmon®
BREEE
R TR
oo
[ERCRCNY)
Do
RS SReR)
=
(TRERTR N
EORSR RN
coooo0

o

1929 20,268,099
1930 19,842,359
1931 18,932,381
1932 19,641,128
1933 18,270,181

34.3
43.1
8.0
60.6
64.9
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TN

LGRS
GG RTRER:
Qugaa
[N R
0 et D
aoe oS
HD®Oo o
[R-N-X-N-}

PR R- X2

1934 20,789, 641 d 69.7 25.2
1935 23,647,292 64.8 | 64.5 24.4
1936 28,125,857 68.8 | 61.8 | 43.9 22,3
1937 31,750,853 73.4 | 57.8 | 4l.2 29.1
1938 (e) . (d) (d) (d) (d)

a Source: For 1914-18, Q. E. Kiessling, F. G. Tryon, and L. Mann, The Economics of Strip Coal Mining (U. S.
Dept. Com., Bur, Mines, Econ, Paper 11, 1931); for 1919-31, Mineral Resources of the United States (U. S. Dept.
Int., Geological Survey, 1919-23; U. S. Dept, Com., Bur, Mines, 1924-31); for 1932-34, Statistioal Appendix to
Minerals Yearbook (U. S. Dept. Int., Bur, Mines); for 1935, Minerals Yearbook (U. S. Dept, Int., Bur, Mines)j
for 1036, Bituninous Coal Tables, 1936-37 (U. 5. Dept, Int., Nat, Bit, Coal Com.); for 1937-38 the strip pro-

duction figures have been estimated on basis of data published in State reéports and other information available
to the Nat, Bit. Coal Com.

o
(=X
S

Production figures for strip mines exolude all coal mined in operations which are both strip pits and deep
mines, They exoclude tonnage in horse stripping mines from 1914-21 and include it thereafter.

b Source: For 1814-31, Mineral Resources of the United States (U. S. Dept. Com., Bur. Mines, 1930-31); for
1932-34, Statisticel Appendix to Minerals Yearbook (U. S. Pept. Int., Bur, Mines, 1832-1933 - 1935); for
1936-36, Minernls Yearbook (U. S. Dept. Int., Bur, Mines, 1937-38); for 1937 estimated on basis of data
published in State reports end other informetion availeble to the Nat, Bit., Coal Com.

¢ Data for Cklehoma included with those for Indiana,
d Data not available,

* Less than 0,05 percent,

Table B-1l.- DISTRIBUTION OF BITUMINOUS COAL MINED BY STRIPPING, BY STATE,
AND PERCENTAGE OF TOTAL STATE OUTPUT MINED BY STRIFPING, 19362

Stripped tonnage Percant stripped

tonnage is of total
State tonnage

Percent

e of U. S. total

United States 28,125,857

Illinois 9,112,669
Indiana 7,679,801
Missouri 2,450,749
Ohio 2,458,116
Kansas 2,025,714

North Dakota (lignite) 1,366,921
Montana and Texas 1,312,695
Pennsylvania 753,784
COklahoma 343,598

Iowa 272,534
Wyoming 142,694
Arkansas 55,115
Alabama 52,154

South Dakota (lignits) 33,517
Kentucky 31,897
Colorado 22,376
West Virginia 1,523

a Source: Bituminous Coal Tables, 1936-1937 (U. S. Dept. Int,, Nat, Bit., Coal Com.), p. 16.

* Less than 0,06 percent.




APPENDIX B

Table B-12,- BITIMINOUS-COAL PRODUCTION IN ILLINOIS, BY COUNYY AND SEAM FOR SHIPPING MINES AND BY COUNTY FOR LOCAL MINES, 1937

R

Seam (shipping mines)

Christian
Clinton
Crawford
Fdgar 27,087
Franilin 10,108,267

4,743,598
264,413

P i i eI S LD e retstasr YRR T

6 o
Fulton 769,950
Callatin
Creene
Crundy
Hancock

Henry
Jackson 1,599,078°
Jasper
Jefferson
Jersey

Johnson
Knoyx
LaSalle
Uvingston
Logan

McDonou gy
Macon
Macoupin
Madison
Marion

Harshall
Henard
Hercer
Honroe
Mont gonery

Morgan
Peoria 1,112,03%
Perry 1 3 3,847,463
Pope “

Putnam, 5,679
fandolpl

Rock Islard e
St. Clasr 2,009, 7684
Saline 651,906°
Sangamon e 8 45,814

B . L

1,681,771%

S

1,318,001° <
H114amson 8,351

Woodford 72,98.°

Total 320,423 2,394,058 9 8,740,020
Stripped - 2,058,378 - 2,435,03,
Decp mined 320,223 335,680 45,879 - 6,304,98€

Local nmines™ 349,514 £5,397 IWETA 7,370 1,924,627

CGRAID YOTAL 660,977 | 2,6m,455 67,313 7,310 |10,664,647

8 Sourco: Computed frowm Coal Report of I1linois, 1337 (Dapt, of h 758,234 tons by strippl
¥ines and Minerals,) Unless otherwise noted, all coal is deop mined
by room-and=pillar method, 35,715 tons by strip

b All by longmll, 135,254 tons by stripping,
All mined by stripping. 13,942 tons by stripping,
1,901,389 tons by stripping. 140,678 tons by stripping.

565,222 tons by stripping. 196,677 tons by stripsin:,

154,043 tons by stripping, balance of 205,489 tons by longwall, Method of mining by sesz, not known for local

2,835,722 toms by stripping.
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Table B-13.- BITUNINOUS COAL MECHANICALLY LOADED IN SHIPPING MINES IN ILLINOIS, BY SEAM, TYPE OF BEQUIPMERT, AND COUNTY, 19372

County

Seam No.

5

Seam No. 6

Total

e loaders

Pit-c

—No;

ar loaders
Tons

Mobile loaders

Pit-car loaders

Tons.

Tona

Total
tons

e loaders

sar loaders

Tons

To,

Tons

Total
tona

Bond
Christian
Franklin
Jackson
Macon

Macoupin

n
Marion

Montgonery
Peoria

Perry
Randolph
St, Clair
Saline
Sangamon
Vermilion
Washington
Williamson

Total

59

1,231,852
12,978

1,400,641

138

93,193
V44,83

909,102

1,325,045
786,812

2,309,743

5,113
4,545,320
8,704,107
1,033,856

1,674,287
667,058
252,950
781,494

434,691
405,763
1,154,344

19,276
619,140
219,670
23 1,169,154

437 21,706,223

6 40,363
176 1,250,896

1,606,440
348,365

147,104
16,641
14,747
37,006

396,538

173,485
13,49

283,320
4,358,296

5,113
4,585,683
9,955,003
1,033,856

3,280,727
1,035,423
252,950
928,598

451,332
450,510
1,191,350

5,814

1,452,474
26,064,619

5,113
4,545,320
8,704,107
1,033,856

61,254

619,140

219,670
1,169,154

23,106,864,

40,363
1,250,896

71,0754

1,606,440
248,365

147,104
16,641
44,747
37,006

93,193
1,182,372

263,320
5,267,498

5,113
4,585,683
9,955,003
1,033,856

71,075

3,280,727

1,452,474
28,374, %2

& Source:

Computed from Coal Report of Illinois, 1937 (Dept. of Nines and Minerals),
b Tonnage loaded by hand-loaded face conveyors.
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Teble B-14.- GROWTH OF MECHANICAL LOADING IN WESTERN KENTUCKY, BY TYPES OF EQUIFMENT, 1923-36%

Production
(not tona)

Mechanical loading

MECHANICAL LOADING HY TYPES OF EQUIRENT

Mobile losders

Scrapera

Duckbills and self-loading
convoyors

Pit-car loaders

Hand-loaded face conveyors

Undor ground

Total tons

Por cent
of total
tons
loaded

Per cent
of total

tons
Toaded

Per

cent:

Number
of

nachines

Per cent
of total

Nunber
of

machines

Per cent

Nunber
73

o
installa-
tions

10,064,276

7,700,095
10,791,613
1,358,535
19,857,582

EJ’IZ. 95
201,179
10,622,807
8,501,229
9,537,761

7,834,397
8,214,779
8,132,613
1936 7,974, 4td,

515

852
62,607
30,716

81,158
2lg,529
571,525
820,506

1,011,103

340,583

132,13
78,68L7

54,567

230

687,737

130,930
335,153

92.2

92.6
100.0
100.0

984

Source: U. S, Bureau of Mines.

Certain of the figures in this table differ slightly from those given in previous

These revisions conaist in substitution of final returns for preliminary estimates or in the adoption of uniform classificationa over the entire period.
Caldwell, Christian, Crittenden, Daviess, Hancock, Henderson, Hopkina, McLean, Muhlenberg, Obio, Union, Warren, and Webster.

publications of the U. S. Bureau of Mines because of revisions made during the present study.

The counties included in western Kemtucky are Butler,

The atrip production used in subtraction is the "total at same mines” which includes an insignificant production underground in operations which are both strip pits and deep mines.

Data on mechanical loading not availablo.




Table B-15.- GROWTH OF MECHANICAL LOADING IN ARKANSAS, BY TYFES OF EQUIFMENT, 1923-19368

MECHANICAL LOADING BY TYPES OF EQUIRMENT

Produstion

Mechanical loading
(net tons)

Duckbills end self-loading

Mobile loaders Serapers
conveyors

Pit-cer loaders Hand-loaded face conveyors

Per cent Por cent | yivor Per cent Per cent | yoivon Per cent |. yupon Per cent | Number
Underground of under- of total of total of total of total of total of
o 5 of of of of
mines®s ground tops' | N ines tonaii (0 RIEES tons |l tonsye [ no el tons instalja-
production loaded loeded losded loaded loaded tions

Number

1,078,511 - -
1,228,196 - -
1,020,947 10,000 10,000°
1,260,922 71,527 71,5278
1,398,515

1,542,832 | 108,513 40,000 36.9 68,513
1,615,405 | 187,377 44,986 24.0 142,391
1,474,294 | 244,816 48,600 19.9 196,216
1,124,340 | 207,520 42,140 20.3 165,380

998,145 | 153,265 20,812 13.6 132,453

852,365 | 144,736 34,150 23.6 110,586
831,106 | 208,826 67,800 32.5 141,026
1,098,805 | 292,064 65,924 22.6 226,140
1936 | 1,567,672 | 522,411 120,840 23.1 401,571

a Source: U. S. Bureau of Mines. Certain of the figures in this table differ slightly from those given in previous publications of the U. S. Bureau of Mines because of revisions made
during the present study. These revisions consist in substitutions of final returns for preliminary estimates or in the adoption of uniforn classifications over the entire period.

The strip production used in subtrection is the "total at same mines" which includes an insignificant production underground in operations which are both strip pits and deep mines.

TV0O SNONIWALIYF

Excludes tonnage of wagon mines and country banks.
Number of mines in which hand-loaded conveyors, other than pit-car loaders, wers used.

The figures for hand-loaded face conveyors for the years 1923 to 1926 are incomplete as no specific inquiry regerding this type of equipment was made prior to 1928. However, when & mine
reported conveyors without being asked, the iacamplete replies are shown here to prove the fact that this squipment was early used.

Data on mechanical loading not available.
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APPENDIX B 375

Table B-16.~ BITUMINOUS-COAL PRODUCTION AND TONNAGE MECHANICALLY LOADED
IN PENNSYLVANIA, BY COUNTY, 19378

Part of Total Tons Percent
County State product ionP mechanical ly mechanically
Jloaded Joaded

Total 110,417,947 11,492,971

Al egheny Western | 15,213,350
Armstrong Central 2,945,132
Beaver Western 89,777
Bedford Central 471,506
Blair Central 227,667
Bradford Central 8,092
Butler Western 700,448 -
Cambria Central | 14,807,485 1,593,784
Centre Central 473,490 111,001
Clarion Central 1,254,862 167,459
Clearfield | Cenmtral | 3,168,807 €4,551
Clinton Central 40,912 -
Elk Central 606,955 16,271
Fayette Western | 20,715,179 1,222,768
Fulton Central 139,525 =
Greene Western 43157 ,344, 106,110
Huntingdon Central 482,907 -
Tndiana Central | 6,710,349 1,017,297
Jefferson Central 2 A TPt 84,631
Lawrence Western 264,255 =

Lycoming Central 60,009 -

McKean Central 79277 =

Mercer Western 31,812 =
Somerset Central 5,218,592 1,060,237 20.3
Tioga Central 162,059 45,615 28,1
Venango Western 17,116 -
Washington Western 19,399,990 2,949,632 15,2
Westmoreland| Western | 10,628,329 553,071 5e2

ROV I ')

O -3

a Source: Computed from Anmual Bituminous Report (Dept. of Mines, Pa.),
mimeographed release.

b Includes a small proportion of strip-mined coal,




BITUMINOUS COAL

Table B-17.- BITUMINOUS-COAL PRODUCTION AND TONNAGE MECHANICALLY LOADED IN ¥EST VIRGINIA,
BY TYPES OF LOADING EQUIPMENT AND COUNTY, 19378

Mechanical loading

Total Net tons Percent of total production
production

T
Mechanically | Hand-loaded Mechanically | Hand-loaded
loadedb [uto Convayors| ~ Total loadedd  |into Comveyord O

Total 118,965,066 | 11,497,410 | 3,993,453 | 15,490,863

Barbour 1,524,7232 190,887 - 190,887

Berkeley = -
Boone 3,745,147 400,307 449,196 849,503

Braxton 37,425 -
Brooke 1,390,743 87,073 4,956

Clay 954,489 =
Doddridge 400 -
Fayette 12,851,148 391,595
Gilmer 21,233 =
Grant 18,297 =

ST ————

°

Greenbrier 1,792,487 41,760
Hancock 54,375 -
Harrison 4,011,618 - 493,787
Kanawha 7,057,445 668,814 1,140,648
Lewis 16,565 - -

)
Lo w
S
1O 1N
ey

Lincoln 3,205 = <
Logan 15,432,927 910,581 4,977,750
McDowell 22,852,772 9. 154,79 196,707
Marion 8,719,856 =

Marshall 617,287

L%

1 ~oB
ik
11 owni

Mason 85,762
Mercer 3,536,419
Mineral 261,255
Mingo 4,004,060
Monongalia 6,321,230

o
SR
WA

[ |

Nicholas 34,087
Ohio 2,038,252
Preston 596,005
Putnam 507,954
Raleigh 14,567,337

&

Randolph 948,375
Sunmers 755
Taylor 634,787
Tucker 512,494
Upshur 183,785
Wayne 28,130 =
¥ebster 842,502 - 70,127 70,127
Wyoming 2,639,418 12,40 173,752 186,231

I

e Source: Computed from Annual Report of the Department of Mines, West Virginia.

b Almost entirely by mobile loaders.

a8 ot
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b
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%
-l
|
|
{
?

- ugECT

LR (R rprandd




Table B-18.- NUMBER OF COMMERCIAL BITUMINOUS-COAL MINES AND PERCENTAGE OF TOTAL PRODUCTION, BY SIZE OF MINE, 1905-36%

umber of commercial bituminous coal mines Percent of total production
Class 1 Class 2 Class 3 Class 4 Class 5 Class 2 Class 3 Class 4 Class 5
(more than | (100,000 to | (50,000 to | (10,000 to [ (less than (200,000 to | (50,000 to | (10,000 to [(less than
200,000 200,000 100,000 50,000 10,000 200,000 100,000 50,000 10,000
tons) tons) tons) tons) tons) ta tons) tons) tons) tons) Total

411 612 808 1,514 1,715 27.3 18.2 12,4 1.9 100,0
618 763 960 1,568 1,909 2547 16.5 10.2 100,0
694 959 1,558 1,728 24,8 hVAYA 8.9 10040
792 1,044 1,996 2,193 9 2345 13.6 94l 100.0
821 1,198 2,636 2,735 318 22,7 5.7 11.6 100.0

B

550 1,181 ‘ 3,625 26,0 18.2 15.4
701 1,279 2,750 : 2543 16,1 1446
482 1,003 3,400 | 8, 9 27.8 17.1
16 1,082 : 3,812 : 28,0 18.5
748 1,176 ; 3,730 23.2 15.0

100,0
1000
10040
100,00
100,0

PDWOHEN DHHEE
e o o o
N OO e o oW o

646 943 3,131 5¢ 23.8 14.1
1925 avA 891 2969 2,737 5307 22,7 0257
1926 823 867 9 2,730 58,1 21,0 1049
1927 79 879 3 2,70/, 5448 22.3 12.3
1928 713 725 2,752 60,7 1944 10.4

100.,0
100,0
100.,0
100.0
1000

HH D
oe..
2L nd

4 XIANEddV

1929 827 668 2,541 6542 1749 9.1 1 10060
1930 716 644, 1,239 2,68/ 63,1 18,6 100,0
1931 578 551 1,144 2,833 5949 20,0 100,0
1932 465 ; 469 1,111 2,905 Lo 21.8 ; 3 100,0
1933 498 502 1,075 3,025 5 58, 19.5 3 10040

1934 551 479 1,072 3,671 > 613 19.2 100,0
1935 561 503 1,056 3,716° 315 62,2 18.5 10040
1936 L 660 460 1,085 by 218b 5 69.0 14.8 10040

a Source: Mineral Resources of the United States - Part II (U. S. Dept. Com., Bur. Mines) 1929, p. 712; 1930, p. 640; 1931, p. 4377 Statistical

Appendix to Minerals Yearbook (U. S. Dept. Int., Bur. Mines) 1932-33, p. 388; 1934, p. 294; 1935, p. 256; 1936, p. 819; Bituminous Coal Tables

(Nat. Bit. Coal Com.) 1936-37, p. 15. The term commercial mines as used here refers to all bituminous coal mines with the exception o!‘Tv:gon

mines producing less than 1,000 tons annually.

Not strictly comparable with figures for 1933 and prior years because of more complete coverage by several States in 1934-36 of small trucking
mines (producing more than 1,000 tons per year).




378 BITUMINOUS COAL

Table B-19.~- INDEXES OF QUTPUT PER MAN-DAY AND PER MAN-HOUR
IN THE BITUMINOUS—COAL INDUSTRY,
1903=-36%

(1920=100)

OQutput

per man

par hour
(2)
6945
7303
7546
78.4
7666
77.8
(b)
8006
8l.6
85.8
84,0
8666
91.2
80,8
91,0
93.4
9546

a Source: Teble B-1, colss, 7 and 8.

b Data not available.
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Table B-20,- SALIENT STATISTICS SHOWING PERFORMANCE OF GCROUP A-l. GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN ILLINOIS, 1918-35%

Panel 1 Panel 2 Panel 3 Panel 4

Production - = = -
undergro\snd Tons mechanically loaded s g’;tc:;: :ztx:]‘_drlgguﬁim MNumber of mines Production (net tons)
A1l other A1l A1l Al
Group |mines (Group B-|  Group Group other Group Group other Group CGroup

A "Experimentally A-1 A i A-1 A mines® A-1 A mines

mechanized")

76,1 .| 7246 1406 16,724,879 | 24,113,924 | 64,621,248
46 12,265,201
7746 17,185,825
1,434,006 | 21,135,
12,221,897 | 17,714,456 | 39,971,919

- 136,997 8,304 17,492,663 | 25,216,568 | 52,725,398
- 250,028 9,556 19,002,026 | 26,549,933
378,897 818,282 75,647 18,558,227 28,602,983
978,216 1,933,181 572,117 20,683,005 | 31,952,475
(e) (e) (o) 9 20,445,449 | 23,572,705

XIANEddy

2,912,155 | 4,445,887| 2,524,846 17,740,617 | 26,117,444 | 25,491,313
7,868,791 2,650,519 19,276,075 | 30,280,805 | 24,990,023
10,563,836 2,098,370 16,610,283 | 27,414,798 | 20,165,902
37,977,698 | 11,832,697 1,453,353 14,384,982 | 23,772,184 | 14,205,514
26,923,252 8,892,317 | 14,434,892 924,625 . 9,945,803 | 15,488,225 | 11,435,027

q

31,788,513 11,926,519 | 16,837,836 283,790 3 13,048,524 | 18,159,929 | 13,628,584
35,112,301 13,252,294 | 18,382,025 100,322 : 29 14,586,400 | 19,770,200 | 15,342,101
37,115,382 14,694,428 | 20,164,010 349,072 15,835,950 | 21,329,203 | 15,786,179

BSee footnotes at end of table.




Table B-20.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN ILLINOIS, 1918-352 - Continued

Panel 5 Panel 6 Panel 7 Panel 8 Panel 9

Production ; » Number of men required to maintain
0 Tons -
undei‘grngnd Hourly ca'xta_clty Men employed Days_ opera_m‘d per year 'ons per man-hour i Ri)\.q\lxhﬁc_amci i
mines ALl s

R % A1l o8 e ] [
Grou Group other { Group Grou Group | other Grou Group Group other
d i ad i ad Ad ; Ad

A-1 A mines A-1 mines A=) mines

88,735,172 8,603 | 12,665 20,265 238 634
1919 | 60,461,968 20,338 : 159
1920 | 8,135,353 37,366 21,103 213 |8 =3
1921 | 69,036,719 23,062 | 71,914 b
1922 | 57,686,375 24,293 | 7,435 17

1923 | 77,941,966 26,236 | 72,667 152
192 | 65,946,957 27,622 | 60,678 138
1925 63,440,002 27,888 | 48,825 29
1926 | 65,842,531 29,164 | 45,110 163
1927 | 44,018,154 30,689 | 45,199 113

1928 27,210 | 35,719 152
1929 6 | 31,580 165
1930 6 29,801 240
1931 ,977,69 26,097 117
1932 | 26,923,252 3 9 24,618 114

1933 31,788,513 5248 133
1934 | 35,112,301 26,412 u7
1935 | 37,115,382 24,975 154

5|

Source: U, S, Bureau of Mines. Certain of the figures in this table (under columns "Tons mechanically loaded") differ slightly from those given in previous
publications of the U, S. Bureau of Mines because of revisions made during the present study. These revisions consist in substitutions of final returns for
preliminary estimates or in the adoption of uniform classifications over the entire period.

The strip production used in subtraction is the "total at same mines" which includes an insignificant production underground in operations which are both strip
pits and deep mines.

Excludes wagon mines, country banks, and local commercial mines.

Corrected for divided working time (share-the-work) 1932 to 1935.

Data not available.

Three-yesr moving average except for teminal years.
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Table B-21.- NOMEER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A BITUMINOUS-COAL MINES ("™MECHANIZED GROUP") IN ILLINOIS, 1918-35%

GROUP A MINES ("MECHANIZED GROUP")
ALL UNDERGROUND MINES (A11 mines of "Meohanized Group" including those newly opened or olosed during period)

SUE-GROUP A-1 MINES ("IDENTICAL MECHANIZED")
(Includes only such Group A as opersted each year of period)

Production of these mines Mechanical loading of these mines Production of these mines
Number Number of [T ] [ Por cent Nusber of et cent,
o| Total tons of Per oent theso mines Per cent | of total Por cent Per cent | of total
Produotion’ | mechanically | mines in loading me- of total | tonnage me- of total of total | tonnage me-
(not tons) loadead Group A Net tons ohanically Net tons Group A chanically Net tons under= Net tons Sub-Group | chanically
during the output | loaded by ground during the A1 1loaded by
your all mines your output | all mines

(3) ) n (8) (12) (1) (15)

onding of these mine

9) (10) (16) 7)
(8) % (5) | (8) ¢ (3) (15) # (12)| (15) £ (3)

21,135,304
17.711..E56

15,301 5t 25,216,568
s

12,221,897

17,k92,663
259,51 9 3 X 026
1,293,929 28,602,983 378,897
2,505,298 31,052,475 9 6.1 978,216
018,154 (o) Ll 6. (o) 2 (o)

¥3
5%

51,608,757 6,970,733 7 2,912,155
55,270,828 17,752,033 30,280,805 3 L 2
147,580,700 5

7,860,791

10,563,636

37,977,698 2 11,832,697
26,923,252 15,188,225 1,130,592 : 9,945,803 8,892,317

16,857,836 13,048,52); 29 11,926,519
18,362,025 99.5 32 1L;,586,Lioo 13,252,200
20,164,010 15,835,950 1,694,128

Ehois

AVEEE

v vou
g 3
o

31,768,513 | 17,121,626 18,159,929
35,112,301 18,182,317 19,770,200
339 | 37,115,382 | 20,513,082 Lk 21,329,203

=8
AN

wg

4 XIANHddY

o

Source: U, 8. Bureau of Mines. Cortain of the figures in this tablo differ slightly from those given in provious publications of tho U, S. Buresu of Mines

bocause of revisions made during the present study. Theso
rovisions oonsist in substitution of final returns for preliminary estimates, or in the adoption of uniform olassifioations ovor the entire

period.

Exoludes wagon mines, country banks, ond loeal commercisl mines.

The strip production used in subtraction is the "total at same mines” which includes an insignificant production underground in operations which are both strip pits and deep minea.
Includes the tonnage mechanically loaded by the Group B mines ("experimentslly mechanized”).

Data nat available.




Table B-22.- COMPARISON OF NUMBER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A AND GROUP B BITUMINOUS-COAL MINES IN ILLINOIS, 1923-35%

“GROUP & CHAX A
ALL UNDERGROUND MINES (A1l mines of "Mechanized Group"

GROUP B MINES (" 5
opened or closed during period) (FR sy AL n )

Weohanical loading Mechanical loading

Tumber of Production of these mines Number of Production of those mines

these mines of these Per cont of | these mines | of these Por cont of

Production® Totel tons | loading me- mines load- total tonnage| loading me- | mines load- total tonnage

Number® | (not tons) Number | Produstion mechanically | chanically ing mechan- Nt tons mechanically | chanically ing meohan~ Net tons mechenioally
1oadedd during the ically dur- loaded by all| during the ically dur- loaded by all

year ing the year year ing the year

Mines with mechanical loading

77,941,966 281,369 15,301 203,537 1 77,632
65,916,957 259,58l 3 %
092 1,293,929 1n
65,842,531 2,505,298 5,790,539 1y
Ll;,018,35L () (e) ()

6,970,733 11,318,633 Ly, lli5,887
17,752,033 15,101,51,
22,86,55! 20,748,185
22,576, 21,123,501 9,902

oowbs

SEho

8
26,923,252 16,917,509 15,359,517 1,540,168l Uy, 3L, 852 2,377,245

21,768,513 18,971,319 | 17,121,626 17,512,086 16,857,836 98.3 1,459,233 263,790
25,112,301 21,635,890 16,182,347 19,559,570 18,382,025 9945 2,076,320 100,322
37,115,382 2,858,162 | 20,513,082 21,329,203 20,141,010 98.3 1 3,529,259 319,072

HoR
RSV RS}

Source: U. 5. Bureau of Mines. Certain of the figures in this table differ slightly from those given in previous publications of the U. S. Bureau of Mines because of revisions made
during the present study. These revisions consist in substitutions of final returns for preliminary ostimates or in the adoption of uniform classifications over the entire period.

TV0D SNONIWALIE

Ezoludes wagon mines, country banks, and local commercial mines.
The strip production used in subtraction is the "total at same minos” which includes an insignificent production underground in operations which are both strip pits and deep mines.
Includes the tonnage mechanically loaded by the Group B mines ("experimentally mechanized").

Data not available.
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Table B-23.~ OROWTH OF MECHANICAL LOADING IN ILLINOIS, BY TYPES OF BQUIPMENT, 1923-36%

FrotUsvion Meshanion) Lodsing MECHANICAL LOADING BY TYPES OF EQUIFMENT

(net Sons) Nobile loadars Sorapers Duokbills and solf-loading R R AT P

Underground Por oent of Per cont | sumber [Por cent | Number Per cent

ines® Total tona | underground of total of of total £
production tons Machines tons Machines tons
loaded loaded londed

Number Por cent Por cent
of of total of total

tons
loaded

0.2 100.0 - - -- =
04 9 b we 3.0
Ll 2.0 230,114 7 @]w,usé =
2,531 | 2,505 187,212 717
Lk,018,154

51,608,757 1761,097
55,270,620

3
1

26,903,252 |

FERee
EEEE

167,551
ﬂ}.g%
W,la5
22,090
39,037
37,158

31,786,513 6 9 10,351,002 . - 6,755,929
12,300 2 11,83, 8,1 6,616,116
20,513,082 3 2,809,739 3
26,110,068 2, 18,607,302
L

=

Buwy
£

37,115,382
;83,930

7,661,306
| 7,465,608

Source: U, S. Buremi of Mines. Certain of the figures in this

ble differ slightly from those given in previous publications of tho U. S. Buresu of Minos becauso of revisions made during the fresent study. Those
revialons conelst in substitution of final returas for preliminar

eatimatos or in the adoption of uniform classifications over the entire period.
The strip production used in subtraction 1o the "total at same mines" which includes an insignificant production underground in operations which are both strip pits and daep mines.
Mumber of mines in which hand-loaded comveyors, other than pit-car loaders, were used.

Data on mechantcal loading not available,

Lesa than 0,08 percent.
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Table B-24.- TONS MECHANICALLY LOADED AND NUMBER OF MEN REQUIRED TO MAINTAIN 1,000 TONS OF HOURLY CAPACITY AT GROUP A MINES IN ILLINOIS,
BY TYPES OF LOADING EQUIPMENT, 1918-35%

Tons mechanically loaded Number of men required to maintain 1,000 tons
of hourly capacity

Mines in which the following equigment Mipes in which the following equlgmsnt
wes the predominant type used: was the predominant type used:

Al A1l
Group A mines Mines shifting Group A mines Mines shifting
Mobile loaders Pit-car loaders from pit-car to Mobile loaders |Pit-car loaders | from pit-car to
mobile loaders mobile loaders

(1) (2) (3) (4) (5) (6) (7) (8)

1918 1,597 1,590 1,631 1,541
1919 1,538 1,538 1,600 1,414
1920 1,499 1,495 1,567 1,387
1921 1,447 1,410 1,513 1,395
1922 1,443 1,441 1,443 1,445

1923 136,997 136,997 1,420 1,433 1,393 1,433
1924 250,028 250,028 1,420 1,414 1,401 1,439
1925 818,282 737,584 80,698 1,391 1,351 1,408 1,408
1926 1,933,181 1,660,826 238,023 1,374 1,314 1,414 1,391
1927 (e) (e) (e) (c) 1,348 1,302 1,376 1,353

1928 4,445,887 2,279,602 1,308,899 633,960 1,289 1,232 1,305 1,333
1929 15,101,514 5,354,931 6,205,361 2,723,597 1,211 1,111 1,267 1,271
1930 20,748,185 8,567,315 8,015,653 2,908,560 1,149 1,000 1,250 1,256
1931 21,123,541 8,978,876 8,006,818 2,813,594 1,100 935 1,253 1,182
1932 14,434,892 6,884,490 4,637,307 1,855,126 1,075 919 1,238 1,167

TV0D SNONIWALIE

1933 16,837,836 8,956,660 5,148,876 1,907,209 1,042 893 1,203 1,130
1934 18,382,025 9,673,868 5,606,953 2,334,298 1,025 881 1,188 1,114
1935 20,164,010 9,789,830 6,668,438 3,053,032 998 836 1,182 1,050

a Source: Computed from U, S. Bureau of Mines data, It will be noted that the tonmages in colurmms (2), (3), and (4) above
do not equal the total tonnage in column (1). A few mines using both
b The division of Group A mines fell logically into three groups: (1) pit-car loaders and mobile loaders on about an equal basis had to be
mines which used only mobile loaders or in which they were used for at omitteds Man-hour requirements for these mines were also omitted,.
least two-thirds of the mechanically loaded tonnage for at least 3 years,
(2) mines which used only pit-car loaders or in which they were used for o Data not availabla,
at least two-thirds of the mechanically loaded tonnage for at least 3
years, and (3) mines which started their mechanical-loading program with
pit-car loaders and changed to mobile loaders at the end of the period,
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Table B-25.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN INDIANA, 1918-35%

Panel 1

Penel 2

Panel 3

Panel 4

Production
underground

Tons mechanically loaded

Tons out by maohine - Per cent
of total production

Number of mines

Production (net tons)

Group
A-1

Group
A

K11 obher minos
(Group B = "Ex-
perimentall
mechenized"

Group
A-1

Group
A

A11
othor
wines

Group
A=l

Group
A

All
othor
mines®

Group
A-1

Group

A

All
other
mines

29,247,196
20,078,573
27,985,162
19,498,666
17,758,174

25,923,212
18,969,024
17,955,580
19,568,770
13,478,614

11,554,468
12,729,660
10,850,750
8,990,271
7,652,716

8,695,976
8,618,231
9,232,800

26,978
497,145
591,242

(@)

606,879
1,112,146
1,242,375
1,393,353
1,236,586

1,709,898
1,685,389
1,862,777

7,684

262,186

1,064,993

1,393,367
(a)

1,772,517
2,363,716
2,615,728
3,254,963
2,988,080

4,085,498
5,386,751
5,747,553

69,858
62,931
376,449
810,502
(@)

663,661
920,279
987,455
276,301
237,265

156,867
15,925
20,143

2,763,309
2,168,298
2,375,572
2,700,408
2,242,682

3,546,076
2,828,326
3,097,845
$,258,384
1,617,699

1,667,225
3,021,139
2,324,890
2,173,412
1,585,099

1,993,298
1,927,826
2,063,875

6,460,787
4,815,380
5,170,429
6,181,884
3,786,529

3,895,079
4,765,862
3,989,288
4,542,562
3,564,248

4,706,818
6,562,093
6,030,460

26,324,074
15,760,616
25,360,095
15,136,476
13,775,886

17,462,426
14,152,644
12,786,151
13,386,886

9,692,085

7,569,389
7,963,698
6,861,462
4,447,719
3,968,468

3,989,158
2,966,138
3,202,340

See footnotes at end of

table.
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Table B-25.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITWMINOUS-COAL MINES IN INDIANA, 1918-35% - Continued

Panel 5§ Panol 6 Panel 7 Panel 8 Panel 9

Production Wuzber of men Tequired to maintein
undergroynd 5 Non ewployed Days operated per yeer fonsjrermavroure 1,000 tons of hourly ospacity®
mines! T T AT sy

other Group Group | other |Growp | Group | other Group other Group Group other
nines J Al Iy A1 I

A-1 A mines mines A-1 A mines 05

28,247,196 13,763 2,177 3,366 26,786 230 «534 1,393 1,531
20,078,373 14,252 2,549 3,896 26,511 147 +566 1,516
27,986,152 14,974 2,281 4,177 | 25,940 195 576 1,340
19,498,666 2496 | 15,382 3,006 5,645 26,216 5 123 4695 1,561
17,768,174 16,091 2,987 5,857 26,041 614 1,391

28,925,212 17,065 3,283 6,861 26,919 641 1,387
18,969,024 5 18,202 3,302 6,293 (19,728 650 1,410
17,956,560 10,245 2,904 5,576 (15,816 655
19,668,770 10,020 3,118 6,576 [ 15,658 640
13,478,614 9,850 2,826 6,402 [15,781 651

11,664,468 6,558 2,064 4,195 [10,568 637
12,729,560 2,487 4,162 9,141 o654
10,850,760 5 2,459 3,849 8,510 654
8,990,271 : 2,090 3,845 6,751 2635
7,532,716 1,428 3,008 5,841 4601

8,695,976 1,358 5,620 5,641 588
,618,231 1,503 3,891 | 4,596 602
9,232,800 1,538 4,113 | 4,652 648

TV0D SNONIWOIIL

Source: U. S. Bureau of Mines. Certain of the figures in this table (under columns "Tons mechanically loaded") differ slightly from those given in previous
publications of the U. S. Bureau of Mines because of v These revisions consist in substitution of final returns for
proliminary estimates or in the adoption of uniform olassifioations over the entire period.

The strip production used in subtraction is the "total at same minos™ and imoludes sy insignificant production underground in operations which are both strip
pits and deep mines

Exoludes wagon mines and oountry banks.

Data not available.

Three-yoar moving average except for terminal years.
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Teble B-26.- MMBER, PRODUCTION, AND TONNAGE MECHANICALLY LOADSD OF GROUP A BITUMINOUS-COAL MINES (™MECHANIZED GROUP™) IN INDIANA, 1918-35%

GROUP A MINES ("MECHANIZED GROUP)

ALL UNDERGROUND MINES (A11 minos of "Mechanizod Group" inoluding thoso newly opened or closed during period)

5UB-GROUP A-1 MINES  ("IDENTICAL MECHANIZED")
(Ineludos only such Group A as operated each yoar of period)

1 loading of theso aines Produstion of these mines ~ loading of
Numbor Nunber of Por coni Hunber of

Totel tons | of Por cont | theso mines For cent | of total Por cont | these mines Per cent

Produotion® |mochanically| mines in of total | londing mo- of total | tonnage me- loading me- of total

Numberd | (net tons) loadedd Group A Net tons undor- chanically Net tons Group A chanioally Net tons chanically Sub-Group
ground during the output | loaded by during tho A1 loaded by
A | 1) all minos oar output | all mines
() (5) 6 (W) (8) (9) (10) (12) 3 (1)
| (8)#(5) (8):(3)

(@)

a7

(15)2(3)

2,763,309
20,078,373 21
27,995,152 21
19,498,666
17,758,174
23,923,212
18

9,
19,568,770
l}.ﬁ“,blh

11,554,468 2,26,178
12 50

29,247,196 19 ‘ 3,923,122
17

625,057
4,363,191
3,984,208

£8

25,978
al; L7, 25
3,253,394, 6 591,22
1,617,699 (e}

BBRIR

28

606,879
5: 1 3,716 L | 9 3,001,139 1,112,146

288 . 7 2 1,212,373
L4,5l2,552 5 2 7 9 2,17 2 1,393,353
3,564,218 2 6 9 1,236,586

AT

29,
10,850,750
29 1

3,273,995
3,503,168

&

3,511,286,
3,825,3

Y

5,976 14,222,355
231 5,402,686
5,767,696

4,706,818 - 3 6 9 8 2 1,709,898
5,562,093 & 5,386, 7¢ 9’ 1 L | 9 1,685,389
6,030,060 i e

228
s

BUUER
g XIONHEddV

Souroe §. Bureau of Mines. Certain of the figures in thia tablo differ slightly

from those given in previous publications of the U. S. Bureau of Mines beosuso of revisions made during the present study. These
rovisions consist in substitution of final returns for preliminary estimates, or 1

tho adoption of uniform olassifications over the entire period.
b Exoludes wagon mines and oountry banks.

o The strip production used in subtraction is the "total at sane mines" which includes an insignificant production underground in operations whioh are both strip pits and deop mines.
4 Inoludes the tontage meohanioally loaded by the Group B mines (Mexperinentally mechanised").

© Data not availables




Teble B-27.- COMPARISON OF NUMBER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A AND GROUP B BITUMINOUS-COAL MINES IN INDIANA, 1923-35%

GROUP A MINES ("MECHANIZED GROUP")
ALL UNDERGROUND MINES (A1l mines of "Mochanized Group" including those newly GROUP B MINES ("Exporimentally mechanized")
opened or closed during period)

TWeochanical loading Mochanical loading
__Mines with mechanical loading Nunbor of Production of these mines Number of Production of these mi

these mines | of these Tor cent of these mines | of theso TR Fer oent of
Production® Totel tons loading me- [ mines load- total tomnago | loading me- | mines load- total tonnage
Nunber® | (net tons) Number | Production | mechanically |ochanically ing mechan- Not tons |meohanically | chanically ing mechan- Not tons | mechanically
1onded? during the ically dur- loaded by all | during the ically dur- loaded by all
year ing tho year year ing the year minos

23,923,212 369,555 77,542 7,68, 223,97 69,858
18,969,02l; 803,917 Lo 262,186 62,931 62,951
17,955,580 1,659,22 1,131,122 1,054,993 571,268 376,19
19,568,770 2,887,711 2,203,859 1,400,070 1,393,357 1,187,704 810,502
13,478,614 (e) (e) (e) (e) (e) o)

1926 11,554,158
X U2

929
1930
1931

1,131,187 653,661
1,210,128
1,133,250
969,579
690,787
657,420
139,086 : 0.3
295,084 1y 0.3

ﬁ-0$9.030 2,426,178 1,937,843 1,772,517
,015,527 bIis 2,801,009 2,353,716
1,266,901 2,833,643
8,990,271 14,537,700 26l 3,568,121

]

©RE e

W7 3
1932 136 7,532,716 14,007,083 25 3,316,296 2,988,080

193 137 8,695,976 4,889,2l2 L,222,355 4,231,822 14,065,198
193 128 8,518,251 5.350.238 5,1402,686 27 9.l .EZZ 5,385,761
1935 133 9,232,800 6,325, 5,767,69% 6,030,460 5,747,553

838

Source: U. S. Bureau of Mines. Certain of tho figures in this table diffor slightly from those given in previous publications of the U. S. Bureau of Mines because of rovisions made
during the present study. Those revisions consist in substitution of final returns for preliminary estimates or in tho adoption of wniform olassifications over the ontire period.

TVY0D SNONIKALIEL

Exoludes wagon mines and country banks.
The strip production used in subtiaction is the "total at same mines" which includes an insignificant production underground in operations which are both strip pits and deep mines.
Includes the tonnage mechenically loaded by the Group B mines ("experimentally mechanized”).

Data not available.
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Table B-28.- GROWTH OF MECHANICAL LOADING IN INDIANA, BY TYPES OF EQUIPMENT, 1923-36°

MECHANICAL LOADING BY TYPES OF EQUIPMENT
Produotion L )

(not tons) Moohanioal loading otATsFloaaacs Sorap Duokbills and self-loading Pit-car loadors Hand-loaded face conveyors
conveyors

For cent
Por cent | Number Per cent Por cont Por cont: Por cent | Number
Undor groun Total tons of total of of total of total of total

b tons machines tons

of
tons tons installa-
louded loaded loaded loaded tiona®

23,923,212 77,542 70,476 =
25,117

18,969, 02l =
:;,955.500 ; ?g;,léhss 9. ;gg
1,968,770 4203,/ 43,

1;3?3,.&

11,554,168 2,1426,178
29,550 3,273,995
10,850,750 3,503,18
8,990,271 3,511,
7,532,716 3,225,3l5

8,695,976 L,222,355
8,518,231 5,102,686 -
9,232,800 5,767,606 86,1108 123 =
10,142,735 7,146,090 b -

Source: U. §. Bureau of Mines. Certain of these figures in this table differ slightly from those given in provious publications of the Us S. Bureau of Mines beoause of rovisions made during the present study. Those
revisions oonsist in substitution of final returns for preliminary estimates or in the adoption of wniform classifications over tho entire period

The strip production used in subtraction is the "total at sme mines" which includes en insignificent production underground in operations which are both strip pits and deep mines.

Nusber of mines in which hand-loaded oonveyors, othor than pit-oar loaders, wore used.

=
d
g
=
=
=}
—
P
[==]

Data on mechanioal loading not available.




Table B-29.- TONS MECHANICALLY LOADED AND NUMBER OF MEN REQUIRED TO MAINTAIN 1,000 TONS OF HOURLY CAPACITY AT GROUP A MINES IN INDIANA,
BY TYPES OF LOADING EQUIPMENT, 1918-352

Tons mechanically loaded Number of men required to maintain 1,000
tons of hourly capacity

Mines in which the following aqu1gment Mines in which the following equigment
was the predominant type used: was the predominant type used:

A1l A1l
Group A mines Mines shifting Group A mines Mines shifting
Mobile loaders Pit-car loaders from pit-car to Mobile loaders |Pit-car loaders | from pit-car to
mobile loaders mobile loaders

(2) (3) (4) (5) (6) (7) (8)

i918 1,531 1,370 1,745 1,976
1919 1,431 1,314 1,664 1,597
1920 1,445 1,364 1,618 1,558
1921 1,422 1,361 1,524 1,575
1922 1,458 1,408 1,563 1,560

1923 7,684 7,684 1,410 1,377 1,497 1,443
1924 262,186 262,186 1,391 1,353 1,486 1,403
1925 1,054,993 1,054,993 1,418 1,389 1,488 1,445
1926 1,393,357 1,385,507 7,850 1,368 1,318 1,477 1,406
1927 (e) (c) (e) (e) 1,355 1,261 1,508 1,410

1928 1,772,517 1,621,186 8,000 143,331 1,277 1,096 1,513 1,416
1929 2,353,716 1,609,871 202,899 540,946 1,221 1,018 1,570 1,387
1930 2,515,728 1,350,725 280,194 884,809 1,140 961 1,543 1,248
1931 3,234,963 1,992,911 446,210 795,842 999 872 1,429 1,056
1932 2,988,080 1,897,811 288,997 801,272 977 878 1,391 989

TV0O SNONIWALIE

1933 4,065,498 2,199,855 542,563 1,323,080 952 853 1,404 969
1934 5,386,761 3,193,986 601,796 1,590,979 971 883 1,374 977
1935 5,747,553 3,380,852 718,825 1,647,876 899 807 1,244 934

a Sources Computed from U, S. Bureau of Mines date. Only one mine in the total for Group A was using face conveyors and
could not be classified as falling under one of the three headings.
b The division of Group A mines fell logicelly into three groups: (1) To prevent disclosure of data for individual operations, the tonnage
mines which used only mobile loaders or in which they were used for at was included under pit-car loaders; the man-hour requirements of this
least two-thirds of the mechanically loaded tonnage for at least 3 years, mine, however, were omitted.
(2) mines which used only pit-cer loaders or in which they were used for
at least two-thirds of the mechanically loaded tonnage for at least 3 Data not available,
years, and (3) mines which started their mechanical-loading program with
pit-car loaders and changed to mobile loeders at the end of the period.




Table B-30,~ INDEXES OF PRODUCTION, MAN-HOURS, AND UNIT LABOR

APPENDIX

B

AT GROUP A AND ALL OTHER MINES IN THE ILLINOIS=-
INDIANA AREA, 1918-358

(1923=100)

REQUIREMENTS

Group "A" mines

"All other” minec

Production

Man-hours

Number of men
required to
maintein 1,000
tons of hourly
capacityh

Production

Man-hours

Number of men
required to
maintain 1,000
toce of hourly
cepecity

1930
1931
1932

1933
1934
1935

112.1
10743
105.3
101.9
101.9

100.0
99.9
98.5
97.0
95.3

90.8
85.5
81,0
76.3
74,6

115.7
111.2
107.9
103.9
101.9

100.0

99.5
100.2
101,1
102.0

100.8
99.3
99.3

104.3

109.4

112.0
107.4
10l.1

a Source:

Computed from U. S. Bureau of Mines data.

b Three-year moving average except for terminal years.
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Table B-31.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN WYOMING, 1918-35%

Production
underground
mines

Panel 1

Panel 2

Panel 3

Panel 4

Tons mechanically loaded

Tons cut by machine - Per cowt

Number of mines

Production

(net tons)

Group
A-1

Group
A

A1) other mines

mechani zed")

of total productiom
A1)

Group
A-1

Group
A

other
mines

Group
A-1

Group
A

ALY
other
mines®

Group
A=l

Group
A

AT
other
mines

9,458,688
7,218,758
9,630,271
7,200,666
5,971,724

7,576,031
6,757,468
6,619,653
6,469,429
6,687,428

6,499,914
6,652,041
6,005,522
4,901,429
4,072,912

5,918,965
4,248,647
5,042,857

107,698
161,525
444,189

1,076,901

(e)

2,029,086
2,195,999
2,153,416
2,068,917
1,887,774

2,068,976
2,498,866
3,120,286

107,698
161,528
579,272

1,278,460

(e)

2,630,351
2,889,376
2,781,535
2,738,861
2,691,082

2,969,920
3,560,180
4,630,032

102,097
112,593
85,163
42,137
6,761

11,424

3,467,684
2,788,866
3,296,540
2,569,764
2,134,661

2,718,643
2,679,463
2,706,664
2,940,890
3,395,857

3,404,485
3,568,841
3,404,765
2,864,667
2,578,654

2,392,371
2,699,008
3,262,136

3,875,546

3,168,356

3,965,808
5,847,418
3,934,690
4,213,844
5,066,316

5,081,762
5,347,486
4,965,389
4,171,671
3,555,789

3,528,662
3,961,780
4,714,955

5,663,143
3,878,766
5,174,951
5,694,622
2,805,369

3,608,228
2,910,050
2,585,063
2,245,686
1,652,112

1,408,162
1,284,555
1,040,133
729,858
517,123

590,518
286,867
327,882

See footnotes at end of table.
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Table B-3l.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN WYCMING, 1918-35% - Cont inued

Panel 5 Panel 7 Panel 8 Panel 9

Production
underground
wines®

Number of men required to maintain
Hourly capacity Days opersted per year anS pe=tman-houc® 25000 tonstor ‘;ourl A et
1Y KT AT AT 1
Group other other Group | Group | other Crou Group other Grou] Group other
A mines A-1 A | mines A-L ad A-1 Al e

9,438,688 4,668 270 266 1,742 1,686
7,219,738 »5° 52 | 4,124 227 215 1,761 1,704
9,650,271 : 4,364 266 260 1,712 1,645
7,200,666 4,465 179 161 1,603 1,616
5,971,724 2 E 5,001 136 121 1,495 1,645

7,676,081 : 3 4,043 188 195 1,399 1,761
6,767,468 s ; 3,573 176 174 1,309 1,783
6,619,668 5 95 | 2,928 181 174 1,271 1,862
6,469,429 2,674 , 3,287 | 2,609 204 161 1,247 1,835
6,687,428 g 3,009 2 3,685 | 2,077 216 165 1,244 1,802

6,499,914 1,826 | 2,906 3,610 | 1,310 2353 200 1,232 1,686
6,632,041 1,789 | 2,809 3,643 ’ 249 206 1,241 1,637

6,006,622 2,027 | 3,199 4,065 210 168 1,225 1,701
4,901,429 2,094 | 3,386 54 & : 171 £ 153 1,186 1,859
4,072,912 1,870 | 2,906 : 135 1,149 2,114

g€ XIANHEddY

3,918,965 1,739 2,626 2 183 1,120 2,208
4,248,647 1,864 2,850 J 156 1,114 2,088
5,042,837 2,109 | 3,048 2,216 [ 2 22 190 1,109 1,880

Source: U. S. Buresu of Mines. Certain of the figures in this table (under columns "Tons mechenicelly loaded") differ slightly from those given in previous
publications of the U. S. Bureau of Mines because of revisions made during the present study. These revisions corsist in substitution of final returns for
preliminary estimates or in the adoption of uniform classifications over the entire period.

e strip production used in subtraction is the "total at sme minea” which includes an insignificent production underground in operations which are both
strip pits and deep mines.

Excludes wagon mines and country banks.

Figures for Group "A" mines are not strictly comparable with those shown in other panels. Due to the impossibility of separeting accurately the productivity
datn of the Union Pacific Coal Company by mines it was necessary to include in the "A" series the hand-loading mines of this company. Specifically, Group "A"
includes the hand-loading operations of the Union Pacific Cosl Company at Henna, Reliemce, Rock Springs, Superior, and Winton. Croup "A-1" mines could

not be shown.

Data not available.

Three-year moving average except for terminal years.




Table E-32.- NIMEER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A BITUMINOUS-COAL MINES (™MECHANIZED GROUP®) IN WYOMING, 1918-35%

GROUP A MINES ("MECHANIZED GROUP") SUB-GROUP A-1 MINES  ("IDENTICAL MECHANIZED")
ALL UNDERGROUXD MINES (A11 mines of "Meohanized Group" including those newly opened or olosed during period) (Inoludes only such Group A as oporated each year of poriod)

Production of theso mines loading of thase mines Production of these mines Mochanical loading of these minos
Nuzber Number of For cent Tor cent
of Per oent: | theso mines Por cont; | of total Per cent Por cent | of total
Produotion® | mechanicelly | mines in of total | loading me- of total | tonnage me= Lot of total | tonnage me=
(net tons) losdedd Group A Yot tons under= chanically Net tons | Group A | chanically chanically Net tons | Sub-Group | chanically
growd during the output | loaded by x during tho A1 1oaded by
year all mines A-1 your output | all mines

Total tons

(@) 3) ) () (8) (10) () (5) (16) a7)
5):(2) (8):(3) (15)2(12) | (15)%(3)
9,4138,688 15
7,219,738 18
9,630,271 19
7,200,666 23
5,971,724 23

7,515,031 107,803
6,757,168
6,519,653
6,159,129
6,687,128

107,698

2,718,643 T

zemills
2,705,

f 2,940,690
5,055,316 ) 3,395,837
3,li00, 185
31001755
2,864,660

2,378,634
2,39,371
2,699,00:

3,262,136

SEen
SihhS
v

L, 189
1,076,901
(6)

2,029,086
2,195,999
2,153,135
2,063,917
1,887,774 794
2,068,976 86.5

2,198,866 92.6
3,120,265 957

5,091,762
5,307,486
1,965,389
4,171,571
3,555,789

3,528,652
3,961,760
L,7b,955

BRRER PRBER
JGREE
BRRRS

4,072,912

910,965
248,647
5,042,837

boh J%h55%

SRy
et

2L
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U. S. Burcau of Mines. Cortain of the figures in this table differ slightly from those given in previous publications of the Us S. Burcau of Mines bocause of rovisions made during the present study. These

Source:
or in the adoption of uniform classifications over the entire pericds

revisions consist in substitution of final returns for preliminary estimate

Exoludes wagon mines and country benks.
The strip production used in subtraction is tho "total at same mines" which includes an insignifiomnt production underground in operations which are both strip pits and doop mines.

Includes the tonnage mechanically loaded by the Group B mines ("experimentally mechaaized").

Data not available.




Table B-33.- , AND TONNAGE MECHANICALLY LOADED OF GROUP A AND GROUP B BITUMINOUS-COAL MINES IN WYOMING, 1923-35%

GROUP A MINES ("MECHANIZED GROUP")
ALL UNDERGROUKD MINES (A11 mines of "Mechanized Group" inoluding those newly GROUP B MINES  ("Exporimentally mechanized")
opened or closed during period)

Nines with meohanioall Toading Mechmnical loading Mochanical loading
Number of Production of these mines Number of Produotion of these mines
these mines of these Por cent of | these mines of these For cent of
Production® Total tons loading me- | mines load- loading me- | mines load- total tonnage
NumberD | (net tons) Produotion mechenically chanically ing mechan~ Not tons chanically ing mochan= Neot tons mechanically
loaded during tho ioally dur- during the ically dur- loaded by all
ing the year year ing the year mines

7,575,031 107,803 321,280 107, 121,893 0.1
6,757,168 487,863 =
2.519.653 1,186,682

2159,
6,687,428
6,199,911 13,589,723 1,201, Lo
6,632,011 5,195,692 3
6,005,522 1,906,799

L,901,L29 27 14,136,736 666
4,072,912 23 3,391,783 3,318,219

?.918.965 23 3,390,212 2,969,920 3,390,212
4,20,8,847 ol 3,997,022 3,571,604 3,952,11L
5,042,837 23 L, 714,955 14,530,032 L,71L,955

,186, 579,
1,967,760 - -
(o) (o)

$298%

-

888
S SER R

=
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Sources U. S. Bureau of Mines. Certain of the figures in this table differ slightly from those given in previous publications of the U. S. Buroau of Mines because of revisions made
during the prosent study. Those rovisions consist in substitutions of final returna for preliminary estimates or in tho adoption of unifornm classifications over the entire period.

Exoludos wagon mines and country benks.
The strip production used in subtraction is the "total at same mines" which includes an insignificant production underground in operations which are both strip pits and deep mines.
Inoludes the tonnsge mechanically loaded by the Group B mines ("exporimentally mechanized")

Data not available.




Table B-34.- GROWTH OF MECHANICAL LOADING IN WYCMING, EY TYPES OF EQUIPMENT, 1923-36%

MECHANICAL LOADING BY TYPES OF EQUIFMENT

Production
(et tons) e onL0E Mobile loaders Sorapers Duokbills and self-loading Pit-car loaders Hand-loaded faoo conveyors
conveyors

of under- Per cent Humber Por cent Number
Tons  |of total of total

Underground Total tons | ground of total of total o o of
machines tons machines machines tons installe-

~For cont
Number Per cent Nuzmber Por cent Number Per cent
o of o
produc- tons machines tons
loaded loaded tions®

7,575,031 698 105
6,757,168 8 -- -
5.El‘7.653 =
6,159,129 8; 103,221
6,687,li28
995,938
1,137,97h
1,107,72l
1,169,306
1,122,079
1,380,29: 1o 315,315
18 ,62z 1268 326,L08
WLTT 5. 2,130, 150 254,313
1,103,545 216,507 2,893,833 175 213,627

5,627,652 5,189,263

Source: U. S. Buresu of Mines. Certein of the figures in this table differ slightly from those given in previous publications of the U. S. Buresu of Mines because of revisions made during the present study. The
revisions consist in substitution of finel returns for preliminary estimates or in the adoption of uniform classificetions over the entire period.

The strip production used in subtraction is the "total at smmo mines" which includes an insignificant production underground in operations which are both strip pits md deep minos.

Number of mines in which hand-loaded conveyors, othor then pit-car loaders, wero used.

The figures for hand-loaded face conveyors for the years 1923 to 1926 are incomplete as no specific ingquiry rogarding this type of equipment was made prior to 1928. However, whers a mine reported conveyors without

being asked, the incomplete replies are shown here to prove the fact that this equipment was early used.

Data on mechanical loading not available.
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Table B-35.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN MONTANA, 1918-35%

Panel 1

Panel 2

Panel 3

Panel 4

Production
underground

Tons mechanically loaded

Tons cut by machine -

Per cent

Number of mines

Production

(net tons)

mines®

Group
A-1

Group
A

A1l other
mines (Group B
"Experimentally

mechanized")

Group
A-1

Group
A

of total production
A1l

other
mines

Group
A

A1l
other
mines®

Group
A-1

Group
A

Al
other
mines

4,532,505

1,376,938

1,367,414
1,451,611
1,607,553

(a)

362,963
659,155
1,025,495
812,247
76,444,

755,208
865,185

(@)
362,963
77,591

1,065,192
1,087,328
1,291,373

9.7
5747
5542
72,6
81,0

83.6
82,7
83.1

.3
5742
548
T2e4
81,0

8344
8l.4
83.1
82,7

S S S R S

o~

BEE MEUOW VB0 MULiununwn

83

BRE RGER3Y

1,428,216
1,071,061

17326,786
815,969
892524,

1,131,432

1,183,720
1,005,670
1,230,784

865,810

1,456,992
1,097,108
1,356,954

821,859

1,005,670
1,256,252

1,251,007
1,304,475
1,151,775
1,122,0:

1,159,976

1,205,194
1,270, 3f
1,428,552

3,075,513

2,006,545
1,516,353
1,218,236
1,061,413
1,065,272

892,184
884,22/,
804,863
435,317
216,962

See footnotes at end of

table,
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Table B-35.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN MONTANA, 1918-35% - Continued

Panel 5 Panel 6 Panel 7 Panel 8 Panel 9

Production 7 N 1 required to maintain
undergroyna Hourly capacity Men employed Days operated per year Tous peifa:-hour’ “"l“.’ggofo"‘f s feguoﬁlv canm,
mines A1l A A b A1l
Group Group other Group Group Group other Group | Group Group other
A1 A mines A1 A mines A1 A mines A1 A i AL A mines

4,532,505 687 | 1,462 1,360 | 1,416 263 485
733 4] 25351 1,415 198
710 | 1,499 1,175
g 790 | 1,615 1,143
2,572,221 822 | 1,477 1,141

3,147,678 892 | 1,334 1,137
2,711,993 843 874 | 1,092

2,401,956 8g1
2,067,083 789
2,321,52

2,143,191
2,188,699 211
1,956,638 712 ; 12 180
1,557,341 149
1932 1,376,938 619 1.089 | 1.046

=
=
=)
(=]
=
—
i
o
=]
(7]
Q
o
=
=

1933 1,367,414 389 171 4993 | 1.015
1934 1,451,611 607 52, 170 99 | 1,002 998
1935 1,607,553 1,044 157 625 426 195 1,002 | 984 1,016

Source: U, S, Bureau of Mines. Certain of the figures in this table (under columns "Tons mechanically loaded") differ slightly from those given in previous
publications of the U, S, Bureau of Mines because of revisions made during the present study. These revisions consist in substitutions of final returns for
preliminary estimates or in the adoption of uniform classifications over the entire period.

(eova i The strip production used in subtraction is the "total at same mines" which includes an insignificant production underground in operations which are both strip
pits and deep mines,
Excludes wagon mines, country banks, and local commercial mines.
Data not available.
Three-year moving average except for terminal years.




Table B-36.- NMBER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A BITUMINOUS-COAL MINES ("MECHANIZED GROUP") IN MONTANA, 1918-35%

ROUP A MINES ("MECHANIZED GROUP"

Gl
et ) (A11 minos of "Mechanized Group” inoluding those newly opened or olosed during period)

SUB-GROUP A-1 MINES ("IDENTICAL MECHANIZED")
(Inoludes only such Group A s opersted each year of period)

Wumbor Nusber
o| Total tons of Production of those mines oading of those mines of Produotion of these mines Moohanionl loading of th
| Produstion’ | mechanically | mines in Tumber of Tor cent | mines in Mumber of

Huzber” | (net tons) loaded! Group A Por cent those mines Por cent | of totel Sub-Croup Por oent these mines
Not tons of total loading me- | Net tous ‘tomnge me- A=l Yot tons of total | loading me- | ¥et toms

o= chanioally chanioally under= chanically

ground during tho loaded by ground during the

yoar 1l mines your.

(2) (5) (7)

(12)

(6) (14) (18), (a7,
(6) « (2) .

(10) (1s)
(8) « (8) (12)+(2) (¢)
4,682,606 1,486,992 32.1 1,428,216 5145
3,286,369 1,007,108 3349 1,071,081 381
15,866 1,366,964 3047 1,526,786 3041

()

2,735,968 821,869 30,1 816,969 29.8
2,672,221 894,244 3448 894,244

3,147,678 1,141,188 3643 1,131,452
2,711,995 - 1,195,640 4401 1,172,788
2 401,966 - 1,183,720 4943 1,185,720
2,067,083 - 1,006,670 4647 - - 1,006,670
2,321,624 () 1,266,262 54al (0) 1,280,784

(e)
2,143,191 366,505 1,261,007 5604 362,965 1,216,307 362,965
2,188,699 1,308,476 5946 677,691 1,243,738 669,156
1,066,658 1,161,776 5649 1,075,364 1,064,758 54ut 1,025,496
1,867,841 1,122,024 7240 992,176 812,247 812,247
1,576,038 | 1,074,211 1,169,976 842 1,066,192 774,850 776 444

1,867,414 | 1,087,328 1,205,194 8841 1,087,528 815,452 813,432
1,461,611 1148,428 1,270,360 87,5 1,148,428 767,198 765,208
1,607,665 | 1,201,875 1,428,662 8849 8 1,291,375 865,810 865,185

g XIANEddY

Bources U.S.Bureau of Winess Certain of the figures in this table differ slightly from those given in previous publiostions of the Us S. Buresu of Mines beoause of revisions mado during the present study. These revisions con=
sist in substitution of final returns for preliminary estimates, or in tho adoption of wnifarm ola tions over the entire periods

Bxoludes wagon mines, oountry banks,and looal oommorcisl minese

The strip produoticn used in subtraotion is the “total at smme mines" which inoludes an i

which are both strip pits end deep miness
Includes the tonnage mechanically loaded by the Group B mines ("experimentally mechanized”).
Data not available.

One company reported slightly more tons loaded than total production.




Table B-37.- COMPARISON OF NUMBER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A AND GROUP B BITUMINOUS-COAL MINES IN

MONTANA, 1923-35%

ALL UNDERGROUND MINES

GROUP A MINES ("MECHANIZED GROUP")
(A1l mines of "Mechanized Group" includin

opened or closed during period,

those newly

GROUP B MINES

("Experimentally meohanized")

Produotion®
Numberd | (net tons)

1 loading

Production

Totel tons
mechanically
1loadedd

Number of
theso mines
loading me-
chanically
during the
yoar

Production
of these
nines load-
ing mechan-
foally dur-
ing the year

Woohanical loading
of these mines

Neot tons

Per cent of
total tonnage
moohanioally
loaded by all
__mines

Number of
these mines
loading me=
chenically
during the
yoar

Production
of these

mines load=
ing mechan-
ically dur-
ing the year

Hechanical load:
of thes:

Net tons

SRR 0O% I
Per cent of
total tomnage

mechanically
loaded by all

3,147,678

2,103,191
2,188,699
1,956,638
1,557,341
1,376,938

1,367,41
1,l51,611
1,607,553

(e)
1,631,696
1

1,183,767

1,190,194
1,270,350
1,428,552

366,59
707,638
1,111,705
1,026,583
1,074,211

1,087,328
1,148,128
1,291,375

(e)
1,216,307

8
15291,373

BEREGB

588

Source: U. S. Bureau of Mines. Certain of the figures in this table differ slightly from those given in previous publications of the U. S. Buresu of iinos bocauso of revisions made
These revisions consist in substitutions of final roturns for preliminary estimates or in the adoption of uniform classifications over the entire period.

during the present study.

Excludes wagon mines, country banks, and local commercial mines.

The strip produotion used in subtraction is the "total at same mines" which includes an insignificant produotion underground in oporations which are both strip pits and deop mines.

Inoludes the tonnage mechanically loaded by the Group B mines ("exporimentally mechanized").

Data not availables
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Table B-38.- GROWTH OF MECHANICAL LOADING IN MONTANA, BY TYPFS OF EQUIPMENT, 1923-36%

MECHANICAL LOADING BY TYFES (F EQUIRMENT

Tiokbills and self-loading
conveyors

Production
(not tons) Mechanical loading Jiobile loadors

Sorapere Pit-cor loaders Hand-loaded face conveyors

For cent
of under= [Per cent | Number Por cont Per cent | Number Per cent | MNumber Per cent
ground of of total of of total of of total of of total
production machines tons machines tons tons

Undor gropnd
ninee tons
loaded loaded loaded loaded

3,147,678

2,321,5
2,143,191

IS‘BG:

23,861
155,867
182,586

111,386
- 110,303
- 73,661
S 98,177

5y
g

B
£ 588

1,026,568
1376,938 1,074,211

1,367,k 1,067,326
1,L51,611 1,118,128
1,607,553 1,291,373 3

1,759,456 1,464,121 1,140,892

oD
g

BE3R K8}KE

wEEan

38
32

Sourcer Us §. Buroau of Mines. Cortain of thase figures in this table differ slightly fron those givon in provious publications of tho U. S. Buroau of Mires because of reviaions made during the present study.
rovisions consist in substitution of final returns for preliminary ostimates or in the adoption of uniform clessifications over {he entire poriod.

The strip producticn used in subtraction is the “tctal at saze mines” which includes en insigaificant production underground in oporations whieh are both strip pits und deep mines.

Number of mines in which hand-loaded conveyors, other than pit-car loaders, wore used.

-
g
d
=
=z
(=]
—
i
=~]

Data on mechanical loading mot available.




Table B-39.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A AND ALL OTHER BITUMINOUS-COAL MINES IN WASHINGTON, 19)8-35%

Penel 1 Panel 2 Penel 3 Panel 4 Panel § Panel 6 Panel 7 Penel 8 Panel b

Tons cut by mechine - Tmber of men required
Production Tons mechenically Per cent of total Mumber of Production Hourly ¥on employed Days operated Tons per o maintain 1,000 tons
underground oaded production mines (net tons) oepacity per year man-hour* of hourly capacity*
mines AT other
mines (Group A1l A1 AL A1) AL A A A
Group |B = "Experi- Group other other, Group other Group | other other Group | other other Group other
A |mentally ) A mines ¥ A mines A mines mines A mines A mines & mines
mechanized"

4,082,212 2 996,888 | 3,085,324 1,418 2 +345 2,899
2,990,447 757,589 | 2,232,868 1,286 «236 2,986
5,757,093 781,073 | 2,976,020 1,448 +356 2,809
2,428,722 720,338 1,453 361

1,708,384
2,581,166 557,180 | 2,023,985 1,228 371

2,926,392 750,394 | 2,186,998 1,272 365
2,663,667 690,213 | 2,003,454
2,657,890 460,876 | 2,077,014
2,586,668 - 529,316 | 2,067,263
2,656,062 656,409 | 1,978,668 2,680

2,619,901 808,366 | 1,711,536 2,263
2,621,327 903,596 | 1,617,951 2,095
2,301,928 40 746,747 | 1,555,181 2,081
1,846,461 44 604,181 | 1,242,280 1,959
1,600,466 | 362,950 521,550 | 1,068,906 1,966

1,394,068 270,868 333,064 1,061,014 1,920
1,562,991 | 840,685 390,796 992,195 1,687
1,669,206 | 429,617 471,738 | 1,087,468 1,761

TV0D SNONINALIE

Source: U. S. Bureau of Mines. Certain of the figures in this table (under colums "Tons mechanically loaded") differ slightly from those given in previous publications of the
U. S. Bureau of Mines because of revisions made during the present study. These revisions consist in substitution of final returns for preliminary estimates or in the adoption
of uniforn classifications over the emtire periods

Bocause of statistical deficiencies, the figures shown in panels 8 and 9 are not comparable from year to year. See pp. 274-5.

Excludes wagon mines and country banks.

Data not available.

Throe-year moving average except in terminal years.




Table B-40,- NUMBFR, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A BITUMINOUS-COAL MINES ("MECHANIZED GROUP") IN WASHINGTON, 1918-35%

GROUP A MINES ("MECHANIZED GROUP")
ALL UNDERGROUND MINES (A1l mines of "Mechanized Group" including those newly opened or closed during period)

Production of these mines Mechanical loading of these mines
Number Number of Per cent
Production Total tons of Per cent these mines Per cent of total
Number? | (net tons) mechanically mines in Net tons of total loading me= Net tons of total tonnage me=
loaded © Group A under- chanically Group A chenical 1y
ground during the output loaded by
year all mines
(2) (3) (¢} (5) (é) (7) (8) 9) (10)
(5)%(2) (8)=(5) (8)2(3)

1918 14,082,212
1919 2,990,447
1920 3,757,093
1921 2,1,28,722
1922 2,581,165

996,888
757,589

557,180

19235 2,926,392
192l 2,653,667 =
1925 2,537,890 -
1926 2,586,568 =
1927 2,635,062 (d)

739,394
590,213
160,876
529,315
656,409

808,365

g XIAN¥ddV

(d)

86,225
268,776
423,506
L459,1iL6
362,950

1928 2,519,901 90,085
1929 2,521,327 273,026
1930 ; Lely,206
1951 L59,LL6
1932 1,590,165 362,950

1933 1,394,068 270,858 333,05l
1934 1,382,991 340,685 390,796
1935 1,559,206 L29,617 b L71,738

O\
@\l

BRBGR B
PR

[eTReTieTINTiey]

521,559

Bi=2y

270,858
310,685
29,617

wmon ©@O0OCOCo VMU= \wunEuwu

WD D
O oW
QIO
e
QQ
toR=]
oo o

Source: U. S. Bureau of Mines. Certain of the figures in this table differ slightly from those given in previous publications of the U. S.
Bureau of Mines because of revisions made during the present study. These revisions consist in substitution of fipal returns for preliminary
eatimates, or in the adoption of uniform classifications over the entire period.

Excludes wagon mines and country banks.

Includes the tonnage mechanically loaded by the Group B mines ("experimentally mechanized").

Data not available.




Table B-41.- COMPARISON OF NUMEER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A AND GROUP B BITUMINOUS-COAL MINES IN WASHINGTON, 1923-35%

GROUP A MINES  ("MECHANIZED GROUP")
(A1l mines of "Meohanized Group" including those newly
opened or closed during period)

Wochanical loading of Hechanical loading of

Mines with mochanical loading | Number of Production those mines Nunber of Production these mines

these minos of these Per cent of these mines of these Per cent of
Production Total tons | loading me= total tonnage | loading me= | mines load- total tonnage
Number® | (net tons) Number Production mochanically | chanically Net tons mechanioally chanically ing mechan- Net tons mechanically
loeded® during the loaded by all | during the ically dur- loaded by all
mines year ing the year | mines

ALL UNDERGROUND MINES GROUP B MINES  ("Exporimentally mechanized")

2,926,392
2,653,667
2,537,890
2,586,568 - >
2,635,062 (d) ()

2,519,901 361,029 90,085 21,937 5 119,092
2,521,327 5 818,492 273,026 774,838 8, 3,654
967,973 1206 &L7,611 320,332
505,710 159,16 505,710 -

1,590,465 121,738 362,950 L21,738 362,950

1,394,068 321,96 270,858 321,946 270,858
1,382,991 390,79 340,685 E90.796 0,685

1,559,206 471,738 L29,617 71,738 ,617

Sources Us S. Bureau of Minos, Certain of the figures in this table differ slightly from those given in previous publications of the U. S. Bureau of Mines beoause of revisions made
during the present study. These revisions consist in substitutions of final returns for proliminary estimates or in tho adoption of uniform classifications over the entire joriod.

TVOO SNONIWALIE

Excludes wagon mines and comntry banks.
Inoludes the tonnage mechsnically loaded by the Group B mines ("experimentally mechanired"). ,

Data not available.




Table B-42.- GROWTH OF MECHANICAL LOADING IN WASHINGTON, BY TYFES OF EQUIPMENT, 1923-36%

Production MECHANICAL LOAING BY TYPES OF EQUIPMENT
(net tons) Moohanical loading Mobile loaders Scrapars Tuokbills and a:lf-londing e e T

veyor

Por cent
of under~ Por cent: | Numbor Per cent | Numbor Por cent | Number Por cent [ Numbor Por cent Number
Underground | Total tons | ground of of of total of of total of Tons of total of
production nachines machines tons machines tons machines tons installes
loaded loaded loaded tions!

2,926,392 o

2,635,062

2,519,901 90,085 = 90,085
2,521,327 273,026 8 = 270,103
2,301,928 12 373,925
1,806,161 L59,lls W59
1,590,L65 362,950 37,968 8,000 316,962

1,394,068 270,858
e
1617

1,812,104 608,488

Sl oo o

L)
(W)
L)
(4)

228 38888

8o
Bhobo

i S. Burosu of Mines. Certain of the figures in this table differ slightly from those given in previous publications of the U. S. Buresu of Mines becaune of revisions mede during the present study. These
rovisions consist in substitutions of finsl returns for preliminary estimates or in the adoption of uniform classificutions over the entire period.

Bumber of mines in which hand-loaded comveyors, other then pit-car loaders, were used.

e
g
s
=1
=z
(=]
—
b
=]

Data on mechanical loading not available.




Table B-43.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN UTAH, 1918-35%

Panel 1 Panel 2 Panel 3 Panel 4 Panel 5

Tonsjout by, maohine = Number of mines Production (net tons) Hourly capacity

Tons mechanically loaded e LA

Production AL
underground A1 other Group Group other
xines mines -1 A 25
Group (Group B~ Group Group On com~ On com-|
4 "Experi- A1 1| A On [parable| On |parable| On
mentally reported| basis | reported| basis | reported

mechanized") basis | over | basis | over | basis
1932-1935 | period [1932-1935| period|1932-1935

1,891,352 | 3,245,648
2,722,239
3,413,672
2,492,355
2,152,425 | 2,839,575

38883

- 1,772,604 | 2,047,396
1,869,982
1,923,172
2,100,091
43781480 23534645

4,842,504 | 348,79 2,757,146
5,160,521 % 3,082,366
4,257,541 | 381,514 27 2,709,630
3,350,044 | 351,182 5 1,999, 66;

2,852,127 | 318,379 | 754,354 1,652,354

bh Lbohbo

2;
35

55,083 | 103,619
(e) (c)

TV0D SNONIKALIE

2,614,986 | 250,057 | 551,172 5 5 2, 1, 8
B A s x 592,241 1;539:89
2,946,918 - 5 659,263 | 1,773,604 | 1,173,314

See footnotes ot end of table.




Table B-43.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN UTAH, 1918-35% - Continued

Panel 7 Panel 8 Panel 9
Days operated per year
Production pil A
underground Group other Group other
nines =g 2 5. A &
On com=
parable on
basis | reported

e Number of men required to maintain
Tons per man-hour 1,000 tons of hourls city®

iy
Group other
A

s
On’ com—

On com-, Oon cam— On com—
Cn [parablel on parable|  On |parablel On parable On [parable| On
reported| basis basis | reported| basis | reported, basis | reported| basis | reported
bas: over basis basis basis | over | basis | over | basis | over | basis | over | basis
peried|1932-1935! 104/1932-1935| period|1932-1935| period 193,2_-192? _period|1932-1935| period 104 [1932-1935

over [ basis 1s
period 1932-1935 0d [1932-1935

1932-1935

238 243 267 609 1,642
252 228 685 607 1,504
262 248 751 1,332
871 109 161 767 1,304
4,992,000 &9

4,720,000 1,

809
3
1y781,480

4,842,514,
5,160,521
45257541
3,350,044 1 14034 903 967
2,852,127 168 191 907 4 6 1,103
2,674,986 180 194 (d) 2 770 1,299
2,406,183 15 17 (d) 207 1,239
2,946,918 204 202 () $916 1,092

4 XIONEddY

Source: U.

S. Bureau of Minos. Certain of the figures in this table (undnr oolumne
because of revisicns made during the present study.
period.

'Tons mechanically
These revisicns consist in substitutions of final r

loaded") differ slightly from those given in previous publications of the U. S, Bureau of Mines

eturns for preliminary estimates or in the adoption of uniform classifications over the entire
Excludes wagon mines and country banks.

Data not available.
Strictly comparable figures were not available for computation.
Three-year xoving average except in terminal years.




Teble B-44.- MMBER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A BITUIMINOUS-COAL WINES ("MECHANIZED GROUP®) IN UTAH, 1918-358

SUB-GROUP A-1 MINES  ("IDEBNTICAL MECHANIZED")

"GROUP A MINES (“MECHANIZED GROUP")
(Inoludos only such Group A as operated each yoar of period)

ALL UNDERGROUND MINES
(A1) minos of "Mochanized Group" including those newly opened or closed during period)

Produotion of thess minos Moshanioal loading of those mimes Produstion of those mines

Nusber Number of"
s Por cent theso mines Por oont

ading of these mines
Nusber of Por cent
of Por cent Por oent | these mines Por cent | of total

Production | mechanically | mines in of total | loading me= of total | of total loading ne- of total | tonnage me=
Numberd | (net tons) loaded® Group A Not tons undor- chanioally Net tons | Growp A tonnage me- Not tons chanically Sub-Group | chanically
ground output | ochanioally | A-1 during the 1 loadod by
loadod by yoar output | all mines

all minos

(5) (10) (1) (16) (17)
(8)3(3) (15):(12) | (15)%(3)

B
<)
b
®

1,891,352
1,908,761
2,591,328
1,586,645
2,152,125

I RIIT

1,041,005
97,362
86,582
910,182

1,213,117

3
B
&3
9
8
2
e
13

2,100,091
2,534,685

2,757,166
3,082,
2,709,630
1,999.62
1,652,35

S

50530 HohhE

3388
s9le
£3
S
SE

1,186,679
00l

JPOBR NEEEY &SREER

PO DABLS
Bgges
godtE

551,172
898,118

551,172 12 1,539,898
599,195 1,379,482
898,118 1,773,604

2
3.7
33.8
L
Lg.o
L2.2
5.5
59.0

288
255
RER RERGE
25
EEG FEERY
S R

388,617

TV0OD SNONIWNLIA

guy
a9y

Sources U. S. Bureau of Mines. Certain of the figures in this table differ slightly from those given in previous publications of the U. S. Buroau of Minos because of revisions mads during the prosent study. Those
revisions consist in substitution of final returns for proliminary estimates, or in the adoption of uniform classifications over the entire periods

Exmludes wagon mines and country banks.
Inoludes tonnage mechanically loaded by the Group B mimes ("experimentally mechanized").

Data not available.

LN (A




Table B-45.- COMPARISON OF NUMBER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A AND GROUP B BITUMINOUS-COAL MINES IN UTAH, 1923-35%

GROUP A MINES ("MECHANIZED GROUP") ;i :
(ALl minos of "Mechanized Group" including those newly GROUP B MINES  ("Experimentally mechanized")
opened or closed during period)

ALL UNDERGROUND MINES

T Wochanioal loading Hechanical Toadinj

Mines with mechaniocal loading Nunber of Production of those mines Numbor of Produotion EottiTan A s

these mines | of thesa Por cent of | these mines | of these For cent of

Production Total tons loading mo- | mines losd- | - total tonnage | loading me- | mines load- total tonnage

Number® | (net tons) 11y hi all ing mechan- Net tons mechanically | chanically ing mechan- Net tons mechanically

loaded® during the ioally dur- loaded by all| during the ically dur- loaded by all
yoar ing the year minos yoar ing the year mines

1923
192
1925 < o
1926 793 6 1,214,530 114,619
1927 (a) (d)

1928 2,5 3,053,729 877,756
1929 | L2 3,219,226 920,273
1930 2,911,477 861,692
1931 | I 0,04 1,957,145 861,062
1932 1,612,779 754,350

1933 9 1,369,461 551,172 3 551,172
93 | L3 1,519,376 599,193 1,366,541 5L, 80l

152,635
1935 | Lo 1,773,604 i 896,118 { =5

AR .

g XIANHddV

Sources U. S. Dureau of Mines: Certain of the figures in this tablo differ slightly fron thoso given in provious publications of the U. S. Burean of ilines because of revisions mde
during tho preaent study. Theso revisions conslst in substitubions of final returns for preliminary ostimates or in tho adoption of uniform olassifications over the entire poriod.

Exoludes wagon mines and country banks.
Inoludes the tomnage mechanically loaded by the Group B mines ("experimentally mochanizod").

Data not available.




Table B-46.= GROWTH OF MEGHANICAL LOADING IN UTAH, BY TYPES OF EQUIPMENT, 1923-368

WECHANIOAL LOADING BY TYPES OF EQIIPMRNT
’*‘““"“"n"xn:‘”‘““‘"ﬁ Pit-car loaders Hand loaded face conveyors

Produstion
net tons) Mechanioal loadin Mobile loaders Sorapers
3 P

Por cent
Per oent Por oent Per cent Per cent Per cent Number
of total | Numbor Tons [of total | Number Tona [of total Nunbor of total r
of tons tons of

of
1installa-

Underground Total tons
tons
loaded tions®

nes tons of
loaded | machines loaded | maohines loaded

sEEEr
3
S8

£ 2338

PwEnE
UV NN

20,000
k4,000

3
3

3,000

5,31 10,51
&3, 27,58,
6,355 55,169
5,165 104,895

551,172
599,195
898,118
1,358,543

D

This table differ slightly from those given in provious publioations of the U. S. Buresu of Minos because of revisioms mde during the present study. These

Source: U. S. Guroau of Mines. Certain of the figures in
entire period.

revisions consist in substitutions of final roturns for proliminary ustimates or in the adoption of uniform claseificabions over the
¥umbor of mines in which hand-loaded conveyors, other than pit-oar loaders, were used.

Data on mechenical loading not aveilable.
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Table B-47.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN CENTRAL PENNSYLVANIA, 1918-35%

Panel 1 Panel 2 Panel 3 Penel 4

Tons out by machine -
Per cent of total production
AT

Tons mechanically loaded Number of mines Produotion (net tons)

Production AT other AT AT
underground Group Group mines (Group B Group Group other Group Group other, Group Group other

minesb, ¢ Al A "Experimentally A-1 A mines A1 A mines A-1 A mines
mechanized")

72,626,367 63,1 46.9 1,386 2,783,424 | 4,692,107 | 67,834,260
68,169,921 6643 47,0 1,684 3,031,612 | 4,645,150 | 53,624,771
68,786,878 6641 5148 1,610 2,970,066 | 4,927,699 | 68,869,179
47,031,941 6040 5645 1,444 2,786,275 | 4,460,249 | 43,471,692
44,365,385 6241 55,1 1,654 2,048,819 | 3,407,731 | 40,957,604

62,148,284 - - 12,600 5746 64 6048 1,663 8,168,702 | 5,005,899 | 67,142,385
48,843,478 12,077 25,867 9,614 5642 6244 1,264 3,140,206 | 4,926,206 | 48,917,272
62,069,894 141,400 | 161,048 69,468 Bded 6242 1,178 3,616,809 | 5,185,456 | 46,874,439
67,291,669 338,128 | 492,216 313,249 5741 6342 1,164 4,051,496 | 6,201,670 | 50,999,999
51,188,129 (d) (a) (a) 61e8 6602 1,073 3,406,287 | 5,241,391 | 45,946,738

47,712,276 798,489 | 1,230,758 631,246 6440 6645 909 4,040,442 | 6,104,204 | 41,608,071
60,563,488 974,810 | 1,622,277 634,496 7446 6649 834 8,804,178 | 6,412,732 | 44,150,766
46,496,710 1,069,200 | 2,026,157 821,626 7842 6745 771 5,517,509 | 6,266,062 | 38,230,648
39,623,160 1,449,838 | 2,866,070 1,094,476 8449 6948 et 5,187,966 | 6,009,202 | 33,615,948
31,764,511 1,643,950 | 8,056,548 862,280 8846 6945 627 2,778,446 | 6,079,174 | 26,685,187

4 XIANEddVY

33,635,686 2,010,230 | 3,402,226 589,030 9142 6442 684 3,197,696 | 5,616,218 | 28,017,372
36,216,240 2,260,892 | 3,569,650 397,403 811 6140 776 3,714,142 | 6,664,720 | 29,560,620
34,018,042 2,260,768 | 3,500,314 324,001 8044 6045 800 8,461,439 | 6,264,100 | 28,665,842

See footnotes at end of table.




Table B-47.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN CENTRAL PENNSYLVANIA, 1918-358 - Cont inued

Panel 6 l Panel 6 Panel 7 Panel 8 Panel 9

Number of men required to maintain

Hourly cspaocity —[ Men employed Days operated per year Tons per man-hour*

1,000 tons of hourly capacity*

Production AT AT I pAsY by

underground Group | Group | other Group | Group other Group | Group | other Group | Group | other Group Group other
minesd ¢ A-1 A mines ) A mines A-1 A mines A<l A mines A-1 Iy mines

72,526,367 1,205 | 2,164 | 51,327 | 2,930 74,692 267 440 420 2,273 2,257 2,381
68,169,921 1,554 | 2,610 | 32,663 | 3,390 | 5,427 | 75,227 204 4463 434 2,160 2,146 2,504
68,786,878 1,661 | 2,521 | 34,089 | 3,107 | 5,126 | 75.881 233 487 443 2,055 2,037 2,267
47,931,941 1,922 | 3,164 | 36,988 | 3,736 | 6,136 | 82,661 146 2491 452 2,037 2,000 2,212
44,366,336 1,439 | 2,679 | 36,695 | 3,110 | 5,450 | 79,763 139 483 464 2,070 2,008 2,166

62,148,284 1,700 | 2,819 | 58,886 | 3,698 | 5,821 | 80,134 183 480 478 2,083 2,063 2,110
48,843,478 3,018 | 33,348 | 3,843 | 6,210 | 69,046 164 510 480 1,961 2,004 2,083
52,069,854 8,162 | 30,246 | 8,746 | 6,015 | 63,192 193 535 483 1,869 1,949

567,291,669 5,171 | 30,188 | 3,758 | 6,038 | 60,825 211 536 489 1,869 1,916
51,188,129 A 8,047 | 30,801 | 3,846 | 5,929 | 62,636 4543 502 1,842 1,859

47,712,275 3,289 | 28,045 | 3,709 | 5,706 | 54,067 568 514 1,761 1,792
60,563,488 3,440 | 26,724 | 3,407 | 5,869 | 50,388 593 522 1,686 1,750
45,496,710 3,693 | 26,877 | 3,498 | 6,277 | 51,699 627 529 1,595 1,665
39,623,160 5,808 | 26,627 | 3,080 | 5,806 | 49,264 #6657 524 1,622 1,672
31,764,511 3,789 | 28,181 | 2,894 | 5,544 | 44,875 663 610 1,508 1,543

33,633,565 3,618 | 21,638 | 3,264 | 5,795 | 45,205 612 489 1,634 1,637
36,215,240 2,161 | 4,122 | 23,433 | 4,114 | 7,681 | 49,281 <572 486 1,748 1,712
34,918,042 2,400 | 4,566 | 24,476 | 4,049 | 7,582 | 48,504 593 505 1,686 1,661

Source: U. S, Bureeu of Nines. "Tons mechenically loaded") differ slightly from those given in previous
publications of the U. S. These revisions consist in substitutions of final returns for
n the adoption of uniform classifications over the cntire period. The counties included in central Pennsylvenia are Ammstrong, Bedford,

» Cemeron, Center, Clerion, Clearfield, Clinton, E1X, Forest, Fulton, Huntingdon, Indiana, Jefferson, Lycoming, McKeen, Potter, Somerset,
Sulliven, Tioga, and Warren.
Excludes wagon mines and country banks.
Th; :tx‘ip froduction used in subtraction is the "total at seme mines” which includes an insignificant production underground in operations which ere both strip pits
and deep mines.
Data not available,
Three-year moving average except in terminal years.
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Table B-48,- NUKBER, PRODUCT1OX, AND TONNAGE MECHANICALLY LOADED OF GROUP A BITUMINOUS-COAL MINES (“MECHANIZED GROUP") IN CENTRAL PENNSYLVANIA. 1918-38%

GRQUP A MINES ("MECIANIZED GROUP") SUB~GROUP A-1 MINES  ("IDENTICAL MECHANIZZD")
ALL UNTERGROUND NINES (A11 mines of "Nechanized Group" including those newly opened or closed during period) (Includes only such Group A as oporated each year of period)

Produstion of these mines oading of these mi Production of those mines 1 loading of thess mines

Tumber Tunbor of Por oo Humber 7 Por cent

of Por oent these minas Por cont of mines Per cent Por cent | of total
Toduction®;¢| Total tons nines in of total loads - of total se in Sub- g of total | tonnage me-
(net tons) [mechanically | Group A | Not tons under~ chaninall Group A i Group chanioally Sub~Group | chanically

P during the output od by | A=l 3 during the 1 loaded by

your all winos year output | all mines

(@) 3) ( n (11) (12) (¢'D)

(9) (10) (16) Q7)

(8):(5) | (8)2(3) (15)#(12) | (15)%(3)
72,526,367 L,692,107 6.5 2,783 L2l
58,169,921 b,6l5,150 3,031,512
8,785,878 1927 ;
147,931,901 1,160,249
L,365,335 3,407,731

62,118,28l, l5‘.00'5.09?

LB, 843,478 1926,206 3 23,867
52,05¢ 5,185,155 161,049
L92,215

57,291,669 6,201,670 5 L0519
51,186,129 2 (o) : 3,1405,287

1,230,738 2 4,000,102 5 798,189
1,5 971,810
1,069,200
1,149,833
78.0 2,778,l0i5 1,813,950
5}.637'5125 3,991,255 6,2 6 3,102,225 6 85.2 2 3,197,695 2,010,250
36,215,210

5 3,967,053 72 29 3,569,650 90.0 2 7,102 2 2,250,892
34,918,012 | 3,621,105 3,500,314 91.1 12 3,561,139 B 2 2,250,758

g XIANEddV

Source: U. S. Bureau of Mines. Cortain of the figures in this table differ slightly from those given in previous publications of the U. S. Bureau of Mines beoause of revisions made during the prosent study. These
revisions consist in substitutions of final roturns for proliminary estimates or in the adoption of uniform classifioations over the entire periods For counties included in central Pennsylvanie see table B-47, ftn. a.

Exoludes number md tonnage of wagon mines and oountry banks.
Tho strip production used in subtraction is the "total at same mines" which includes an insignificant production underground in oporations which are both strip pits and doep mines.
Inoludes the tonnage mechanically londed by the Oroup B mines ("experimentally mechanized").

Data not available.




Table B-49.- COMPARISON OF NUMEER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A AND GROUP B BITUMINOUS-COAL MINES TN CENTRAL PENNSYLVANIA, 1923-35¢

GROUP A MINES  ("MECHANIZED GROUP")
(A1l mines of "Mochanized Group" including thoso newly GROUP B MINES
opened or closed during period)

ALL UNDERGROUND MINES ("Experimentally mechanized")

Weohanioal loading Mechanical loading
Minos with ioal loading Humber of Production of these mines HNunber of Production of these mines
these mines of these Por cont of | these mines of these R e i [ LT RS g
Productionbs© Total tons loading me- | mines load- total tomage| loading mo- | mines load-
(net tons) Number | Production | mechanically | chanically ing mechan- Net tons moohmically | chanically ing mechan~
loadead during the ically dur- loaded by all | during tho ically dur-
year ing the year mings your ing the yoar

Net tons

L9,332 12,600 = k9,332 12,600
713 97,

69.9 93!4.52?
51,188,

47,712,275 9,988,525 14,180,457
50,563,488 11,097,795 6,77 4,818,017
15,196,710 13,922,166
39,623,150 80 13,717,535
1932 31,764,311 9,761,493 3,917,628
1933 33,633,585 3,991,255
193l 8oy | 36,215

5% lo,déﬂ.259
1215, 10,285,525 | 3,967,053
1935 627 | 34,918, 10,129.11215‘ o5

Source: U, S. Bureau of Mines. Certain of the figures in this table differ slightly from those given in previous publicaticns of the U. S, Bureau of Mines because of revisions made
during the present study. These revisions consist in substitutions of final returns for preliminary estimates or in the adoption of uniform classifications over the entire period.
For counties included in central Pennsylvania see table B-47, ftn. a.

TY00 SNONIKQIIG

Excludes number and production of wagon mines and country benks.
The strip production used in subtraction is the "total at same minee" which includes an insignificant production underground in operations which ere both strip pits and deep mines.
Includes the tonnage mechanically loaded by the Group B mines ("experimentally mechanized").

Data not available.




Table B-50.- GROWTH OF MECHANICAL LOADING IN CENTRAL PENNSYLVANIA, BY TYPES OF EQUIPMENT, 1923-36%

MECHANICAL LOADING BY TYPES OF EQUIFMENT

Production
(ot tans) Mochanioal loading Mobile londers p— R Pit-car loaders Hiand-loadod face conveyors

For cont
o of total
rachines tons [installa-
loaded | tionad

Por cent | Number Por cont Nuabor Per cent | Number Per cent
of total of of of total

machinos tons machines xachines tons

loaded loaded

Numbor Por cent | Number
Y3 of

Underground Total tons
mines® ¢

24,572 -
180,255 -
399,577 -
51,188,129
k47,182,275 733,340
0,563,188 5 20,563
: 080,56 7| Bhek
39,623,150 0, & »
31,764,311 3,917,628 : 192,536 116,540
3,991,255 362,542 B 52 112,173
3,967,053 25,839 8ly,63l)
3,620,105 - - 115,195 3. 26,186
38,159,053 3,930,181 19,222 187,473 33,218

21,361

o cEwob

Somp wWErkw
Bt

Certain of the figures in this table differ slightly from those given in previous publications of the U. S. Bureau of Mines because of revisions made during the present study. These

Source: U. S, Buroau of Mines.
For counties included in central Pennsylvania see table B-47, ftn. a.

Tovisions conaist in substitutions of final returns for preliminary estimates or in the adoption of uniform classificaticns over the entire periocd.
Excludes tonnage of wagon mines and country banke.

The strip production used in subtraction is the "total at sama mines™ which includes an insignificant production underground in operations which are both strip pits and deep mines.
Mmber of mines in which hand-loaded conveyors, other than pit-car londers were used.

The figuren for hand-loaded face conveyors for the years 1923 to 1926 are incomplete as no epecific inquiry regarding this type of equipment was made prior to 1928, However, & number of mines reported conveyors without

being asked, and the incomplete replies are shown here to prove the fact that thie equipment was early used.
Data on mechanical loading not available.

Less than 0.08 percent.
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Table B-51.~ SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A~1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN WESTERN PENNSYLVANIA
AND "NUMBER 8" FIELD IN OHIO, 1918-35%

Fanel 1 Panel 2 Panol 3 Fanel 4

T, i3 =
Tons mechanically loaded R e Nuzber of mines Production (net tons)
Production K11 other e 551 55) A1
underground Group Group mines (Group B Group Group other Group | other. Group Group othor
minesb,¢ A1 A "Experimentally A-1 A mines A mines® A-1 A mines
mechardized") A i

122,298,786 7645 6740 1,151 1,419,634 | 1,796,088 | 120,508,898
106,017,264 8043 68.8 1,234 1,419,488 | 1,693,667 | 104,323,687
113,367,034 834 24 6949 1,209 1,505,247 | 1,773,166 | 111,613,379
83,649,202 8646 7547 1,073 638,628 | 1,738,580 81,810,822
73,168,918 88,1 7041 1,289 1,104,112 | 1,241,645 71,927,275

126,160,724 - - 39,414 8741 7340 1,299 2,451,720 | 2,779,717 | 128,371,007
95,875,667 500 500 119,806 8849 7241 961 2,335,482 | 2,457,830 93,417,827
98,213,412 18,282 18,282 2,617 87.4 70.2 878 906,561 950,320 97,263,092

107,738,153 25,639 25,639 506,534 8940 6944 872 1,800,585 | 2,382,065 | 105,366,098
86,288,716 (e) (e) (e) 8546 68.1 827 2,508,601 | 3,344,181 82,894,535

68,128,676 689,664 821,664 616,621 87.7 714 706 3,481,744 | 4,323,296 83,805,280
103,365,116 1,249,798 | 1,740,186 1,496,632 9140 7446 678 4,678,743 | 5,938,602 97,426,613
88,992,848 1,673,662 | 2,794,102 2,729,438 9048 7945 631 5,117,956 | 6,741,442 82,261,406
68,497,957 2,120,871 | 3,626,203 2,349,214 9441 8449 584 4,255,442 | 5,973,037 62,524,920
49,575,566 1,783,142 | 3,148,667 1,151,263 9546 8643 3,598,385 | 5,150,260 44,726,305

TY0D SNONIWNIIL

66,029,539 1,899,448 | 3,047,661 671,171 9646 867 3,505,626 4,934,463 51,094,386
63,865,160 2,139,268 | 5,521,444 378,486 6443 8447 4,045,238 5,632,227 58,222,933
66,166,209 2,680,139 | 3,772,141 660,724 9540 8443 8 4,363,270 6,042,796 60,112,413

Sse footnotes at end of table.




Table B-51.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-l, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN WESTERN PENNSYLVANIA
AND "NUMBER 8" FIELD IN OHIO, 1918-358 - Continued

Panel 6 Penol 6 Panel 7 Panol 8 Panel 8

Number of men required to maintain
1,000 tons of hourly capacity* _
A1

Hourly oapecity Men omployed Days operated per yeur Tons per man-hour*
Produotion AT A1 i E n1
underground Group Group other Group Group other Group | Group | other Group | Group | other Group Group other

minesd © A-1 A mines A-1 A mines A=1 A mines A=l A mines A=) A mines

122,298,786 724 55,928 | 1,271 5 108,200 245 266 «570 [ o5 <14 1,946
106,017,364 991 2,035 108,139 179 ] 221 +584 531 3 1,883
113,387,034 883 1,624 106,211 215 243 <504 [ o5 543 1,842
83,549,202 1,299 2,706 118,113 148 i 167 551 o528 1,894
73,168,918 1,380 2,198 116,312 100 156 «538 #5381 3 1,885

126,150,724 1,266 | 1 67,682 | 2,477 123,735 244 221 #5387 | .52 540 1,852
95,875,657 61,663 | 2,733 & 107,303 224 189 .481d 569 1,757
98,213,412 59,667 | 2,638 102,147 93 203 438 3 54 1,724

107,738,153 59,712 | 2,274 5 | 102,639 262 220 411 A :g 1,736
86,238,716 54,400 3,049 96,728 261 190 «418 1,739

88,128,676 44,848 | 3,379 77,138 5 238 «a958 4 1,701
103,366,116 2 3,466 53 81,063 242 +566% § 1,618
88,992,848 3 4,214 77,676 : 3 205 +657 1,668
68,497,957 3,156 8 68,609 2 174 664 6 7 1,567
40,876,566 36,680 | 2,826 | 4,016 60,306 707 1,647

g XIANEddVY

66,029,339 2,077 3 39,769 3,047 4,326 70,91% #8692 #5¢ 1,701
63,866,160 2,416 3 45,629 3,419 4,846 76,652 k «719 g 1,684
66,166,200 2,722 47,117 3,642 5,018 74,973 2 +768 #9085 1,692

a Source: U, S. Bureau of Mines, Certain of the figures in this table (under columns "Tons mechanically loaded") differ slightly from those given in previous
publications of the U, S. Buresu of Mines because of revisions made during the present study. These revisions consist in substitutions of final returns for
preliminary estimates or in the adoption of uniform classificationa over the entire period, The counties included in western Pennaylvania are Allegheny, Beaver,
Butler, Fayette, Greene, Lawrence, Mercer, Venango, Washington, and Westmoreland; those in the "Number 8" field in Ohio are Belmont, Harrison, and Jefferson.
Exeludes wagon mines and country banka,

The strip production used in subtraction is the "total at same minea" which includea an insignificant production underground in operationa which are both strip
pits and deep mines,

The sctual course of the meries for Group "A-1" and Group "A" mines in panels 8 and 9 is not known during the period 1924-25 to 1928-29 because the method of
computing man-days (and man-hours), by multiplying days operated per year by the reported number of men employed (at best an approximation), is not adapted to
measuring perfomance during an industrial dispute suoh &a occurred at several Group "A" mines during this period, The diaturbed labor conditiona doubtlesaly had
some effect on productivity, but the extreme fluctuations ere probably more apparent than real. The distorting factora were chiefly operative from 1925 to 1928,
but are here carried back into 1924 and forward into 1929 by the operation of the B-year moving average,

Date not available,

Threa-year moving average except in terminal years,




Table B-52.- NIMBER, PRODUCTION,

AND TONNAGE WECHANICALLY LOADED OF GROUP A BITUMDNOUS-COAL MINES (MBCHANIZED GROUP®) IN WESTERN PENNSYLVANIA AND "NIMEER 8% FIELD IN OHIO, 1918-358

ALL UNDERGROUND MINES

GROUP A MINES ("™ECHANIZED GROUP")
(A1 mines of "Meohanized Oroup" inoluding those nowly openod or olosed during poriod)

SUB-GROUP A~1 MINES

("IDENTICAL MECHANIZED")
(Inoludes only suoh Group A ns oporetod sach year of period)

Husbor® | (not tons)

Total tons
Produstion®® [mechanioally

Production of these mines

Husbor

of Por cent;

nines in of total
Group A Yot tons undor~
ground

Number of
these mines
loading me-
ohanicslly
during tho
yoar

1 londing of these mines

Not tons

Por

cont

Por cent | of total

of total
Group A
output

Humbor

of minos

in Sub-
Group
A-1

Not tona

Por oent
of total
under=
gromd

Nusbor of
theso mines
loading me=
ohanioally
during the
your

oading of these mines

Vet tons

Por cent

of total

Bub-Group
A1

output

For oent
of total

tonnago me-

ohanioa:
loaded by
a1l mines

(2)

122,296,786
106,017,350
13,387,03k)
83,519,202/
73,168,918

126,150, 72l
95,675,657

86,238,716
86,128,576
103,365,115
88,992,848
68,197,957
19,675,555
56,029,339

19 63,855,160
1935 638 66,155,209

39,y
120,306
20,

799
532,173
(o)

1,138,485

(5) (6)

(5)3(2)
1,795,088 1.5
1,693,667 1.6
1,773,155 1.6
1,738,380 2.1
1,2,6l 1.7

2,719,717 2.2
2.6

VoNNe oo

5,150,250
L, 931,153
\227

(7)

(8)

3,148,567

3,047,661
3,321,100
3,772,101

9)
(8)(5)

LSRN

I8 JAgBIY

oo

(11)

QOO 0000 00CCR BOC;O

(13)
(12)3(2)

(L)

(15)

500
18,282
25,639

()

689,560
1,249,798
1,673,662
2,120,671
1,783,

1,899,148
2,139,268
2,580,139

(16)
(15):(12)

(a7)
(15)3(3)

Source: U. 5. Puresu of Mines.

Certain of the figures in this tsble differ sly,

rovisions consist in substitutions of final returns for preliminary estimates,
f1eld in Ohio ses table B-51, ftn. a.

Exclufies number end tonnage of wagon mines end country benks.

Tbe strip production used in subtraction is the "totsl at seme mines™

Includen the tonnags mechanically loaded by the Oroup B mines ("experimentally mechenized”).

Dats not svailable.

Less than 0.05 percent.

ghtly from those given in previous publications of the U. S. Bureau
oT in the adoption of uniform classifications over the ontire period.

vhich includes an fnsignificant production underground in operations which ere both strip pits and desp mines.

of Mines because of revisions mede during the present study. These
For counties included in western Ponnsylvenis end in "Number 8%

TV0D SNONIKNLIG




Table B-53,- COMPARISON OF NUMBER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A AND GROUP § BITUNINOUS-COAL MINES IN WESTERN PENNSYLVANIA AND "NUMBER 8" FIELD IN OHIO, 1923-35%

GROUP A MINES  ("MECHANIZED GROUP")
ALL UNDERGROUND MINES (A1) mines of "Mechanized Group" including those nowly GROUP B MINES ("Bxperimentally mechenized")
opened or o losed during period
ohaniocal loading Mochmical loading

o8 with mechanical loading Nunber of Production of these mines Production of these mines

these mines | of these Por cent of of these Por cent of
Production®® Total tons loading me- | mines load- total tonnage | loading me- | mines load- total tonnage
Nunbor®| (net tona) Production| mechanioally chanioally ing mechan- Net tons | mechanioally chanioally ing mechan- Net tons mechanically
londedd during the ioally dur- loaded by all | during the ically dur- loaded by all
year ing the year nines year ing the year mines

126,150,724 1,021,68) 39,1l - - 1,021,668, 10040
95,875,657 ali8,153 120,306 285,250 500 0uly 562,899 6
98,21 < 933,105 20,799 87.9 745,807
107,73 2,976,616 532,173 2 1.8 2,668,150
86,238,716 (e) () (e)

88,128,576 8,658,800 | 1,438,L85 ; 57.1 2 5,515,493

365,11 16 0,550 | 3,236,818 53.8 1L 103,948

88,992,848 Ll 3 50.6 13,470,153

68,197,957 3 2 6047 10,723,577

149,875,555 2 11,156,928 € 5,145,698 U8 3.6 6 . 1,131,253

56,009,339 10,529,041 13,930,453 82,0 5,59l,588 671,171
6 5,632,227

63,855,160 10,876,527 9,9 89.8 5,214,300 378,486
66,155,209 12,250,689 3 6,02,796 §INE 87.3 2 6,207,893 550,72l

Source: U, S, Bureau of Minea, Certain of the figures in this table differ slightly from those given in provious publications of the U. S. Bureau of Mines because of revisions made during
the present study., These revisiona consist in substitutions of final returns for preliminary estimates or in the adoption of uniform classifications over the entire pericd, For counties
included in western Pennaylvania and in “Number 8" field in Ohio see table B-B1, ftn. a.

=
ne)
{ne)
=
=
o
—
P
[=~]

Pxoludes number and tonnage of wagon mines and country banks.
The atrip production used in subtraction is the "total at same mines" which includes an insignificant production underground in operations which are both strip pits and deep mines.
Inoludes the tonnage mechanically loaded by the Group B minea (“experimentally mechanized"),

Data not available,




4o CROWTH OF MECHANICAL LOADING 1N WESTERM PENNSYLYANIA AND "MUMBER 6% FIFL ot10, BY TYPES OF BQUIRMRNT, 1922

MECHANICAL LOAUING 7 TUPES OF LQU LPMENT

obi1a Jontars rapors DuokiiLs and self=loading t-oar londsrs liand-1oaded face oouveyors
L —songsyors et

(net tons)

Por cont Fer cent Por cent Por ocent Fer cet
Undergroun: Totsl tons ind z of total Numtsor z of total Humber Tona Nusber i o{ ‘thl Humber of total Number
1rs? © produation tons of of of o tons of
louded maohines losded maohines machines )undnd machines loaded installa-
tions

126,150, 72k Z 7l | 100.0
'/;,»;7';,’/;7 2 120,506

1213 a2 20,799
-w 758,157 16,991
255,715

08,125,576 1,436,185 1,260,573 15,750
102,765,115 3,2%,518 . 15,000
w TR, b 5,523,510 2 47,28

68,161,557 5975107 19,805
19,875,555 byz19,020 e 4178 2,201,5%9)

EGGES

% 3,718,632 i - - - 1 !m,ws
60 3,599,950 . 2,177
5,209 Ii,322,665 l

SGEE

6y 79 6,855,241 72,2 - 1,051,277

Source: U, 5. Buress of Mines, Certain of the figures in this table differ ligntly from those given in previous publiontions of tho U, S. Pureau of Minen becauss of revisions made during the present study, Those
rovisions consist in substitutions of final returns for prelininary estimates or in the ndoption of uniforw nlessifications ovar the entire pariod. For countiss included in western Pennsylvenia and in "Numbér 87 field
in Okio see teble B-Sl, ftn. &,
Excludes tomnaze of wagon mines md country bank
Tho st7ip producsion usmé in mubiraction Ls the "otal at sme mipes® which inoludes s insisnificant productfon underrround in operetions which are both strip pits end desp mines.

fiaber of wines in whish hand-losdsd conveyors, other then pit-cer loaders were used.
The fizure for hend-losded face conveyors for the ysars 1923 to 1926 are inoampiste as no speeific inquiry roxardiar this type of equipment was made prior to 1929. Howevor, whers a mine reported cenveyors witbout
baing asked, the incomplete repliss are shown hers to prove the fact that this squipment was esrly u

14 on mechanicsl loading not svailsble,
Lass then 0,05 peresnt.

o]
—
=)
=]
=
=
=
=)
(=
7]
Q
=)
=
=

VAN




Table B-55.- GROWTH OF MECKANICAL LOADING IN WEST VIRGINIA, BY TYPES OF EQUIFMENT, 1923-36%

Production MECHAYICAL LOAUING BY T{PES OF EQUIPMENT 5

(pestbane) LU iy Mobile losdors Scrapers Duokhilla and self-loading Pit-car loaders Hand-loaded face conveyors
= ovora

Por cent
of under- For cent Per cent Per cent Por cent
Underground Total tons ground of total of total N\lmhnr of total of total Number r Number
nines® production of tons tony o tons of of instal-
loaded mamm londed i loaded | machines loaded | lations®

1.3 88,86 3 70,171 5.1 ()
2,012,790 ¢| 2.0 = =
2,180,768 4( 2.0
2,000,636
Ui5,113,202

132,903,350 2,190,153
138,505 61
121,172,638
101,171,261
1608,735

#4;&3 515

eErDo
T fo oo

231,856
93,831

180,168 213,323
154,581 519,28l

- 862,203
= 2,378,715

oy
o5k

1 5
117,924,183 8,712,935 6,262,177

Source: U. §. Bureau of Mines. Cortain of thy figures in this table differ slightly from those given in mrevious publications of the U. S. Burows of Minos booause of rovisions mada during the presont study. These
rovisions consist in substitutions of final returns for preliminary estimates or in the adoptica of wiform classitications over the entire perfods

The strip production used in subtraction is tho "total at sama mines" which includes an insipnificant p g in vhich are both strip pits md doop mines.

Nunber of mines in which hand-loaded conveyors, other than pit-car loaders, were usod.

g XIANEddY

Inoludos the tonnsge loaded mechenically in Tazewsll County, Virginia.

Data on mechanical loading not available.




Table B-56.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN ALABAMA, 1918-35%

l i

Fanel 1 Penel 2 Panel 3 Panel 4

Production [
underground
mines

Tons out by mechine -
Por cent of totel production
AT other AT [ A1 A1
Group r Group mines (Group B- | Group Group othur Group | Group | other Group Group other
A-1 A "Experimentally A mines A-1 A | mines® A-1 A mines
‘ mechanized")

Tone mechanically loaded Number of mines Production (net tons)

18,662,916 52 29,9 286 953,625 | 1,353,792 | 17,209,124
16,028,928 2147 270 807,348 | 1,146,226 | 13,882,705
15,914,896 3341 236 888,164 | 1,496,191 | 14,418,704
11,921,786 6 29,2 220 870,868 | 1,319,369 | 10,602,417
17,937,986 3742 248 1,181,414 | 2,036,218 | 15,901,758

19,700,597 - 46,200 4,614 41.2 3 258 1,112,796 | 2,117,709 | 17,582,888
18,486,744 128,803 189,177 - 7 4945 208 970,818 | 1,986,264 | 16,500,480
19,271,718 - 39,879 63,758 61 203 1,072,166 | 2,197,198 | 17,074,515
20,349,366 - 116,473 124,396 | 188 1,179,274 | 2,264,694 | 18,094,672
19,070,967 (a) (d) (d) 1,154,224 2,264,731

17,067,205 240,920 543,564 70,036 1,226,257 | 2,519,818 | 14,637,392
17,507,175 427,610 871,263 62,401 1,499,686 | 5,090,832 | 14,416,343
16,360,423 548,707 | 1,205,953 850,099 1,163,122 | 2,516,751 | 12,863,672
11,905,714 761,284 | 1,346,153 891,741 1,149,303 | 2,205,584 9,700,130
7,784,201 662,696 946,324 290,217 901,452 | 1,529,253

TV0D SNONINALIE

8,708,025 672,715 | 1,144,265 245,042 04 894,536 | 1,816,576 6,891,449
9,084,853 605,975 920,217 151,069 926,872 | 1,784,313 7,300,540
8,467,212 728,186 | 1,209,646 94,007 1,146,325 | 2,051,388 6,435,824

See footnotes at end of table.




Table B-56.- SALIENT STATISTICS SHONING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN ALABAMA, 1918-352 - Continued

Penel 6 Panel 6 Panel 7 Panel 8 Panel 9

Production . mber of men required to maintain
underground Hourly oepacity Men employed Days operated per year Tons per man-hour’ 1,000 tons of hourly oapaoi: *
mines ALY ALL AT A1 AT
Group Group other Group Group other Group | Group | other Group | Group |other Group Group other
A-1 A mines A=l A mines A-1 A mines A-1 A mines A=l A

18,662,916 7,718 1,544 2,229 23,070 277 +250 «250 #3365 4,000 3,922
15,028,928 7,264 1,668 24240 23,874 «208 226 «324 4,425 4,237
15,914,895 Ty448 1,630 2,828 22,267 «221 +238 332 4,202 5,922
11,921,786 7,972 1,767 2,803 22,288 «284 *256 «349 8,906 3,597
17,987,988 8,762 2,006 3,209 24,526 *264 #2786 «358 3,623 3,356

19,700,697 8,868 1,748 3,383 25,771 «280 *286 «566 3,769 8,584
18,486,744 8,611 1,627 | 3,606 | 28,464 +264 | o261 | 358 3,851 3,704
19,271,718 7,898 1,698 | 3,527 | 22,732 249 | o254 | o350 3,937 3,774
20,349,566 7,728 1,742 | 3,426 | 28,187 +260 | 261 | o346 5,851 3,636
19,070,957 8,258 1,818 | 3,687 | 25,107 0273 | o272 | o348 5,676 5,521

17,067,206 1 7,601 1,950 | 4,084 | 20,993 0283 | o290 | o356 3,448 3,822
17,607,175 5 5 7,170 2,084 | 4,227 | 20,466 o514 | o321 | o361 3,115 3,077
15,580,428 7,611 1,766 | 8,898 | 20,220 «366 | 368 | 386 2,17 2,667
11,905,714 5 8,188 1,747 5,748 18,986 #4238 «400 «400 2,500 2,457

7,784,201 6,748 1,606 | 3,160 | 17,130 o410 | +408 | 395 2,451 2,575

g XIANEddV

8,708,026 5,540 1,504 3,288 14,830 +390 «402 *358 2,488
9,084,858 5,307 1,799 8,489 16,102 «406 414 «366 2,415
8,467,212 5,763 1,962 3,898 14,837 «448 448 «589 2,282

& Sowrcet Us Se Bureau of Minea. Certaln of the figures in this table (under columns "Tons mechanloally loaded") differ slightly from those given in previous
publioationa of the Us Ss Bureau of Minea beoause of revisiona made during the present study. These rovisions consist in substitutions of final returns for
preliminary estimates or in the adoptlon of uniform olasaifioationa over the entire period.

The strip produotion used in subtraotion is the “total at same mines" and inoludes an insignifioant produotion underground in operations which are both strip
pite and deep minea.

Exoludes wagon mines, country banks, and looal oommeroial mineas

Data not available.

Three-year moving average except in terminal years.




Table B=07.= WUMBIR, PRODUCTION, AND TOMNAGE MXCFANICALLY LOADED OF GHOUP A BITUMINOU! L MINES ("UECHANIZED GROUI) 18 ALABAMA, 1918-38

GROUP A MINES ("WECHANIZED GROUPY) OUP A-1 MINEG  ("IDRNTICAL MECHANIZED")

7B
ALL UNDEROROUND MINES (411 mines of "Meohanized Oroup” inoluding those newly opened or losed during period) (Inoludes only such Group A as operated eash yoar of period)

Frodustion of thess mines | Produstim of these mines donl loading of those mines
b Nusber of To 3 Numbor of

Total tons | of thoss minos Por oont; | of total Por oont thess min Por cent

Produstion® | wechanicslly | mines in ? 1oading me- of total | tonnage me= & onding mo= of total

(not toms) frevet Group A | Met tons do ohanioally Not tons |Group A | chanically Not: tons shanioally Not tons | Sub-Group

during the outpit | loaded by G during the A1

your a1l sines your output

@ ) W | @) (®) (12) 13 5)

9) (10)
#(5) (8)%(2)
18,562,916 1,597,192 7 953,523
1,106,225
5/ 1,196,191 o 868,16l
11,921,7 1,519,569 7 870,668
17,951,9% 2,0%,218 1,181, 1l
19,700,5 2,117,7 9 1,112,79%
15,Zn{,,7 16 1,9%,£ 970,618
2,197,198
2,250,600
19,070,957 2,264,751
11,097,205 2,519,813

17,501,175 3,090,832
linlwiv’i'i 2 2,516,751
Iy 18
o1

(¢ (16)
(8), (15)3(12)

& AE

)
240,920
Liz7,610

1707
761,260

11,9%,7; 2,205,568,
T TEy 2 1,2%,5 1,529,253 5 Wb, 32,
8,708,025 1,369,508 1,816,576 1,140,266 5 672,713
loless | 1,071,286 178,713 920,217 | 5 526,672 o

17 | B2 | 1,305,653 2,031,368 7 1,209,646 1,106,325

Eoswox owwnun owwwa

NSNS SN

TV0D SNONIRNALIE

Sourses U, 8. Burssu of Mines, Cortain of the figures in this table differ slightly from those given in previous publications of the U. 5. Buroau of Mines becauso of rovisions made during tho present study. These
revisions consist in substitutions of final returns for preliminary ostimates, or in the adoption of uniform clessifioatious over the entire periods

Prsludes wagon mines, oountry banks, and local commercisl mines,
The strip production used in subtraction s the "total at same mines” which includes an insignificant production underground in operations which are both strip pits and desp mines.

Inoludes the tonnage meshanisally losded by the Oroup B mines ("exporimentally mechanized").




Table B-58.- COMPARISON OF NUMBER, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A AND GROUP B BITUMINOUS-COAL MINES IN ALABAMA, 1923-35%

GROUP A MINES  ("MECHANIZED GROUP")
ALL UNDERGROUND MINES (A11 mines of "Mechanized Group" including those newly GROUP B MINES  ("Bxperimentally mechanized")
opened or closed during period)

: : : : Hochanical loading Tiochanical loading

Uines with mechmical loading | yumber of Production of these mines Number of Production of these mines

these mines | of these Por cent of these mines of these Per cent of
Production® Totel tons | londing mo- | mines lond- total tonnage loading me- | mines load= total tonnage
Number® | (net tons) Number | Production | mechanically | chanically | ing mechan- Wot tons | mechenically chanically ing mechan- Net tons mechanically
lordedd during the | ically dur- londed by all during the ioally dur= loaded by ell
your ing the year mines yoar ing the year

269 19,700,597 186,9Ll 50,81l 3 123,271 16,200 90.9 63,673 L,61
22l 257,L6l 189,177 7,4 169,177 100.0 - -
219 471,378 103,637 39,879 ﬁGE 116,03 3,755
205 693,169 20,869 3 116,L73 8.4 Ln, 12L,3
207 19,070,957 | (o) (e) (e) (o) 5
163 17,057,205 613,600 2 543,564 88.6 395,016 70,036
167 17,507,175 933,6 L2 871,263 933 1,622,298 62,L01
U2 15,380,L2; 2l 5 6 1,205,953 58.7

13l 11,905, 7: 31,276 2,237,809l 6 1,346,153 60.2

137 7,784,201 2,977,956 5L 6 9L6,32l 76.5

122 8,708,025 3,031,601 33 1,622,208 & 82.l 1,809,393
113 084, 3,232,Ll6 1,585,623 85.9 6 1,616,823
17 3,084,540 03,65 2,031,388 6 92.8 1,053,152

g XION¥ddV

se given in previous publications of the U. S. Bureau of Mines because of revisions made during

Source: U. S. Bureau of Mines. Certain of the figures in this table differ slightly frem tho!
eetimates or in the sdoption of unifom classifications over the entire period.

the present study. These revisions consist in substitutions of finmal returns for preliminary

Fxcludes wagon mines, country banks, and local commercial mines.

The strip production used in subtraction is the "total at same mines" which {ncludes an insignificant production underground in operations which are both strip pits and deep mines.

Includes the tonnage mechanically loaded by the Group B mines ("experimentally mechanized").

Data not available.




Teble B-59.- GROWTH OF MECHANICAL IOADING IN ALABAMA, BY TYPES OF ZQUIRMENT, 1923-36%

Production MECHANICAL 1
(net tons) Mechanical Loading Mobile load v ding e
lobile loaders [ aolr STt Hand-londad face

For cont
of under~ Por cant Por cont For cont Por cent Per o
Underground ground of total Husbor of total | MNumber of total | Ilunber of tatal Nunbor of &
wines® Total tons| produce tona of. +tons of tons of | | tons of tons
tion | loaded | machines loaded | maohines loaded | maohines loaded machines 1oaded

19,700,597 50.5&;7 0.3 A 9.1 1

16,186, 71 189,177 =
19,271,713 103,637 63,758 61.5
6 20,869 111,603

eees

0,349,
19,070,957
17,057,205 9k, 958
17,507,175 9, 97,200
1280z 2,056,052 183,657 105
11.92.7 2,237,680l 190,296 % 1,226,693 790,978
7,784,201 1,236,501 2 136,116 - 539,719 slio, 17
8,708,025 1,589,308 9 516,778
084,853 1,071,286 - 1,745 E 126,200
WL67,212 1,303,653 ol 17,678 5 6,948 L78,798
12,175,186 1,741,452 155,349 367,063 18,573 544,812 655,635

GREE BEEGS

S. Buresu of Mines. Certain of the figures in this table differ slightly from those given in provious publications of the U. S. Buresu of Mines because of revisions made during the present study. These
revisions consist in substitution of finel returns for preliminary estimates or in the adoption of unifomm clessifications over the entirs poriod.
The strip production used in subtrection is the "totsl at ame mines” which includes an insignificent production underground in oporations which are both strip pits end deop mines.
Humber of mines in which hand-loaded conveyors, other then pit-car loaders were used.
However, where o mine reported conveyors without being

e figures for hend-loaded face conveyors for the years 1923 to 1926 are incomplete as mo specific inquiry regerding this type of equipment was mede prior to 1928,
asked, the incomplete replies ere shown hore to prove the fact that this equipment was oarly used.

TVOD SNONINALIL

Data on mechanical loading not available.

Less than 0.05 percent.




Table B-60.- SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN THE UNITED STATES, 1918-35%

Panel 1 Panel 2 Panel 3 Penel 4

s =
Exoduebion Tons mechanically loaded Tous out by maohine Nunber of minos Production (et tons)

underground Per oent of total production
mines®s A1 other T P51 AT
Group Group mines (Group B- Group Group other Group | Group | other Group Group other
A

A<l A "Experimentally A-1 A mines A-1 A minosd A2 mines
mechanized")

568,267,196 T1e8 5600 7,985 33,067,869 | 46,478,667 621,788,529
457,950,318 7440 5904 8,643 26,711,306 | 37,200,518 420,749,803
661,963,212 T440 6046 8,661 33,434,002 48,137,657 502,825,555
409,104,618 7841 6546 7,689 28,241,314 | 41,751,701 367,362,918
404,911,663 7904 6469 8,824 24,872,152 | 37,137,450 367,774,203

548,075,163 125,422 350,696 1,629,030 7449 6843 8,216 34,421,758 | 52,001,111 496,074,062
468,992,510 340,370 1,015,449 2,434,788 7745 7049 6,413 34,757,606 | 51,069,984 417,922,326
602,269,415 1,672,082 2,970,384 3,673,678 7746 7241 5,987 34,406,232 | 53,567,437 448,691,978
664,514,173 3,175,473 5,726,598 5,526,030 7742 7303 5,938 38,564,795 | 61,573,628 492,740,645
498,365,564 3) (o) (e) T804 7445 5,641 31,608,145 | 49,810,743 448,644,811

479,225,661 8,227,221 13,041,392 8,386,364 8048 6ok 4,846 36,856,038 57,833,754 421,391,907
513,649,859 16,458,295 | 27,223,197 10,138,299 8501 7708 4,560 41,370,915 | 66,608,486 447,041,373
446,514,060 18,333,460 | 35,697,590 11,296,268 9043 7965 4,193 36,335,912 | 61,565,082 384,949,028
362,778,891 21,838,411 | 39,223,549 8,538,559 9140 81.8 3,776 31,666,510 | 55,185,158 307,593,733
289,850,757 18,442,560 | 31,371,672 4,445,237 9440 8245 3,544 24,755,984 | 41,750,259 248,100,518

g XIANdddV

515,013,562 22,344,119 | 35,378,824 2,441,537 9541 83.1 3,591 28,410,237 | 46,042,348 268,971,204
337,947,465 24,537,365 | 89,658,552 1,779,183 94,2 8244 3,750 31,197,361 | 51,090,454 286,867,011
348,184,677 27,588,040 | 44,572,816 2,604,408 9447 8243 3,698 33,675,990 | 56,095,468 293,089,209

See footnotes at end of table.




Table B-80.~ SALIENT STATISTICS SHOWING PERFORMANCE OF GROUP A-1, GROUP A, AND ALL OTHER BITUMINOUS-COAL MINES IN THE UNITED STATES, 1918-35% - Continued

Panel & Panel 6 Penel 7 Panel 8 Panel 9

Production 73 Number of men required to melntein
Eatees ovae Hourly capacity Men employed Days operated per year Tons per man-hour 15000 tatie ToE The T et
mines® ¢ AT AIT T ri) B §IT: 7z
Group Group ather Group Group other Group | Group | other Group | Group | other Group Group other
A-1 A mines A-1 A mines A= A mines A-1 A mines A1 A mines

568,267,196 16,638 | 23,463 | 256,723 28,628 | 41,678 | 565,170 249 247 250 o577 455 1,738 1,776 2,198
457,950,516 17,508 | 24,675 | 263,074 80,685 | 44,666 | 569,632 180 188 196 595 2469 1,686 1,748 2,152
651,265,212 18,648 | 27,318 | 284,275 29,607 | 45,414 | 584,645 223 224 220 612 488 1,654 1,701 2,049
409,104,619 21,288 | 31,704 | 308,721 33,711 | 51,886 | 604,128 166 164 148 634 1,577 1,639 1,980
404,911,665 21,671 | 32,986 | 521,335 33,658 | 63,126 | 621,826 142 659 1,566 1,628 1,912

548,076,163 22,332 | 34,851 | 343,842 34,631 | 66,490 | 635,649 191 645 1 1,616 1,866
468,992,510 25,839 | 86,028 | 302,474 36,645 | 58,077 | 561,076 180 1,597

602,269,416 56,292 | 281,884 36,108 | 56,863 | 521,889 180 1,586
564,314,175 37,509 | 281,375 36,120 | 69,109 | 523,393 204 1,686
498,366,566 39,420 | 283,229 37,477 | 63,044 | 620,057 164 1 1,570

479,225,661 23,623 | 88,182 | 254,402 36,140 | 68,019 | 453,998 1,520
518,649,869 25,867 | 38,201 | 260,348 | 33,144 | 55,215 | 438,544 218 1,441
446,614 ;060 24,643 264,456 32,706 | 55,131 | 429,807 183 1,361
362,778,891 24,006 289,426 | 29,968 | 52,060 | 890,846 163 1,289
289,860,767 21,810 208,366 | 27,251 | 47,268 | 350,534 140 1 1,27

316,013,662 20,400 199,086 25,832 | 45,090 | 363,534 1,285
337,947,465 21,873 223,639 | 27,728 | 48,017 | 398,429 197 1,276
848,184,677 23,864 285,879 | 28,645 | 49,681 | 401,679 1,220

TVOO SNONIWAIIG

Source: U. S. Bureau of Mines. Certain of the figures in this table (under columns "Toms mechanically loaded") differ slightly from those given in previous publications
publications of the U. S. Bureau of Mines because of revisions made during the prosent study. These revisions consist in substitutions of final returns for preliminary
estimates or in the adoption of uniform classifications ovor the entire period.

Excludes tonnage of wagon mines and country bamks and includes local commercial tonnage.

The strip production used in subtraction is the "total at same mincs” which includes an insignificunt production underground in operations which are both strip pits and
deep mines.

Excludes wagon mines and country banks in every year and local commercial mines starting in 1923.
Data not availabdle,

Three-year moving average except in terminal years.




Table B-61.- NUMBER, FRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROU® & BITUNINOUS-COAL MINES ("MECHANIZED GROUP®) IN THE UNITED STATES, 1918-35%

ALL, UNDERGROUND MINES GROUP A MINES ("MECHANIZED GROUP") SUB-GROUP A-1 NINES  ("IDENTICAL MECHANIZED")
(A11 mines of "Mechanized Group" including those nowly opeuo '

d or closed during period) (Inoludes only such Group A as operated each year of period)

, ninos_| Husber of | Mechanical loading of these mines Production of these min Number of
Yoar Hunber Foi

those mines Tor cont
Total tons of loading

Produotion® | mechenically | mines in

(net tons) loadead

thoso min
For cent [of total Por cont | loading me-
chanically of total |tonnage me- of total | chanically
Net tons Group A [chanically under- during the | Net tons

output |loaded by A1 ground your

Sub-Group
Group A A1

output | ly loaded by
_lal minex

©) (10 S ig)ire 13 ) 15) 16, e
@s() | o8ile) wshilsy | ashilh

33,067,859
26,711,306
33,L:34,002
28,201,%1L
2,672,152

vReoe

REREG

BERES
oo
HERRES

SR%

EERE
=3

61,573,528
Lg,810,7L3

Wooo e
NN

g
pugue o

179,225,661 57,833,754
i&.aﬂ 1859 8 66,608,
45114,060 61,565,052

3 3 3!
362,778,691 2: 5,185,158 39,223,
269,850,757 35,816,909 1750,239 . 31,371,672

B

cerw
32

o

19
ooeo3

5 hiLbb

315,013,552 | 37,620,L61 16,042,318 35,378,824 28,110,237
%,91!7.1@5 13,132,735 51,090,154 206 5t
18,677 22l

)

g XIANEddV

EZ 653,552 1ok 31,197,361
17171, 55,095,168 ,572,816 33,575,990 9+

Source: Us S. Buresu of mines. Cortain of tho figures in this table diffor slightly from thoso givon in provious publications of the U. S. Buremu of Mines beotuse of rovisions made during the prosent study.
o fons sonsist in substitution of final returns for prolininary estimatos, or in the edoption of uniform olasaifications over the entire periods

Exoludes wagon mines and country bmks in every yoar aud local conneroial mines starting vith 1925. Tho tomnage of local comneroial mines is inoluded in production fighres:
e strip production used in subtraction is the "total at same minos! which inoludes an \nsipifiomt production underground in oporations which are both strip pits and doep miness
Tnoludes the tonnage mechanioally loaded by the Group B mines ("exporimantally moohanized") s

Data not available.




Table B-62.- COMPARISON OF NUMBMR, PRODUCTION, AND TONNAGE MECHANICALLY LOADED OF GROUP A AND GROUP B BITUMINOUS-COAL MINES IN THE UNITED STATES, 1923-35%

T

GROUP A MINES  ("MECHANIZED GROUP")
(A1l mines of "Mechanized Group" including those newly
opened or closed during perio
Nochanical loading of
Minos with mechanical louding | Number of Production these mines Number of Production
theso mines | of these Per cent of these mines | of these
b | Production® ¢ Totul tons | loading me- | mines load- total tonnage | loading me- | mines load- total tonnage
Number | (met tons) Production | mechanically | chanically | ing méchan- Net tons mochanical 1y chanically | ing mochan- Net tons mechanjcally
loadead during the | ically dur- loaded by all | during the | ically dur- loaded by all
y ing the vear mines ing the year mines

ALL UNDERGROUND MINES GROUP B MINES  ("Expurimentally Mechanized")

"~ Yochanical loading of

548,075,163 13,510,847 1,879,726 12,352,732 1,529,030
168,992,310 16,721,172 | 3,150,237 : 12,112,669 2,131,788
502,259,415 22,552,321 |  6,6ll,062 921,636 11,610,685

550,310,173 16,687,305 | 11,252,628 26,5 30,310,648
198,355,550 (o) (o) (o) (e) (e)

479,225,661 75,575,359 | 21,L27,74%6 5,969, 39,605,997
513,649,859 108,814,LL7 | 37,361,406
151,060 106,530,176 | 16,993,848
2,778,891 89,733,172 | 47,562,108 2
289,850,757 65,498,580 | 35,816,909 38,706,317 31,371,672 26,792,263 L,Lh5,237

315,013,552 63,770,420 | 37,820,651 113,265,961 35,378,82l 20,508,159 2,001,637
337,947,165 71,317,106 | 11,432,735 149,803,720 21,513,126 1,779,183
318,184,677 323 8,667,90 | 47,177,223, 55,095,168 5 31,572,126 2,6014,1,08

W :n@c\o:m
B BRERE

2

&R
Y0

SIw W
® ot
8 IEHo
S ThAR

Source: U. S. Burosu of Mines. Certain of the figures in this table differ slightly from those given in provious publications of the U. S. Bureau of Mines bocause of revisions made
during the present study. These revisions consist in substitutions of finel returns for preliminary ostimates or in tho aloption of uniform classifications over the entire poriods

TV0O SNONIKALIG

Excludos wagon mines, country benks,and local commorcial mines. The tomnage of local commorcial mines is included in production figuress
The strip production used in subtraction is the "total at smme minos" which includes an insignificant production underground in operations which are both strip pits and deop mines.
Includes the tonnage mechanically loaded by the Group B mines ("exporimentally mechanized").

Data not available.
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Table B-63.- GROWTH OF MECHANICAL LOADING IN THE UNITED STATES, BY TYFES OF TQUIPMENT, 1923-37"

*

.

Production MECHANTCAL LOADING OF CQUIRMENT
(not tons) Mochanioal loading TR Sorapers Duckbills and solf-Toading e Hand-lorded face conveyors

conveyors

Tor cent
of undor- Por aont
Underground Total tona| ground Tona  [of total | Number
mines® ¢ produo= tons of
tion loaded pachines machines

Per cont: Por cont Por omt
Nusbor b of total | Number of total | Number
of o tons of tona of
loaded | machines loaded | imstalla-

tiona®

(5)
7,

&

548,075,163 652,,00¢ 8749 8,000
L6s,992,310 4,000 2 5,000
02,259,115 1239,000 9 - 389,000
550, 311,17 1,253,000 : 507,000
198,355,554

479,225,661 11,761,000 9 o 14,117,000

16,232,000 5 550,/ 000 14,679,000
L6,514,060 20,073,000 1637,/ 5 19,116,000
362,778,091 ) 19,107,000
209,850,757 14,825,000

11,113,000
11,099,000
11,098,000
10,538,000

8,200,000 14,400,000

17,865,000

40,970,000
56,000,000

fon based on reports of State Department of Kins, operators, and sales of mew eqiipment, Cer-

Sourcet U 8. Bureau of Mines, The data for 1937 represent preliminary estimat
eohige of revistons made'during the present study. These revisions consist in substitution of

fain of the figures in this table differ slightly from those given in previous publications of the U. S, Bureau of My
B returns for prolininary eatinates or in the adoption of unifom elassifications aver the entire period.
Excludes tonnage of wagon minea and country bankss

he strip production used in subtraction 4s the "total at sanc minea" which includes an insignificant production underground in oporations wiich are both strip pits and deep mines.
Musber of mines in which hand=loaded conveyors, other than pit-car loaders, were used,

The figurns for hand=loaded face conveyors for the years 1943 to 1926 are inconplete as no 3pecific laquiry regarding this type of equipment was made prior to 1928, However, a number of mines reported conveyors without
being asked, and the incomplote Toplies are shown here to prove the fact that this equipaent wes eerly used.

Data on mechanical loading not available.

Loss than 1,000 tons or 0.05 percent.
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Figure B-1.- OUTPUT PER MAN PER DAY IN SELECTED STATES, BY KIND OF MINE, 19010-36

(Net tons; figures for strip mines are shown on a separate scale)
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WPA NATIONAL RESEARCH PROJECT
CONFIDENTIAL OFFICE RECORD CODE No.
TO REMAIN IN CUSTODY OF BITUMINOUS COAL
U.S. BUREAU OF MIN:S TRANSCRIPTION SHEET FOR U. S. BUREAU OF MINES DATA
TRANSCRIBED BY 0 —————————

o,
NRP SOt-A DATE TRANSCRIBED

BUREAU_OF MINES MINE NO.

A. DATE NAMES OF COMPANY B. MINE NAMES (%
(RECORD CHANGES)

syATE.. . counmY———————
FIELD OR TRADE OSTRICT — ___—— ———————————————
SEAM (|gzo)_______<x9:as)"’_____
cOMMERCIAL_______.CAC'TIVE—_/

PRODUCTION RECORD —
AGE OF MINE
MINE REPORTS (1926) —

e AR Dy St

SEAM THICKNESS TYPE OF MINE P. ROOF
1920 TOTAL THICKNESS SHAFT SLOPE DORIFT DOES ROOF IMMEDIATELY OVER COAL CONSIST OF :
NET THICKNESS 3 N ORAWSLATE LIMESTONE
SHALE OR SLATE BONE OR RASH
S 2 SANDSTONE OTHER MAT. — — —
= e ST T |S TOP COAL LEFT IN PLACE TO SUPPORT ROOF?—
AVERAGE R — 26 DEPMHIORASHARH EXy IS DRAWSLATE OR ROOF ROCK TAKEN DOWN ?.
\o3gHAYERACE —— LENSTHI oL ORIEAOR, SLORE - LaE HOW MANY INCHES TAKEN DOWN IN ROOMS.
SYSTEM OF MINING EEiE AN ggrgngg?;E‘E:rﬂfoMntchéD FT IN ENTRIES?.
< CAuPs levoeTe scenes Jiom R e
LONGWALL a4 | 1934% =
ROOM AND PILLAR, OROINARY METHOD OPEN FLAME T FOR EACH CAR ROCK BROUGHT TO SURFACE,
ROOM AND PILL AR, WITH PANELS — FLAME SAFETY—— — pesannh | HOW MANY CARS OF COAL?
ELECTRIC BATTERY__— —

1923 MAXIMUM =

0 XIQNHdAY

IF ROOM AND PILLAR IS USED:
ARE ROOM PILLARS EXTRACTED?
ARE ENTRY PILLARS EXTRACTED?

5% =
e \926_ YES NO
\S MINE GAsscus(‘g__M,. VES. " 'NO IS ROOF SERIOUSLY AFFECTED WITH:
* = KETTLE BOoTTOM®
F. 1934% %6 PRODUCTION OBTAINED M. 1926 THICKNESS OF OVERBURDEN AT
ROM PILLARS —_— ~ e
= SHALLOWEST PART MINE Y —FT. DO YOU CONSIDER ROOF:! GOOD —_ POOR
G. 1920 WHAT % OF COAL. =T T 3 OEEPEST PART MINE_———————FT MEDIUM B8AD.
APPROX. AVE. DEPTH.
N MINE PUMPS =
1926 ARE UNDERGR'D WORKIN ABOVE DRAINAGE? R. SCREENING AND PREPARATION
H. 1920 DIP OF COAL BED_ =s ARE UNDERGR'D WORKINGS WET OR DRY?
e e e NO. PUMPS DELV'S WATER TO SURFACE —
I. 1924 HAULAG SYSTEM GAL. PER MIN. DELIVERED TO SURFACE —
BER _ GAL.PER WIN.DELIVERED TO SURFACE_——— g o m, (NCL. MODIFIED OR SPECIAL R.am)
UNOERGROUND . PARTINGS PREPARED SIZES
[ibea [1oo5] (o0 is race smovey ev ARG oR BANDS G
Gt d | i OF IMPURITIES?. \F YES, ARE SLACK OR SCREENINGS

ROPE HAULAGE UNIT

1S EXTRACTED?
\S LOST 7 _

Q. 1934 was MinE Rock OUSTED? (1930) __(1934).

PARTINGS REMOVED UNDERGR'D 'BEFORE

P et I MINE CARS?. HAND PICKINS (N EICKING TRELES

DING BOOMS, N R.R. CARS)
NAME OF CHARACTER _ AVE. THICKNESS Nes ow NO

i
LOCOMOTIVE \
l 6 (ROCK DIRT,ETC)  IN PRESENT

WORIINGS, 1928 SCREENING EQUIPMENT
= BAR SCREENS — = ~ GRAVITY _
{ - — HAKER OTHER SCREENS

) :\4:5“ *r»Am ‘v\'\‘:u‘i\k' OF CLEANED PICKING TABLES ___LOADING BOOMS
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PRODUCTIVITY AND VALUE OF PRODUCT
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MECHANICAL EQUIPMENT
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