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CHAPTER VII

ASES 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 tramsition 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 so to 6o percent
of all the persons employéd 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.
It is first 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 @. Tryon, formerly Chief of the Coal Economics Division of the U. S.

Bureau 0f Mines, now Director of the Division of Research, National Bituminous Coal
Commission; willard E. Hotchkiss; Charlotte K. warner; and Joseph J. Gallagher,
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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 techmical 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, persommel, and above all
the synchronizing of the several operatioms.

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
1923 and 1929, 3,274 commercial mines! went out of business,
with a corresponding shripkage in the number of jobs.

Even after this drastic liguidation capacity was still in
excess of demand, and in the depression years 1929-32, 630 more
commercial mines went out of businmess. 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 coanditions, 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 2,047 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 to 200,000 tons a year, declined in number less sharply

1'corlmm:ia]. mines® is 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 dbanks®, producing less than 1,000 tons annually.
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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 1929, It is
interesting to note that Class s 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 37 that Class 1 mines, those
producing over 200,000 tons a year, have comsisteantly 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 bitumihous industry is essentially
a mass~-production industry im which the average unit labor
requirements are determined chiefly by the concerns having
the larger output.

Liquidation of smaller mines of course added to the con-
centration of tonnage in mines of large capacity. Ian 1923
about 4% percent of the bituminous tonnage of the country was
produced in mines with an output of over 200,000 tons a year,
a figure compirable to war and pre-war averages., This group
lost its relative advantage in the immediate post-war yéars,
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 1938,
62.2 percent of the total output came from this 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 11lsts of small operators avallable
in later yeafs and in part to the fact that mines that had once been in a higher
group dropped into the smallest group during the perlod. Many of the mines in this
lowest group are known as "local commerclals", & designation coming from the fact
that they serve 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 line of
reasoning largely explains the increase in the number of mines in this group
after 16206, 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 sdverse conditions than that of the somewhat larger mines. .The truck mines
were likewise favored by the Increasing mlleage of hard roads.

Figures for 1634 and 1835 are not fully comparable with those for preceding
years since the coverage of small trucking operations was much more complete
after 1633 than 1t had been before. Thls improved coverage was made possible by
the cooperation of the NRA Divisional Code Authorities,



Pigure 87.— NUMBER OF COMMERCIAL BITUMINOUS~COAL MINES AND
PERCENTAGE DISTRIBUTION OF PRODUCTION,
BY SIZE OF MINES, 1905-86
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Mines, shows clearly the relationship between size of mines or
companies and output per man-day:®

Product ion ’ Output per man per day

(tons) 1905 1814 1920 1821 1829

Under 10,000
10,00Q to 50,000
50,000 to 100,000

100,000 to 200,000

Over 200,000

2.29 2.36 2.70 2.74
2.901 3.24 3.45 3.42
8.35 3.80 3.88 3.81
3.78 4.10 4.28 4.54
4.18 4.30 4.73 5.32

Wown Nk
o wo oo
Od OO

All classes 3.23 3.71 3.99 4.19 4.77

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 plamning and
operating mines and are ordimarily 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.

It should be clear, then, that the elimination of many weak
mines and a growing concentration 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.
®pata for 1904~21 from Report of the United States Coal Commission (S. Doc. 105,
eésth Cong., 24 sess., 1926), pt. III, p. 1888. The figures represent mines of

commercial size exclusive of so-called ®local commercial® mines employing less
than 10 men.

Data for 1p2p from F. G. Tryon and L. Mann, %Coal,* Nineral Resources of the
United States: 1829 (U. S. Dept. Com., Bur. Mines, 1932), Part II, *Nonmetals,"
p. 720. Only independent companies are included; captive or consumer-owned
mines have been excluded.
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Bhifts Prom 01d to Yew 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 57 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 reglons of eastern Kentucky were
developed with extraordinary rapidity, and an entire
new field - Logan County, West Virginia, coming into
first production in 1805 - had taken rank as one
of the most productive districts of the country
by 1914. . . » o In 1898, 88 per cent of the coal
shipped up the Lakes originated in the union dis-
tricts of Pittsburgh and Ohlo. 1In 1913 their share
had dropped to 67 per cent. In 1898 southern West
Virginia shipped to the Lakes only 40,000 tons,
or less than 1 per cent of the total. 1In 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 closé¢ 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 tomnage. After 1923 an actual displacement
of tonmnage occurred, caused primarily by widening differentials-
in wage rates, and during the remainder of the 1920's, as
4F, 6. Tryon, "The Effect of Competitive Conditions on Labor Relations in Coal

Mining, ® fhe Annals of the American Academy of Political and Social Science,
Vol, CXI (1824), D. 67.
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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 59 percent of

the Natiog's tonnage in 1920 to 41 percent in 1927 and the
southern fields advanced from 26 to 43 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 northera 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 NORTEERN AND SOUTHERN STATES,

1920-87%
Northern Southern

Year west
Total|Illinois|Indiana| Pe0%= {Gnio|Total| Ken— | Ten | Vir- |yyp
sylvania tucky [nesseej ginlia ginia

1920 | &8.8 15.8 5.1 80.0 8.1)|25.5( 6.3 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 26.8 8.4 | 82.7 | 10.0 1.1 2.5 |19.1
1923 | 56.3 4.1 4.8 30.4 7.2 |80.2| 7.9 1.1 2.1 |18.1
1924 | 51.8 14.1 4.5 27.0 6.3 (83.5] 9.3/ 1.0 2.2 |21.0
1925 48.7 12.9 4.1 26.3 5.4 | 87.68| 10.6 1.0 2.5 | 23.5
1828 | 47.7 12.1 4.0 268.7 4.9 | 39.5 | 11.0 1.0 2.5 |25.0
1827 | 41.2 9.0 8.5 25.7 8.0 | 45.0 | 18.4 1.1 2.5 {28.0
1828 | 43.8 11.2 3.3 268.2 8.1 | 42.4| 12.4 1.1 2.4 |26.5
1928 | 48.0 11.4 3.4 20.8 4.4 | 40.6| 11.8 1.0 2.4 |[25.9
19830 | 46.5 11.8 8.8 26.6 4.8 [ 40.4 | 11.0 1.1 2.8 |R6.0
1931 | 48.2 11.8 8.7 25.8 5.8 | 40.8 | 10.5 1.2 2.5 |ze.8
1832 | 43.7 10.8 4,3 24.1 4.5 | 42.7 | 11.4 1.2 2.5 [27.8
1933 | 45.0 11.2 4.1 23.8 5.0 | 42.7 | 10.8 1.1 2.5 [28.8
1034 48. 4 11.5 [ § 25.0 5.8 | 41.8 | 10.7 1.2 2.6 |27.8
1038 | 46.4 12.0 4.2 24.8 5.7 | 41.8 | 11.0 1.1 2.8 |28.86
1938 | 48.2 11.8 4.1 25.0 5.5 | 41.5 | 10.8 1.2 2.8 |26.9
1937° | 45.9 11.8 3.9 24.9 5.5 | 41.8 | 10.8 1.2 8.1 |ee.7

8computed from data in Nineral Resources of the nited States (U. S. ?e t.
Survey, 1920-23: U, 8. Dept. €om., Bur. Mines, 1924=31); Statistica gpemﬂx to Ninerals
Yearbood (U, 8, Dept. Int.. Bur, Mines, 1932-33 to 1935); Ninevals Yearbood, 1§37 (U. S. Deps.
Int., Bur., Mines, 1837). PP. 767-867: and Bituminous Coal fadles, 1936-1837 (U. S. Dept. Int.,
Nat, Bituminous Coal Com., 1938).

Deatimated.

inv., Geglogical
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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 Keatucky 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 g¢o percent
of the output of eastern Kentucky came from mines opened after
1910. Inr 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 ffom mines opened before 1goo.
Obviously the operator of a mew mine can 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 Chio
and Pennsylvania increased at a slower pace than it did in
the newer fields to the south. In Ohio output per man-day
was actually about 1.s percent less im 1930 than in 1igao,
whereas in eastern Kentucky man-day output in the same period
increased about 23 percent, DPennsylvania showed aft increase
of 22 percent between 1920 and 1930; West Virginia 27 percent.
These figures suggest that shift of tonnage fram north to south
has been one factor in increasing the national 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 increases im output per
man-day in the Illinois-Indiana area. In spite of this,
J1linois and Indiana lost tonnage heavily during the period
of the twenties. In 1890 about 17 percent of the national
production came from these two States; in 1914 and in 1920
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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 pefcent of the total output of the
country, about the same position that it held prior to 19o00.

There can be no doubt that the handicap under which the
Illinois-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 40 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 1936:6

Year Percent Year Percent Year Percent
1900 18.4 1923 2.8 1880 0.7
1908 12.1 1924 2.8 1931 0.8
1912 9.2 1925 1.9 1932 1.1
1915 8.9 1926 1.6 1933 1.6
1918 5.0 1827 1.2 1834 2.2
1820 4.3 1628 0.8 1835 1.5
1821 2.9 1929 1.1 1638 1.4
1922 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 18 the room-and-pillar system
in which plllars of coal are left to support the roof. In longwall mining
the only pillars left are so-called shaft pillars and sometimes pllliars along
the mainline haulageways.

°Computed from dats in annual Coal Report of Illinots for the years 1000-38
(I1iinois Dept., Mines and Minerals),
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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.

Cheanges 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 6% 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 - 3% 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 & 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 1900 the number of boys under 16 had declined to

about 7 percent of the outside force and less than 0.06 percent of the underground
force, and by 1919 boys had practically disappeared as surface workers.
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The introduction of labor legislation, compulsory education,
ind 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,
tontributed 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 ome of continuous and rapid change
in mining methods. The technical developments are outlined
in some detail in chapter II. Although data are lacking from
thich to measure quantitatively their effect on the amount
ind kind of labor employed in mining, it is obvious that such
important technical changes could not occur without having
1n effect on the composition of the working force of mines
that became mechanized.

Coal-mining literature has not dealt with occupational phases
>f mechanization to the extent that it has with the machinery
»hase, but a few comparisons of the basic occupations will
indicate the nature of the change that occurred. Probably the
nost striking contrast is the one between the amount of labor
involved in undercutting coal with a pick and the operation
f a modern cutting machine. Likewise, tramsition from man
:0 animal and then to machine power in haulage is almost
:qually significant in its effect not only on the amount but
»n 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
nost recent item in mine mechanization somewhat more closely
than earlier technical advances can be measured. Even here,
1owever, 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
»>f the working force, reliance must be placed largely on
sersonal observations, but it is obvious that the type as well
1s the amount of labor required to produce a given output
iiffers in highly mechanized mines and in mines in which many
> 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
nachine such as the mobile loader cbviously intensifies the.
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change. An employee may have all the qualities reguired
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. Ian the first place, development of highly
mechanized operations in the bituminous industry is not a
unigue 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, iz 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 usuvally emphasized
that coal mining has traditionally required a high level of
intelligence with alertness and adaptability to new conditioms.

One operator in whose mines mechanical loading now approaches
100 percent has observed that high-school graduates have shown
ap 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 50 years of age readily adapt them-
selves to the requirements of machine operation. However, all
competent observers admit that there are some mimers 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.®

8g¢e F, G, Tryon and Others, ZPechnology and the Nineral Indusiries (WPA National
Research Project in cooperation with U, S, Dept, Int., Bur, Mines, Report No. E-1,
ApT. 1837). Do 20.
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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 tohs produced; (2) the aver-
age numbér of men employed; (3) the number of days the mine
operated} and l4) 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 numbef 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 osnly the machines
installed and the output per worker, but permits analysis
of the interactions of technical change with interfield compe-
tition, wage rates, labor relatioms, 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 annvally, and it is
reasonably comparable from mine 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, fot 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 %-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 beginmning 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

9prior to 1903 systematic records of the length of the working shift at each mine
are lacking, .
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Figure 38.—- INDEXES OF OUTPUT PER MAN-DAY AND PER MAN-HOUR
IN THE BITUMINOUS~COAL INDUSTRY, 1903-36¢ '
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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 agreemenfs, (4) days
operated, (5) man-days (the product of men employed times
days), and (6) hours per day and total man-hours.

Tonnage Produced

The volume 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 toms
reported as shipped by the mine operator may be checked against
the number reported as loaded by the originating carrier. Aa
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.1® 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. ‘

Namber of Mes 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’

103,5ed on Ninerals Yearbook, 1838 (U. S. Dept. Int., Bur. Mines, 1036), p. 654,

111¢ 1s 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 fluctuations and reported a figure representative of the mean for the
year. This is shown by the following comparison of the numbers reported In 19833
and 1634, when the annual average oOnly was called for, with the computed monthly
average in 1636 when data for each month was called for. It is clear that the
averages reported in 1833 and 1934 are comparable with the mean of 19636 rather
than with the maximum, as reported in the month of peak employment.

Years when annwal average 1936 when monthly pay rolls
only was reported were reported
State T T I T Tox1

onthly um

1633 1624 mean month
Arkansas 3,871 3,416 3,708 4,063 (oct.
Colorado 7,908 8,084 8,127 9,678 (Dec.
sas 3,809 3,744 3, 860 4,181 (Nov.
Michigan 1,188 1,666 1,461 1,648 Dec.;
Montana 1,324 1,671 1,661 1,860 (Nov.
utah 2, 2,607 2,730 3,689 (Dec.)
Wyoming 3,763 8,760 3,967 4,441 (pec.)

(Data for the first two columns ere from annual reports of the Bureau of Mines;
data for the last two are from F. G. Tryon and Others, Esployment and Related
Statistics of Nines and Quarries, 1835, Part I, "Bituminous Coal' (WPA National
Research Project in cooperation with U. 8. Degt. 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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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.13_ If 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. 1In ordinary years, therefore, when
employment is neither increasing nor decreasing, no great
error is imvolved. The chance of error is least in averaging
a group of mines; it increases when one 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

1‘?'l.‘tle inflation due to labor turn=-over can hardly be great since 1t is confined
to the turn=-over occurring within a pay-roll perfod. Studlies by Delos Walker
for the U. S. Coal Commission indicate that the turn=-over in bituminous=coal
mines 1s 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 period would be
& percent, Assuming that the average man qQuits at the midpoint of the pay period,
the actusl inflation would therefore be 24 percent. (For data see Report of the
United States Coal Commission [1625], pt. III, p. 1263.)

The effects of absenteeism are discussed In the section dealing with time worked.

mln a study of 129 shipping mines reporting to the Illinois Department of Mines
and Minerals in 1920 such & tendency was obvious., The department sent out its 1829
questionnaire between Christmas and the first of the year and, as would be
expected, reports were actually made out some time in January 1630. It was found
that there was a definite tendency to report the number of men &t work during a
period in January 1930. Admittedly, this is a small sample of mines on which to
base conclusions as to dlas in reporting on a large scale; however, the U. 8.
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 ususlly the same as those made to the Bureau. (From an unpublished manu-
secript by J. E. Ely, labor Productivity in Illinois Coal Mining, prepared for
National Research Project, "Mineral Technology and Qutput Per Man studles.")

147¢sts applied to census of mines and quarries data for Indiana mines in 1929
showed that 60 percent of the tonnage in the State came from mines in which there
was a variation of 10 percent or more in employment between the maximum and
minimum months. (See appendix A for & 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 thar 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 suddenm rise in the output per
man for 1930, 1931, and 1932, all years of sharply contracting
pay solls,

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 1933. Its effects were intensified by the shortening
of the working week under the NRA code to 4o 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 annval 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 thern
computed directly by the Burean of Mines. Beginring with
1935, therefore, the chance of error from this particular
cause was eliminated, and the returns for that year reached
higher standards of accuracy than were previously attained.15
1B’I‘l\e additional detalls secured by the Bureau of Mines at the 1836 canvass were
made possible by the cogperation of the Works Progress Adminlstration, The results
are published in the monograph, Tryon and Others, Employment and Re lated Jtatistics
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 lnac—
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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Share-the-Work Agreements

The depression has raised another special prbblem in re-
cording employment by the practice of dividing the available
work among two or more groups~o£ men who labor on alternate
days. Such arrangements for staggering or altermating 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,
usuvally the day shift. ’ ’

The practice first attracted atteantion 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
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
actuval 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 agreemeats to share the work at mechanized mines
were made in Indiana, though on a much smaller scale. These
were 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 beer 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 mern 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
“ﬁrioua district wage contracts during this period provided that preference
might be given to men at idle mines in the fllling of vacancles at active mines
(U. M. W. of A. District No. 8, Ohio, Oct. 1, 1836, to Apr. 1, 10837, Section 44;
U. M. W. of A. District No. 62, Northern Panhandle of West Virginia, Apr. 1, 1634,
.to Mar. 31, 1836). Various agreements likewise provided that daymen on idle days
should have an equal division of the available work which they usually perform

when the mine hoists. S8uch provisions, however, do not involve a problem of
double counting between two crews of men who work on aslternate schedules.
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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-hburs, 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 ugdeniable 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 g-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 6o percent of the working crew, no record of
the time spent is ordinarily kept.

An approximate answer to the gquestion of time worked is given
by the record of tipple time. Ordinarily, "the tipple rums
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 imquiry:

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 mire.

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

17 any one time some of the men on the rolls will be absent because of illness
or other factors. The percentage of absenteeism among the tonnage men was found
by studies of H. B, Drury for the U. 8, Coal Commission to average 10 percent.
Report of the Inited States Coal Commission (1625), pt. III, D. 1188.
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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 Couaty, Colorado, this practice
bad 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 sumber of men inmside
to obtain man-days worked below ground; the tipple time was
multiplied by the number of men outside to obtain man-days
above ground,1® This permitted correction of the bias in the
districts in question, though the record after 1932 is not
strictly comparable with that before.® 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 years
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 mines on the line on the basis of
ratings determined by the originating railroad. The standard
system of rating which vltimately 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

18rpe method sti11 fails to allow for the fact that certain classes of outside men
working in the shops and power plant, or operating fans and holsts, work more days
than the tipple. Inabllity to make accurate allowance for the time worked by these
men results in understatement of the number of men~days ol surface labor.

381ne use of tipple days 83 a measure of average working time has also at times
given unduly high ratios of output per man in strip mining. As 1s 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-dsys computed from tipple time only are too low and
output per man=-day too high. Adequate correction for this blas was not possible
until 1935, when data simultaneously collected on dollar wages paid, studied
in connection with the prevalling wage rates, furnished & check on the computed
pumber 0f man-days of labor.
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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 inceative to arrange his operations

S0 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.2? 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 Maa~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

20rpe record indlcates 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 1916, 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 i to
December 12, 1910 most of the mines were 1dle on account of 8 strike. Throughout
1920, however, car shortage was the factor limiting production in virtually all
districts (except for brief perlods of the so-called %daymen's strikes®) and mine
ratings were the subject of much attentlon, and the indications of an effect upon
the reported annual working time are clear. The great suspension of 1622 and the
railroad shopmen's strike brought another acute car shortage at all mines remaining
in operation; this continued into the early part of 1623, In March 1023, 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 19024 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 1625,
however, all concerned had come to realige 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 bies upon time worked and
therefare 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 annual reports.21 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 actuval 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.

Bours per Day and Total Man-kours

As already pointed out, in order to follow the course of
output per worker it is mecessary 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. Each 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 21917 and to 8.1 in 1018 as the B-hour standard spread

21}109; 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
50 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.?2? 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 actuval number of hours worked.

On the other hand, the decline in labor standards during
the early years of the great depression, from 1930 to 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
bours. Individual men stayed on after the mine as a whole
stopped loading, or entered the mine on days when the tipple
22’1‘1113 conclusion is confirmed by the response of producers to the request that
actual man—-days or man-hours be reported wherever a record was kept, which has been
carried in the annual questionnaire since 1932. Most of the producers mdicaclng
that a record 1s kept have reported in terms of man-days rather than man-hours.
This is because it is much easler t0 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 Dercent in 1938, 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
justifty (see table B-1). 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, 1934.

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 bituminmous-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. Perbaps 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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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 t0 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 ﬁorked, carried over, from the system of mine ratings
for distribution of railroad cars, into the annual reports of
sumber of days operated. ’

The somewhat shdarper 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 asa 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 due 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 JIllinois 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 abseat 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.
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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
fluctvations, Nevertheless, it cannot be seriously doubted
that the data are a useful guide for studying uanit labor
requirements in relation to employment.

CLASSIFICATION OF MINES

Basis of Clsassification

Data on mechanical ioading 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-
tinved advance of mechanical loading simce 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.1937 about 20.0, compared with 13.5 in 1935.

The group of over 9oo mines that had installed and used
mechanical loading devices at one time or another during the
years 192335 were classified for the purpose of the study ia
two major groups: (1) those whose experience with mechanical
loading was substantial and successful, and (2) those whose
experience was linited and apparently experimental. The fol-
lowing criteria as to loading were used in classifying mines:

(1) Successfully mechanized mines (designated asGroup "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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chanical loading in 3 years of significant activity
immediately prior to shutting down.23

{2) Experimentallymechanized mines (designdited 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
impediately 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 coantinued
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 tomnage 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 coansidering 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 pever 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) toams
cut by machine - percent of total underground production,
(3) number of mines, (4} production, {s) hourly capacity,
{6) men employed, (7} days operated per year, (8) toas per
man-hour, and (g} number of men required to maintain 1,000 tons
of hourly capacity. In additibn, tables are presented showing
(1) number, production, and tonnage mechanically loaded of
23’l‘mrty percent was used as a dividing point because i1t was found that mines
running over 30 percent usually soop approached full mechanization of the loading

process, whereas those running under 30 percent were clearly still essentlally
on a hand-loading basis.
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Group "A" mines, 1918-3s; (2) a comparison of number, pro-
duction, and tonnage mechamically loaded of Group "A" and
Group "B" mines, 1918-35; 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 501-A used ip tabulating data by mines and for summarizing
data for the several areas will be found in appendix C. The
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 Peansylvania (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 to 193s;

Group "all other" includes mines that never imstalled
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 record of performance for Group "A"
mines in relation to the group "all other"” mines was found
in the fact that performance curves for Group "A" and the
jdentical series Group "A-1" were in most instances the same.
Fluctvations in Group "A" from year to year were 10t 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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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 mimnes, 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 proportioms, physical, technical, and
managerial conditions in Group "A" mines were in general
superior to those in mines that continved 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 than 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 performance 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 differencesin performance, both of mechanical-
loading and hand-loading mines, in the years to which this
study pertains, account must be taken of the disastrous_deéline
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 ditferent'éigniticance when
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related from year to year to a base of total output which
is rapidly decliniang 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 individval 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 genmeral averages for the group
to specific miges or to subdivisions of the areas analyzed.

. . COMPETITION AND BREGIONAL DISTRIBUTION

It cannot be assumed that decreases in unit labor require-
ments resulting from. machine loading represent a net loss
of employment. Hopé of lowering costs through reduction in
labor requirements was the dominant motive that led operators
“to instail_mechanical loading. Areas in which such loading
became particularly significant in the late twenties were
afeas that were making desperate efforts to overcome a handicap
‘0of 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.

Shifté of production between areas reflect in considerable
measure an influx of coal from southern Appalachian and other
1ow-wagé areas into markets formerly supplied largely by
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Illinois and Indiana, where wages were relatively high. Bear-
ing in mind that the totql tonnage of the country was much
smaller in 193% than it was in 1918, it is significant that
in 1918 the percentage of the Nation's output that came from
Illinois and Indiana was the same as that which came from
West Virginia and Kentucky, 21 percent, whereas in 1929 oaly
14.8 percent of the total came from Illinois and Indiana, but
37.2 pergent 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 reduced 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 Lenefit 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 im Illinois and Indiana
in 1928 from §7.50 to $6.10, with corresponding adjustments in
tonnage rates, but more important tham 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
24Unless specifically attributed to another source, figures for 1637 and 1938 are

preliminary and may differ somewhat from flgures to be published in Ninerals
Yearbooh,
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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 sitvation 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 tomnage 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 tomnage
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 thar in
Illinois 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
Illinois and Indiana was reduced from $7.s50 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 im 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 sigaificant 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, 19352

Underground tonnage | Fercent of
loaded mechanically | total State
State i production
. ‘Net tons | Percent loaded
mechanically
United States 47,177,224 100.0 13.5
Illinois and Indiana 28,280,778 55.7 568.7
Illinois 20,513,082 43.5 55.3
Indiana 5,767,698 12.2 82.5
Wyoming 4,530,032 9.8 89.8
Western Pemansylvania .
and Ohio No. 8 field 4,322,865 9.2 6.5
Central Pennsylvania 3,624,405 7.7 10.4
West Virginia 2,059,322 4.4 2.1
Alabama 1,303,853 2.8 15.4
Montana 1,291,373 2.7 80.3
Utah 898, 118 1.9 30.5
Virginia 851,807 1.4 8.7
Western Kentucky 430,930 0.9 5.3
Washington 429,817 0.9 27.8
Arkansas 292, 084 0.6 28.8
Tennessee 233,579 0.5 5.6
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

8p. @. Tryonm, L. Mann, and W. H. Young, *Bituminous Coal,® Ninerals Yearbook, 1937
(U. 8. Dept. IAt., Bur. Mines, 1937), pp. 831, 833. Data for central and western
Pennsylvania, Ohio No. 6 fleld, 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 toms in 1935 to over 15 million toms in 1937,
and to 20 million tons in 1938.

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 6s5.3
percent of the total machine-loaded output of the country.
Wyoming, Mostana, Indiana, and Illinois, 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. Local factors and general
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 sigrificant advances
have occurred more recently, tonnages loaded by machine in 1933
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-
velopmehts in these areas since 1933 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. FEach year of the period under
review hias 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 muck more spectacular.
From the first record in 1928, when 17 percent of output was
so loaded, it had increased to 57 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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loading advanced to 20 percent of underground output, and its
increase was gradual but steady through 1933 when it had
reached approximately 50 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 1925
and a spectacular increase from 13 percent im 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. I[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 preseht 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 operatics of an individual
concern.25 There were only a few States in which the number
and tonnages of Group "A" mines were large enough 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 tonnrages relative to
rational 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 tomnage

25The vituminous 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 Plttsburgh, which extends
across the West virginia Panhandle {nto eastern Ohlo. Accordingly, in order to
avoid disclosures in Ohio, data for western Pennsylvania 1lnclude mines in the
Pittsburgh No. 6 fleld in Ohlo.
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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 bitumisous
coal, loaded only about 2 percent of its tomnage 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 machire in 1g3s;
records of machine loading in that area béfore 1935 give no
adequate basis for general conclusions. Central Pennsylvania,
where 10 percent of output was loaded mechanically in 1935,
is the only Appalachian area in which experience during the
period covered is extemsive or typical enough to have gemeral
significance.

In spite of relatively meager experience with mechanical load-
ing prior to 1935, the heavy total tomnages 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 Pemnsylvania. 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, I1linois and Indiana
remain the two States in which analysis of mechanical-loading
statistics for the period 1918-1935 is significant. In 1933
these two States produced 55.7 percent of the machine-loaded
tonnage of the country, and 56.7 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 mipes.
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Data for the period ending in 1935 are more nearly adequate
'or the Illinois-Indiana area than for any other in the coun-
.ry, and mechanization in the area continues to advance.
lotwithstanding the spectacular increase of machine loading
in West Virginia since 1935 and substantial advances elsewhere,
1linois and Indiana together still produced ome-half of the
nachine-loaded tonnage of the country in 1936. Although
tdvance 6f mechanization in areas that produce the major
yortion of the Nation's coal was more rapid in 1937 than
it was in 1936, Illinois and Indiana were still producing
t3 percent of the machine-loaded tonnage of the country in
L1937, far larger concentration than is shown in any other
leavy-tonnage area.

In an earlier chapter attention was called to the importance
)f a svitable balance between physical conditions, corporate
itrength, manragement, marketing outlets, and labor in the
levelopment -of mechanization. In respect to labor it is true
:hat before and during the introduction of mechanical loading
ierious strikes had occurred throughout the Illinois~Indiana
wrea, and local difficulties were by no means unknown in the
Jeriods interveaing between the major stoppages. Nevertheless,
‘elations with labor in this area had for many years been
'irmly established on a permanent basis of collective bargain-
tng, and, as already noted, the introduction of machine loading
itself was brought about with the cooperation of labor.

Balancing all the factors, discussed ia chapter III, that
letermine both progress of mechanization and changes in labor
yroductivity, it is obvious that these genmeral conditions go
'ar toward explaining the successful developmeat of mech-
inization in the Illinois-Indiana area. In addition to these
reneral factors, extremely difficult competitive conditions
:reated a strong motive, which resulted in translating poten-
.ial into actual mechanization within a short period of time.
‘aking all the general and special factors together, conditions
'or installing machine loading in Illinois and Indiana in
:he late twenties should be characterized as excellent rather
.han average.



CHAPTER VIII

PERFORMANCE OF MECHAN1CAL- AND HAND-LOADING MINES
IN THE ILLINOIS-INDIANA AREA*

In 1935, out of a total machine-loaded output of about g%
‘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 inm 1937.

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

State 1023 1928 1928 1930 1931 1932 1935 1938 1937

Illinois 0.2 3.8 13.5 48.0 59.4 57.0 55.3 62.4 70.7

Indiana 0.3 11.3 21.0 32.3 38.1 42.8 82.5 .5 80.6

Related to competitive and other factors that helped to
stimulate the introduction-of machine loading in this area
are, 61 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 techmical 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.2

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

lpased on tables B-23 and B-28. The 1837 figures are estimates of the National
Bituminous Coal Commission.

zA 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
tactors in explalning the different productivities of mines.

wWhatever the scientific merit of the methods used for allocating value to the
geveral factorsa considered, an analysis of partlicular mines in one area foz; 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
consideriﬁg 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 im 1927, the
Illinois-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 generalizatlion concerning the importance
of these factors for the industry as a whole. However, a rough statement of the
conclusions reached will give a general idea of the complex factors by which labor
output is influenced.

The study concluded that the factors listed below explained the major portion
of nlied%ltredrence in labor output per man-day among mines by the number of
tons indicated:

Machine losding 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 1.06

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

81ze of mine Large over very small mines 0.95

It will be noted that the productivity factors listed above have t0 do mainly with
mining technology or 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 losding has been highly developed, 1t is interesting
to note that the study allocates an importance.more than twice as great to the
factor of moblle 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
ot undercutting by hand. Machine cutting had become the general practice in
Il11nois, 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 18 known to statisticians as multiple correlation. The effort represents
a promising approach to the statistical measurement of significant items which
cannot be entirely segregated. g
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reduce wages, increase hours, and determine working conditioms.
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 intemsified .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 percént was so loaded. This represented
an eleven-fold increase of mechanically loaded coal. In
Indiana the movement had developed somewhat further in 1926
than it had in Illipois; 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 mechamical loading in the two States has not
been identical. Because of differences in significant items
of data and in recorded results, separate aralysis 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

Toas Mechanically Losded

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



Figure 39.~ COMPARATIVE PERFORMANCE IN ILLINOIS OF UNDERGROUND
MINES WHICE HAVE ADOPTED MECHANICAL LOADING AND OF ALL-
OTHER UNDERGROUND MINES, 1918-85

(Strip mines are excluded)
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Pigure 39.~ 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)
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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 pamel 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 mechaiical loaders was largely experimental and in many
cases short-lived, is significant. Over 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 tonmage mechamically in 1935.
Thirty-four mines installed machine loading for varyihg 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 ia cost that would enable
the mines to survive the economic pressures. The largest
amount of machine tomnage 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 tons 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 %a2.6 in

3'rms is the technical phrase for blasting without previous undercutting. Bee
machine-cutting section of chapter II for more detailed discussion,
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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
73.4 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 tomnage
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.

¥umber of Mines

Relative stability in the number of Group "A" mines compared
with the drastic liquidation of the "all other" mimpes is the
notable fact revealed by panel 3. There were s2 Group "A"
mines inm 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, wher 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

41..0&:411 commerc1al mines (mines employing less than 10 men), wagon or truck mines
with an annual production of less than 1,000 tons, and so-called "country banks"
are excluded from the count of number of mines in all years.
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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'conditioms.

Disregarding the depression.year 1921 and the strike years
1919 and 1922, low production yéars 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 1932,: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 1927 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 tomnage 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 13 million tons less than it
was in 1926.

Production registered a further precipitous decline during
the depression from 55 million tons in 1929 to 2% million tons
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
SM: least a part of the decline from 1818 to 1623 may be regarded in the light of
a readjustment from abnormal war and post-war demands, but it should be noted that
this short period includes not only a depression but two major strikes. It is
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 im 1936, and a de-
crease to 41 millior toms in 1937,

The causes for such drastic readjustments as those in the
Illinois 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 thoseée
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 earnmers, gives
an indication of the influence of the wage factor in the
Illinois situvation:®

Date of sample

Year pay period

I1l. Ind. Ohio Pa. Ky. W. Va,.

1921-22 Oct. 1-Feb. 15 $8.47 $7.92 $7.49 $6.10 $5.72 $6.39
1924 Oct.-Dec. 8.32 8.11 7.04 6.41 5.42 5.53

1928-27 Nov. 2e-Mar. 22 8.58 7.98 6.81 8.16 4.99 ©5.45

1929 First quarter 6.84 6.85 4.91 5.37 4.95 &5.10
1631 First quarter 6.81 6.55 .4.08 4,71 4.56 4.68
1933 February 5.10 5.21 2.83 3.083 3.01 3.12

Comparative rigidity of costs in Illinois deep mines uader
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

eBased on the following Bulletins published by the U, 8, Department of labor,
Bureau of Labor Statistics: Hours and Earnings in Anthracite and Bituminous Coal
Nining: Anthracite — January, 1922; Bitwminous — Winter of 1921-22 (Bull. No, 318,
1922); Hours and Earnings in Anthracite and Bituminous Coal Nining, 1922 and 1924
(Bull. No. 416, Bept. 1928); Hours and Earnings in Bituminous Coal Nining, 1922,
1924,.ond 1928 (Bull. No., 464, Nov. 1927); Hours and Earnings in Bituminous Coal
Nining, 1929 (Bull. No. 616, May 1930); Nages and Hours of Labor in Bituminous-Coal
Nining: 1933 (Bull. No. 601, Aug. 1934).
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loading fared much better than the mines that did not. Imn the
years 1918-26 Group "A" mines increased their output from
24 million to 32 million toms, but the Group "all other" mines
declined from 6s million to 34 million toms. Reverting to
panel 1, it will be seen that mechanical loading figured
but slightly in the Group "A" tomnage 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 mimes.

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 mimes 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 1927 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 17 percent of their toanage by
machine; in 1929, 50 percent. At the same time, their output
rose to 30 million tonms, a figure but slightly under that
of the 1926 peak. In view of the coatrast, 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
Illinois would have been much gfeater 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 toanage. 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 mipes 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 bees in 31929. Although Group "A" mines lost tomnage,
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 fimancial 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 inm 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 traamsport
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 ad%antage in transportation costs aand
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 offer severe
competition to their more efficient rivals. No doubt, in the
absence of proper accounting, many trucking comcerns have sold
coal below cost, but as long as original equipment holds
up such concerns can continue in business, and the disaster
that altimately 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 b} 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 %3 percent in 1918 to 37 percent in 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 begimning of the
period, included a disproportionate share of mines whose
relative weakness was reflected in heavy liquidation when
expanding markets gave way to deplining markets.,

Although the record begins in 1923, panel 1 and table B-2a1
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 t0 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 a7.a 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 Illinois tonnage fell on mines of the "all other" group.
Output from this group was 65 million tons in 1918 and 34 mil-
lion tons im 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
t0 1935 band-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 75 percent
of its tonnage.

Hourly Capacity

The curve for hourly capacity as shown in panel s represents
potential hourly output by mines operating with current equip-
ment, management, organizatios, and labor force. It has been
commonly assumed that mechanization of loading would catse
undue expansion of mine capacity. Im 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 im 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 capécity 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 minmes.

Hourly capacity in Group "A" mines increased steadily from
13,000 tons in 1918 to 23,000 tons in 1927. 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.

Mea 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 si1.4 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 1927, 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. DBeginning 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 imstallation of mechanical load-
ing. After 1929 the explanation for a decline in the number of
mes 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 nomber of men employed, Taking the period 1927-33 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 24,978 in 1935, a decline of 435 percent. In other words,
job mortality was nearly the same for the hand-loading and the
machine-loading mines during the period from 1927 to 1935 when
machine loading was an important item in the operation of
Group "A" mines., The conditions previously noted which emabled
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 comsider
it unwarranted to infer that the number of men employed in
Group "A" mines could have remained at the 1926-27 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 aad, 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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Illinois 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 Illipois 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 mei employed in 1923. This was a period when mechanical
loading was insignificant.. During the period 192%-35, when
mechanical loading was increasing rapidly inm 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 im 1927, 525 men were employed in 1935; of
every 1,000 men employed in the "all other" group of mines in
1927, 350 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 im 1918, less tham joo 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" mimes. 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 17,840. 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 1927 (before share-the-work
agreements were developed) and 1935 is reduced to 2 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. Pamel 7 reveals the superior position
of this group of mines both before and after the installation
of machine loading.

For the years 1923 t0 1926 Group "A" mines averaged 27 more
days of operatiom 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 311 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. T

Toas per.Man-hour and Number of Men Requirzed to Maintain

1,000 Toas of Houwrly 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 9 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 im 1921 than they
required in 1918, whereas the "all other" group of mines
}equired about 200 fewer men.

The avthors 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
intoroperators' 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 regquirements 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
is 1923, 0.9 percent in 1924, 2.9 percent in 1925, and 6.1
perceﬂt in 1926. The Bureaw of Mines compiled no data on
machine loading in 1927. It is apparent that the direction of
product{vity 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 techmology then curremt but also that their mechanized
processes were well advanced, which is known to be true.
Unit labor requirements im the "all other" group of mines
showed practically no chapge between 1923 and 1927.

For the period 1928-35 the picture again changes. Group "A"
mines loaded 17 perceant of their output by machine in 1928,
76 percent im 1930, 93 percent in 1932, and 935 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 tons 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 requirements 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 syachronized program which
included all the technical and management processes of a mine.

7For further discussion of the car-ghortage 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 forges that -accentuated the decrease in labor requirements
after »927 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 umnit
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 eguality
of requirements in 1930 and 1935 indicates that trucking
mines were not preeminedtly 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 beimg 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-
quired in the same mines during a representative period under
hand loading. Im 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-24).
In the upper parel 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 im 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 predominrated declined
from 1,305 men per 1,000 tons of hourly capacity in 1928 to
1,182 in 1935, a drop of onrly 9.4 percent. Performance of
mines that shifted from pit—car to mobile loaders followed
aAs the mines selected for comparison are scattered throughout several States,

the table containing the results of the study 1s shown in chapter XI, which deals
with over-all findings for the United States. See chapter XI, table 18.

9'rhe division of Group "A® mines fell loglcally into three groups: (1) 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 8 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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Pigure 41.- AVERAGE INCREASE (OR DECREASE) IN TONS PER MAN-HOUR
IN A MECHANICAL-LOADING PERIOD, 1981-35, OVER A HAND-LOADING
PERIOD, 1918-22, FOR 48 ILLINOIS GROUP "A" MINES,
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The tigures 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 man{ 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) im tons 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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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 intensity, it is inevitable that their
effect on productivity would vary. Nevertheless, analysis of
Illinois mines, confirmed by the performance of mines in other
areas, indicates that output per man-hour ard, 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-
j'o'l‘l'ue highly mechanized period for the majority of mines covered the years 1631
to 1936, and the hand-loading period the years 1918 to 1622, Seventy-five percent
or more of the total tonnage was loaded mechanically for at least three of the
five years 1931-85. The separation of mines into groups using either pit-car
loaders predominantly or mobile loaders predominantly was on the basis of the mines
using one type of equipment for at least two-thirds of thelir mechanically loaded
tonnage for 3 or more years. 8everal mines shifted from pit-car loaders at the
beginning of the period to mobile loaders at the end, and these were classifled
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
Il1linois and Indiana. Competitive conditions that faced
Illinois 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 g2.

Toss Mechanically Losded

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; Illinois produced 43.5 percent. The phenomenal
rise in mechanically loaded tonnage that took place inm Illinois
between 1928 and 1930 is lacking in Indiana, but from 1932 to
1933 the increase in mechanical loading was more pronounced
in Indiana.

Apother significant difference between the two States con-
cerns changes in the composition of Group "A" mines. These
chapges 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 to 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
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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 frequeatly discarded
after a short period. Of 29 mines classified in Group "B" over
the period, only 2 were in Gréup'"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 after 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 Illinois the total number of mines in Group "A" decreased
over the years; in Indiapa 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 Illindis.

The "all other" group in Indiana decreased in number from
291 in 1929 to a low of 100 in 1934 with a small increase
indicated in 1935. In Illinois the drastic liguidation in
number of mines was stopped in 1931, after which the number
increased through 193s5. 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
tomnage loss than in Illinois. In 1918 underground production
was 29 million tons; in 1929 it had declined to 13 million,
a loss of ss percent. During the depression years a further
decline to 77 million tons in 1932 occurred. From the de-
pression low, tonnage increased to 10 million toms in 1936
and then dropped to ¢ million in 21937,

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 im this comnection, 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 tomnage.

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 toms.
Indiana "A" mines registered an advance between 1932 and 1935
from 33 to 6 million tons. 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 1927 t0 1934.
The ability of the Illinois band-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 Capseity

HBourly 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 bas not caused further expansion of
capacity. Failure of capacity in the "all other" group to
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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,

Mes 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 8,763, '

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 2%,000 in 1923 to 4,652 in 1933, a decline
of 83 percent.

A miner's chance of holding his job in Indiama 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 remaimed in 1¢35. 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 mimes.

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 receant years, however, Group "A" mines
have shown a considerable advantage over the hand-loading
group, amounting to 17 days im 1933, 39 days in 1934, and
36 days in 1933, '

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.

Toss per Man-hour asd Number of Men Requited 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 1933,
when mechanical loading in "A" mises 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 1933, 33.7 percent fewer men were required in Indiana
to produce 1,000 tons of hoﬁrly 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 1933 as in 1930 leads to the belief that
no great ckanges occurred in the hand-loading mines in this
period.

Compsarative Labor Requirements With Mobile Losders
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



Pigure 483.- TONNAGE MECHANICALLY LOADED AND UNIT LABOR
REQUIREMENTS AT GROUP "A" MINES IN INDIANA,
BY TYPE OF LOADING EQUIPMENT USED,
1918-83
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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 individval 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,
I1linois 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
Illinois-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 im 1935
if mechanical-loading mines had continued under the 1927 labor
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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 quite 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
"all 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 im Group "A" mines declined
steadily throughout the period. In the "all other" mines
man-hour requirements remained almost constant 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 128.1 in 1918 to 2%.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 mechanipal-loading mines after 1928.
Mechanical loading unquestiohably exerted a large influence
in enabling these mines to combat adverse conditioms, but the
fact remains that throughout the period they were superior
to the "all other" mines in resource conditions, fimancial
stability, management, equipment, and market conmections.
Changes in unit labor requirements had a greater influence
on employment opportunity in this group than they did in the
"all other" group.

In 1935 the index of Group "A" tonnage, 86.4, was almost
the same as it was in 31918, but the index of man-hours in 1933
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Pigure 44.~ INDEXES OF PRODUCTION, MAN-HOURS, AXD UNIT LABOR
RBEQUIREMENTS AT GROUP"A” AND "ALL OTHER" MINES
IN THE ILLINOIS-INDIANA AREA,. 1018-38
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had dropped 3¢ points below the 1918 level. Between 1918 and
1926 unit labor requirements declined from an index of 112.1
to 97.0. On the other hand, the trend of production and
man-hours was upward, and this partly counteracted the effect
of declining labor requirements on employment.



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 in 1932,
while man-hours declined from 92.2 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 1933; of every
1,000 men employed in 1923 in the "all other™ group, only
300 were employed in 1935. 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 turmed 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 ligquidation of

mines in the "all other" group occurred between 1923 and 1928
when machine loading was not a major factor im Group "A" mines.
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In Indiana this decline- continued through to 1935, but in
Illinois, 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.

All 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 1g92%. However, it is
evident that substantially smaller tomnages would have been
sold in the years 1928~35 if hand loading with its higher
costs had continued in the mines that turned to mechamical
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

nm fterences 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., 180, 1868, 189, 187, and 188, respectively, for Illinois, and Exhibit
Nos. 213, 208, 212, 210, and 211 for Indlana. These are available to the publlic
in printed form at the offices of the National Bituminous Coal Commission in
Washington, D, C.) Interest charges are not included.

Deep mines
State All mines Strip mines v Mechanical— Hand-
AL loading loading
Illinois $1.76 $1.43 $1.87 $1.75 $2.18
Indiana 1.64 1.48 1.80 1,76 1.96

Mines classified as ®mechanical-loading® loaded over half their tonnage mech-
anically. Other deep mines were classified as fhand-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 im intensity since 1933 and is an important factor
in the Illinois~Indiana markéting situation. A new factor is
the sudden advance of mechanical loading in West Virginia

since 1935,



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 coasumption,
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 o0il 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 concersns
that have had relatively large holdings and that, from the
standpoint of corporate strength and management, have been in a
favorable position to install technical 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 anpual basis with a prospect that schedules could be
successfully maintained, subject oanly 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 confront
commercial mines.

*W Willard E. Hotchkiss, Frederick 0. Tryon, and Charlotte K. Warner.
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Figure ¢5.- COMPARATIVE PERFORMANCE IN WYOMING OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-388

(Stzip mines are excluded)
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Pigurs 45.~ COMPARATIVE PERFORMANCE IN WYOMING OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-35 - Continued

(Btrip mines are excladed)
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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 importamce 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 1g93s5. 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 4s.

In 1923, 1.4 percent of deep-mine output was loaded mechani-
cally, and this increased to 89.8 percent in 19335. In 1936
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there was a further increase, to g2.2 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. In 1935 the total deep output of Wyoming was
5,043,000 tons whereas that of Indiana was 9,233,000 tons
and that of Illimois 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 conditions. 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 5 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

Tﬁe number of mimes in Group "A" rose from 15 im 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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" The group of "all other" mines declined from 53 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 tons and represented mainly small trucking operatioss.
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 tous.
The decline during the depression years was severe and output
reached a low of 3,919,000 tonms 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 ¢3.5 perceat
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,
it 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 comsumer 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 toms 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 193s.

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 1418
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 1935.

It is clear that job opportunity was much greater in the
large captive or commercial mines that adopted mecharical 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 tranmsfer
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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annuvation.! This policy, while perhaps foregoing immediate
savings in cost, won the cooperation of labor and aided the
work of mapagement 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 relatich 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
nomber of days of operation to such an extent that working
time for mechanical-loading and hand-loading mines was again
approximately the same.

Toas per Man~-hour asd Number of Mes Required to Maiatain
1,000 Toas 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. Buream 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 1926-33
which was more accurate than the old one and was comparable
throughout the period. As the new series is clearly more
informative, it has beer 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

1Eugene McAuliffe, of The Union Pacific Coal Company, wrote in the Nining Congress
Jouwrnal in February 1830 (Vol. 16, D. 94): P*Early in the mechanical loading
program, the policy of refusing to release men to pul 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 mede possible.® -
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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 ¢ of figure 435 includes the
hand-loading operations of the company in the Bamna, Reliance,
Rock Springs, Superior, and Wintoa districts.2 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 tons 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 10 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 gaims in productivity during this period was slight.

z'l‘he company's mines in the Cumberland field, which remained on a hand-loading
basis prior to their abandonment in 1930, were not inciuded in Group *A® but were
shown in the ®all other® group.

It should be noted that the new series is used only in panels g and 9, since they
are the only ones affected by the record of man-hours. In panels i to 7 the
classification of mines into Oroups %A% and "all other® is the same as the standard
adopted for use in 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, apparentl}, 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 compaq} 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
¥yoming the spread of mechanization to virtumally all of the
larger mines has carried it into more and more difficult seam
conditions. Agaim, the average for Group "A" is affected by
the inclusion of one large high-cost producer, whose two mines
sere 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-
dividval operators under favorable circumstances.
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Specitic data for The Union Pacific Coal Company are given
in a paper published by its president, Mr. Eugene McAuliffe,3
For all mines of the company, including both hand-loading
and mechanical-loading operations, the indicated output per
man-hour increased as follows:

Tons Percent Tons Percent
Year per man— loaded Year per man— loaded -
hour mechan— hour mechan-
ically ically
1923 0.581 3.32 1935 0.877 99.03
1924 850 5.72 1936 . 878 ©9.95
1925 722 9.55 1937 <894 99. 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 37.s percent,
The increase is the result of all factors operative, of which
mechanical loading is but ome.

Panel ¢ 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 1933,
1,109 men.

The fluctuations in labor requirements in the "all other™®
mines as shown in panel 9 reflect the changing composition of
this residual group with the steady reduction in its capacity
after 1922. By 1930 the tonnage of the hand-loading mines was
becoming insignificant. Today it consists of truck mines and
a few rail mines so located that adverse physical conditioms
have prevented mechanization. Under such conditions an in-
crease in average unit labor requirements was to be expected.

MONTANA

Conditions were exceedingly favorable for the introduction
of mechanical loading in Montana which was a strong union area
over the whole period of the study and had the highest wage

Barifteen Years of Safety Work in Bituminous Coal Mines,® fransactions, Coal
Division, dmerican Institute of Nining and Netallurgical Engineers, Vol. 130
(1038)» DD. 486+76.

The figures for tons per man-hour have been computed from detalled data for
production and men-hours. While the classes of employees covered in this paper
are not the same as those called for in the reports of the Y. 8. Bureau of Mines,
the tremds imdicated are similar.
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Figure 46.~ COMPARATIVE PERFORMANCE IN MONTANA OF UNDERGROUND
MINES WHICE BAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-85 - Continued
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scale in the country. Physical conditions were exceptionally
well adapted for the introduction of loading machines and
the corporate and managerial set-up was advantageouns to a
program of mechanization. As a result the percentage of
the deep-mined coal mechanically loaded rose from 1%.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 ﬁercent.

The deep-mine production in Montana is small, averaging
around 15 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 193s.

Mobile loaders have been the predominant type of loading
equipment used, accounting for over 68 percent of the tomnage
loaded in "A" mines in 1933, whereas pit-car loaders accounted
for 26 percent and conveyors for 6 percent.

Tons Cut by Machine

A wide differential exists iq 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 mechamical-loading program the
tonnage undercut again increased, and the i1oo-percent mark
was reached in 1930.

Although machine cutting was increasing up 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 represeat 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 tonms.

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 s3 in 1919 to less than 20 in the years
after 1930.4

Production

The deep-mine industry in Montana was severely hit long
before the depression of the thirties. Production dropped from
a level of 4% million tons in 1920 to approximately z% million
tons in the post-war collapse of 1921, and it never recovered.
Changes in smelter practice, introduction of matural 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: 1,457,000 tons were mined in 1918
and 1,429,000 tons in 1935. However, the Group "A" -output
of about 13 million toms in 1918 was but 32 percent of deep
production, whereas roughly the same Group "A" tomnage in 1933
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 tomnage a permanent

4 led to the fact that local commercial mines (mines employing less
tmeggiggnishca% geen omitted from the count of the number of ®all others mines,

The number of such local commercial mines is impressive, 68 in 1935, but the
tonnage contributed by them is insignificent.
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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
mechani¢al loading; the "all other" mines lost their markets
almost entirely -~ not primarily from failure to install mech-
anization dgVices 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 tomnage
in one large mine in Moatana 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 inm Group "A."

Hourly CIplclty

The hourly capacity curve for Group "A" mines has shown
a moderate increase over the i17-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 “allﬁqther" mines dropped from 1,615A
tons in 1921 to a low of 135 tons 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
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this group employed only 426. Otherwise stated, in the hand-
loading group 9 out of 10 of the 1§18 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 193s3.

Days Operated 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.

Toass per Mean-hour aand Number of Mea Reguired to Maintain
1,000 Toas of Hourly Capscity

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., In 1918, 2,062 men were required to produce
1,000 tons of hourly capacity in Group "A" mimes; 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 1927-28 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 5~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 1930.5

Labor reguirements per unit of capacity in "all other"
mines in 1918 were about equal to those in Group "A" mines.

5rme change in method of reporting man—days and man-hours had 1little effect on
Group %A® mines. If the same basls of *calculated® man-hours ("number of men®
times Tnumber of days mines operated*® times *hours in official workday®) had been
used throughout the period 1932-35, labor requirements would have shown & reduction

of 6§ percent.
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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 constanmt between 1922 and 1930.
The increases in labor requirements after 1930 were probably
dve 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 pitchking 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 mecharical 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 2%.6 percent of the output. In 1936,
33.6 percent was loaded by machine, and the National Bituminous
Coal Commission estimated an increase to ya 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 47 for a graphic summary.
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FPigere 47.~ COMPARATIVE PERFORMANCE IN WASHINGTON OF UNDER-
"GROUND MINES WHICH HAVE ADOPTED MECHANICAL LOADING
AND OF ALL OTHER UNDERGROUND MINES, 1918-3§
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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.
Group "B" mines was entirely negligible.

The mechanical loading of
Group "A" tonnage
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mechanically loaded rose from 86,000 tons in 1928 to almost
£ million toas inm 1931, and though there was a decline in
1932 and 1933, by 1935 tonnage loaded was almost back to

the 1931 level.

Toas 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 tomnage 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
mechanicdlly 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 perceat. During these same years mechanical
loading jumped from 10.7 perceat to gi1.1 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 imstallation of machime 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-1" series of
identical mines.



THE FAR WEST 273

There has been no persistent downward treand in number of
"all other"” mimes as has been noted in other areas. The sharp
upward swing after 1930 was due to the increase in the number
of trucking operations.

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 bigh of 4,082,000 tons in 1928 and a low of 1,383,000 tons
in 1934, with a small increase im 1935 and 1936. Importation
of California fuel oil and rise of hydroelectric power were
among the chief reasons for declime 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 19335. The bulk
of Group "A" tomnage came from captive mines, but some of
these mines were selling their surplus coal in the commer-
cial market.

Hosrzly Capacity

Irregularity of the hourly capacity curve for the "A" mines
is due to the varying number of mines included. In 19253
and 1926 the shut-down of onme 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 yoo toms 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 im capacity.

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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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 1935. For the "all other" mines the
loss was only slightly more,‘a drop of 59.0 percent occurring
between 1920 and 1935.

Trend of Output per Mean

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" om 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 "actuval 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.% The effect of this, of course, is to imcrease
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 theivommercial 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 Washingtonm.

ePx‘lc‘\r t0 1632 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 1832 the Bureau of Mines asked for actual man-hours from the
companies keeping such records. The experlence of the companles in question
indicated that actual man-hours run above calculated man-hours, & fact which tends
to increase unit labor requirements in the perlod since 1932 in comparison with
that before 1832.
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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 47.

Prospects for the Puture

For the foregoing reasons statistical analysis of available
data on mechanization mp to 1935 in Washington cannot be
expected to give an accurate index of effects that mecha-
nization may have had on employment opportunity. Even if
data conceraning 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 minmes
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 receatly, 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 in which the
Roslyn operations were described,” has expressed the opinion
that there are few fields in Washington that could not be
7sMechanization 1n the Roslyn Coal Fleld,® fransactions of the dmerican Institule
of Nining and Netallurgical Bngineers, Vol. 130 (1936), pp. 307-11. For reference

to the modification of the duckbill principle developed in Washington, see
ch. ¥, ftn. 0©. .
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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 laigely 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 comsidered. 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 costg;was not so intemse. 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 1933. 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 Utab Pigures Due to Practice of Men
Workizng Whea Tipple Is ldle

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 thé mines
and work at the face on days when the tipple was idle.® During
the years 1918~31 the Burean 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
prevailisg 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-43 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.

Toas 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 declime in total production during
the depression mechanical loading also dropped, but by 193s
machine-loaded tonnage in Group "A"™ mines had increased to
slightly over the 1929 level.

Brny tice was not confined solely to Utah mines; wherever drift mines are
p'!l"evzlg;:clécls 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 1s not easy for
a miner to make other than a scheduled trip into the mine. Although it 1s true
that this practice occurred elsewhere, especially in the western States, up to the
present 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.



Figure 48.- COMPARATIVE PERFORMANCE IN UTAH OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECEANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-35
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Pil'llo 48.~ COMPARATIVE PERFORMANCE IN UTAE OF UNDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL

OTHER UNDERGROUND MINES, 1918-35 - Continued
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Mechanical loading in Group "B" mines was unimportant.
Utah's experience was similar to that of Wyoming and Montana
in that mines that adqptéd 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 1935.

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 1933. 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 stability 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 1934.

The tomnage of Group "A" mines has constituted an increas-
ing percentage of the total for the State, advancing from

Spart 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 mechamical loading,
it will be noted, occurred between 1926 and 1929, the years
in which the "A" mines were greatly increasiang their share
of the business.

The tonnage of the "all other" mines remained relatively
constant between 1918 and 1925, at about 58 perceat of total
productios. 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 perceantage of the total tomnage coming
from the smaller mines of the "all other" group producing under
50,000 tons annvally, This represents an increase in the
trucking industry.

Mea Employed

Employment in Utah "A" and "A-1" mines, though showing a
tendency to fluctuate, remained relatively stable from 1920 to
1930. With output sharply reduced after 1§3o, the number
of men employed in Group "A" mines declined from 1,899 in 1930
t0 1,329 in 1932.

Employment in the "all other" group started downward after
1925 when these mines began to lose tomnage. The over-all drop
in this group between 1922 and 1935 has been from 2,888 to
1,381, a loss of s2 jobs per 100.

Dsys 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
to 1932, The continuation of the "A" and "A-1" curves after
1932 is representative of average days worked by the men,10

Toass per Man=~hour aad Number of Mea Required to Maintsin
1,000 Toss 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

10gee table B-43.
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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, s1. 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. B

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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Fignre 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 1935.1!

SIGEIFICANCE OF FAR WESTERN EXPERIENCE

The history of mecharical 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 comsiderate
labor policies had obtained. On the other hand, the employment
opportunity formerly available in mines which remained on
1lyew Mexico 1s the only other coal-producing State in the far West. The State

produced nearly 1,400,000 tons in 1935, of which about 100,000 tons were ma-
chine loaded.
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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 Montapa. 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 wioming and Montana will be closely paralleled elsewhere.
Mech;nization 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.



CEAPTER 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 conmcentrated’
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 70 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 ummechanized
mines from 1918 to 1935, was completed, the record for 1936
was 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 1435
to make a significant showing. The only Appalachian areas
that qualify under this criterion are central and western
Pennsylvania and Alabama.

QOutside of Pennsylvania significant machine tonnage in the
northern Appalachian area came exclusively from the Pittsburgh

%5y Willard E. Hotchkiss and Charlotte K. Warner.

2856
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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 perceat of
the total machine tonnage of the country in 1935. 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 locaded 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 Illinois and Indiana in installing chiefly mobile and
pit-car loaders. Im central Pennsylvania, on the other hand,
thin seams and moderately dipping beds have led to the adoption
of hand-loaded conmveyors.

CEXTRAL PENNSYLVANIA®

Tons Mechaniecally 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 perceant 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 thrqughout the period 19a4-34, even includ-
ing the depression years, but with a slight drop in 193s.

1Resource conditions in western and central Pennsylvania are basically different,
and In 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 field, whose identity would have been disclosed if they had been analyzed
separately, were combined with the Group "A" mines of western Pennsylvanla,

ancludes the following counties: Armstrong, Bedford, Blair, Bradford, Cambrla,
Cameron, Center, Clarion, Clearfield, Clinton, Elk, Forest, Fulton, Huntingdon,
Indiana, Jefferson, Lycoming, McKean, Potter, Somerset, Tioga, and Warren.
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Group "B" im central Pennsylvania, which appears in panel 1
of figure 50 as "all other" mines, reached a maximum output
of slightly over 1 million toms in 1931 and dropped to 324,000
tons im 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
band loading. An additional 30 mines put in loading machines
for less than the 30 percent of their tornmage 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 dowa, 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 hard-loaded conveyor was the chief type of equipment used
in this area. The fact that 68 mines found it inadvisable to
continune 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
eftectively. Efficient use of conveyors, like that of mobile
loaders, may require some adjustment in mining practice.
Another pertinent comnsideration was the relatively low wage
scale in central Penmsylvania 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. A1l 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.

Toas Cut by Machisze

The percentage of the tomnage cut by machine in Group "A"
mines increased comsiderably after 1928, the period in which
mechanical loading started to assume significant proportions
of the Group "A" tomnage. Although the "all other" mines also
showed a considerable increase in machine cutting, advancing

®
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Pigure 50.~ COMPARATIVE PERFORMANCE IN CENTRAL PENNSYLVANIA
OF UNDERGROUND MINES WEICH HAVE ADOPTED MECHANICAL LOADING
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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 preumatic pické;> '

Number of Mines

Thé 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 62% inv1932. 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. 1In 1618
the area produced 72,526,000 tons; by 1929 the tonnage had
fallen to 50,563,000. Down to about 192% 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 1918 they produced 6.5 percent of the total deep
production; in 1928, 12.8 percent; in 1935, 17.9 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 permanént 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 Westerr areas. The
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maximom méchanically loaded tonnage for Growp "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 Growp "A" and "A-1" mines
was approximately doubled during the period covered by the
analysis. This resulted largely from the inanguration of mul-
tiple shifts at certain mines in the group.s Hourly capacity

- of the "all other" mines declined from a peak of 38,886 tons
in 1923 to a low of 21,538 toms in 1933.

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. Job 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 pumber of men employed in Group "A" mines increased from
4,884 in 1918 to 7,582 im 1935; again, however, there is no
clear indication that the superior position of this group was
a result of mechanical loading.

Dagys Operated per Year

The gemerally 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.

Tors per Man-hour and Xumber of Men Required to Maintais
1,008 Tons of Hosrly 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

%luple shifts have the effect of increasing the average dally tonnage, The
increase carries over into the statistical device adopted. for analyzing the trend
of capaclty, namely, dividing daily production by the number of hours in the
established working day, which ylelds.the ratio of hourly capacity shown {n
the curves, The increase in terms of the daily tonnage which can be produced
at these mines 18 real but appears to result more from the increase 1ln the number
of shifts per day than from simple expansion of facilities.
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Pigure §1.~ COMPARATIVE PERPORMANCE IN WESTERN PENNSYLVANIA AND
I¥ THE OHIO NO. 8 PIELD OF UNDERGROUND MINES WHICH HAVE
ADOPTED MECHANICAL LOADING AND OF ALL OTHER
UNDERGROUND MINES, 1918-35 - Continued

(Strip mines are excluded)
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1927 as in 1918. 1In 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 im the "A" mines. Mechanical
loading rose from 20.2 percent of Group "A" output in 1928
to:6o.6 percent in 1933, and undercutting advanced from %3 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 umit 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, ia 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 Illinois-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

45ee also appendix A.

sWestern Pennsylvania includes Allegheny, Beaver, Butler, Fayette, Greene,
Lawrence, Mercer, Venango, Washlngton, and Westmoreland Countlies, Ohlo No, 8
field includes Belmont, Harrison, and Jefterson Counties.
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1 million to over 3} million tons. After the depression drop
to about 3 million, tonnage in 1935 had risen to 3,%72,000.

Betweer 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 51 mines put in machine loading
“for a year or more and then reverted to hand loadimg, 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 mipes that were experimenting with pit-car
loaders (including also a few conveyors); the remaiming ome-
third was from mines in which mobile loaders were used almost
exclusively. Group "B" mines reached their peak of loading
in 1930 with 2,729,000 tons and then declined rapidly to
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 77.3 percent in 1918 to 97.3 percent in 1933.
In the "al{,other" mines the percentage of machine cutting
advanced from 67.0 in 1918 to 86.7 in 1933, although it will
be noted that most of this increase occurred in the s-year
period 1927-31.

Numbez of Mines

The number of mines that successfully adopted mechanical
loading in this area remained small. In 1918 Group "A" in-
cluded 7 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 in
the "all other" group reached a maximum of 1,299 in 1923, but
the exceedingly high mortality rate reduced the number to 516
in 1933. The increase to 627 in 1935 was mainly in the group
of smaller mines serving local markets. '
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Production

The total deep-mine output of the area amounted to 122,299,000
tons in 1918. The low point of 93,169,000 tons reached in 1922
was the result of the great strike that shut down about g5 per-
cent of the capacity in the Pittsburgh district and 100 percent
of the capacity in Ohio. After the poststrike increase in 1923
tonnqée 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 50 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 ¢.1 in 1935. 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 imauguration 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 Ohiq 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 froamts ~ increased
competition from southern areas and a general decline in
markets. Liguidation ot capacity set in almost immediately

®3ee rtn. 3.
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and the number of men employed dropped precipitously, reaching
a2 low of 64,321 in 1932, a decline of about so 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 79,986.

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 3,542 in 1935. As in other areas, Group "A"
mines revealed superior ability to withstand adversity.

Days Operated per Yea:r

The curve of days operated for the "all other" mines conforms
in general to the productiorn curve. Group "A" mines worked
45 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 58 days less
than the "all other" group. Im 1923 and 1924 working time was
higher for the "A" group, but in 1925 the "A" mines dropped to
9o 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-
erators 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 so0 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 go to 267. The advantage in working time was main-
tained by the A" group until the end of the period.
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Tons per Man-~hour and Number of Men Required to Masintain
1,000 Tons of Houtly 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 t0 1934 are
.almost surely attributable, as in other areas, to faulty
reporting under the conditions of the depression years.®

.

ORIO

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 agalnst those reported to the Pennsylvania Department of Mines and found
to be the same.

SSee appendix A,
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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. Imn 1936, however,
10 percent of the production of all Ohio mines was mechanically
loaded, and this was raised to 14 percent in 1937 accord-
ing to the preliminary figures of the National Bituminous
Coal Commission.

The incentives for increasing markets were just as strong
is 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

Pigure 52.~ TOTAL UNDERGROUND PRODUCTION IN OHRIO AND PERCENTAGE
OF OUTPUT MECHANICALLY LOADED, 1918-37
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southern areas where wages were also low. Equally important
in this area was a lack of recognition on the part of ménage—
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
rooflhonditions 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 Penmsylvania. Over go percent of the total tomnage
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 3o0-percent mark for mechanical loading in 193s.
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 tomnage of Chio.

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 0.8 percent
of production im 1933 to 2.1 percent in 1935. 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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Pigure §3.~ TOTAL UNDERGROUND PRODUCTION IN WEST VIRGINIA AND
PERCENTAGE OF OUTPUT MECHANICALLY LOADED, 1918-37
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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
so percent im 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 1936-37, 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. Orne
hundred and thirty mines can be said to have fallen in the
experimentally mechanized Group "B" classification. Of these

9‘l'abl.e 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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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 wére included in Group "B" by virtue
of having less than 30 percent of their output machine loaded
in 1435. Mobile loaders accounted for most of the machine
tonnage in the thicker seams, although face conveyors were
growing in popularity up to 193s.

VIRGINIA

Figure sy 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 %,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 perceat.

Figure §4.- 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 sy.
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 1933, 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 im 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
rorth, 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 ss.
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Flgure 85.~ COMPARATIVE PERFORMANCE IN ALABAMA OF URDERGROUND
MINES WHICH HAVE ADOPTED MECHANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-38
(St#ip mines are excluded)
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Figure §85.~ COMPARATIVE PERFORMANCE IN ALABAMA OF UNDERGROUND
MINES WHICH BAVE ADOPTED MECHEANICAL LOADING AND OF ALL
OTHER UNDERGROUND MINES, 1918-88 -~ Continued

(Strip mines are excluded)
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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 1dcrease t0 14.3 percent in 1936 and an estimated 16.9 per-
cent'in 1937.

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

Group "B" mines, charted as "all other" mipes in panel 1 of
figure 55, handled about 40 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 36 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 im 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 i1 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 192% 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 to 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
strike in the area. Im 1921 further slackening of demard and
continued labor trouble brought about a drop in tonnage to
11,922,000 tons.

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 1927, 1928,
and 1929. Between 1929 and the low point of the depression in
1932 Alabama output dropped 56 percent, from 175 million to
less than 8 million tons. Recovery in the Alabama steel
industry did not get well under way until 1936, a fact which
accounts for the failure of coal tonnage to show any marked
increase in 1934 and 193s5.1°

Group "A" mines have produced a small percentage of total
Alabama deep-mine tonnage during most of the period. The
production curve for "all other” mines follows closely the
curve for the State. Group "A" mines, however, have bettered
their position over the 18-year period. In 1918 they produced
only 7.3 percent of Alabama deep-mine tomnage, whereas im 1935
they produced 24 percent. The identical Group "A-1" mines
increased their share of the total from 5.1 percent in 1618 to
13.5 percent in 1935. As in other areas, Group "A" mines had
better market outlets than the "all other" mines. About
40 percent of the tomnage of the group came from captive mines
1ORecaluns that 1920, 1931, and 1832 were years of active experimentation with

mechanical loading In Alabama, It is interesting to note that this movement
occurred during a period of extreme decline in tonnage.
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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
hag 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 1§31. :

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 downward 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 1,544 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 1927. 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 1¢29.

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,

Teas por Man-hour sand Number of Mes Required to Maiatain
1,800 Tons of Hosrly Capascity

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 ig31.

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 tham the *"all other" mines and
their success with mechanical loading would seem to put them
ahead of other Alabama mines from the standpoint of techmology.
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 moted for geological
handicaps these mines were distinctly below the average, It
is impossible to measure exact physical conditions or their
effects on productivity, but the following tabulation suggests
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\ the re;ative influence of the two factors, seam thickness and

\

dip, on the two groups:

Seam thickness (inches )1l Degree of dip (1920)12
Year All mines Group "mA" Mine Degrees
1917 *  58.3 - All mines1? 3%
ig18 - 48.5 Group "A"

Mine 1 123
1935 - 49.4 Mine 2 14
1937 57.6 - Mine 3 16

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 perceat in
1930 and 63 percent in 1933; it dropped to s2 percent in 1934
but was back to 6o 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 respomsible 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 t0 1935. Pit-car loading
was used for about 35 or 40 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.

1'1He1gl'n'.ed averages of seam thickness, computed from data for 1917 from 4Annual
Report of Coal Nines, State of Alabama, 1917 SBlmlngham, Ala.t Dispatch Printing
Co., 1917); for 1918 from same for 1918 (1918); for 1935 from Forty-fourth Annuai
Report of State Nining Department of Alabama, Coal Mines, 1935 (Wetumpka, Ala.:
Wetumpka Printing Co., 1638); and for 1937 from same for 1837 (1938).

1‘2Degr'ee of dip taken from unpublished records of the study of physical conditlions,
made by Margaret H, Schoenfeld (see chapter III, ftn, 7). :

134esgnted 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.'4* 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 1938, 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
193334 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.

M'l'hls is the case for some other States, notably Washington.



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 conpection 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

*5y 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.

Toas 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 3o-percent mark. In 1935
Group "B" mines were responsible for only 5.5 percent of the
total tonnage mechanically loaded.

Toas Cst by Machine

Since successful machine loading is dependent om other mine
processes operating at a high level of mechanization, it is
patural to find Groups "A" and "A-1" with a greater percentage
of their tonnage cut by machine than have the hand-loading
mines. By 1932 Groups "A* and "A-1" were cutting about ¢s per-
cent of their tonnage by machine. The large increases in
percentage of tonnage cut in hand-loading mines seem to have
halted about 1931, the group showing a tendency to level off
at about 85 percent.

Number of Mianes

Mines included in Group "A" numbered 170 in 1918 and 226 in
1935. The identical "A~1" group included 104 mines.2 The

lAbo\u'. 43 million, or 90 percent, of the 47 million tons of coal mechanically
loaded in the United States in 1835 came fram areas for which performance data have
been analyzed. S8Some areas have been discussed without detalled analysis of per—
formance, such as Colorado in chapter IX and Ohlo, West Virginla, and Virginia in
chapter X, Discussion of the few remaining areas (Kentucky, Arkansas, Tennessee,
Maryland, Missourl, New Mexico, North Dakota, Oklahoma, and that part of Ohio
outside the No. 8 field), which together loaded only 1,687,936 tons mechanically
in 1935, centers in the current situation and possibilities for the future, covered
in chapter VI. In one of these minor areas, Arkansas, mechanical loading was
of local importance with 26.6 percent of the State!s output so loaded in 1935.
Although Arkansas experience with mechanical loading has considerable value for
other areas from the standpoint of what can be done to overcome adverse Dhysical
conditions, its discussion pertains more logically to the analysis of the current
situation and future possibilities as covered in chapter VI.

2mme individual areas for which performance data are shown separately will not, of
course, add to the totals as shown for the United 8tates in table B-80. There were
A% mines in Arkansas, Colorado, eastern and western Kentucky, Maryland, Missoury,
North Dakota, Oklahoma, Tennessee, Virginia, and West Virginia which were not
shown separately.



Figure 56.— COMPARATIVE PERFORMANCE IN THE.UNITED STATES 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 B6.~ COMPARATIVE PERFORMANCE IN TEE UNITED STATES OF
UNDERGROUND MINES WHICH HAVE ADOPTED MECHANICAL LOADING
AND OF ALL OTHER UNDERGROUND MINES,

1918-35 - Continued

(Strip mines are excluded)
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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‘ahd by 1932 had declined to only
3,544 mines - twb—iifths of the number that were in opération
in 1922.%3 This had increased slightly, to 3,698, by 1935.

P;oq?ctlon

The productioh 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 q;her“'
mines between 1918 and 1926 left total output of that group in
the latter year at.g92,%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 commerclal mines (mines employing less than
10 men) could only be excluded from 1923 to 1935. Between 1822 and 1824 the
recorded decline is therefore greater than that which actually occurred. In mking
a comparison between these and published figures of the Bureau of Mlnes 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 t0 1932 the downward trend of output in this group was not
so severe as was that of the mines that continuved 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 inm 21918,
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 inm the "all other" group in 1935 produced
44 percent less than they produced in 1918.

Houwtly Capsacity

Hourly capacity in Group "A" mines rose from 23,000 tons in
1918 to 39,000 tons in 192%; in Group "A~-1" mines it rose from
17,000 t0 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 intenmse 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 41,000 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 1935.

Mes 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-i" mines was able to
offer in 1935 practically the same employment as in 1918.4

For the country as a whole employment centered in the hand-
loading mines. Employment was at its peak in 1923 when 636,000
‘IE must be kept in mind that the performance curves of Group "A® and Group "A-1i®

mines for the United States are highly weighted by Illlnols and thus tend to
reflect Illinois experience.



318 BITUMINOUS COAL

men were employed. In 1929 the number had fallen to y39,000.
Within a period of 6 years 197,000 jobs were lost. The great
depression of the early thirties caused further retreachments
and by 1932 employment had ﬁropped to 351,000. Recovery in the
coal industry, apparent since the middle of 1933, assisted
in some measure by the 7-Hour day and the s-day week, resulted
in a slight increase in employment; in 1933, 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 im 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 192¢. The
strike in Illinois and Indiana was, of course, the explanation
for the low points reached in 1927 and i928 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-bour and Number of Men Regquired 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 ¢
for the United States as a whole. Comparison on a natiomal
basis of the mechanized and nonmechanized groups is greatly
affected by the fact that the mechanized mines reflect chiefly
Illinois-Indiana experience and the noamechanized 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, uait 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 umit labor requirements im 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 techmical changes other than mechanical
loading and how much to imaccuracies 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 imaccuracies 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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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. Imn 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 mecharical 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 tomnage to other areas. For the
industry as a whole it seems clear that the omly way im 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 Reguirements 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 mecharical
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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TI'IOv 19.~ LABOR OUTPUT AND LABOR REQUIREMENTS IN SELECTED
BITUMIXOUS-COAL MINES IN PERIODS OF HAND AND
MECHANICAL LOADING, BY TYPE OF LOADER®

Number of men required
Tons produced per man-hour to maintain 1,000 tons
Number of hourly capacity
Type of loader of
1 Hend- |Mechanical- Hand- |Mechanical-
mines er g Percentage
loading loading |¥ loading loading
period period increase | period | period decrease
Beraper loaders® 5 0. 396 0. 895 75.5 2,525 1,438 43.0
Mobile loaders, total 39 . 738 1.118 51.8 1,359 896 34.1
Illinols and Indians a3 . 728 1.111 52.6 1,374 800 34.5
Illinois 17 . 748 1.120 49.7 1,337 893 83.2
Indians 18 » 870 1.087 e2.2 1,493 820 38.4
Montans 3 745 1.114 49.5 1,342 808 83.1
Wyomlng ] . 885 1.209 36.8 1,130 827 20.8
Duckbille® 5 <7 0.654 22.8 1,287 1,048 18.8
Pilt~car loaders, total 4 . 898 0.833 18.3 1,433 1, 200 18.3
Illinols 21 <701 0.842 20.1 1,427 1, 188 18.7
Indiana 13 « 685 0.787 14.9 1,460 1,271 12.9
Hand-loaded face

convewrl‘ 21 . 485 0.503 15.8 2,209 1,988 13.5

SComputed from duta of the U. S. Bureau of Mines. In genersl. mines were selected which showed that In 2 years ar more
78 percent ormore of total production had been loaded by one type of equipment. Figures for the mechanical-loading perilod
fepresent average performance of from £ Lo 4 years under mechanical loading ranging from 76 to 100 percent of Lotal mine
auwr.. The hm-ludln. period covered was angverage of 3 or4 years under representative hand-loading cond{tions. Mines
¢ould not, of ¢ included 1f there was no hand-loading period, 1. e., mines that opened up campletely mechanized
or farwhich ll,-u umcuu toget & representative hand-loading period were amirted., MNines were a1s0 omitted Lhat showed
maluuuu of inacorate reporting. In order toretain the same relative welghts of individusl mines under both mechanical-
and 14 m caditions so as to reflect the composite change In productivity unaffected by changes in Lhe relative
magnitude of production between the two periods, the average for each mine was weighted on the bas!ls of its relative sig-
nificence (as msasured by man-hours worked) during the period of mechanical loading covered.

°Ar-nnu- central and Wyomling.

Cuyoming.

G labams, srmnses, central Penneylvanis, Washingtoni, and WYORINg.

and of labor requirements in the same mines during a hand-
loading period. Selection of mines was made on a basis that is
believed to reveal representative performance. Table 19 shows
the results of this comparison.

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

Because of the exceptionally favorable conditions under which
scrapers have been installed, their effect on man-hour output
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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.

T@irty—tour mines using pit-car loaders reduced the number of
men required per 1,000 toms 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 conditions, 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 umit labor requirements uander
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 gemeral, the best combination of resource
factors was found in thosé States having thick coal, 1eve1 
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 conditioms which
used lower-powered eguipment. :

In Wyoming, where man-hour requirements ander 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 equipmeit 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 Jllinois and Indianra 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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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 1988

Aévance 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. Althoﬁgh both of them will be influenced
by numerous, unpredictable forces, careful study of current
situations 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 sitvation 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 curreat 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 5%7.3 percent in 1930 to y43.7 percent
in 1939. The southern Appalachian area, represented mainly by
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Table 20.- PERCENTAGE DISTRIBUTION OF BITUMINOUS COAL
MECBANICALLY LOADED, BY REGION, 1980 AND 1985-87°

Region 1930 | 1935 1938 | 1937
United States 100.0] 100.0 | 100.0 | 100.0
Middle West and Southwest 58.2 57.4 51.0| 44.4
Middle West (Ill., Ind.,
west Ky., Mo.,, and Iowa) 57.5 56.7 50.2 43.7
Southwest (Ark. and Okla.) 0.7 0.7 0.8 0.7
Appalachian - 25.9 23.8 31.9 | 40.0
Nothern (Pa., Ohio, and Md.) 18.3 17.2 16.8 18.4
Southern (W. Va., Va.,
east Ky., and Tenn.) 7.8 8.4 | 15.1| 21.8
Alabama 4.4 2.8 2.8 2.5
Rocky Mountain (Wyo., Mont.,
Wash., N, Dak., Colo., Utah,
and N, Mex.) 11.5 16.2 14.5 | 13.1

8pata computed for 1930 from F, G. Tryon, L. Mann, and H, O. Rogers, ®Coal,®
Nineral Resources of the United States: 1930 (U. S, Dept. Com., Bur. Mines, 1932),
Part 1I, sNonmetals,® p, 673; for 1935 from F, G, Tryon, L. Mann, and W. H. Young,
*Bituminous Coal,® Ninerals Yearbook, 1537 (U. S. Dept. Int., Bur, Mines, 1937),
p. 833: and for 1938 from Bituminous Coal Tadles, 1936~1937 (U. 8. Dept. Int.,
Nat. Bituminous Coal Com., 1938). In some cases speclal break-downs were required
to obtain sufficiently detailed figures, The data for 1937 represent preliminary
estimates of the National Bftuminous Coal Commission based on reports of State
Departments of Mines, operators, and sales of new equipments

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 mechamical loading
since 1935 has been in West Virginia where the tonnage loaded
by machine in 1937 was 7% times that for 1935; in contrast to
the 2 percent of its total output loaded by machine in 19353,
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 tonnage
approximately double that of 1935. Advances in these States
involved comparatively small tonnages, but Penmsylvania, which
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Table 21,- BITUMINOUS COAL MECEANICALLY LOADED AND PERCENTAGE
OF UNDERGROUND PRODUCTION, BY STATE, 1980 AND 19856-87%

Percent of
Nugber of tons underground production
State

. 1930 1035 1838 1837 1630 | 1935 | 1938 | 1937
United States 46.993.848D 47,177,224 | 88,978,872 | 83,500,000 | 10.5| 13.5 | 16.3 | 20.3
Alabama 2,058,052 1,303,853 1,741,452 2,100,000 | 13.4 | 15.4 | 14.3 | 18.9
Arkansas 244,818 292,084 522,411 550,000 | 16.6 | 26.8 | 33.3 | 84.2
Colorado 122,680 197,319 557,548 1,018,030 1.5 8.3 8.2 | 14.3
Illinois 22,848,555 | 20,513,082 | 26,110,068 | 28,344,362 | 48.0 | 55.3 | 62.4 | 70.7
Indiana 8,508, 1838 5,767,608 7,146,080 7,426,308 | 32.3 | 62.5 | 70.5 | 80.6
Iowa {c) 0 {c) (e) (e) o {e) | (e}
Kentucky 989,156 533,250 858,747 | 1,800,000 | 1.9| 1.3 | 1.4 ] 2.8

Eastern 417,631 102,820 918,164 n.a. 1.0 0.3 0.8 -

Western 571,525 430,930 840,563 n.a. 5.4 5.8 4.3 -
Maryland (e} (e) (e) (c} (e} | {e) [ (e) ] {e)

Missouri 109,088 (e} [} o 8.1] (e) o 0
Montana 1,114,705 1,291,373 1,464,121 1,431,000 | 57.0 | 80.8 | 83.2 | 79.2
New Mexico (e) (¢} (e} (c) {e) (e} (e) {c)

North Carolina 12,000 o} 0 0| 42.1 [+] o o
North Dakota o (e) {c} (ec) [¢] (c) (e} | te)
Ohio 1,487,000 1,488,303 2,049,075 3,204,102 7.0 7.8 9.5 114.4
Oklahoma (e} {c} (e) {e) (e) (e) | Le) (e}
Pennsylvania 7,084,908 8,469,485 9,033,855 | 11,951,639 5.7 7.2 8.3 } 10.9
Central 2,847,783 9,624,405 8,880,181 4,275,470 6.3 10.4 | 10.8 | 11.0
Western 4,187,143 2,845,080 5,108,874 7,678,189 5.4 5.1 7.2 | 10.8
Tennessee 58,2586 233,578 290,220 450,000 1.0 5.8 5.7 8.5
Utah 861,602 898,118 1,358,543 1,835,000 | 20.2 | 80.5 | 41.8 | 48.9
Virginla 864,891 651,807 779,292 1,500,000 7.9 8.7 8.7 |11.1
Washington 424,208 429,617 608, 488 838,000 | 18.4 | 27.6 | 93.8 | 41.7
West Virginia 2,228,401 2,059,922 8,712,935 | 15,490,863 1.8 2.1 7.4 1138.1
Northern 580,321 356,168 2,618,048 5,908,414 1.8 1.5 9.8 ]20.4
Southern 1,848,080 1,708,124 8,099,889 9,584,449 1.8 2.8 6.8 | 10.6
Wyomlng 2,864,688 4,530,092 5,180,268 5,300,000 | 47.7 | 89.8 | 92.2 { 92.1
Undistributed 187.084b 518,524 754,824 780,689 1.6 8.5 8.4 9.0

8For sources see table 20, ftn. a.

Drnis rigure differs siigntly from that shown in Nimeral Resources of the United States: 1880 {U. 8. Dept. Com.,
Bur, Minea, 1832) Uecause of revisions made during the present atudy.

®included In *Undstributed.
n.a. Data not avatladle.

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

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 57 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