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PREFACE

THERE are books on costs in all the important branches of
engineering except coal mining. The author has waited patiently
the advent of a similar work in his chosen field and none having
been forthecoming he has made bold to venture the effort himself.

Obviously a work of this character cannot be up-to-date as
to costs in dollars and cents because of the wide fluctuations in
the purchasing power of the dollar in labor, equipment and
material, particularlyv during the last five years. There has
been no hesitancy, therefore, in using data of a number of years
back so long as the subject discussed is still in general usc as
in the case of the comparative costs of wood and masonry brat-
tices, ete. The reader will have no difficulty in interpolating
the figures given to conform to current standards and to faeili-
tate this a table giving all the wage scales in the Central Com-
petitive District since 1898 has been given on page 158. Thus
if a certain piece of work required the services of three men
for a certain number of days, say a decade ago, it is a relatively
simple matter to estimate the cost in terms of prevailing wage
scales. Care has been exercised to give the year during which
the different examples cited occurred in order that this inter-
polation can readily be effected.

A great deal of valuable data of an abstract nature has been
obtained from the various State and Federal government reports
but in general it has been the endeavor to hold more to specific
costs. Thus the cost of haulage or the cost of doing a piece
of work under certain well defined conditions has been accepted
as of more value than the average cost of mining for a certain
district or the ecapital investment per ton of capacity, etc. In
other words it has been the aim to make the work essentially
practical.

Only a few of the best systems of mining have been discussed
but these, it is believed, have been covered in greater detail than
in works dealing with this subject alone. The reason for this

v
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is that unless full particulars concerning all phases of working
under any system are made clear beyond all peradventure the
cost figures are worthless.

To insure a thorough treatment of all subjects taken up it
was deemed advisable to limit the present volume to under-
ground costs alone. A great deal of valuable data on outside
costs has been assembled in the course of the present work and
it is thought the publication of this in a separate volume at a
later date will enhance the value of the completed work more
than if an attempt were made to straddle the two fields in the
present volume.

It is thought, if anything, the book errs on the side of con-
servatism ; old and tried methods only have been accepted, newer
systems and appliances, some of which are very promising at
this time, having been used with caution. As an example the
use of the underground loading machine or the combined mining
and loading machine has not become sufficiently genecral as yet
to justify the amount of space devoted to say, the mine motor
which is now an aceepted part of nearly every mining operation.

In concluding, the author wishes to make sincere acknowledg-
ment to the many friends who have furnished him with muech
valuable material and still more valuable suggestions and advice;
to the various engineering societies, the papers of which have
been quoted so freely throughout the book; to the large engineer-
ing companies, several of which in particular have been untiring
in their efforts to furnish certain special requests for material;
and to the technical press which has been drawn upon liberally.

A. T. SHURICK.

DEARBORN, MicH.
January, 1922,
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COAL MINING COSTS

SECTION I
MINING COSTS

The U. S. Census report for the year of 1909 shows that the
value of the Pennsylvania anthracite produced that year was
$148,957,894. The total gross expenses amounted to $139,110,-
444, from which should be deducted $4,864,844 made from
charges to miners for explosives, oil and blacksmithing, making
the net expenses $134,245,600.

The gross expenses are itemized as follows:

Services:
Salaries. ...........co i, $ 4,572,489
Wages. . .......oviiiiiiii, 92,169,906 $ 96,742,395
Supplies:
Fuel and power. .. ............ 3,189,279
Other supplies. . ............... 23,472,809 26,662,088
Royalties........................ 7,969,785
Miscellaneous.................... 7,736,176
Total gross expenses........ $139,110,444
Deductions. ..................... 4,864,844
Net expenses............... $134,245,600

The total production in 1909 amounted to 72,215,273 long
tons, so that the average value per ton for the output in that
year was $2.06 ; the average cost per ton was $1.86; and the net
returns on the operations for the year were $14,712,294, or an
average of 20c per ton. This at first glance looks like a fair
return, but attention must be called to the fact that the Census
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figures of cost make no allowance for interest on capital invested
or borrowed, and no offsctting charges for amortization or depre-
ciation.

According to the returns to the Bureau of the Census, the
entire capital invested in anthracite mining in 1909 was $246,-
700,000, which may appear rather inadequate when one considers
the magnitude of the industry, and an annual production of
$150,000,000 (in 1911 the output was valued at $175,189,392
and in 1912 it was $177,622,626), but these are the figures
reported by the (ensus Bureau. If on this capitalization an
allowance of 4 per cent be made for interest, ihe net returns
for the year amounted in round numbers to $4,844,000.

If new breakers and other equipment are charged into operat-
ing expenses no allowance need be made for depreciation, but
the exhaustion of from 75,000,000 to 80,000,000 tons from the
reserves every ycar should have some amortization charged
against it and if 5e. a ton be allowed the margin of $4,800,000
is practically wiped out.

The figures covering the cost and value of bituminous coal
show even more striking comparisons. There are some slight
differences in the statistics of production between the Census
figures and those published by the United States Geological
Survey for the recason that the Census investigations excluded
mines having a production of less than 1000 tons, whereas the
Survey includes every small country bank from which it can
secure a report. For 1909 the Survey showed a bituminous coal
production of 379,744,257 short tons valued at $405,486,777,
and the Census Bureau showed a production of 376,865,510 tons
valued at $401,577,477, the difference being about 3,000,000 tons
in quantity and $4,000,000 in value—less than 1 per cent in
cither case. As the Census figures for cost of mining arc the
basis of this discussion, the Census figure of production is also
used.

The total value of the bituminous production, as already
stated, was $401,577,477, and the mining expense of producing
this value, including salaries of officers, was $378,159,282. As
in the case of anthracite, the expenses of production do not
include any charges for depreciation, amortization, or interest
on capital invested or borrowed. The expenses are divided as
follows:
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Salaries. ......... ... . . .. $ 20,417,392
Wages. . ... 282,378,886
Supplies. ... ... ... ... .. ... 45,345,932
Royalties........... . ... .. .. .. . ... 12,035,900
Miscellancous. .. ........ ... ..., 17,961,172

Total .. .. ... . $378,159,282

From this it appears that 75 per cent of the total cost and
70 per cent of the total value was spent in wages. Salaried
officials got less than 5.5 per cent.

The total eapital invested in the bituminous coal mines of
the United States in 1909 was, according to the Census bulletin,
in round numbers $960,000,000 ($960,289,465), and this does not
appear as if there were very much over-valuation, whatever the
capitalization may be as represented by stock issue. The dif-
ference between the value of the product and the expense of
producing it was $23,440,000 in round numbers or a fraction
over 2.5 per cent on the capital.

According to the figures compiled by the Burcau of the
Census, the amount paid in wages was, in 1909, above 80 per
cent of the total selling value of coal at the mine mouth. From
1909 to 1913 there were two wage increases granted—one in
1910 of 5.55 per cent and another in 1912 of 5.26 per cent.
These increases brought the wage cost per ton of coal produced
to 92.44¢. in 1913.

In 1913 the average selling price of coal at the mines in
Illinois was $1.14 and in Indiana $1.11 per ton. This leaves a
margin of only 21.6c. in Illinois and 18.6c. in Indiana. Out
of this must be paid the eost of material used at the mines; the
cost of making sales; all officers’ salaries; gencral expenses;
insurance (liability, fire, storm, ete.); taxes (including tax on
plant and mineral rights) ; interest on the investment; deprecia-
tion of plant; royalties or charges for the exhaustion of coal.

The report of the Bureau of the Census for 1909 showed
that, without allowing for any interest charge on the investment
or for amortization of property, the so-called net returns in
Illinois and Indiana were only 3c. per ton in Illinois and less
than lec. per ton in Indiana.

The average royalty paid, however, in these two states on
coal recovered under lease is 5c. per ton, and the average present
valuation of coal land is such as to require a minimum amor-
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tization charge of 3c. per ton to recover such land value within
the period of the mine’s life. It will therefore be seen that in
even so good a year as 1913 an actual profit return was impos-
gible. As existing facts show, the industry sustained a sub-
stantial deficit in these two states.

The average valuc per ton of all the bituminous coal produced
in the United States was $1.07 and the costs averaged a fraction
of a cent over $1, so that the margin of profit to cover interest,
depreciation and amortization was a little less than 7c. a ton.
In some states the expenses exceeded the returns. Take Arkansas,
for instance, where the expenses totaled $3,630,526 and the value
of the product was $3,508,590. Other instances were:

Value of Product Expenses
Towa............... .. .. ... ..... $12,682,106 $12,816,076
Kentucky........................ 9,940,485 10,127,987
Tennessee. . ...................... 6,548,515 6,691,482
Oklahoma. .. ... ooooe, 6,185,078 6,536,441
Virginia. .. ....................... 4,336,185 4,392,440

Pennsylvania, by long odds the most important producer,
with an output of 137,300,000 tons, showed a total of cxpenses
of $117,440,000 and of value of $129,550,000 a balance on the
profit side of a little over $12,000,000, or about 3'/, per cent on
the capital invested, $358,600,000. The four competitive states,
West Virginia, Illinois, Ohio and Indiana, which rank second,
third, four and fifth, respectively, in producing importance, all
show such narrow margins betwcen income and outlay that
profits are infinitesimal, The figures follow:

Value of Product Expenses Ditference
West Virginia. . . ... $ 44,344,067 $ 43,024,716 $1,319,351
linois. ........... 53,030,545 51,697,504 1,333,041
Ohio.............. 27,353,663 27,153,497 200,166
Indiana........... 15,018,123 14,906,831 111,292

$139,746,398 $136,782,548 $2,963,850
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6 COAL MINING COSTS

These four states with an aggregate production of a little
more than the bituminous output of Pennsylvania, showed a
total of less than $3,000,000 as the excess of receipts over
expenses. The capital invested in the coal-mining industry in
these states was something over $310,000,000, so that the returns
on the capital were less than 1 per cent.

The United States Fuel Administration, organized during the
war emergency, was empowered to exact the most intimate details
as to operating costs and profits in the coal industry under
severe penalities for omissions or incorrect returns. The En-
gineers Committce of the Fuel Administration, headed by some
of our most prominent engineers and equipped with an excellent
organization for assembling and correlating this mass of material
compiled a report on general produetion costs unexeelled in the
history of the industry for its authenticity and accuracy.

The accompanying table is a summary showing reported and
adjusted costs, prices fixed and tounage for all the principal
districts to August 12, 1918. The diagram Fig. 1 shows these,
in general, before the labor increase of November, 1917, com-
pensated for by the 45¢. gencral advance in coal prices, giving
the average costs, “‘bulk lines,”” and prices fixed for practically
all districts in the country as of August and September, 1917,
and covers about 95 per cent of the total output of bituminous
coal for the period stated.

The costs for cach distriet in the proportion of its output
to the total tonnage studied are shown in heavy lines, the ‘‘bulk
lines’’ are shown by medium lines, and the prices fixed are
indicated by light lines. The diagram also shows the weighted
average costs, ‘‘bulk lines,”’ and prices fixed for the tonnage
included, and effectively disposes of the widely circulated asper-
sions of profitcering, of which the industry was so freely accused
by people having no knowledge of the facts or willfully misrep-
resenting them,

Diagram Fig. 2 shows the same data for the principal dis-
tricts for the full year 1918, giving, however, only reported
costs and prices fixed, the prices having been fixed on the August-
September, 1917, data, and changed only by the 45c. allowed
November 1, 1917, to compensate for the labor increase of that
date, reduced May 24, 1918, to 35c. in consideration of equal
car distribution ordered at that time.
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The weighted average margin between costs and prices for
practically the entire bituminous eoal production of the country
was but 45.6¢c., and between the ‘“‘bulk line,”’ which represents
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the higher-cost necessary coal and the price fixed by the Fuel
Administrator, was but 26c.

As it is known that the capital invested per ton of yearly
output in bituminous mines ranges from $2 to nearly $8, interest
on which is included with other mines in the ‘‘margin’’ not
included in the charted costs, it is evident that taking the

previous to November, 1917.
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MINING COSTS 13

industry as a whole no excessive price allowances were given.
If prices had been fixed at a point high enough to even cover
the highest costs reported in cach district, the result would have
been to add over a billion dollars to the price paid for coal,

"o, ¥ie 190D

& ;:
L

UNITED STATES FUEL ADMINISTRATION

F1c. 2.—Reported costs and prices fixed by the Fuel Administration for all bituminous districts

o, v in)

with probable labor disturbances, in an effort to obtain some of
the abnormal profits which would have gone to the great majority
of the tonnage, 50 serious as to have probably decreased rather
than increased the tonnage, which was in fact ample for all
the needs of the country.

for the year 1918.
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The prices fixed from this complete investigation of costs
have shown in many cases a remarkable compliance with eco-
nomic laws. For instance, in Illinois the cost of coal from the
different price districts delivered in Chicago was found to be
practically identical, showing that the mining of the higher-
cost coal is due to its proximity to the principal market and
the lower resulting transportation costs. High-grade coal shipped
by lake and rail to Minneapolis was found to cost precisely the
same per heat unit as a lower-grade coal shipped a much less
distance all rail.

Anthracite prices as fixed by the President Aug. 23, 1917,
with an adjustment for the labor increasec of Dec. 1, 1917,
were the subject of an intensive study by the committee im-
mediately after the first charting of bituminous costs was com-
pleted.

A technical paper giving the methods adopted and the results
of this analysis was presented before the American Institute of
Mining Engineers, February, 1919, and the following is
abstracted from this paper:

The "adjustments of cost from a reported to a price-fixing basis, as
deseribed for the bituminous methods, were applied but showed only minor
adjustments as necessary.

The great spread in anthracite prices on the varying sizes, which for
the 6-month period under review ranged in average from $5.244 for nut
to $2.074 for barley coal, makes tho question of the percentage of sizes
produced at the different collieries a vital one. The realization with the
same prices for each size must be within very wide limits, when it is
considered that the percentage of prepared coal reported from different
collieries varied from over 80 per cent to below 30 per cent for fresh-mined
coal. Hence, as the spread in prices for the various sizes must be predi-
cated on some percentage, it is essential to find some method of adjustment
to allow for this variation. The logical mothod of adjustment is to
calculate actual costs to costs as of the standard percentage of sizes, so
that the margin between the adjusted costs and the average realization
shall be the actual margin for each colliery between its actual costs and
actual realization due to its particular percentage of sizes. As a base for
realization the actual percentage of sizes for fresh-mined coal for the
6 month period was adopted. This percentage is given in the following
table. :
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PERCENTAGE OF Si1zE OF FRESH-MINED CoAL
MEesH, IN INCHES PERCENTAGE oF SIZES
Size of Coal Through Over Frosh-
: Fresh- .
. Washery | mined and
. mined Wash
- Found Round ashery

Broken......... 4} |33 3% 6.8 0.4 6.2
Egg............ 33 31 2% 2% 14.6 1.2 13.5
Stove.......... 248 2% |13 13 19.6 2.3 18.2
Nat........... 13 1} F 24.7 10.1 23.5
Pea............ 3 3 9.1 10.0 9.2
Buckwheat. . ... 3 &5 3 11.6 21.4 12.4
Rice........... % i % 5 3.2 14.9 4.2
Barley......... % Bl HF &% 4.9 27.5 6.8
Boiler.......... % % &% % 3.9 8.8 4.3
Screenings. . . ... & i 1.6 3.4 1.7

For adjustment as a base for fixing a spread of prices the percentages
used were, taken at even figures, prepared 65 per cent, pea 9 per cent,
buckwheat 12 per cent, and smaller 14 per cent.

The adjustment finally arrived at after long study was tested on actual
reports from collierics having percentages that varied from over 80 per
cent to under 30 per cent prepared coal and was found to be correct within
a maximum variation of less than 114 per cent. It was as follows:

Above Standard, | Below Standard,
For Each 1 Per Cent Variation Per Cent Per Cent
Deduction Addition
Prepared.................. i 1.20 1.20
PO ... 0.85 0.85
Buckwheat. ........................ 0.75 0.75
Smaller. ... .. 0.50 0.50

]

As examplés of the working of this adjustment with prices assumed
at about the average for the 6 months and taking mines well away from
average percentage of sizes, the following may be cited:
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Bage Mine Correc- Mine Correc-
. . A . Actuall B . .
. Sizes, | Base | Reali- | . tion, i . tion, Reali-
Size . . Sizes, Reali-| Sizes, .
Per | Price | zation Per . P Per zation
Cent Per Cent zation) Per Cent
Cent Cent

Prepared......... 65 [$5.10 ($3.315| 73.1 | —9.72 |$3.730 55.1 |+11.880($2.810
Pea............ .. 9 3.70 | 0.333} 6.4 | +2 21} 0.237) 15.3 |— 5.355] 0.566
Buckwheat. ...... 12 3.20 | 0.384| 10.4 | +1.20 | 0.333| 13.7 |- 1.275| 0.438
Smaller. .. ....... 14 2.20 | 0308 10.1 | +1.95 | 0.222{ 15.9 |— 0.950 0.350
Total. ..... 1¢0 .... |$4.340/100.0 | —4.36 |84 522{100.0 |+ 4.30 |$4.164
Assume cost for eachmine.......................... $4.000 $4.000
Actual margin. .. ..........u it itiierenreneerannn 0.522 0.164
Standard realization. ... .......... ... oo, $4.340 $4.340

Calculated cost as of standard per cent sizes,
$4X0.95649, = ,3.826 $4X104.309, = 4.172

Calculated margin...............0viiniiinienann, $0.514 $0.168

The correction for mine A is then —4.36 per cent and the adjusted
cost $3.826, showing 51.4c. margin on the $4.34 standard realization against
52.2c. actual margin. Similarly, for mine B, the correction is +4.30 per
cent, giving an adjusted cost of $4.172 and a margin of 16.8¢. as compared
with the actual margin of 16.4c. Thus the adjustecd costs on the chart
bear a true relation to the realization received from a scale of prices for
the various sizes based on the standard or average percentage of sizes
adopted as a base, regardless of the actual percentage of sizes produced
by each operation, and prices can be fixed from the chart line of adjusted
costs which will result in giving each mine its intended margin. The
correction, of course, is an allocation based on realization from the different
sizes and could be made more accurately by taking into account cach size
produced, but at the cost of more time than was available for the work.
With a material variation in price, different factors of correction should be
calculated.

A large percentage of the anthracite coal is owned in fee by operators,
who also lease tracts contiguous to their fee holdings. As all report royal-
ties on the basis of tonnage produced, the general average 15.5¢. per ton
reported is misleading. The actual average royalty reported by operators
mining generally from leased lands was 33.25c. and by those generally
mining from fee lands, 5.5c. As relatively few operators mine exclusively
from either class of lands, no data are available to show the actual average
royalties paid, but it is believed that the present average would be approxi-
mately 40c. per ton.

A few leases, notably those made by the trustees of the Girard estate,
owned by the city of Philadelphia, base the royalty payments on a per-
centage of the sale price of the coal at the mines instead of requiring
fixed royalties. This percentage varies from 15 per cent to as high as 28
per cent of the price. As the labor war bonuses materially add to the sale
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price, these have resulted in excessive royalties and serious embarrassment
to the operators, who were not allowed to increase the price of coal suffi-
ciently to even fully absorb this additional labor cost and by whom the
extra royalties must be paid out of already narrow margins.

Cost charts were made from averages of the 6 months, showing both
the reported and the adjusted costs for standard fresh-mined white ash
anthracite, both hy collierics and bty operating companies. As, in the

. prices fixed by the President Aug. 23, 1917, a differential of 75¢. per ton
on pea size and above, equivalent to 52.95c. per ton on all sizes, was
established for the independent operators over certain companies with rail-
road affiliation, generally known as the ‘‘companies.’’

AVERAGE AND BurLk LiNE Costs oF WHITE Asa CoaL

Costs, Costs Cost,
Deseription Averages . ' |80 Per Cent
Adjusted A
Returned Bulk Line
Excluding washery coal:
All operations, each colliery separate.............. $3.85 $3.91 $4.80
All company operations, cach colliery separate. ... .. 3.71 3.79 4.65
All independent operations, each colliery separate. . . 4.37 4.36 4.97
All operations, each company operating two or more
collieries consolidated. .........cooiiiiint 3.85 3.91 4.38
Including washery coal:
All operations, each company operating two or more
collieries consolidated . . ....................... 3.57 3.77 4.36
AvERAGE PricEs Receivep ror WHITE Asu CoAL
FRESH-MINED BANK ToTAL, INCLUDING
CoaL CoaL Banks
Size
Per (Average| Per |Average| Per Average
Cent Price Cent Price Cent Price
Broken.............oiviin 6.8 $4.889 0.4 $4.416 6.2 $4.886
Egg....... e e 14.6 5.028 1.2 4.815 13.5 5.027
BLOVEe. . ..ot s 19.6 5.161 2.3 5.060 | 18.2 5.160
Nut......oooviiiininin 24.7 5.244 10.1 5.246 23.5 5.244
Pea......cooviii v 9.1 3.687 10.0 3.696 9.2 3.608
Total and weighted average,
prepared and pea........| 74.8 $4.959 24.0 $4.544 70.6 $4.947
Buckwheat . .. .............t 11.6 | $3.342 | 21.4 |$3.213| 12.4 | $3.324
Rice......oovvviin viviininn 3.2 2.482 |+ 14.9 2.452 4.2 2.473
Barley........ccl v voniiinn 4.9 2.231 27.5 1.767 6.8 2.074
Boiler..o. oo 3.9 2.341 8.8 2.123 4.3 2.304
Soreenings..........o..0iuit 1.8 2.202 3.4 1.555 1.7 2.162
Total and weighted average,
smell sizes, . ... ... ... 25.2 $2.795 76.0 $2.339 29 .4 $2.697
Grand total............... 100.0 $4.414 | 100.0 $2.868 | 100.0 $4.285
i
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The prices received by the companies and independents have not been
separately averaged, but, calculating on the differential and assuming the
percentages the same for companies and independents which is only approxi-
mately the case, the selling price of fresh-mined coal would average for
companies $4.287, and for independents, $4.817. Margins over reported

—
Calinaiit Lobor Sroreles Codl of Nbw. | 88
Perraytsanis Arihrache Rugion
e e
DEC, X7 vo MAY, 2i8ga]
+ Compliag Srom reports of opeetons fled with
Feosnai TRAOR Cosmnsmon
w

F1a. 3—Calculated increase in the cost of anthracite after the second War Bonus,

costs of companies would be 58¢c., and for independents 45c., with a general
averago margin for all fresh-mined coal of 56c., and for all coal, including
washery, of 7lc. per ton, and under ‘‘bulk line’’ costs, fresh-mined com-
panies, 36¢.; independents, 15c¢.; total, 39c., including washeries consolidated
sheets total of 7.5c.

These margins include all expenditures for Federal income and excess-

November 1, 1918.
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profit taxes, selling expenses, interest charges, expenditures for improve-
ments and developments to increase output, excess of capital expenditures
over normal cost, and all profit on the investment of about $8 per ton
annual output. )

Effective Deec. 1, 1917, a labor war bonus, ranging from 60c. to $1.10
per day for labor and 25 per cent for contract miners was granted over
and above the wag:. scales cffective by agrecment Apr. 1, 1916, expiring
Apr. 1, 1920, and the prices fixed Aug. 23, 1917, and modified Oect. 1,
1917, by reducing pea coal 6Uc. per ton, were increased by 35c. per ton
to compensate for this labor increase. The actual reported increase in
labor costs due to this advance was figured by the Federal Trade Commission
from the operators’ reports to be 60.3c. From the actual pay-roll figures
Igter obtained by the United States Fuel Administration, this increase
was found to be 76.3¢c. per ton.

Effective Nov. 1, 1918, a second labor war bonus was granted. The
caleulated increase in cost due to this is shown in Fig. 3, on which the
inereases for each operator are found by figuring from the pay rolls for
the 6 months the actual increase in pay which would have been given,
applying the Nov. 1, 1918, increases, and dividing by the 6 months’ tonnage
of the colliery. This line, adjusted to per cent of sizes, and compared
with the adjusted cost, shows an incrcase in cost of 74.1c. As this was
necessarily applied to the preparcd and pea sizes, 70.6 per cent of the
total, the incrcase on those sizes was $1.05 per ton, which increase was
allowed to balance the increased cost of labor.

Except for the two increases to compensate for labor increases just
noted and the reduction Oct. 1, 1917, of the pea coal price, the anthracite
prices are as fixed by the President on Aug. 23, 1917. The present realiza-
tion, all companies and all sizes, including washery coal and both the labor
increases, is caleulated to average $5.13 per ton, while the bulk line of the
chart shown in Fig. 3, plus the Nov., 1918, labor increase, would be
$5.32.

The capital invested per ton output in the larger and better equipped
collierics ranges from $5 to $11, with an average investment of from $7.50
to $8.

Prices FixeEp BY THE PRESIDENT, AucusT 23, 1917

WHITE AsH Rep Asun LYKENS VALLEY

Com- | Inde- Com- | Inde- Com- | Inde-
pany |pendent| pany®|pendent| pany |pendent

Broken...........| $4.55 | $5.30 | $4.75 | $5.50 | $5.00 | $5.75
Egg....oooovvinn 4.45 5.20 4.65 5.40 4.90 5.65
Stove..... R I () 5.45 4.90 5.65 5.30 6.05
Chestnut.........| 4.80 5.55 4.90 5.65 5.30 6.056

4.10 4.85 4.35 5.10

Pea........... ... 4.00 4.75
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Fixep Prices, DecEmMBER 31, 1918

WHITE AsH RED AsH LyYkENs VALLEY
Com- Inde- Com- | Inde- Com- Inde-

pany |pendent| pany |pendent| pany |pendent
Broken........... $5.95 | $6.70 | $6.15 | $6.90 | $6.40 | $7.15
Egg............. 5.85 6.60 6.05 6.80 6.30 7.05
Stove............ 6.10 6 85 6.30 7.05 6.70 7.45
Chestnut. ........ 6.20 6.95 6.30 7.05 6.70 7.45
Pea.............. 4.80 5.55 4.90 5.75 5.15 5.90

The prices fixed by the President, Aug. 23, 1917, are given in the

accompanying table.

No price was fixed on sizes smaller than pea, which

was decreased 60c. per ton Oct. 1, 1917. There ‘was a general increase of

35¢. per ton Dee. 1, 1917, and one of $1.05 per ton Nov. 1, 1918.

Sizes

smaller than pea were limited to a maximum 50c. per ton below pea coal

by order of Nov. 15, 1918.

AvVERAGE Cost PER ToN, DECEMBER, 1917, To May, 1918

Fresh- | Washery Total, In-
. . cluding

mined coal, |Operations, Washeries

35,%56,550 3431916 | oo see

ons Tons

Tons
Labor...... oot $2.593 $0.687 $2.423
Supplies............oo il 0.616 0.260 0.584
Transportation, mine to breaker........ 0.004 0.007 0.004
Royalty, current. . ................... 0.153 0.102 0.148
Royalty, advance..................... 0.002 | ...... 0.002
Depletion..................ccovivinn 0.099 0.077 0.097
Amortization of cost of leasehold. 0.014 0.024 0.016
Depreciation......................... 0.091 0.86 0.090
Pro rata suspended cost of stripping. . .. 0.023 | ...... 0.021
Contract stripping and loading......... 0.009 | ...... 0.009
Taxes, local.......................... 0.054 0.034 0.052
Insurance, current.................... 0.016 0.014 0.016
Insurance, liability. . ................. 0.058 0.018 0.055
Officers’ salaries and expenses. ......... 0.030 0.019 0.029
Office salaries and expenses. ........... 0.048. 0.024 0.045
Legal expenses. . ...........ccovvunnnns 0.005 0.003 0.005
Miscellaneous. .. ... 0.026 0.023 0.026
Total.......covcvivinneeninnnn $3.841 $1.378 $3.622
Increase over May to November, 1917. . 0.764 0.365 0.719
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The present fixed prices Dee. 31, 1918, per ton of 2240 lus. f.o.b.
mines, are given in the accompanying table. Smaller than pea is not to
be sold within 50c. of maximum pea-coal price. Thus the seclling price
of anthracite has been increased but 30.5 per cent over the pre-war price,
while the cost of production has gone up 52 per cent, the difference having
been absorbed by the operators.

The average cost s reported for the six months, Dec., 1917, to May,
1918, inclusive, prior to the increase of Nov. 1, 1918, but including that
of Dee. 1, 1917, is griven in the accompanying table.

Chief amung the factors eausing fluctuations in mining costs
are the changes in wage scales and the tonnage produced. The
labor cost per ton forms 70 to 80 per cent of the total f.o.b.
mine cost. In T3 mining districts for which detailed statisties
for 1918 were published by the Federal Trade Commission the
distribution was as follows:

Per Cent of f.0.b. Number 1918 Per Cent of
Mine Cost that of Production, Total
goes to Labor Districts Tons Tonnage
60 to 64 1 247,000
65 to 69 10 175,880,000 35
70 to 74 33 158,877,000 32
75 to 79 18 129,913,000 26
80 to 84 11 32,502,000 7
Totals. . .... 73 497,419,000 100

It will be noted that the difference between the labor cost
proportions from district to district are much less than between
the total costs themselves, which, excluding lignite, ranged from
$1.62 per ton in a West Virginia field to $4.45 in an Arkansas
field.

The principal reasons for the difference in cost of the various
fields are the physical conditions under which mining must be
carried on, chief of which is the thickness of seam and the extent
of the use of niodern machinery for mining and transporting
coal to the mouth of the mine, as compared with the old fashioned
pick mining and mule haulage. It is a mistake, however, to
try to measure the advantage one district has over another by
a direct comparison of labor or even total f.o.b. mine costs.
Allowance must be made for the much heavier investment neces-
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sary in the fields where machinery is used to cut down the
manual labor for mining and transporting the coal.

Nor does it necessarily follow in a given field that the thicker
the seam, the lower will be cither the labor cost or the total
f.0.b. mine cost per ton. The analyses of cost by thickness of
seam mined shown in the Federal Trade Commission reports
indicate that after a certain thickness of seam is reached—in
most distriets between five and six feet—the mining of thicker
seams involves higher costs. In other words both labor and total
f.0.b. mine costs per ton in a given field are likely to decrease
as the thickness of seam increases from two feet up to between
five and six feet, and then to rise as the thickness increases
still further. Apparently in such cases it is the greater amount
of labor and supplies required in timbering the thicker seams
which increases the costs. '

‘Wage scales for each field are fixed with relation to the par-
ticular mining conditions of the ficld. Common or uniform
increases in existing wage scales, however, have widely different
results in their effect on the per ton labor costs of the different
fields. Thus it was that the wage incrcase granted in November,
1917, for which a uniform price increase of 45¢. per ton was
allowed, increased the cost about 28c. per ton in the Illinois
mines of F. S. Peabody, according to his testimony before Senator
Reed’s committee. On the other hand, it has been found that
this wage increase in some other fields increased the labor cost
as much as 70c. per ton.

The second important factor in causing changes in the per
ton cost is the fluctuation in the tonnage produced. Obviously
the greater the divisor, the less per ton will be the regular
upkeep expenses—whether in supplies or in general overhead
charges. But also the proportion of so-called ‘‘non-productive’’
labor employed in the mine is so large with relation to the labor
paid on a per ton basis that an increase in the production will
often materially decrease the total labor cost. In fact the increase
in production may be so great as to obscure, for a time, the
direct effect of an increased wage scale.

There is little authentic information available as to costs prior
t0 1916. There is reason to believe that for the period immediately
preceding the war, while costs had been gradually increasing
(disregarding the effect of fluctuations in production), there was
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no sudden jump, the increase taking place in the wages from
time to time having been relatively small as compared to total
cost. The 1916 costs, therefore, can be regarded as high water
mark for a number of years previous. The experience of the
anthracite field, where published labor costs are available as
far back as 1913, supports this conclusion. There labor costs
on fresh-mined coal of operators who produced about 60,000,000
tons annually: were $1.62 per gross ton in 1913, $1.62 in 1914,
$1.63 in 1915 and $1.75 in 1916,
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Fig. 4—Production costs in Southwestern Pennsylvania for the years
1916 to 1920.

The accompanying charts, Figs. 4 to 9, inclusive, for all of
the principal producing fields in the United States—these fields
produced about 275,000,000 tons in 1918—show the rapid rise
of costs since 1916 and also give some measure of the distribution
of costs. The figures for 1916-1918 are taken from the Federal
Trade Commission reports, those for 1919 and 1920 from the
reports made by operators to the National Coal Association, and
tabulated by the Senate Committee on Reconstruction (‘‘Calder
committee’’). The allocation of these costs to labor, supplies
and general cxpense for January-June, 1920, has been compared
on the basis of the distribution shown in the Federal Trade Com-
mission bulletins which covered the first half of 1920. The
fields or districts are those established by the Engineer Committee
of the Fuel Administration, and are defined as follows:
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(1) Southwest Ficld, Pennsylvania: The counties of Allegheny, West-
moreland, Fayette, Greene and Washington, in the State of Pennsylvania,
except (1) that portion of Allegheny County from tho lower end of Taren-
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Fig. 5—~Production costs in the Indiana district for the years 1916 to 1920,
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F1a. 6.—Production costs in the Illinois No. 6 district for the years 1916 to 1920

tum Borough north of the county line; (2) the territory in Westmoreland
County from a point opposite the lower end of Tarentum Borough, north
along the Allegheny River to the Kiskiminitas River, along the Kiskiminitas
River eastward to the Comemaugh River, and continuing along the Cone-
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maugh River to the county line of Cambria County; (3) operations on
Indian Creek in Westmoreland County; and (4) operations in the Ohio
Pyle district of Fayette County. See Fig. 4.
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Fic. 7.—Production costs in the Ohio No. 8 district for the years
1916 to 1920.
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Fia. 8 —Production costs in the Pocahontas Field for the years
1916 to 1920.

(2) Central Field, Pennsylvania: The counties of Tioga, Lycoming,
Clinton, Center, Huntingdon, Bedford, Cameron, Elk, Clearfield, Cambria,
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Blair, Somerset, Jefferson, Indiana, Clarion, Armstrong, Butler, Mercer,
Lawrence and Beaver, and operations in Allegheny County from the lower
end of Tarentum Borough north to the county line, and in Westmorcland
County from a point opposite the lower end of Tarentum Borough north
along the Allegheny River to the Kiskiminitas River and along the Kiski-
minitas River eastward to the county line of Cambria County, operations on
the Baltimore & Ohio R.R. from the Somerset County line to and including
Indian Creek and the Indian Creck Valley branch of the Baltimore & Ohio
R.R. See Fig. 9.

(3) Pocahontas Field, West Virginia: Operations on the Norfolk &
Western Ry. and branches west of Graham, Va., to Weleh, W. Va,, including
Newhall, Berwind, Canebrake, Hartwell and Beech Fork branches; also
operations on the Virginian R.R. and branches, west of Rock to Herndon,
W. Va. Sec Fig. 8.
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Fia. 9.—Production costs in the Central Pennsylvanis district for
the years 1916 to 1920.

(4) District No. 8,"Ohio: The County of Monroc, the County of Bel-
mont, except the township of Warren and operations in the 8-A vein in
Flushing and Union Townships, the County of Harrison except the town-
ships of Monroe, Franklin, Washington and Freeport, and the County of
Jefferson except the townships of Brush Creek, Saline, Ross, Knox and
Springfield. See Fig. 7.

(5) Bituminous Field, Indiana: Coal mined in the State of Indiana
other than Brazil Block coal. See Fig. 5.

(6) District No. 6, Illinois: Including Marion, Jefferson, Iranklin,
Williamson, Johnson, Hamilton, Saline, White, Gallatin, and mines along
the main line of the Illinois Central R.R. between Vandalia and Carbondale
in Clinton, Washington, Perry and Jackson Counties. See Fig. 6.
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The charts show clearly what has happened to costs since
1916 in some of the principal fields of the United States. The
increases in these ficlds, based on the 1916 cost, are as follows:

Costs pER NET TON

(Federal Tvde Commission Figures Used Exclusively)

PENNSYLVANIA WEST VIRGINIA
-
Southwest Central Pocahontas New River
| F.0.b F.o.b. F.o.b. F.o.b.
Labu, ' Mino Labor Mine Labor Mine Labor Mine
1916 (base)....... .1 0.82 | 81.10 | $0.92 | $1.32 | $0.56 | $0.87 | $0.74 | $1.00
Jan.~March, 1920...| 1.50 [ 2.13 1.97 [ 2.56 1.31 1.89 1.79 2.44
April-June, 1920.. 1.88 ' 2,62 2.17 | 2.82 1.51 2.11 1.8 | 2.39
Per CENT oF INCREASES OVER 1016
Jan,~March, 1920 .. 84 179 104 94 138 118 142 124
April-June, 1920... 130 120 136 114 175 143 150 120
Costs rer NET ToN
Onio INDIANA ILviNos
No. 1 No. 8 Bituminous No. 3 No. 6
F.0.b. F.o.b. F.o.b. F.o.b. F.o0.b.
Labor Mine Labor Mine Labor Mine Labor Mine Labor| Mine
1916 (basge). ... [$0.84 ($1.17 |80.78 |$1 02 [$0.87*/§1.00 [80.807($1.101(8$0.86*$1.07*
Jan.~Mar., 1920] 1.65 | 2.27 | 1.564 | 2.14 | 1.63 | 2.00 | 1.57 | 1.96 [ 1.63 | 1.98
Apr.~June, 1920 1.64 | 2,00 | 1.79 | 2.47 | 1.904 | 2.41 [ 1.77 | 2.21 | 1.85 | 2.29
Prr CENT oF INCREARES OVER 1916
Jan,—Mar., 1920 97 94 97 110 87 83 77 7R 89 856
Apr.-June, 1920| 96 78 130 142 123 121 100 101 115 114

* April-December, 1916.
1 July-December, 1916,

In the foregoing table the 1920 figures, while not strictly
comparable because not obtained from the same operators as the
1916 figures, arc probably representative enough to show in a
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general way the change in conditions since 1916. If the Septem-
ber, 1920, total cost figures of the Calder committee be compared
with the 1916 total f.o.b. mine cost, the increases shown would
be yet more marked, as the effect of the wage increase late in
the summer of 1920 was to increase costs. Such increase, how-
ever, cannot be as exactly measured because the 1916 figures
are ‘‘revised’’ costs and exclude selling expense, while the 1920
figures are ‘‘reported’’ costs, and include selling expense, ete.

As the events of the past few years have shown, labor in
coal mines, just as on railrcads, holds the strategic advantage
of being able to tie up the whole country through an effective
strike, it is not likcly that costs will be materially lessened
through any immediate reduction of wages. On the other hand,
the necessary writing off of some of the heavy investment charges
caused by high cost development during the past few years, in
order to get the investment down to present day values, will in
mauny cases increase the overhecad charges.

Method of computing tax returns.—The intent of the law,
according to an article on this subject in Black Diamond, is
clearly that the cost of the coal in the ground shall be considered
as part of the cost of the same coal when removed and sold. The
regulations fail to carry out that intent, because of the unwar-
ranted assumption that all the tons of coal in the mine cost the
same amount per ton. This is what gives the Treasury Depart-
ment’s method its simplicity, but at the same time robs it of
its reasonableness, because the assumption is contrary to fact.

It is self-cvident that a ton of coal near the surface or exposed
by present workings is worth much more than a ton buried far
down in the earth that cannot be removed for many years. If
no improvements in mining methods were expected, the value of
deeply buried coal would be further reduced by the greater
expense that would be required to bring it to the surface. There
is a possibility, of course, that improvements in methods may
keep pace with the difficulties encountered in the majority of
cases. .

But whether or not inventions may be expected to offset in
some measure the increasing difficulties of greater depth, there
is nothing to compensate for the time element. And the time
element is always an important factor. No extensive deposit,
whether coal or ore or other minerals, can be mined in a day
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or a year. Almost invariably before a deal in mining properties
is consummated the purchaser has, through the aid of specialists,
made exhaustive studies as to the extent and quality of the
deposit, and the most cconomical methods of its exploitation.

It would not be economical to mine onc ton a year, and it
would ordinarily he impossible to mine the whole deposit in a
year. But a plan is adopted between these extremes usually
based on the annual production of a certain definite quantity,
and the equipment and machinery to be provided in order to
maintain that output is elaborated. Ordinarily the purchaser
not only has these plans, but has conerete evidence of them that
would convinee any fair-minded and disinterested person that
in purchasing the property the price he was willing to pay was
based upon these engineering reports. And in arriving at that
price he always does, cither mathematically or intuitively, take
into consideration the time that must elapse before his invest-
ment can be realized in cash hy operations.

Let us suppose that the mine is known to contain 1,000,000
tons of coal, and that the plans call for the mining of 20,000
tons per annum, indicating a life of 50 yr. for the mine, and
that with these facts in mind the coal lands are purchased for
$100,000. This is the cost of the entire deposit. It indicates
the average cost per ton is 10c., but although the average is 10e.,
that figure does not apply to the tons near the mouth nor to
those deeply buried.

To determine the cost of the several tons let us indicatc by
V the value of a ton exposed and minable to-day, and assume
an interest rate of 6 per cent, and, to avoid unnecessary intrica-
cies of computation, let us further assume that each year’s
production comes at the end of the year.

The cost of the coal to be mined the first yecar would be

o[ 4]

The cost of the coal to be mined the second year would be
Y
20 OOOV{ . 06)2]
The cost of the coal to be mined the third year would be

20, OOOV[ ete.

(1. 06)3}
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The sum of this series for 50 terms constitutes the cost of the
entire deposit. Therefore:

1,1 1

It is at once seen that the series in the bracket is equivalent
to the present value of an annuity of $1 for 50-yr. at 6 per
cent, which is readily computed at $15.761. Our equation is
therefore reduced to:

$100,000= 20,000V (15.761).

Solving for V, we find that the cost of one ton minable to-day

is 31.72¢.
From this the cost of the 20,000 tons to be mined each yecar may

be computed as follows:

Cost Cost of
Tonnage per Ton 20,000 Tons
1st 20,000 tons $0.3172+ 1.06 =$0.2992 $5984
2nd 20,000 tons .3172+(1.06)2 = 0.2823 5646
3rd 20,000 tons .3172+(1.06)% = 0.2865 5326
4th 20,000 tons .3172-+(1.06)4 0.2512 5024
5th 20,000 tons .3172-+(1.06)® = 0.2370 4740
10th 20,000 tons .3172-+(1.06)°= 0.1772 3544
15th 20,000 rons  .3172-+(1.006)"= 0.1324 2648
20th 20,000 tons 3172 -+(1.06)*°= (.09897 1979
30th 20,000 tons .3172-+(1.06)% = 0.05528 1106
40th 20,000 tons .3172+(1.06)%= (.03088 618
50th 20,000 tons .3172+(1.06)*= 0.01725 345

I I T |

If this table were filled in complete for the 50 yr. the last
column would total up to $100,000, which is the cost of the
entire deposit.

If an interest rate of 8 per cent were adopted the cost of a
ton minable to-day would be 40.87c¢., and the cost of the respect-
ive groups of 20,000 tons would range from 37.84 to 0.871c. per
ton.

Other properties besides mines are acquired for lump sums,
and it is conceded in those cases that the purchaser has the right
and the duty to analyze his cost and set up in separate accounts
a fair apportionment of it. Thus a taxpayer may buy for a lump
sum a going store with all the assets and liabilities attached to
it. He is expected to apportion this cost and set up separately
in his books, the land, buildings, furniture, merchandise, accounts
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receivable, good will, accounts payable, ete. The apportionment
must be fair, and the net total must agree with the aggregate
cost.

As another example a merchant buys a shipment of wmiscel-
laneous hides for a lump sum. He then sorts them into numerous
grades. The best hides may be worth many times as much as
the poorest ones. He is expected to apportion the cost on the
basis of quality and value. The apportionment must be fair and
the total of the costs thus allocated to the several grades must
agree with the aggregate cost. If the hide merchant sold all
the poorer grades, but had the best hides on inventory at the
end of the year, ar? priced them at the average cost, there is
little doubt but that the Treasury Department would compel
him to use a higher figure and would assess an additional tax.

With the mining company the situation is reversed. In the
nature of its operations it mines and sells first the most accessible
coal—the coal that really cost it most—and is then asked to
carry the less accessible coal on its balance sheet at the average
cost. The law permits a reasonable allowance for depletion, and
any mining company that makes a rcasonable and fair appor-
tionment of the cost of its mineral deposits should be accorded
the same fair treatment that is accorded to the merchant of
hides.

Comparison of costs and distribution of revenue of German
and Middlewestern mines.—A study of mining costs and the
distribution of revenue at the mines of the Westphalian Syndi-
cate in Germany as compared with the mines of Illinois and
Indiana throws some interesting light on these questions.

The mine operators of the Westphalian district in Germany
suffered from severe competition resulting from overproduction,
and various efforts were made to find relief as early as 1850.
Price agreements, which were forbidden by the German law,
were disregarded, notwithstanding the heavy penalties imposed
for violations. Finally in 1885 the Westphalian Syndicate was
established, and continues to the present date. It is a selling
organization without any property and only a nominal working
capital.

Its affairs are administered by an official who has no finan-
cial interest in the mines and acts as chairman of a board made
up of one representative from each participating company. The
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function of the syndicate is to sell the product of the mines,
coke ovens and briquetting plants and to allot to each company
the tonnage which it should produce.

Twice each year an estimate of the probable requirements is
made, and a tonnage is allotted to each company based upon
previous production after allowance has been made for the ton-
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Fra. 10.—Wage losses to miners due to intermittent work.

nage of companies, such as railroad, furnace and other such
corporations, which consume a part of their own production.
On May 1 cach company is notified how much coal it will
be called upon to furnish during the second half of the calendar
year, and each mine can make its arrangements for the most
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economical production of the tonnage called for. Any company
falling short in its supply, if market conditions continue as
anticipated, must pay damages for the shortage unless the deficit
can be made up by another company.
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Fia. 11.—Distribution of gross revenue at Westphalia mines.
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F16. 12 —Production of the Westphalia mines compared with those
of Illinois and Indiana.

Losses due to inferior preparations are borne by the com-
pany responsible for the defect. Prices are agreed upon and
fixed in advance semi-annually and take into account the quality
of coal produced from each mine, making it immaterial to the
purchaser where the coal comes from, because of the adjustment
of price to the intrinsic value of the material sold.

It has sometimes happened that by some unforeseen con-
dition the syndicate was not able to market through its ordinary
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trade channels the estimated quantities of coal, and other markets
had to be entered in order to permit the mines to operate under
the most economical conditions. Losses due to these difficulties
are borne alike by all, the syndicate paying to the participants
the price agreed upon, having retained a commission, from
which all deficits are paid.
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F1g. 13.—Comparison of the average number of shifts worked per annum
at the Westphalia and Middle Western mines.
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The advantages of a single seller marketing 50,000,000 tons
of coal a yecar are apparent. Markets are available to the syndi-
cate which individual operators could not rcach. Its contracts
are made for five-year periods, and this assures an income to the
operators and enables them to finance their properties and
engage in business which, while more remunerative, requires
larger investments. Thus they have erected large coking, by-
product and briquetting plants. Such financing would be impos-
sible with the uncertainties of ordinary competition.

The higher returns have made possible an expenditure of
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money for improved equipment, safety measures and labor-sav-
ing devices quite unknown in this country. Complete extraction
of coal is required by the government, and it is estimated that
the cost of flushing to sustain overlying strata and to permit
of the removal of all coal adds 25c. per ton to the production
cost.
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Fig. 15.—Comparison of revenue at Illinois, Indiana and Westphalia mines,

The coal operators are cnabled to provide funds for the pro-
tection of the injured employees and for the support of the
families of those fatally injured. They also provide pensions for
the incapacitated and the aged. The cost of this social insurance
in 1909 added ?9c. per ton to the cost of production.

No protest has been made by the consumer against the higher
coal prices which have followed the establishment of the syndi-
cate. The increase in price has been generally accepted as the
best expedient for solving a most vexatious question. Undoubt-
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edly it induced more care and economy in the use of coal and
resulted in the adoption of more economical engines and
improved boiler settings.

The Westphalia production increased from 1,665,000 in 1850
to 81,000,000 tons in 1907; at the same time the number of
companies was reduced from 100 to 76, indicating growth of
individual companies and concentration of capital. The 17 com-
panies in the syndicate the output of which was sold for com-
mercial use and which were not allied with the fuel-consuming
industries had an aggregate annual production of 28,000,000 tons
and a capitalization of $72,450,000 which is an average of $4,200,-
000 each.

This indicates an investment for plant and equipment of
$2.50 per ton of annual production. The capital aceount does
not include any outpay for coal land, as all the coal belongs to
the government. For Illinois the capital invested in 1909 was
$1.49 and in Indiana $2.44 per ton of annual production. This
latter, however, includes the coal rights, which represent the
major portion of the investment.

The accompanying diagrams, Figs. 10 to 15, inclusive, show
graphically the points developed in this discussion.

Conditions where operations may be conducted at an ap-
parent loss.—Maintenance charges for drainage, timbering,
ventilation taxes, etc., are so heavy at mines that it may be
more economical to continue operations in the face of an
apparent loss than to shut down the mines entirely. Particu-
larly is this the case with older mines having long underground
hauls and high pumping heads. Some interesting data on this
subject will be found in the report of a committee appointed to
investigate the receivership of a prominent coal corporation
about 1911.

This committee found that if the coal properties were shut
down, the annual loss will be $420,000. If they were operated at
the standardized cost per ton of $0.857 and for an output of
3,000,000 tons and the coal sold at the price realized the previous
year, $0.8097, the loss will be $141,900. The standard cost
includes a charge for interest of $0.067 and for depreciation of
$0.058, a total of $0.125 per ton. The standard costs are 14.8
per cent lower than 1909-10 corresponding costs, 17.4 per cent
lower than July and August, 1910, corresponding costs.
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This short report was amplified into the following:

The coal lands have been injudiciously acquired.

Money has been injudiciously spent in equipping the plants.
Overhead charges for interest, maintenance and depreciation
are therefore high.

The current m..rket selling price for coal was so low as to
make profitable coal mining difficult, if not impossible, even
if the coal lands had been secured without price, and had been
equipped with rigid rcference to economical operation.

To shut down the mines and wait for better prices would
cntail an annual cxpense for power, maintenance, supervision,
depreciation and interest of $420,000. This does not include
an annual charge of $104,494 on book value of coal lands not
immediately identified with the plants to be operated.

The cost of mining coal if operations are standardized, will
be $0.857 per ton for a daily output of 12,000 tons, a monthly
output of 250,000 tons and a yearly output of 3,000,000 tons.

The loss from continued operation will depend on the price
obtained for coal sold as follows:

At $0.66 loss willamount to............................ $561,000

At $0.70 loss willamount to. . .......................... 420,000

At $0.70 loss from operations and loss from suspension of
operations will be equal.

At $0.79 loss will amount to.............. ... .. .. ... ... 200,000

At $0.8097, price netted by coal sales in 1909-10, loss from
operation willbe.................. ... ... . 141,900

At $0.857 there is neither loss nor profit from operation.

At $0.921, profit above operation........................ 192.000

This is sufficient to pay interest on obligation. Coal should
therefore continue to be mined.
At $0.948, profit from operation. ............ ... ... .. ... 272,0000
This pays for operation, for moneys owed and for present
administration charges,

While waiting for better coal prices, costs of operations were
to be standardized as follows:

By revaluing all the lands and equipment, thus reducing
future operating overhead charges.

By putting the management in the hands of a competent
and experienced man of reliable character.
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By concentrating operations at that plant, or those plants,
where coal could be mined most cheaply.

By investigating the advantages, if any, to be derived from
coking the product of these mines.

By investigating the advantages, if any, of establishing a
washery at the mines.

In making its investigations the committee attempted to
determine a standard cost per ton of mined coal for a standard
output, which was assumed at 3,000,000 tons each year. The
standards adopted for immediate use were, per ton:

The existing wage seale for mining labor, $0.485.

Current rates of wages for a minimum amount of other
efficient working labor, $0.175.

Moneys for supervision, supplies and other bills, taxes, insur-
ance, etc.; an efficient minimum, $0.07.

Depreciation charges based on revaluations, on experience,
and on the present ascertained coal reserve tributary to operat-
ing plants, $0.06.

Interest at 6 per cent per annum on reappraised values of
coal reserves, mining buildings, equipment, ete., actually used
for mining operations, $0.067.

Other expenscs not standard and not directly appertaining
to mining operations were:

Interest and other charges on investments at present inopera-
tive, $0.029.

Excessive interest load, due partly to investment in elaborate
and unnecessary plants, partly to deficits accumulated from
former years, and partly to other causes, $0.035.

High costs of administration of the company’s business.

CosTts For 1910

Operation. ..............coovivniien.n. $77,294
Maintenance. . ............... ... 14,156
General expense, excluding insurance. . . ... 37,912

$129,362
Less allowance for mining operation....... 48,000

_$81,362
Costperton.........covvvvvnniinnnn... $0.0271

The output of coal can fluctuate from no tonnage, if the
mines are closed, to a maximum daily tonnage of 17,000 tons.
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If this maximum of 17,000 tons daily could be attained it
would reduce mining costs about as follows:

Ovurput vER YEAR, 4,250,000 Tons

Costs per Ton
Mining labor. . .......... ... .0 i $0.455
Otherlabor.. ................................. 0.15
Operation. ... ........... ... . ciiiiiiiennn.. 0.06
Depreciation......... ....... e 0.06
Interest. ..., ........................ e 0.045
Total. . ... .. . . $0.77

TasLe on Basis or 3,000,000 ToNs ANNUALLY

Daily Output, 12,000 Tons
Costs per Ton

1. Mining labor. .. ........................ $0.485

2. Otherlabor............................ 0.175

3. Total working pay-roll (1and 2).......... $0.66
4. Operations. ...........c.oiiiennnn... $0.07

5. Depreciation. . ............. .. . ... 0.06

6. Interest........... ... ... ... ... 0.067

7. Total overhead charge (4, 5,6)........... $0.197
8. Total standard cost per ton of coal (3 and 7) $0.857

Systems of mining.—A thorough grasp of the cconomics of
the various systems of mining can be obtained best by a brief
review of the various stages of development that have lead up
to the adoption of the systems now in use. A study of the
faults that were found in these older methods and the remedies
that were applied to overcome the difficulties is of prime impor-
tance. The changes in the systems of mining in the Georges
Creek field, one of the oldest bituminous districts in the country,
was described in a paper presented before the West Virginia
Mining Institute in 1908, from which the following has been
excerpted, disregarding the methods that were used prior to 1870
when there was apparently little attempt at systematized effort.

Fig. 16 illustrates two methods followed during the years
between 1870 and 1880. These workings are inaccessible to
surveys at the present time owing to the creeps and squeezes
induced by the irregular method of robbing the small pillars.
The sketch was constructed from some old projection drawings
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and from information obtained from a number of men actually
engaged in the work. The main headings consisting of haulage
road and airway were driven on the strike of the coal. In the
first method the room headings were driven in pairs from the
main entry at intervals of 600 ft. and on the rise of the coal
on about 10-per c¢rt grade. From these headings approximately
25 rooms were driven to the right and left with 40-ft. centers
on a grade of 4 per cent, giving an average length of about
350 ft. The rvtns were 14 ft. wide and pillars 26 ft. These
pillars were found to be totally inadequate and extracting them
impossible. Cross-cutting the pillars at frequent intervals was
then attempted afi.r completion of the rooms, but this was
generally accompanied by creeps closing a whole district at a
time. The maximum height of the superincumbent strata in this
territory is 200 ft.

The second method, shown in Fig. 16, was adopted later.
The maximum thickness of the overlying strata is 150 ft. By
this method headings were driven from the main cntry on the
rise of the seam, at intervals of 1000 ft., to the level above, and
two pairs of cross-headings turned to the right. The rooms
were driven from these cross-headings at 50-ft. intervals and
14 ft. wide, leaving a pillar of 36 ft. The length of rooms
varied from 300 ft. to 550 ft. These pillars were also of insuffi-
cient size; robbing was conducted spasmodically, and, although
more coal was recovered than in the adjoining districts, a great
deal was lost. In addition to the small pillars, the method of
robbing them was calculated to promote squecezes. It appears
to have been the method to hold the strata with props until
sufficient coal had been removed to enable the weight to break
the props. As a general rule, however, before this was attained
the weight had induced a creep, which is well known to have
no limits within a territory of small pillars.

Fig. 17 represents a method in use in 1890. The main
entries were driven from the slope on the strike of the seam,
sufficient grade being allowed for drainage. Cross-headings were
driven on an angle of about 35 degrees to the main entry and
headings turned off these parallel to the main entry. Rooms
were turned, as shown, from all headings on 100-ft. centers, and
pillars split by half-rooms. The length of rooms varied from
300 ft. to 600 ft., and were 15 ft. wide, leaving pillars 4214 ft.
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wide. These pillars were not strong enough to support the
overlying strata, 500 ft. high, and the usual creep or squecze
resulted when pillar drawing commenced.

This half room method has the advantage of facilitating
gathering of coal and doubling the support of the haulway.
The squeeze in {}'.s district could have been prevented by turn-
ing the rooms from the haulway on 200-ft. centers and, after
driving the half-rooms, the resultant pillars would be 85 ft.
wide. Whiie this wouid have avoided a squeeze, the great weight
to be supported by this pillar of soft coal would not have per-
mitted a very high percentage of recovery.

Fig. 18 shows a mecthod adopted in 1900. The maximum dip
is 15 per cent, and the greatest thickness of superincumbent
strata 425 ft. The slope, together with parallel air-course and
man-way, are sunk on the heaviest dip of the coal, and double
entries turned off to right and left at intervals of 1000 ft.
on a grade of 11 to 214 per cent in favor of the loads. From
these haulways eross-headings are deflected at intervals of 240 ft.
at an angle of about 25 deg. and driven on a grade of 4 per
cent to 7 per cent. Rooms varying in length from 100 to 800 ft.
are turned on the rise of the coal from these cross-headings.
The rooms are driven 15 ft. wide on 65-ft. centers, leaving pillars
50 ft. wide. Twenty-five rooms are driven in each of these
diagonal panecls. Unusually large protecting pillars are left
along the main haulage roads. This system has been found to
be especially adapted to rapid gathering of cars thus ensuring
a large tonnage. It has been found, however, that a very
large recovery from the pillars is impossible, owing to the many
sharp angles, which, in a thick scam of soft coal, are always
difficult and ofttimes impossible to extract. This sharp-angle
method was even resorted to formerly in eross-cutting the pillars
preparatory to drawing them, but this has been changed to a
rectangular method, thereby increasing the actual percentage
of pillar coal recovered from 80 per.cent to 83 per cent. The
distance of rooms apart has also been increased in the last few
years to 100-ft. centers giving pillars 85 ft. thick. It is expected
that the extraction of these will show a further increase in the
percentage of yield from pillars. The present yield from head-
ings, rooms, and pillars under this system is about 90 per cent,
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considering the recovery from headings and rooms at 100 per
cent.

Fig. 19 illustrates a method instituted in the latter part of
1904. The main haulway is an extension of the slope from the
opposite side of the basin. Double entries are turned off from
this entry, on 1!_-per-cent grade, 400 ft. apart, from which
rooms are driven directly on the rise of the coal. Rooms are
from 13 ft. to- 15 ft. wide and practically no barrier pillar
left between tlic room face and the air-course of the panel ahove.
They are driven at 100-ft. intervals, leaving a pillar 85 ft. wide.
The length of a pancl is about 2500 fi., containing 22 rooms.
There arc five such panels in this district and when completed
it is proposed to draw the pillars in a retreating fashion with
the line of pillar work on an angle of 45 deg. across the whole
district. A similar method in another distriet, but with rooms
on a deflection of 35 deg. from a right angle, is yielding 8814
per cent from the pillars with a total recovery of 94 per cent
from headings, rooms, and pillars, and it is believed that this
can at least be duplicated if not exceeded in the case of Fig 19.
The maximum dip in this district is 614 per cent with the
greatest height of the overlying strata 250 ft.

With this résumé of systems used at different periods under
conditions now known in view, a suggested method of extracting
the coal from thick soft scams with a brittle top and a height
of superincumbent strata of 400 ft. or less is presented in Fig.
20. The general design of the mine for haulage. drainage, and
ventilation is not given, because they are variable quantities,
depending on conditions which change with the locality, and
the method suggested is therefore limited to the ultimate recov-
cry of the coal. By this method a territory under development
is divided up into rectangular panels of 10 rooms each. The
room headings are driven on easy grades favorable to drainage
and haulage and the panels worked in pairs. When the upper
heading has been driven to its end the rooms are turned at
intervals of 100 ft. with the drawing of pillars following the
retreating method. The rooms are 400 ft. long and 13 ft. wide,
leaving pillars 87 ft. in width. The rooms in the upper panel
are limited by a barrier pillar separating them from the head-
ing above, and those on the lower panel are driven through to
the gob of the upper panel. The line of pillar work extending
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over the two panels should have an angle of about 45 deg. The
length of rooms can be varied to suit the conditions, and, when
the height of the overlying mcasures cxceeds 400 ft., the thick-
ness of pillars should be increased accordingly.
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Fig. 21 shows the method of drawing the pillars in detail.
The rectangular method should be carefully adhered to and
all sharp angles avoided. When the work commences a cut
is made separating a block of coal 30 ft. wide and 87 ft. long.
This piece is further subdivided into blocks varying from
6 X 12 ft. to 15 ) 12 ft. in size, which are cut off and extracted
successively as shown. In no case should the small blocks cut
off exceed in size the distance a man can shovel under average
conditions, which is about 15 ft. The largest of the small blocks
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should be removed last because it is there that the greatest pres-
sure manifests itseif in the removal of the original block cut
from the pillar. When this block has been removed another
cut is made and the proecess repeated. The line of gob should
be approximately on an angle of 45 deg. If it is found impos-
sible to take out the small blocks clean, on account of the gob
from the preceding work running in on the new cut, a row of
props can be set on the upper side of the large block to hold
the gob when the small blocks below are removed. This method
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Fia. 21.—Method of drawing pillars to be used in the system shown in
Fig. 20.

-
E

of working should result in a total average recovery of fully
95 per cent of the seam from headings, rooms, and pillars and
ensure the workings against creeps and squeezes.

One of the most interesting studies of costs as applied to
the different systems of mining flat seams of coal was included
in a paper presented before the February, 1915 meeting of the
Am. Inst. of Mining and Metallurgical Engineers, excerpts from
which are given herewith. -

It may be stated that the unit with which we have to deal in
studying mining costs is the room; what takes place at its face
is the real productive work of the mine, and all else under-
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ground is for the purpose of serving best the worker at the room
face. Fig. 22 shows several typical methods of procedure. They
are of particular intcrest in that one may sce them in mines
following the same plan, working the same seam, under con-
ditions which admit of comparison. The features of these
methods are given in Table I. '

~ TIn all of these methods variations may be scen, from entries
driving with no rooms turned to entries driving with two or
more rooms turned and driving as the entries advance; in respect
to the robbing, one may sce variations from robbing following
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Fic. 22.—Typical methods of procedure in working rooms.

immediately upon the completion of the first two rooms to the
robbing following at an indefinite date after the completion of
the first workings of the panel. - Where continuous paneling, or
advancing robbing, is in effect, robbing is not compelled to wait
until the completion of all the entries of the panel.

The number of rooms per entry varies from about 12 to an
indefinite number, and the depth of thé room varies from about
300 to about 800 ft. The amount of timber and the manner
and time of placing same depend largely upon the individual
miner, and as a rule there are no specific instructions for his
guidance; also, in general, no effort is made to recover the timber
in robbing.
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TABLE 1
METHODS OF PROCEDURE IN DRIVING RooM

Sketches A B C D E F
Width of room: in

feet............ 24 20 , 20 30 36 36
Width of pillar in

feet............ 36 65 40 45 54 54

Location of track. . [Ir center| Along | Along | Along | Along | Along
of room | robbing | robbing | robbing i robbing | robbing

rib rib rib rib rib
Location of gob...| Along {Opposite| Opposite| Between| Opposite| Between
both ribs| robbing | robbing | tracks |robbing | tracks
rib rib rib
Number of men per| 1 to 2 1 lor2 |. 2 6 4
TOOM.. . ........ rooms
Feet of room face
perman........ 48 20 20 or 10 15 8.5 9
Feet of entry per
man........... 120 85 60or30| 37.5 15 22.5

A method of procedure observed at one mine (but which
has not as yet been sufficiently tested out in the matter of recov-
cring the pillar to warrant its unreserved adoption), is shown
in Fig. 22, E. Here it is intended that rooms shall be driven
36 ft. wide on centers 90 ft. apart, carrying a room face at an
angle of 45 deg. and a single track along the robbing rib but
curved to parallel and follow the length of the room face. It
is intended to work six men to the room, the gathering motor
receiving and placing three cars at a time. Immediately upon
the completion of the room the pillar is to be withdrawn. By
this method of procedure a high degree of concentration will be
effected and the efficiency of the gathering motors, mining
machines, and miners will be increased. It is also hoped that
by carrying the working face on a diagonal, fewer unexpected
falls of top will occur than at present, because the fracture will
generally be partly exposed before the entire coal support is
removed from beneath it.

In most mines the miner at the face is responsible for the
safe working conditions of his room. In the above methods of
procedure, therefore, one might say that, for the same expendi-
ture of time, energy, and watchfulness, the relative degree of
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security which the miner may feel as a result of his cfforts is
inversely proportional to the room space he occupies. 1t is also
true that for cars of the same height the cnergy cxpended by
the miner, or the work done in loading the coal, is much less
where two or more men work per room and the room space per
miner is low, than where one man works per room and the
room space per miner is high.

In the grouning of rooms as outlined in Fig. 22 many
arrangements were made from which have matured certain well-
defined plans. Probably the consensus of opinion favors the
panel system, but even with it there are differences of opinion.
Many men think that the entries should be driven to the inside
lines of the property and the coal extracted retreating; others
think that half of the property should be worked advancing
and the remainder retreating ; yet others think that all or nearly
all of the coal should be extracted as the entries advance. It
is probable that it is best to extract the coal in such a manner
that the present worth on the returns from the mining venture
will be greatest, both to the property owner and the operator,
leaving only such coal during the advance of the entries as
will permit of profitable mining until the final exhaustion
of the property. Figs. 23 and 24 show typical plans on the
panel system. Fig, 23 is the square or rectangular panel, Fig.
24 the continuous panel.

For purposes of discussion and demonstration a typical
property of 1000 acres of the approximate shape indicated in
Fig. 25 will be assumed from which it is desired to produce
2800 tons per day when running at maximum. The dip is 2.5
per cent and the strike lies at an angle of about 10 deg. to the
long axis of the property, its general direction being from the
upper right hand corner of the property to the lower left hand
corner. The coal is fairly clean, 6 ft. thick, and the condition
of grades, top and bottom, are fair. It is also assumed that the
rate of loading per man per day will be 16 tons. The questions
to be decided a-e what method of procedure and what plan are
best, to determine which the following information is desired:

1. What period of time will be required to reach the desired
output?

2. How many day laborers, mining machines, mine cars,
mules for gathering, and main-haulage motors will be required?
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3. How much main entry, main entry track and trolley wire;
cross main entry, cross main entry track and trolley wire; room
entry, room entry track, and rooms and room track will be
required ?

4. What is the length of the average car haul?

5. What is the relative amount of power for ventilation?

* 6. What is the acreage of standing pillars, the estimated
relative cost of production, and the estimated percentage of
recovery ?

The methods referred to in Fig. 22, €, and the plans of
mining in Figs. 23 and 24 will be applied to the problem as
follows:

First Form.—Drive the third entry of the panel, turn the
last two rooms on this entry first, start removing the pillar
immediately upon the completion of the next to the last room,
and continue to drive all the rooms in the panel only fast enough
to provide for the uninterrupted advance of the robbing. Work
two men to the room and in the air-courses and on the pillars.
Only this method of procedure will be applied to the square and
continuous panels, and the following methods to the square
panel,

Second Form.—Drive the rooms of the panel as they are
encountered, turning the first entry of the panel when it is
reached, and start robbing immediately upon the completion of
the last room on the third entry of the panel. Work one man
to each working place.

Third Form.—Drive the rooms and entries of the panel as
they are encountered, start robbing immediately upon the com-
pletion of the last room in the third entry, and continue the
robbing until the completion of the panel. Work one man to
every other room, but advanee all rooms and work one man to
each pillar.

The accompanying table shows the eomparison, as well as
some other figures to which further reference will be made.

From these data it may be concluded that the first form of
procedure and the plan of mining, Fig. 24, are best.

The period of time required to reach the desired output
was determined for the several methods, as shown in Figs. 25,
26, 27, 28 and 29; the location of the working faces from day
to day, as determined by the assumed rate of advance of 16
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tons per man, was plotted on a map, and the total number of
faces at the time the desired output was reached were counted,
from which data the tonnage curves were plotted as shown in
Figs. 25A, 26A, 27A, 28A and 29A.

I
Ti . . Ad-
irst |Continuous| Second | Third vancing

Form Panel Form Form Method
Output reached, months.............. 53 4z 62 92 7
Daylaborers........................ 60 05 82 102 31

ApvanciNe METEOD Usks 8 ASSISTANT FOREMEN

Mining machines.................... 9 9 14 18 8
Mine car8. . .......ooviiiiiiinan 275 310 335 465 155
Mules..........covviiiiiiiinan 18 22 24 32 10
MotOrs. ..o e et 4 4 5 6 2
Mainentry...........0iiieninnnn..
Main-entry track.................... 7,850 6,500 9,300 13,950 600
Main-entry trolley...................
Cross mainentry....................
Cross main-entry track............... 5,560 5,150 8,850 13,500 1,000
Cross main-entry trolley..............
Room entry and room-entry track.....| 10,700 12,700 33,900 50,400 7,000
Roomtrack.................oovvunn. 15,84C 20,500 96,800 | 230,300 | 18,100
Average car haul. ................... 6,180 5,333 7,420 10,230 3,640
Ventilation power, kilowatt hours. . . .. 40 42 125 175 20
Acreage of standing pillars............] 62.8 65.7 168.2 277.0 13.8
Relative cost of production........... 1.33 1.24 1.76 2.1 1
Percentage of recovery............... 94 05.56 83 80 97

In arriving at the relative number of men and mules
required, rates for performing certain tasks, taken from time
study observations were used. The amount of rolling stock
required is based on the assumption that the equipment will
travel at the same rate of mileage per day; the other items com-
pared were taken direct from the maps. In the absence of
facts for comparison, opinions of creditable authorities were
sought in very instance.

These methods of procedure and both plans of mining have
been designed to meet certain wants. In some instances certain
features of the plan have been presecribed by the land owners
in order to safeguard their interests from ‘‘squeezes’’ and losses
of coal due to lack of proper supervision. Were the proper
supervision supplied and better methods of procedure adopted,
the restrictions in the plan of mining might very properly be
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removed. Other details of design have been the result of accept-
ing certain ‘‘rules of thumb’’ which have since been proved
wrong, and yet other details, although admittedly wrong and
expensive, have been introduced rather than combat the wrongs
which they are designed to circumvent.

In the plan of mining shown in Fig. 23, the frequent inter-
position of barrier pillars is for the purpose of confining a
squeeze and limiting its range of destructive action. The use
of these barriers is imperative under the methods of procedure
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Fia. 25a.—Tonnage curves under the method of procedure shown in Fig. 25.

that involve large areas of long-standing pillars and where the
degree of supervision is low. It is to be regretted that their
use is sq common, for they tend to interfere seriously with
the maximum degree of concentration because one is seldom,
if ever, able to provide a satisfactory output from a single panel,
and then only for a short period of time. Where two or more
panels are required to produce the output, the further the work-
ings advance the more distantly seperated they become, or other
important considerations must be sacrificed. Disadvantages of
the unit-panel plan may be seen in the curve in Fig. 30 which
shows the great variation in the tonnage obtained daily, vary-
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ing from zero at the opening of the panel, augmented by a
more or less constant rate of increase, to a certain maximum
number of tons, and then a gradual decline to zero again. If
a certain number of tons per day gathered from the panel is
accepted as 100 per cent efficiency for a gathering motor, as
shown in Fig. 30, it will be noticed that the motor is at first
working at a very low efficiency, which gradually increases
until the maximum is reached, at which time another motor
must be added, and the average efficiency of the two motors is
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F1a. 26a.—Tonnage curves under the method of procedure shown in Fig. 26.

about 50 per cent; there is a similar drop in efficiency with
each motor that is added, until the maximum tonnage from the
panel is reached, after which the process of removing motors
from the panel is begun. In some measure this degree of effi-
ciency may be increased by working the motors over more than
one panel, as is often done, and a better efficiency curve might
be obtained more nearly in accordance with the full line shown,
but in practice a rigid watch must be kept on this detail, or
more often than otherwise a lower degree of efficiency than that
shown will result.

If, in the preceding paragraph, instead of considering the
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efficiency of the gathering motor the efficiency of day laborers
or the tons produced per unit of material and equipment in
use had been considered, the same general discussion would
apply. Where low efficiencies are obtained from day laborers,
material, and equipment, low efficiencies are also obtained from
the miners ai the room face. For these reasons it is difficult,
and in practice well-nigh impossible, to establish any constant
relation between a given tonnage desired to be uniformly pro-
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Fia. 27a.—Tonnage curves under method of procedure shown in Fig. 27.

duced, and the amount of material, equipment, and day laborers
required to produce that tonnage; the efficiency of these quan-
tities rises and falls with the rise and fall of the tonnage curve,
although in an erratic manner,

Thus it would appear that the square panel, while designed
to meet certain requirements, does so at the loss of much that
is to be desired, and introduces new complications. The barrier
pillars are, as the term implies, for the purpose of barricading
against some impending danger, such as an unforeseen squeeze.
Since no one can predetermine where or when these squeezes
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will oceur it sometimes happens that the barrier pillars are
provided where they are not needed; yet experience has shown
the wisdom and necessity of their use under certain conditions.
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F16. 28a.—Tonnage curves under method of procedure shown in Fig. 28.
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They would be used less frequently if the square panels were
made rectangular, but the same degree of security would not be
obtained unless the entries were driven to the limit of the
rectangle, with few or no rooms driven as the entries advance.
If we accept it as axiomatic that when a room is driven to com-
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pletion its pillars should be immediately removed in order to
obtain the best results, or that it is equally asefundamental
to open up no new entries until rcady to mine from them, and
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Fie. 29a.—Tonnage curves under the method of procedure shown in rig. 20.
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that mining should then be conducted at the maximum rate of
production, the rectangular pancl that involves either long-
standing pillars or long-unproductive entries must be rejected.
The continuous panel obviates the necessity for frequently
interposing a barrier pillar and it is especially well adapted
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to a property where the main entries are driven to the dip.
However, the tonnage from a single continuous panel is limited,
and where the main entries of a property go to the rise the
maximum degree of concentration cannot be obtained or the
rooms off the cross entry will go to the dip. Advancing robbing
is impracticable beenuse the pockets in the pillars go to the dip.
The rate of production from a single room entry rises and falls
in the same manner as the rate of production in the room entries
of the square panel 4nd the gencral discussion above in reference
to the square panel applies to the continuous panecl.
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Fia. 30.—Variation in the tonnage daily obtainable from the unit panel
and the efficiency of gathering motors working in the panel when
proceeding as outlined in Fig. 26.

However, if one follows the history of the development of
mining methods from the carly-day single-entry system to the
present-day panel system, it will be found that the square or
nearly square panel meets sound mining practice more closely
than any of the plans which have preeeded it. Until methods
of procedure are adopted which make the restrictions of the
panel unnecessary, or until a plan of mining is devised with-
out the objectional features of the panel, but retaining its may
favorable features, the square panel will be accepted by many
operators as the standard plan of mining.
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For many years it has been the common belief that coal
could be most economically cut and blasted by using a depth
of cut equal to the height of secam. This erroneous idea fre-
quently resulted in blasting down more coal than could be
loaded in one day, and was the cause of allotting more than one
room to a miner. That the height of seam does not bear any
direct relation to economical cutting or blasting was demon-
strated by the United States Coal & Coke Co. at Gary, W. Va.,
working with a Sullivan shortwall machine, and it has been
found that miners are pleased to work two or more to & room,
provided their earnings are as great as when they work in
rooms by themsclves.

Probably the most marked results in devising more eco-
nomical mining methods has been achieved by the officials of
the above-mentioned company. They have realized the objec-
tions to the mining methods outlined above and applied them-
selves to working out a plan which would be simple, direct and
cfficient. They accepted it as axiomatic that any change in the
prevailing plans of mining must be beneficial to the property
owner, operator and miner alike, for any change that would
benefit one or more of the interested parties at the expense of
the others would not last.

In this study difficulty was experienced because of the enfire
lack of systematized knowledge as to the proper relative rate of
advance of room to retreat of pillar, the most economical width
of room, and in fact what might be considered 100 per cent
efficiency for any man, animal or machine about the mines. In
order to determine these data, which were absolutely essential
to an intelligent solution of the problem, a series of time studies
was instituted and extended over a period of weeks, covering
all the motions that make up certain underground operations
that have to do with getting the coal from the working face
to the railroad car. Thousands of observations were taken,
properly checked, tabulated, collated, and used as a basis for
a method of procedure, which has been put to the rigid test of
practical use with remarkably good results. :

This method of procedure has for its object the maximum
degree of safety, sanitation and opportunity to the miner and
of security to the property owner, while at the same time offer-
ing the greatest advantage to the operator. It combines a
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maximum degree of concentration with a minimum expenditure
for labor, material and equipment, in such a manner that these
quantities bear a constant rclation to the output. Its use has
resulted in a marked reduction in fatalities, incrcased earnings
to the miners, decreased costs per ton for labor, material, equip-
ment, and capital, a..d the recovery of practically all the coal
in the seam.

At Gary, W. Vi, mules are used for gathering, and as a
result of concentration their efficiency has, in some instances,
been increased to over 200 per cent. At one of the mines, fewer
day laborers are employed underground than arc employed about
the tipple.

For the purpose of comparing the results obtained under
this method with those from the several methods of procedure
in the panel system, the method has been applied to the property
and the problem under consideration. Fig. 31 shows the arrange-
ment of the workings at the time the desired maximum out-
put is reached. It also shows the details of the method of pro-
cedure; the other data desired are given in Table II. Fig. 32
shows the tonnage curve and, for comparison, the total tonnage
curve from the unit entry shows that the tonnage rises rapidly
curve, from the unit cntry shows that the tonnage rises rapidly
until the maximum is reached and then continues indefinitely at
that rate. By using available data, the proper length of room,
angle of breakline and angle of advancing faces may be pre-
determined, so that the total daily tonnage from the entry is
the multiple of the tons that can be hauled by a mule or motor;
thus, the mules or motors are always working at the maximum
efficiency. It is equally true that when the workings have
advanced for a short distance, after reaching the maximum ton-
nage from the entries, the estimated minimum number of day
laborers required, may readily be confirmed, and once the entry
reaches its maximum tonnage, and the quantities of labor,
material and equipment have been accurately determined, these
quantities remain constant throughout the entire extent of the
entry, which may be as great as the property is long.

The room space occupied per miner is less than in any of
the other methods now in effect, which is an index of the rela-
tive degree of safety a miner obtains for a given expenditure
of time and energy. The excellent manner in which the rooms
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are timbered, shown in Fig. 31, is the minimum required ; where
the mine foreman or miner has reason to believe that additional
timber is required to make the place safe, the miner must place
additional timber before doing anything elsc.

As the entries advance, all rooms are driven and robbed
immediately upon tLeir completion, and rooms are opened up
only fast enough to provide for the uninterrupted advance of
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Fla. 32.—Curve showing rate of development to the desired output, under
the method of procedure, sketch F, Fig. 22, and the advancing plan of
mining, Fig. 31.

the robbing. Thus no barrier pillars are required, for the virgin
coal protects the workings on three sides and the weight of the
roof is resting on the bottom of the robbing. If a disturbed
area of coal is encountered, or for some reason it is desired to
discontinue the panel, a barrier pillar may be introduced at any
time exactly where it is needed and the entries continued for the
purpose of exploration,

In order that the different methods of mining may be
readily compared, Fig. 33, showing the relative amount of labor,
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material, and equipment required to produce the tonnage desired
from the property shown in Fig. 25; also the acreage of stand-
ing pillars, the relative cost of production, and the estimated
percentage of recovery.

Any method of procedure that does not provide for the
removal of pillars immediately on the completion of a room
is fundamentally wrong, because it involves long-standing pillars
open to the unfavorable influence of atmospheric agencies and
other forces of natur~; the duplication of track work; the clean-
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I1e. 33.—Comparison of the amount of labor, material and property
required when following the methods of procedure shown in Fig. 25 and
the relative cost per ton, the recovery, and the period of time required.

ing up of many slate falls that might otherwise have been
avoided; and the scattering of workings, all of which increase
the cost per ton for labor, material, and equipment, and cause
the pillar coal to be badly disintegrated and low in domestic
lump sizes.

It sometimes happens in practice, however, that fundamentals
must be sacrificed to adapt the method to peculiar conditions
encountered, often resulting in lack of concentration and large
areas of standing pillars. Where considerable tonnage is desired
and a new property is being opened, skilled miners, experienced
in robbing pillars, are hard to get and frequently the officials,
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mine foreman, and underbosses are not expecrienced. In order
to keep up the tonnage under these conditions, the workings
must necessarily become distantly separated, because coal ean
only be obtained from room workings. 1t frequently happens
also that the rates for mining pillar coal and room coal are not
properly adjusted, s, that the men can carn more in room work
than in pillar work, naturally causing the pillars to lag behind,
and requiring the introduction of barrier pillars to safeguard
against squeezes; these barriers in turn cause a further separa-
tion of the workings, and a decrease in the efficiency of labor,
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Fia. 34.—Equipment required to produce an output of 2800 tons per day
from the different plans of mining outlined. Also the acreage of standing

pillars to reach the output.

material, and equipment. The natural impulse of the mine fore-
man, therefore, is to open up more rooms in advance of the
robbing in order to increasc the efficiency to something like a
proper standard.

For these reasons the territory for a given output during
the development period should be as isolated as possible, and no
greater in extent than is practicable. After the development
period is passed and the organization perfected, there is no good
reason why a mine operation should not be conducted with much
the same regularity as a blast furnace or an industrial railroad.

The fallacy that the average miner will load only so much
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coal and no more has long since been exploded, and it is a
matter of cvery-day observation that the miners are pleased
to load coal if the mine cars are given to them with some
degree of regularity and with some relation to the time required
to load a car. When one considers that a coke loader, work-
ing under the heat of the sun, and of the coke ovens, will
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Fig. 35.—Standard plan of mine development adopted by the Pocahontas
Coal & Coke Co.

load from 35 to 40 tons as an ordinary day’s work, there is no
reason why a miner working under so much more favorable
circumstances should not load at the same rate. In this con-
nection the following observations that have to do with load-
ing coal underground are interesting. ‘

These figures show that less than 47 per cent of the time
spent underground was consumed in loading coal and over
12 per cent of the time was lost waiting for the empty mine
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cars. It may be stated further that these men were loading
at the rate of 35 tons per day of 8 hr., and actually did load
at the rate of 16 tons per man per day per year.

Methods of working in the Pocahontas field—The entire
Pocahontas field proper is practically all leased out on royalty
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Fia. 36.—Double-entry system of mining used by the Upland Coal & Coke Co.

by two large holding companies, the Pocahontas Coal & Coke
Co. and the Crozer Land Association. Under the lease con-
tracts, the holding companies have reserved the right to define
the method of working, and the result has been satisfactory.

A standard plan of mining, by Thomas H. Clagett, chief
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engineer of the Pocahontas Coal & Coke Co., is shown in Fig. 35;
this is largely followed by their lessees, although in instances
materially modified, due to local conditions. This large hold-
ing company owning or controlling some 275,000 acres of
Pocahontas coal, has in active operation some 45 leases (in
1913), covering about 145,000 acres.

One of the special advantages of the system of mining
adopted by the Pocahontas Coal & Coke Co., is the relatively
quick recovery of the pillars, and the panels are so driven
that the rooms and all entries split the piteh; thus if the
maximum pitch is 3 per cent, then the maximum for the work-
ing will not cxceed 2 per cent and may be even slightly less.
Further particulars of this system appear on page 77.

The method of working adopted by the Upland Coal &
Coke Co., on one of the Crozer leases, is shown in Fig. 36.
‘Were the crop line shown on this plan it ‘would be evident
that the break line is carried in from the erop and does not
involve, strictly speaking, breaks in the solid. There may be
several ‘‘lifts’’ where the width of the lease is too great to
admit of one lift only, as shown. This plan of mining was
evolved from a number of years of revisions and has been
found satisfactory under all conditions. The main entry is
to be driven as near the line of strike as possible, in order
that the reverse grade against the loads may be negligible.
If the cross entries are turned off at more than 90 deg. from
the main, and the rooms are less than 90 deg. of the cross
entries, grades in favor of the loads may be obtained.

The Pocahontas Consolidated Collieries Co.’s Angle col-
liery, as of July, 1912, is shown in Fig. 37. Soon after taking
up the work of the old Norfolk Coal & Coke Co. (which was
essentially the nucleus of the Pocahontas Consolidated Col-
lieries Co.) in 1904, the work of revising the systems of mining
was taken up in detail. One of the first improvements adopted
was the introduction of the multiple air-course system.

Further interesting particulars regarding mining methods
in this field were given in a paper presented before the West
Virginia Coal Mining Institute in 1913, from which the follow-
ing has been excerpted.

It is bad practice to drive up a room and allow the pillars
to stand in the cxpectation of drawing them later. A better
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method is to start to ‘‘stump off’’ the pillars as soon as the
room is completed by cutting across the rib as at 4, in Fig. 38.
The track should be laid so that cars can be placed con-
veniently for loading out both the coal in the cut and also that
wined when the stump is drawn back.

In this method, the miner is always protected by solid coal
and the losses are reduced to a minimum. Room No. 6 shows
the pillar and the heading stumps completely removed; room
No. 5, a pocket just starting in; room No. 4, a pocket finished
and a stump partly drawn back. Room No. 3 shows the pocket
finished and work just starting on the stump; roon: No. 2 shows
the pocket being driven, followed by a second pocket, which

Pocketi A

= Pillar

Fic. 38.—Method of splitting the pillars used in the Pocahontas Field.

is only cxtended as far as a man can conveniently load the
coal without a track turn, in order to avoid the necessity for
frogs and switch points. Room No. 1 shows the pocket just
starting.

The width of this pocket and the thickness of the stump
depend largely on the nature of the roof and the mine equip-
ment. With poor roof, which falls unexpectedly or within
a few hours after the removal of the coal, the thickness of the
stump should be such that a miner can reach all the coal
safely and easily without venturing too far beyond the rib
line of the pocket. If the roof is good and does not fall soon
after the removal of the stump the thickness of the small
pillar may be increased and the number of track turns required
per pillar may be reduced.
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In the application of mining machines to the robbing of
pillars, the distance between the centers of pockets should be
such that the thickness of stump left will form, under bad
roof, one machine cut, or under good roof, two cuts of the
machine.

The more common practice where the roof falls soon after
the extraction of the stump is to leave a small shell of coal
to protect the miner from the gob and also prevent him from
loading fine slate it.to the car of coal. This results in a loss
of coal that can be avoided at an expense for timber, which,
under ordinary circumstances, is less than the value of the
coal,

A practice which has been advocated and proved sucecess-
ful, is to place a row of props on the lower rib of the pocket,
before the removal of the pillar stump has begun. When the
next pocket to the outby is driven, it will be found that prac-
tically the entire stump may be loaded out without any admix-
ture of gob and a greater percentage of lump coal will be
obtained. This precautionary row of timbers is especially
desirable where machines are used on the pillars.

The roof over a robbing line exceeding 2400 ft. in length
sometimes begins to sag in the middle and renders the removal
of the pillars in that immediate section difficult.

The breakline should be kept as uniform as possible at
all times. A method in practical every-day use, which is to
be recommended, is as shown in Fig. 39.

The engineers, as they take their monthly mecasurements,
mark the pocket centers on the robbing rib of the room, and
the foremen are required to drive their crosscuts on the line
of a pocket as at A. The object in keeping the breakline
uniform is to insure against pillars extending back into the
gob and acting as a fulerum, or the knife-edge of a scale beam,
upon which the roof teeters. This almost invariably causes
additional timber expense and sometimes losses of coal, both
of which could have been avoided had the break line been
kept uniform.

The essential features of the Pocahontas Coal & Coke Co.’s
plan of mining, shown in Fig. 35 are: Provisions for tonnage
during the development period; provision for meeting the
market demand ; large barrier pillars, insuring against squeezes
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and rendering impossible the destruction of coal over an
extended area ; four-entry system for all extensive main cntries,
using two as intakes and two as returns with breakthroughs
between only at points where the cross entrics turn off, render-
ing unneccssary the building of expensive masonry brattices
every 80 ft. and insuring the maximum quantity of air for
ventilation at a minimum cost for brattices and ventilating
power; cross entrics with narrow chain pillars, permitting
the rapid advance of the entry.

In general all robbing must be done retreating with rooms
driven after the entry is nearing completion, insuring against
slate falls and rendering possible the extraction of all of the
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Fig. 39.—Locating crosscuts so as not to interfere with lifts from pillar.

coal in onc operation, thus combining first development and
robbing.

The depth and number of rooms on an entry vary greatly
at different mines, depending on Jocal conditions of the seam;
whether the haulage is by mule or gathering motor, whether
the undercutting is performed by pick or machine, and not
infrequently on the personal cquation of the mine executive,
for sometimes the manager of a plant will contend that he
obtains the best results when he drives 25 rooms, 500 ft. deep
to the entry, and another manager working on an adjoining
property under identically the same physical conditions and
with the same type of equipment, not 1000 ft. away, will say
that he gets the best results when his rooms do not exceed
300 ft. in depth and when there are only 15 rooms to the
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entry. The better policy is to encourage individual initiative
and allow freely such modifications in any plan of mining as
may be desired, provided that the modified plan embodies all
the principles of modern methods and sound mining practiee.
In the successful operation of any mine some general scheme
of mining must be agreced upon, subscribed to by all parties
in any way concerned with the matter, including the land
owner, if the property is a leased one. Then no omissions in,
additions to, or deviations from that plan of mining should be
permitted without the written consent of the lessce and lessor.

Recovery or CoaL in MINEs oF PocaronTAas CoaL & Coke Co.

Thick- , Theo- Propor-
Acres | Acres | Acres Tons . Per- .
ness of Total | Total N retical tion of
of of of Mined centage
Plant Se.um Entry-| Rooms | Pillars A?ms ’I‘or.mago per Tons of Re- Soam
n mined| Mined | Mined Mined | Mined Acre per covery Re-
Feet Acre jected
1 6.15 | 3.06 4.57 | 11.03 | 18.66 | 165,254 | 8,856 | 9,022 89.3 0.24
2 5.65 | 4.40 4.80 | 14.80 | 24.00 | 188,301 | 8,185 | 9,115 | 80.79| 0.22
3 5.16 | 2.68 6.52 | 15.80 | 25.00 | 180,386 | 7,215 | 8,325 86.6 0.22
4 4.42 | 5.88 8.65 | 13.00 | 27.62 | 192,437 | 6,960 | 7,131 97 6 0.23
5 5.94 | 7.00 | 10.09 | 19.20 | 36.29 | 334,005 | 9,203 9,682 96.0 0.22
6 4.32 | 2.11 3.64 9.20 | 15.04 04,427 | 6,278 | 6,969 90.0 0.31
7 5.34 | 3.31 6.34 0.00 9.65 83,000 | 8,601 8,614 99.8 0.20
8 5.42 | 3.72 6.06 9.72 | 19.50 | 144,769 | 8,181 8,777 93.2 0.20
9 4.65 | 8.10 | 16.80 2.34 | 27.24 | 201,044 | 7,380 | 7,534 98.0 0.18
10 8.03 | 5.20 8.47 | 10.09 | 23.76 | 262,975 | 11,068 | 12,923 85.6 0.23

After the general plan of mining has been decided and
operations begun, its success or failure will depend largely
upon the degree of watchfulness excrcised. The mine should
be accurately surveyed and mapped at least onee cvery 90
days. Frequent inspections should be made of the mine, minute
attention being given to the conditions of the working faces
and the robbing line. At least once a year the theoretical
yield of the property should be balanced against the actual
tonnage delivered at the tipple. Accurate and complete records
should be kept of the number of acres of entrics, and rooms
driven and pillars drawn each year and of both the percentage
of recovery per acre and the state of exhaustion of the prop-
erty.

That the above method of mining will yield the maximum
recovery is indicated in the accompanying table, the figures in
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which are typical of the results obtained by the Pocahontas
Coal & Coke Co., which are probably unexcclled anywhere.
In this connection it should also be noted that the percentages
of recovery are based on the total seam, including the portion
rejected. :

The lower percentages of recovery in the table result from
the fact that in some instances, pillars were being robbed that
had been standing for many years. In the mines of the United
States Coal & Coke Co., at and near Gary, W. Va. where
all the work has becen opened in recent years, the average
percentage of recovery per acre since the beginning of opera-
tions, has been better than 95 per cent, and of the arca mined,
over one-third has been final mining. The cost of production
of room and entry coal by this method is the same as in other
methods of mining, while pillar coal is produced at less expense
than is incurred in other methods.

Most operating companies have a statement showing the
revenue derived from operations per ton of coal mined based
on the net receipts from operations divided by the tonnage.
By placing a value, which could be closely approximated, on
the recoverable coal lost, and adding it to the net receipts a
figure could be obtained showing what revenue would have
been derived from the operations had the coal been mined
without unnecessary waste. Dividing this by the tonnage a
figure could be obtained for the statement which would show
the profit that would have been derived per ton produced if
the coal in the scam had been worked by the most conservative
methods.

Statements of the above nature have a further value from
a financial point of view for if it can be shown to a bonding
concern that a property contains, let us say $500,000 worth of
coal in the ground, 90 per cent or more of which will be mined,
it is certain that a greater asset value will be placed on the
property than would be credited to it if the engineers of the
bonding house report that under the methods of mining pur-
sued, only 50 per cent of the coal in the ground will be mined
and the rest irretrievably lost.

Connellsville Systems.—The system of mining practiced by
the H. C. Frick Coke Co. in the Connellsville region as described
in a paper presented before the Engineers Society of Western
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Pennsylvania in 1916, is the application of shortwall mining
machines to the extraction of rib coal. The two salient factors
effecting this result were, first, the effort to reduce accidents
and second, the desire to obtain an increased output of coal
per man per day.

It has long been realized that the more intense the super-
vision of working places and workmen the less liability there
is to accident. In order to obtain the desired supervision
without making the cest prohibitive, it was seen that the time
spent by minc officials in traveling from working place to
working place must be reduced to the minimum and the time
actually spent in workiug places increased to the maximum.
To obtain this result the working places were concentrated
gradually, and it was soon found that, under the old method
of pick mining, a limit was quickly reached, and it was realized
that to obtain the desired intensive supervision it was necessary
to decrease the number of working places and workmen. This
could only be accomplished by an inercased production from
each miner and a consequent reduction in the number of work-
ing places without affecting the total output of the mine.

On account of the conditions in the Connellsville region,
where it is necessary to drive narrow headings, narrow rooms
and have large room ecenters, it was found that machines in
the narrow work would not accomplish the result since the
bulk of the coal comes from rib cxtraction.

The use of electrically driven mining machines and the
biasting of coal on the very rib line itself requires a system
of ventilation that will insure gob gas being found only on the
return. Such a system of ventilation necessitates ample,
reliable fan equipment, airways of sufficient size and number,
a generous provision of upcast opcnings, wise coursing of the
air current and the existence of numerous bleeders from every
gob into a return airway. It also demands the elimination
of danger from dust by keeping it sprinkled and removing it
before any dangerous accumulations arc found. In addition it
necessitates the use of permissible explosives and these only
in the hands of selected compctent shotfirers.

It has been proved that working places cannot be concen-
trated to as great an extent by any system yet tried in the
Connellsville region as by the use of the H. C. Frick Coke Co.’s



82 COAL MINING COSTS

system of machine mining in rib coal. On account of the
intense concentration of working places and the output that
is obtained it is necessary that the haulage arrangements and
equipment be perfected beyond anything that had previously
been necessary, and the transportation of coal cannot well be
handled execpt by the ase of clectric gathering locomotives.

The general plan by simple modifications can be made to
suit all conditions; depth of cover; presence or absence of
drawslate ; nature of coal, and the nature ci bottom and roof.
This is divided into what we know as maximum, medium and
minimum plans.

The maximum plan is applicable where thickness of over-
lying cover does not exceed 125 ft. and where the coal is hard
and the general physical condition of roof and bottom is good.

The medium plan is applied where the eover does not exceed
250 ft. with the same physical conditions of coal and bottom
and roof as obtain under the maximum plan.

The minimum plan may be applied to coal underlying any
depth or thickness of cover, and whether or not the coal is
hard or soft and the physical condition of roof and bottom
good or bad, provided, of course, that mining machines in any
form can be used.

The H. C. Frick Coke Co. has always worked its mines
according to a projection, carefully prepared, for the field of
coal to be worked before actual excavations have been started.
In this plan of concentrated mining it has been found of great
advantage to supplement these general projections with a
schedule, prepared on a scale of 20 ft. to the inch, showing in
detail the daily operations.

It should be understood that in the shortwall plan of min-
ing the development is made on the face and the butt of the
coal. After it has been determined as to what plan is to be
followed for a given tonnage, the mining section is projected
and developed and a fracture line established.

Let us first consider the minimum plan of extraction. The
main haulage headings are driven on the face as are also the
return airways while the producing headings are on the butt.
Off these producing headings main face rooms are turned,
gencrally on 112-ft. centers. From these main face rooms, butt
rooms are driven on 25-ft. centers. As the main face rooms
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advance the necks of the butt rooms to be driven are exeavated
to a depth of three machine cuts. After this main face room
has been advanced 50 ft. there are available two places for the
machine to cut that will yield 40 tons, and when it advances
to a point where the first crosscut is turned off, there are three
places to cut in cach main face room, yielding 60 tons. This
main room may continue to the end of the scetion or to the
end of the coal field, turning butts or produecing headings off
at projected distances. The main face rooms being driven on
112-ft. centers and 12 fi. wide leave a pillar 100 ft. in thickness
between the rooms. This pillar is considered ample to support
any thickness of cover with a floor or bottom under the coal
seam of any nature that may be found in the Connellsville
region.

On this minimum plan of extraction, where main rooms
are advanced sufficiently far to begin the extraction of main
face room pillars, the butt rooms are advanced in succession
so that each room is 50 ft. behind the one next preceding.
This plan provides for a tonnage output from three working
places—two butt rooms advancing furnish 40 tons and one butt
rib retreating provides an additional 40 tons, or a total of
80 tons of coal while retreating; and the main face room
advancing is yiclding 60 tons, or a total of 140 tons of coal
from one main face room properly prepared and developed on
this minimum plan of production. A sketch of this method is
shown in Fig. 40.

Along the same lines the medlum plan will not yicld any
greater tonnage from the advancing main rooms, but on the
retreat the butt rooms are so driven as to maintain cach face
30 ft. behind that of the preceding room. This allows three
butt rooms to advance at a time, producing 60 tons, and neces-
sitates two butt ribs retreating at the same time, giving a
production of 80 tons, or a total from the butt rooms of 140
tons. This with the production of 60 tons from the advancing
main room totals 200 tons for cach main room. This method is
shown in Fig. 41.

In the maximum plan the main face rooms advancing pro-
duce 60 tons while the butt rooms are so driven that the face
of one is 15 ft. behind the face of the preceding room, thus
necessitating four advancing butt rooms and the simultaneous
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withdrawal of four butt ribs. The four advancing butt rooms
will produce 80 tons while the four retreating butt rooms will
produce 160 tons. The sum of these, together with the 60
tons produced by the advancing main room, gives a total
tonnage of 300 for each main room. The maximum plan is
shown in Fig. 42.

The work is thorouguly systematized and the routine can
be deseribed as follows: After the miner has cleaned up his
place and the day’s run is completed the machine crew enters
and cuts the place t¢ a depih approximately 7 ft. The timber-
men follow the machine crew, resetting any posts that it has
been necessary for the machine men to remove. They post
up any crossbars that have been notched in the coal over the
machine cut, and generally put the place in good condition,
following out a preseribed system of timbering. The timber-
men are followed by the driller, who bores the holes for blast-
ing with an clectrically operated power drill. The driller is
followed by the shotfirer, who charges the hole, tamps it, and
after his own personal examination of conditions, explodes the
charge, blasting down the coal rcady for loading. After the
coal has been blasted empty cars are placed by the gathering
locomotives preparatory for the next day’s work, so that when
the loader arrives at his working place in the morning it is in
a safe condition and every facility has been given him to load
a maximum tonnage. Ispecial pains are taken through the
day to see that wagons are changed as soon as loaded, thercby
eliminating all unnecessary loss of time and allowing the men
to load a maximum tonnage in the minimum time.

Actual results obtained regularly with miners loading under
these conditions are 18 to 20 tons per man per shift ; the average
of all the loaders behind shortwall mining machines in all
mines of the company for the month of August, 1916, was
approximately 19 tons per shift.

At mines where there is a full equipment of mining machines
the proportion of machine-coal amounts to from 80 to 95 per
cent of the total output.

The concentration of work that has been obtained by this
method resulted in a deerease in the cost of transportation,
ventilation, track work and drainage because of the smaller
area in active operation. There is also a considerable saving
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in the amount money invested in track and materials generally.
Some further interesting data on this system appeared
in a paper presented before the Coal Mining Institute of
America from which the following has been excerpted.
Preparations for the adoption of this system are made well
in advance by subdividing the pancls into blocks 90 ft. square
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Fig. 43.—Plan showing how the Connellsville system is used at the Con-
tinental Mine No. 2.

as shown in Fig. 44. Double butt entries on 50-ft. centers,
10 ft. in width and 1200 ft. long are driven in parallel across
the panel with cutthrough connections every 100 ft. Other
and similar butt entries are driven 350 ft. apart, dividing the
panels into blocks 350 by 1200 ft. and the chain pillars between
the double entries into blocks 40 by 90 ft.

The 850 by 1200-ft. blocks arc then subdivided into blocks
90 ft. square by driving rooms 10 ft. wide and 350 ft. long
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at right angles to the butt entrics, the rooms being connceted
by cutthroughs at intervals of 100 ft. In this manner a whole
panel can be developed and prepared to a reasonable distance
in advance for the work of concentration in quickly withdraw-
ing the pillar coal.

Fig. 45 illustrates the concentration method, showing a part
of a section when in full operation as worked in the mines of
the lower Connellsville disirict. This shows the coal in 90-ft.-
square blocks and oblong pillars 15 ft. by 90 ft., also the centries,
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Fia. 44 —Method of laying out mine in 90-ft. blocks used in the

Connellsville region.
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rooms, crosscuts and cutthroughs. The section shown cross-
hatched represents that portion from which the coal has all
been withdrawn and the overlying strata have subsided, or
the ‘“gob’’ section.

" This section of coal is developed by driving on the right
hand side a pair of butt entries, 10 ft. in width, 500 ft. in
length, on 50 ft. centers and connected by cutthroughs every
100 ft. Rooms 10 ft. wide and 350 ft. long, on 100 ft. centers,
are driven at right angles to the butt entries, the rooms being
connected by a straight line of cutthroughs at distances of
100 ft. apart for ventilation. Thus, the room pillars are divided
into 314 blocks 90 ft. square, as shown on the plan in prepara-
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tion for the final operations of driving the crosscuts and the
withdrawal of the pillar coal.

The selection of the place to commence on the pillar work
is important and must be determined by the persons directly
interested largely from the local conditions—such as the
inclinations or pitch of the coal bed, convenience of transpor-
tation or haulage, the size, arca or extent of the panel or
section available for operations or the required daily tonnage.

Preparations are now completed for the cssential part of
the concentration work. It will be noticed on the map that
the pillar work at the end of the last room, which was in the
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F1a. 45.—The concentration method used in the Lower Connellsville region.

upper left-hand corner of the plan, has been started. Each
room having been divided into 314 blocks, 90 ft. square, almost
three and a half blocks from the last, or No. 5 room have been
worked out; nearly one and a half blocks from No. 4 room;
one fourth of a block from No. 3 room and crosscuts started
in No. 2 room. This makes the angle of the gob line about
45 deg. with the butt entry.

The plan shows that the pillar work of each room is 75 ft.
in advance of the pillar work or gob fall of the room follow-
ing. The room pillars are kept in this position for the purpose
of breaking the roof falls in the advancing pillars and offering
more resistance to thrust caused by the breaking of the strata;
also for the purpose of affording better protection against
crushing in the pillars of the room following.
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The system so far as this pair of butt entries is concerned
is now in full operation. The pillar work or gob line, however,
may be, and often is, extended across scveral pairs of butt
entries (see Fig. 45), leaving an offset of about 75 ft. as a
breaker at each pair. In this manner the gob line may be
extended clear across the panel at an angle of 45 deg. or even
at 35 deg.

The work on this plan was commeneced at the top of the
last room in the block, v/hich was in the upper left-hand corner
of the map. New <crosscuts were started at intervals of two
days, thus making cach ecrosscut two days’ work, or about
12 ft. in advance of the one following, until the crosscut first
started has been driven through the 90-ft. block, for which
15 days were allowed at 6 ft. per day.

The crossceuts being 10 ft. in width and turned off the rooms
at distances of 25 ft. between centers makes the pillars, for
the final operation, 15 ft. in width and 90 ft. in length. These
pillars are divided and subdivided by lines drawn across and
lengthwise of the pillar. The cross division lines divide the
pillar into three scctions of 15 X 30 ft. each—the amount of
coal to be taken out in one fall by three or four men working
two days—which makes three falls to each pillar in six days’
work, as shown.

Three of these pillars in cach room are being worked at
the same time and are started at intervals of two days, thus
placing cach pillar two days’ work, or 30 ft. in advance of
the one following.

The proper time to start the first crosscut at the top of
the next room in order that the 75-ft. offset may be maintained
can be ascertained as follows: It takes 15 days to complete the
first crosscut at the top of the last room, six days to withdraw
the pillar, two days to finish the next pillar and two more
days to finish the next one, making a total of 25 days to com-
plete the withdrawal of the three pillars or cover a horizontal
distance of 75 ft.  Therefore, by starting the first crosscut
in the next room 10 days later, the offset of 75 ft. will be main-
tained as shown on the plan.

By continuing the work on this schedule, leaving intervals
of two days hetween the starting time of each crossecut and
10-day intervals between the starting time of the crosscut in
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the next room, we shall have three room pillars of 90-ft. thick-
ness retreating in a diagonal line on each pair of butt entries
and three of the crosscut pillars in each room pillar or 9
working places when in full operation.

In estimating the amount of daily output from this section,
there are in operation 15 crosscuts and 9 pillars. Allowing one
man in each crosscut and three men to each pillar makes a total
of 42 loaders. The coal being undercut to a depth of 6 ft. by
the mining machines, the tonnage of each crosscut 6 ft. undercut,
10 ft. in width and 7 ft. in height of seam, will be 6 X10X7:=420
cu. ft. Allowing 80 lb. to cach cubic foot and 2000 lb. to the
ton, we have,

4—2206%9= 16.8 tons,
and 15 crosscuts equals 16.8 X 15 or 252 tons. Assuming a two-
ton car, this gives us 252/2=126 loaded cars.

From the 9 pillars having 6-ft. depth of undercut, 30 ft.
in length of pillar and 7 ft. in thickness of seam, there will be

6X30X7X80

'-—'-2*0—00 =50.4 tons,

and for 9 pillars,
50.4 X9=453.6 tons, or 226.8, 2-ton loaded cars,
which makes the total number of tons from the whole section
252+453.6 ="705.6 tons, or 352.8 loaded cars from 42 loaders,

being an average of 8.4 cars for each loader. This average may
seem rather high until we take into consideration the facilities
afforded by the concentration method and the preparations made
to enable the miner or loader to attain a high efficiency.

During the previous night all working places are under-
cut to a depth of 6 ft. by mining machines. The shot holes
are drilled with power drills by men employed especially for
that purpose and are charged, tamped and fired by shotfirers
using permissible explosives, clay for tamping and electric
batteries for firing.

By this system each miner, when he arrives at his work-
ing place, has about eight or nine carloads of loose coal, which
he can at once begin to load, provided no unusual difficulties
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arise to prevent him. He is kept constantly supplied with
empty cars by the driver, who can also attain a high cfficiency
by reason of having the loaders within a comparatively small
area and only a short distance from the side track. The
tracks are kept in good condition and laid with steel rails,
even in the miner’s places.

The trackmen, timbermen and laborers are also cnabled
to do more effective work, as there is no lost time in traveling
long distances from pleee to place. For the same reason much
better supervision can be given by mine foreman, assistant
mine foreman and firebosses to the workmen and working
places. They can make freauent visits and keep in close touch
with the workmen and other matters influencing the success
of the operations—such as the machinery, transportation or
haulage, ventilation, trackmen and laborers, timbering and
timbermen, miners and drivers—and sce that defects interfer-
ing with work or causing delays are remedied immediately.

Comparative cost of mining different thickness of coal.—
An interesting study of the determination of the minimum
thickness of anthracite coal that can be economically mined
was presented in a paper read before the Engineering Society
of Northeastern Pennsylvania in 1914.

In deciding which beds are and which are not minable,
we face, at once, the question of profitable operation, and it
may be conceded that other things being equal, beds which are
6 ft. and over in thickness are more cheaply mined than those
which are thinner. If we eliminate all variations other than
cutting and loading in making our calculations, the relative
cost of mining for varying thicknesses is a matter of simple
calculation.

Let a=allowance for rock in cents per inch per yard;

h=normal required thickness, in inches, on which allowance is based;

z=thickness of coal, in inches, as measured for allowance;

z'=net thickness of coal, in inches;

Jf=capacity of mine car, cubic feet;

w=width of chamber in feet;

8=thickness, in inches, which will give one mine car per yard of
chamber. Assume loose coal occupies 1} times the volume of
an equal weight of solid;

¢=cents per car allowance;

m =mining price per car, no allowance.



92 C0AL MINING COSTS

Then
(h—z)a=allowsnce per yard of chamber;

8fx? .
S8 =_f— =number cars per yard of chamber width;
1ws

(h—z)a has—asz

x! z!
s

From this, for any particular conditions, the cost for each
thickness may Dbe calculated, and a curve constructed show-
ing the relation between cost and thickness, as shown in the
diagram, Fig. 46: )
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F1a. 46.—Relation of thickness of scam and output to cost of coal.

Unfortunately, all the costs which vary with the thickness
of bed are not susceptible to caleulation, but in general the
inside costs increase rapidly with the mining of thinner coal,
and the diagram showing the variation of cost with thickness
is believed to represent fairly the average conditions in the
anthracite fields. It was constructed by plotting a large num-
ber of actual costs and then drawing the average curve,
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We find ourselves facing the dilemma whether we shall
mine the coal which is profitable in itself or a mixture of profit-
able and unprofitable coal which, through the preponderance
of the latter, will result in a profitable output. Our first
thought would naturally be that only the coal which is actually
profitable should be mined, but when we make a more com-
plete inquiry we find another condition in the relation of out-
put to cost. As but approximately one-third of the inside cost
is expended in actual cutting and loading, and as the greater
part of the outside cost is but slightly dependent upon output,
the cost per ton will be found to vary greatly with the coal
production, cven with a fized unit cost for cutting and load-
ing. Mow great this variation may be is indicated on the
diagram, and it is apparent that a large qutput from beds
which show a relatively high mining cost may be actually
more profitable than a much smaller output exelusively from
the larger and cheaper beds.

Hence, it is apparent that, cven from the standpoint of
immediate profit, it may be advisable to mine the thinner beds
with the thicker, and considering the ultimate yield of a prop-
erty, there can be no question as to the advisability of such
a course. The actual minimum minable thickness being
dependent upon so many conditions is not susceptible to gen-
eral determination and should be studied for cach individual
casc.

Conveyor system.—The mcthod of operation by conveyors
herein described has been in use in a number of collieries
working some comparatively thin measures in one of the coal
fields in Scotland, and has proved its suceess and applicability
through a period of at least 10 yrs. In some respeects the
method adopted was unusual in that while conveyors are in
operation by themselves no coal-cutters are employed, under-
cutting being done by hand. Present-day practice always con-
siders conveyor work an adjunct to machine mining; but here
is a case of conveyor practice by itself. Another distinetive
feature is that the opening and development of the mine for
additional faces, as well as running the usual longwall faces
with the conveyor, are being done with a conveyor wall.

The coal seam on the average is 3 ft. 9 in. thick, but owing
to the presence of stone bands is rather broken up. This
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means that after removing 81 in. of coal there remains about
14 in. of stone to be disposed of. The thick stone parting
near the bottom of the coal is a yellow-white sandstone that
breaks in flat squares, eminently suited for building the road
pillars in longwall working.

In working under the old system, ‘‘dooks,’”’ or ‘‘dceps,”’
were driven direct to the dip, the inclination being 8 deg.
These ‘‘dooks’’ were driven in the solid coal, with pillars
turned off every 150 ft. on the dip and 60 ft. on the level course.
Every 300 ft. levels were broken off right and left, and a long-
wall face commenced two pillar lengths from the center deep,
in a fan-shaped fashion, which as it ‘opened out gradually
edged uphill until its upper corner worked along the waste
of the level aboye, and the face stretched from one level to
another.

In driving the ‘‘deeps’’ three roads were allowed—one for
haulage and intake air current while the two on cither side
where needed for return air. In order to operate the long-
wall faces at low cost, slants were driven uphill from the
lowest level, and from the slant several parallels to the main
bottom level turned into the coal face, these being a distance
of 40 ft. apart.

During the ordinary longwall methods of working the fol-
lowing men were cmployed in the scetion: Miners, 14;
brushers, 7; trackmen, 2; timbermen, 3. The output was 45
tons.

The miners trammed their own coal to the main level. In
the layout of the workings for the conveyor there was little
actual difference in the direction of development. The faces
still extended across the strike; but in place of the three
parallel deeps a longwall face was laid out at an angle between
the dip and strike, so that the left-hand end was the most
advanced, which allowed the coal and water to gravitate to
one point. The driving and formation of pillars were thus
dispensed with, and the longwall system of extraction became
a developing system as well.

The conveyor in use is of the shaking type, and has been
adapted from continental practice. The height from the floor
to the edge of the pan is only 9 in. This means that the work-
man is required to raise the coal only slightly over this height
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instead of a former 29 in., which accounts for more work with
decreased effort. The width is only 18 in., and this allows
of the distance from coal face to waste line of props being
kept at a minimum.

The principal dimensions of the driving engine are as fol-
lows: Horsepower of engine, 12; air consumption at 60 strokes
per minute and 60 1b. pressure, 18 cu.ft.; stroke of engine, 5 in.;
diameter of cylinder, 7 ju.; weight of engine, 572 1b.

The engine, driven by compressed air, is a simple, plain,
air cylinder, with broad bed-plate, which may be bolted to
planks, which are in turn wedged against the roof by timber.
The total width is 18 in., znd the length 24 in. Connection
to the conveyer is through a lever action and rigid attach-
ment, the eylinder being placed at right angles to the line of
the conveyor.

The pack walls on the top side of the driving road are
uniformly built in line, 2 ft. or so back from the edge, this
space being utilized for the engine. Air is furnished from a
power-driven air compressor that stands in a small recess in
the side of the road. The principal dimensions arc as follows:
Horsepower, 15; r.p.m., 960 ; amperes, 16.5; voltage, 500; cycles,
50; air pipe, 114 in.; cylinders, 4; strokes per minute, air
cylinders, 480; pressure, 70 1b.; space occupied, 5 ft. 6 in. by
3 ft. 5 in. The air is passed through an 18-ft. hose to the air
cylinder of the conveyor.

The rate of advance changed from 160 ft. in six months
under the old system to 270 ft. over the same period under
the conveyor system. This is not remarkable compared to
machine working advances, but it represents a considerably
increased rate of extraction for handwork. The operation of
each face in the colliery is regular and at the same rate, the
only determining factor being the number of men employed.

Shifting of the conveyor takes place every second night,
so as to get under the fresh rock as soon as possible; but this
is governed by the rate of cutting and loading. The air engine
is moved at the same time as the conveyor, but the compressor
only when the length of hose is reached. The operation of
shifting is accomplished by a night force of eight, who also
shift the compressor when necessary and set all timber
required.
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A comparison of the costs of opcration and performance
accomplished by the old and the new systems has worked

out much as follows:

Hand Conveyor
Operation Operation
Tons per man.. . .. .. ... ... .. 32 4.6
Length of face. ... ...... ... .. ... 300 ft. 300 ft.
Tons, per section. . .. . 45 55
Length of face, perman... ... ... ... 43 ft. 4u-50 ft.
Number of miners. ............ ... ... 14 12
Number of deadwork men. .. ... .. .. 12 2
Number of conveyormen.............|  ...... 1
Shifting conveyor.......... ......... .. (Average 4
per night)
Number of roads to maintain. . ... .. 7 2
Tons per road _ {6.4 Main level 49 00
, N Bottom ** 6 00
Time stripping. .. ..... . . .... 9 hr. 9 hr.
Distance bottom level in advanu. ............ 40 ft
Costs
Cutting 1
Shooting ;... ... .l 0.72 0.72
Loading
Brushing. .............. .o oo 0.41 (Done by squad
shifting conveyor)
Maintaining roads. . ................. 0 08 0.08

Tramming.............coooiiv..

Shifting conveyor....................
Operating conveyor..................

(Included with
shooting and

(Included for low-
er level in ton-

loading) nage rate)
AAAAAA 0.15
...... 0.03
$1.21 $0.98

It will be seen that the saving in cost finally cffected is
entirely due to the elimination of roof troubles, which the con-

veyor system made possible.
veyor faces at this operation.

There are now installed 10 con-

Mining machinery.—Man-power is about the most expensive

energy purchasable.

We pay a laborer, say $2 for 9 hr. work.

This man is capable of exerting continuously about onc-cighth
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of a horsepower. In other words, we have sceured 114 hp.—~hr.
for $2, or we pay about $1.78 for man-power per horsepower-
hour.

In marked contrast to this high cost of energy is the cost
of current delivered to the motor of a mining machine which
should not excced 2 to 24+, per horsepower-hour.

It is the realization of this discrepancy between the cost
of power developed by man and that developed by a steam
engine, for instance, thit is driving the coal industry to
employ machinery wherever such cmployment is possible.
Furthermore, it is frequently the case—as in undercutting,
for example—that the machine does the work better; that is,
it cuts deeper and affords less resultant fine coal than when
mining is done by hand.

It is probable that most operations that may be performed
by machinery require a greater expenditure of power than
would the same operations performed by hand; nevertheless
it has become almost axiomatie that it is cconomieal to supplant
manual power by machinery wherever possible.  Consequently
inventors are continually striving to perfect mining machines,
and other power-driven devices that will do away with the
cmployment of muscular cnergy.

Cutting machines.—Mining machines now produce about
65 per cent of the nation’s coal output as comparcd with 35
per cent in 1907. The cconomics over hand mining may be
summed up as follows: IMirst, the actual cost of mining is
lower, due to the fact that the greater cutting capacity of
the machine makes possible a greater output with a given
labor cost; second, the quality of the product is superior, due
to the deeper and more uniform undereut of the machine,
which increases the percentage of lump coal 10 to 30 per cent
over hand mining mecthods; third, the mine may be more
rapidly developed due to the much greater speed with which
entries can be driven with machines insuring a rapid return
on the capital invested; fourth, the ability to mine seams in
which the height of the coal, or the character of the roof, has
prevented mining by hand, on a commercial basis.

During the period from 1891 to 1914, the average tons of
coal mined per mining machine, per year, in the United States
was about 13,700. In 1913 there were 2208 shortwall mining
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machines in use and in 1914 therc were 3024, an inereasc of
32 per cent in one year. In 1914 there were 6859 breast
.machines in use, which is an increase of 100 per cent over the
year 1904.

One of the most noticeable increases in coal production
mined by machines has been in Kentucky, where, in 1912,
66.4 per cent of the coal was mined by machines, while in 1914
the production mined by this method was 77.2 per cent.

In the accompanying table the unit of efficiency is given
for the total production of bituminous coal in thc¢ Uunited
States for the years 1891 to 1915. There is also a column show-
ing what percentage of the coal was machine-mined. By
machine-mined coal is meant all coal won by the use of any of
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the following types of machines: Punchers, radially mounted
punchers and chain breast, shortwall and longwall cutters.
The figures given in the table were taken from the reports of
the Burcau of Mines on the yearly production of coal.
From these statistics it is at once apparent that the increase
in the number of tons mined per day per man has corresponded
closely with the increase in the percentage of machine-mined
coal. In order to show this more clearly the two curves shown
in Fig. 47 have been drawn. The upper curve shows the tons
per day per man and the lower the percentage of machine-
mined coal. From these two curves, unless some radical
changes are made, it can be estimated that about the year
1928 all coal will be machine-mined and that the efficiency of
the miners will have incrcased to about 4.9 tons per man per

day.
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PrororTiON oF MacHINE MiNED CoaL 1IN THE UNITED STATES AND PRO-
DUCTION PER MAN

Average No. Total Tons Per Cent

Year No. of Days T per Man Machine-

Men Worked onnage per Day Mined
1891 205,803 223 117,901,238 2.57 5.26
1896 244,171 1€2 137,640,276 2.94 11.86
1897 . 247,817 196 147,617,519 3.04 15.35
1898 255,717 211 166,593,623 3.09 19.46
1899 271,027 234 193,323,187 3.05 22.74
1900 304,375 234 212,316,112 2.98 24 .86
1901 340,235 225 225,829,149 2.94 25.61
1902 370,056 230 260,216,844 3.06 26.75
1903 415,777 225 282,749,348 3.02 27.58
1904 437,832 202 278,659,689 3.15 28.21
1905 460,629 211 315,062,785 3.24 32.82
1906 478,425 213 342,874,867 3.36 34.66
1907 513,258 234 394,759,112 3.29 35.11
1908 516,264 193 332,573,944 3.34 37.04
1909 | ... | ...l 379,744,257 | ....... 37.52
1910 555,533 217 417,111,142 3.46 41.72
1911 549,779 211 405,907,059 3.50 43.89
1912 548,632 223 450,104,982 3.68 46.80
1913 571,882 232 478,435,297 3.61 50.07
1914 583,506 195 422,703,970 3.71 - 51.70
1915 557,456 203 442,624,426 3.91 55.00

Mining machines and the necessary cquipment for success-
fully operating them at the average colliery cost a large amount
of money. If this is injudiciously spent in cquipping a plant
for cutting coal with machines, overhcad charges for interest,
maintenance, depreciation and taxes will be correspondingly
heavy. Conditions may justify the expenditure in order to
properly recover certain coals and at the same time safeguard
life and property; but such moneys should be carefully and
wisely expended and then only after exhaustive analysis of
conditions surrounding the proposed operation. The fact that
one’s neighbor mines his coal with machines is not sufficient
reason for one to 8o equip his own property. Usually each
mine, and especially each coal, has its peculiarities that deserve
careful consideration. Many pointers and suggestions that are
worthy of serious deliberations may be had from the man at
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the face. Such suggestions only cost when ignored or neg-
lected.

It is fair to assume that all up-to-date companies maintain

«accounting systems that are a criterion by which they may
determine approximately the relative costs of pick-mined and
machine-mined coal. However, there are many angles that
afford viewpoints not generally considered in this conncetion.

Interest on investment, maintenance, depreciation and
taxes on all extra equipment over that necessary for the sue-
cessful operation of the property as a pick mine should properly
be charged to machine-mined coal. In this list should be
included all extra housing, boilers, hoiler settings, boiler tittings
and accessories such as feced pumps, steam headers, ete., in
addition to generating units, settings, switechboards and acces-
sories, transmission lines and machines. Further, also, under
the head of supplies should be included and charged to
machine-mined coal all extra repairs, fuel, water, oil, tools
and office supplies over and above that necessary for the suc-
cessful operation of the property as a pick mine; and under
the head of labor, should be included and charged to machine-
mined coal all extra expenditures for eleetricians, wiremen,
firemen, oilers, drivers, tracklayers, bit sharpeners or black-
smiths and clerical force over and above that nccessary for
the successful operation of the property as a pick mine.

Men are quite frequently required to timber after machines,
clean slate and refuse at switehes and turns on account of the
additional space required for machines to turn; extra drivers
are also frequently nccessary due to the fact that they are
required to get sharp bits to the machines and dull bits to
the shop, must occasionally await the moving of a machine
thereby losing time and in some mines they must drive further
for their loads or past onc extra place out of every three, due
to the fact that three working places are allowed each two
loaders. Extra track layers are frequently required for the
same reason, viz., that they have more track to keep up and
over a larger territory due to the fact that three places are
allowed two loaders. Bit sharpener or extra blacksmith should
properly be charged to machine-mined coal where the machine
men are not charged for smithing.

Purchasing agents and bookkeepers spend considerable time
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in ordering machine supplies, checking freight bills and keep-
ing track of supplies. Delays and shutdowns due to trouble
with boilers or gencrating units should properly be charged
to machinc-mined coal where machines are responsible for such
trouble. As an cxample, there are sometimes delays in both
hoisting and haulage due to the generating plants being over-
loaded by reason of having been required to furnish power to
the machines.

It is guite possible with the advice of the machine makers
to buy equipment that will suit the underground conditions
at the coal face, but the organizing of all the factors that make
for successful operation of a4 mine to the new conditions crcated
by the advent of the machine is a subject conveniently forgot-
ten by the seller of the apparatus, and often not considered
by the operator. To buy equipment without looking into this
question is much like purchasing an automobile for which
gasoline cannot be readily procured. Conscquently, organiza-
tion and reorganization of the mine are the most important
factors in success. Consideration of the following table will
serve to more clearly illustrate this point.

CoNTRAST OF HAND- AND MACHINE-MINING CONDITIONS

Under Hand Under Machine
Conditions Conditions
TODS. ot e e 100 360
Number of roads to be kept open...... 18 18
Tonsperroad....................... 6 20
Meninsection.................covnn 40 59
Timber to handle, single pieces........ 3000 12,108
Carsofcoal...............covvuiunn.. 100 360
Rate of advance, inches. . ............ 12 42

It is evident at once that the greatest feature is the traffic
increase. Instead of 200 cars a day to decal with there are
now 720, besides an additional number at night. Instead of
3000 pieces of timber to take in there are now 12,000 to supply.
Other supplies have increased due to the use of the machine,
and with the inerease in traffic, ventilation of the mine work-
ings has to be maintained at a higher state of efficiency.

The finest machines may be worthless if the system of back-
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ing them up fails. Ordinarily in all coal scetions the amount
of work done is limited or controlled by one single factor.
This may be the amount of cars provided, the size of the sec-
tion or the capacity of the outside haul. In machine mining
only one thing should control the section, and that is the ton-
nage produced at the face each night. Everything should be
subordinated and coérdinated thercto.

Before the men leave their places at the face, the coal should
all be squared up properly so that the machine can get to
work promptly. If there is any coal left behind not cleared
up, broken down but not loaded, or ‘‘noscs’’ overhanging, a
man should be sent round in advance of the machine to see
that all thesc obstructions are clearcd away. This cxtra cost
is more than offset by the gain made in the time of the machine,
as ‘well as by the elimination of the risk of-the possible loss
next day.

The tracks by which the machine travels from place to
place should be so arranged that the time lost in travel is
reduced to a minimum. In a thick coal, where the machine
cuts a relatively high tonnage in cach place, there is more coal
to set against this waste but with thin coal this lost time runs
up alarmingly, because the amount of coal in cach place is
small.

It is obvious that all machines are doing their best work
where the going is continuous. Idle time and idle men, or
those employed on unproductive work, mcan a loss. The
traveling from place to place results in the loss of a certain
amount of productive cutting time, and it should therefore
be cut to the minimum. Tracks and curves should be easy
and well placed, so as to facilitate traveling, and trouble in
this connection should never occur twice running at the same
spot. Nightmen should be at work on the bad piece of track
that same evening.

Machine supplies should be kept handy to the face. If the
section is a long one, supplies should be kept at several points.
Tool chests with proper keys should be provided, otherwise the
oil is often found to have disappeared, together with necessary
hammers, keys and similar tools. Machinemen should be
capable of making reasonable repairs themselves, and the mate-
rials for doing so should be kept on the ground.
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There should be no hard and fast rule that only electricians
are to repair machines, neither should every handy man be
allowed to try his hand at machine troubles. It is a good thing
to have spare machines. Each of the machines underground
gshould be taken to the surface at regular intervals for over-
hauling. Hardly any class of machinery, unless it is the pumps,
receives worse usage than does the coal cutter, and in the dark
and poor light underground defects may develop that will
never be noticed until it is too late to make the proper repair.
All machines should be operated steadily on the surface for a
number of hours and thoroughly oiled and tuned up before
being returned within the wine,

Machinemen should be at their machines an hour or so
before the time of starting work, in order that each cutter
may be overhauled and oiled, the bits changed, and all such
details given the proper attention. Spare bits should always
be on hand and any that have been removed should be sharp-
cned in the morning, to be sent down again at night. The
proper place for all bits except those in stock in the warehouse
is in the mine and not in the blacksmith shop. One smith
should sharpen all these tools the first thing in the morning,
regardless of any other work. It should never be necessary
to stop the machine to hunt for cutters or telephone to the
surface at two in the morning.

‘When eleetrie current is used, the ratio of power given out
by the cutter motor to the power required to drive the gen-
erator may be taken roughly as 70 per cent, while with com-
pressed air the ratio of power given out by the machine to
power required to drive thé compressor may be taken as in the
neighborhood of 35 per cent.

In other words the steam consumption of a compressed-air
plant for coal-cutting is about double that of an electric plant.
The figure 70 per cent taken for the electric cutter will not
differ much whether the installation is well or badly designed,
but in a poorly planned and badly maintained compressed-air
plant, a considerably lower efficiency will be obtained than the
35 per cent taken as representative of a moderately good instal-
lation.

Installation and operating costs.—The cost of a 5-machine
plant may be summarized as follows, figures as of 1905:



104 COAL MINING COSTS

Power plant, including boilers, air compressor, air

receiver, feed pump and feecd-water heater. . . . .. $ 5,181.00
Mining machines, including all accessories, and
freight. ...... ... ... ... 4,125.00

Installation of power plant, including freight, com-
pressor foundation, boiler settings, wooden boiler
and engine house, water tank, fittings, piping,

labor, ¢te.. ... 2,260.00

Pipe lines above ground and in the mine, with all
fittings, labor and freight. . ................... 2,484 .00
Total cost. ..........coviiiiiinnn... . $14,050.00

The expense of maintaining and operating this plant may
be approximately estimated as shown below figures as of 1905 :

Interest (6 per cent) on investment, depreciation
(10 per cent), repairs and renewals on machines

Fuel, 6} tons per day of one 8-hr. shift, at 50c. per
- ton, and oil and waste, 50¢c. per day; per year of

200 working days..............o i, 750.00
One engineer at $75 per month; one machine boss

and pipeman at $75; one blacksmith to sharpen

picksat $60.. ... ... ... 2,520.00

Total maintenance. ... .................. $ 5,520.00

The above figures are considered the maximum, so that in
actual practice, the cost of maintenance of the plant will prob-
ably be lower.

If we assume the pick rate at this mine to be 60c. per ton,
and the differential rate for the machine runner to be one-
fifth of the hand rate, then the machine rate will be 12¢., and
the loading rate 30c. Adding 3c. for blasting makes 45c., leav-
ing a margin of 15¢. for profit and payment on the plant.
‘With an output of 700 tons per day and considering 200 days
in the year the annual gross saving will be $21,000. If we now
deduct the total cost of plant, including maintenance, from this
saving, we have, $21,000 minus $19,570 which leaves a net
profit of $1430 at the end of the first ycar.

Cost of machine mining.—It is practically impossible to
compare the actual cost of mining with the various types of
cutting machines. The machine that would show a consider-
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able saving at one mine might prove inefficient at some opera-
tion. However, when it comes to comparing machine mining
with hand mining, there is no difficulty. The most important
point to consider is the size of the differential favoring machine
mining over hand mining. In many districts this differential,
or margin, amounts to ab~ut 15¢. (in 1910) and it is out of
this differential that the cperator makes his profit and pays
for the plant. At a m'ne producing 1000 tons per day and
having a 15¢. margin in favor of machine mining, the gross
saving would be $150 a day, or $30,000 per year of 200 days.
In such a case, the company can maintain its output with 20
per cent fewer men than aie required when hand mining is
employed.

Herewith is a statement showing the cost of machine min-
ing with longwall machines at an operation where, owing to
the tough and “woody’’ nature of the coal, which nccessitated
paying the miners excessive ‘“allowaneces,”’ the average cost of
mining with picks was between 60c. and 63c. per gross ton,
figurcs as of 1910:

Coar Cur By EvEcTrICITY AND LOADED BY DAY LABORERS

Hours Rate Amount Cost, per

Ton
Cutting. .................. 530 30c. $ 159.00 $0 0393
Seraping. . ............ ..., 531 20c. 106.20 0.0262
Trackmen................. 255 25¢. 63.75 0.0158
Trackmen................. 260 20c. 52.00 0.0128
Shooting. . ................ 222 25¢. 55.50 0.0137
Slate...............oooin 2716 20c. 543.20 0.1343
Loading................... 3067 20c. 613.40 0.1516
Foremen.................. 270 30c. 81.00 0.0200
Total labor..........] ...... | ...... $1674.05 | $0.4137
Supplies. .. ..o e $136.01 | $0.0336
Depreciation on machines. . ...................... 36.00 0.0090
Interest 6 per cent on $340U. .. ... ... ... .ol 17.00 0.0042
Repairs and maintenance {estinated).............. 5.00 0.0012
Power. . ... e 24.04 0.0060
4045 tons, 19 cwt., at total cost of. . ............. $1892.10 | $0.4677




106 COAL MINING COSTS

The above cannot be taken as a typical or average state-
ment, as the conditions at the operation referred to are much
less favorable to pick mining than at most other operations
in this field. The pick-mining rate along New River is 50c.
per gross ton, and ut most of the operations on Piney creek
and Loup creek it is 40c. per gross ton, as compared with 69c.
in central Pennsylvania, so that the economy by the use of
machines is much less than would appear from the figures
above quoted.

The following are detailed figures of the mining cost at
two operations, one where all of the coal is eut by clectric
chain undercutters, and the other where all of the coal is cut
by air-driven punching machines. The pick-mining rate for
the year when thesc statements were compiled was 62c¢. per
gross ton.

ELEcTRIC BREAST MACHINES, OUTPUT FOR ONE YEAR 321,808 Gross Tons

Per Ton
Labor........... .. ... $0.4134
Material . . .. ... ... . ... 0.0259
Insurance and taxes. ............ ... ... ... ..., 0.0009
Depreciation. .. ......... ... . 0.0091
Interest charges................. ... ... .. L. 0.0025

$0.4518

CoMPRESSED-AIR PUNCHING MACHINES, OUTPUT FOR YEAR 99,207 Gross ToNs

Per Ton
Labor....... ... ... $0.4810
Material. .. ........ ... ... 0.0211
Insurance and taxes..................... ... ..., 0.0095
Depreciation........... ... .. ... .. 0.0132
Interest charges.................. .. ... .. ...... 0.0036

$0.5284

These two cxamples cannot be taken as a gencral average,
because in the instance quoted where chain machines are used,
the mining conditions are rather exceptionally favorable. In
the other case, where punching machines are used, the con-
ditions are about the same as the general average in that field.

The tonnage produced per machine of a given feed varies
according to the thickness of the coal, its hardness, the width
of the working places and the length of the transfers.
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The West Kentucky Coal Co. operating nine mines in the
western part of that state with seams ranging from 4 ft. 7 in.
to 8 ft. 6 in. thick gets about 150 tons per machine-shift. This
is an average of nine mines and includes machines used on
development work in areas practically worked out where the
output of the machincs is roturaliy limited. In one scam rang-
ing from 5 to 814 ft. thick the production is 200 tons per
machine-shift. The record cut for all the western Kentucky
field up to 1917 was 30C Vineal feet of face in 9 hr.

At the mines of the W. (. Duncan Coal Co. in this same
field where five machines are in usc the average production is
nearly 250 tons per machinc shift. At these mines the nature
of the coal is sucli that they are able to use a 25-in. feed over
a 614-ft. cutter bar or a 21-in. feed over a 7Tl,-ft, bar; they
are also getting a good tonnage per bit sharpened, all of which
factors make a large production per machine possible.

The maintenance cost is probably the most important item
in connection with the mining machine. The successful and
economical operation of a mining machine, like any other
picce of machinery, depends largely on the human clement.
By using care in selecting hostlers who will later become run-
ners, an efficient machine organization can be built up.. There
is an instance where one man operated a machine continuously
for four years without calling on the machine boss except
occasionally for some small repair part to replace one actually
worn out.

Unfortunately, men of this type are not numerous, and for
the average runner some incentive is necessary to sufficiently
interest him in getting the best results from his machine.

At the mines of the West Kentucky Coal Co. a bonus system
is in cffect as follows: A general supply stock is kept at each
division and all supplies as purchased are charged to this sup-
ply account. One machine boss has charge of the machines
and other electrical equipment in use at each division, with
one or more helpers as conditions may require. All supplies
are issued by either the machine boss or his helper and charged
to the mining-machine account of the mine where used. The
average maintenance cost for the year 1915 was taken as a
standard.

The maintenance cost per ton mined for the year, includ-
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ing the month for which the bonus is to be figured, is sub-
tracted from the standard described above. This difference,
multiplied by the tonnage of the month, is divided equally
between the company and the machine and repairmen.

It can readily be scen that in this way the men can make
a gradually increasing bonus, and this they have succceded
in doing. At the same time it is impossible by skillful manipu-
lation of supplics on the part of machine and repairmen to
show a large premium in one month followed by a high main-
tenance cost and no premium the succeeding month, which
could be arranged were each month figured separately.

As an example, to show how this premium system works
out: A mine having a machine maintenance-cost standard of
214 c. per ton, determined as above, produces in a given month
20,000 tons. The cost per ton for the year,‘ including the
month in question, is 114¢., making a net saving on the tonnage
of the month of $150, which is divided as follows: $75 to the
company and $75 among five machine runners, five hostlers and
one repairman, in proportion to their carnings for that month.
For the most part the men engaged in the operation of the
machines have taken unusual interest in reducing maintenance
costs, and the men at the different mines rival one another in
the attempt to establish the best record.

The cost of supplies for the year 1915 was 0.96c. per ton.
This includes bits, bit boxes, cables and all supplies used in
the opcration of machines, but does not include depreciation.

In this conncetion it is worth notice that the first machine
purchased has been in continuous service for 11 yr. and is still
in as good operative condition as one just out of the factory.

From studying the results of several machine installations,
particularly those of the United States Coal & Coke Co., and
the Clinchfield Coal & Land Corporation, it was found that
deep undercutting is a decided advantage, and where con-
sistent with the mining conditions, nature of coal, ete., should
be rccommended since it reduces (1) first cost of machine
installation, (2) powder consumption, (3) cutting cost per ton.
Moreover, where a certain output is expected, deep undercut-
ting should reduce the territory under development. This is
an important feature when the maintenance of roads, ventila-
tion, and supply of timber are taken into consideration. Fur-
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thermore, it should increase the percentage of lump and give
the loader a more definite or dependable quantity of coal down,
thus increasing his efficiency, and thereby raising that of the
entire plant.

Comparative cost of alternating and direct current for
machines.—In a mine where alternating-eurrent machines are
to be utilized, large tonnage should be developed in as small
an area as possible in orJer to sceure the most economical use
of the machines. This is shown in the accompanying diagram
of a typical room-and-pillar working, Fig. 48.
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Fic. 48.—Typical rocm-and-pillar development using alternating-
current machines,

In this mine the rooms available for the mining machines
are possibly far in excess of what the mining machine is capable
of cutting. 1n territrry distributed as in this example one
mining machine should eut at least 7 rooms in a working shift
or 14 rooms on a double shift. This would give approximately
300 lin.ft. of coal per shift, depending, of course, upon cir-
cumstances, the above example being under average working
conditions,
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The power cost of operating a single alternating-current
mining machine is comparatively low, as with the arrange-
ment laid out in the diagram one mining machine would not
use over 2000 1o 3000 kw.-hr. per month working single shift.
This small consumption of power is principally duc to the
mining machine having sufficient voltage at all times, and,
therefore, working at its highest efficiency.

One mining machine in 4-ft. coal and with a1 7Tl4-ft. cutter-
bar mining say, 300 tons to the shift, or 6000 tons a mouth,
will have a power expenditure of less than 14 kw.-hr. to the
ton. This would be less than lc. per ton on the average rate
of central-station contracts.

A comparison of maintenance between the alternating- and
direct-current machines shows favorably for the former. With
direct-current power in use, especially with a mine that is
supplied from some isolated power house on the outside of the
mine and a considerable distance from the workings, the
voltage is usually low; consequently, much armature trouble is
experienced in the motor on the cutting machine.

‘With an alternating-current mining machine served from
central-station power there is an assurance of good voltage,
as at no place nced the machine be at a greater distance than
1500 ft. from the distributing transformers. This distance in
any minc will give the mining machine more territory than it
is possible for it to work.

Alternating-current power is probably more economical for
general mining use, other than haulage. In fields where cen-
tral-station power is available pumps, hoists, fans and tipple
cquipment are all run by alternating-current power and appear
to give more satisfactory results than direct current.

In mines where alternating current is available and electrie
haulage is required it would be an added cxpense to install
wire for alternating-current cutting machines, as the con-
ductors that supply power for haulage can be used for direct-
current cutting machines. This accounts for the general use
of dircet-current cutting-machines in the large mines where
electric haulage is employed.

To the small operator with limited capital the alternating-
current mining machine has shown the way to a greatly in-
creased production withcut the large investment formerly
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required. It is possible to decrease mining costs and increase
production at a comparatively small expenditure above the cost
of the machine itself.

Arc wall cutters.—The Jeffrey-Drennen adjustable-turret
coal cutter, was designed to make a cut at any elevation desired.
This was installed at Jenkins, Ky., where the coal seam varies
from 6 to 8 ft. in thickness. It is clear, bright and free from
sulphur or other impuritics with the exception of a band of
shale located at a heigni of from 2 to 5 ft. from the bottom.
This varies in thickness from nothing to 19 in.

With the customary methods of undercutting it would be
impossible when shooting to prevent this shale from becoming
mixed with the coal, but by the use of a machine adapted to
cutting out or removing this parting before the coal is shot
down this difficulty is overcome.

The machine is mounted on a turnable truck, which carries
four heavy standards or uprights, on which the machine proper
is raised or lowered or adjusted to the desired height at which
to cut out the dirt seam. The cutter is designed for a minimum
height of 2 ft. from the bottom, and can be adjusted to cut
at any position between 2 and 5 ft. The raising or lowering of
the machine is accomplished by power through a disk friction
cluteh, which enables the operator to absolutely control the
elevation of the machine to a nicety, 3 ft. of a vertical move-
ment being accomplished in about 25 seconds.

The cutting is done in the shale at the bottom of the band
with the lower nose of the bits cutting into the coal about
14 in., which causes the shale to fall down in the kerf, after
which it is cleaned out, loaded in cars and hauled out of the
mine. This insures an absolutely clean product.

A 15-ft. place can be cut in 11 min. from the time the
machine enters the room until it is ready to leave. Twenty-
five rooms have been cut in a shift of 10 hr.

The Utah Fuel Co. of Somerset, Colo., cut 258 lin. ft. of
coal in 2 hr. 24 min. with this machine. The vein is 14 ft.
thick.

Post punchers.—Compressed-air post mining machines of
the radial type were installed at the Pacific Coast Coal Co.’s
mines about 1909, and it was found that after a mining was put
in with these machines the coal could be sent down the chutes
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with only a little pick work, and without any powder, except
an occasional light shot at a corner or to shoot out a ‘‘nigger
head.”” In fact the powder consumption was reduced over
95 per cent.

The lump coal was ircreased in this way from about 25
per cent to about 60 per cent, and the practical elimination of
powder made the mine much safer.

The rooms are driven 45 to 50 ft. wide. The first cut is
made from a post set 7 ft. from the left rib and about 18 in.
from the face. A cut 8 ft. in depth is put in, using an exten-
sion bar 80 in. long. The chuck cnters the cut, which acecounts
for the mining being deeper than the length of the extension.
After the 80-in. extension has been swung, a 100-in. bar is
uscd to square up the cut. One man operates the machine,
swinging it by means of the worm-crank with onc hand, and
feeding the cylinder forward two or thrce turns with the other
at cach end of the swing.

The machine and the posts remain in the room at the face
until the room is completed, for therc is no shooting of the
coal that can injurc the machine nor any loading (as in a
flat seam) that the machine would interfere with. Hence
there is no waste of time due to moving, except from post to
post, and little heavy lifting. Two men can sct up the machine,
with case, as the heaviest parts (the machine and shell) weigh
only 225 1b.

These machines will average about 300 sq. ft. in an 3-hr.
shift, or from 45 to 55 tons per machine per shift, according
to the height of the coal. While, as stated, the reason for the
installation of these machines was solely to increase the pro-
portion of lump coal, even if the cost of mining was increased,
the results point strongly toward a material reduction in the
cost of mining, after all interest, depreeiation, power, pipe
line, and maintenance charges have been made against the
machines.

In shooting off the solid, the former method, a yardage
system of payment was used, the rate being $9.50 for a 50-ft.
room. Three men worked together, furnishing. their own pow-
der. The reason for using a yardage and not a tonnage system
was because of the impurities in the seams, and the pitch.

Repair costs.—It pays well to have the machinery in shape
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to run a full day when the mine is working. By this means
whatever men are in the mine are given a chance to produce
some coal, and the cost of production is considerably c¢heapened
because repair costs are reduced to a minimum. This is
important, for the cost for repairs is too high in almost every
mine.

Furthermore, by giving each machine the needed care there
will be an inerease in tounage which will permit of a further
saving in the cost of production. In order to lower the repair
cost and increase the cfficiency of the machinery, it is neces-
sary to have a system simple but accurate, which will give an
individual record of the performance and expense of cach
piece of machinery. ‘

There should be a book kept at each mine by the electrician
for the purpose of recording the working hours of cach machine,
and in this the hours idle should be marked down. With a
little attention it will be possible to get the average number
of tons or cars cach machine is capable of producing, and
thus it will be possible to find at the end of each month the
number of tons lost through the inefficiency of any machine.

Every night the machineman should fill out a report show-
ing the make and number of his machine and the hours it has
been delayed, and he should state any dcefects he” may have
noticed in its operation. The cleetrician should then have these
defects repaired and sign the report and forward it to the
chief eclectrician. The minc electrician should also fill out a
daily report on this order:

NaMe oF COMPANY

Mine. .......covviiviiiiiiiia Date..o.oovinviiniiiiiiinnnna,

Hours Make and Number Repair Parts State if Broken or

of Wage of Machine or or Material Cost Worn Out and
Labor  Rate Locomotive Used of Part Cause

3 25 88 No. 1620 Mining 1 worm gear $14.50 Broken teeth worn

2 40 machine 1 key § X 4 X6 in. 0 06 too thin to stand

strain

REMARKS.—Advise that this machine be changed to essier work as the section is full
of rolls and the machine is too light for that work.—8. G, MILLER.

This report should be sent daily to the chief electrician,
who would have each item charged against the machine on
which it was used. Thus at the end of each month the exact
cost of labor and material used on each machine could be
easily found.
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The wiremen and bondmen should report the section in
which they have been working, the kind of work they did and
the material used. This should be recorded, and it could then
be seen at a glance how much copper or other material was
used to work out a section.

The mine electrician should at the end of each month send
a report to the chicf clectrician, showing the horsepower,
make and number of each motor, machine or pump at the mine,
the number of hours in use, the amount of time out of com-
mission for repairs and the amount of oil used on ii. 'This,
with the electrician’s daily report, gives thc chief electrician
a chance to get down to facts.

For example, if a certain mining machine gives much
trouble, he can see at a glance just what part was at fault
cach time, and with these facts on hand he can proceed to
investigate and remedy the trouble. Again, if a certain part
wears out on cach machine of a kind, he will know that it is
a weak part in the construction of that machine, and he can
take it up with the manufacturer who will probably be able
to suggest some way to overcome it.

The mine clectrician should order his supplies once a month,
and they should be charged against him and not against the
repair cost until they are actually used and charged on his
report. At the end of each month he should take an inventory
of all the supplics he has at the mine and should be credited
with them.

For example, he has $500 worth of supplies on hand on
the first of the month, and his requisition shows that he has
received other supplies worth $500. At the end of the month,
on taking his inventory he finds he has $400 worth left. This
shows he has used $600 worth of material. On checking up his
daily reports they should balance with this figure to show that
everything had been charged in its proper place.

The mine foreman should mark the delays to the machinery
on his report also, and this should check with the mine elec-
trician’s and efforts should be made to keep them correct.

Each piece of machinery should be treated as a workman.
The time in use, the amount lost, tons of coal handled or cut,
cost of labor and supplies should all be completely recorded.
This will show which is the most efficient machinery to buy
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for future use and which to discard, what parts wear longest
and what parts are most liable to give out first. It also shows
the amount of material, such as wire and hangers, bond, ete.,
in each section of the mine.

In order to get results from this system it is necessary to
have skilled and competrat mechanies. One cannot reduce
costs if the men fail to do their share. It is too frequently
the case that companiey using first-class machinery have in-
experienced and underpaid mechanies tending their expensive
equipment, while other companies having a poor grade of
machinery have good mechanics.

Many coal companices will buy an expensive piece of machin-
ery and then let an inexperienced man experiment with it.
The result is the repair cost is large for the first few years,
though it ought to be practically negligible. There is nothing
gained by letting somcone experiment with machinery, and
it is a costly practice. Through ignorance, most of such high
repair costs are blamed on the cquipment, whereas, if the
machinery had been used in the right place and treated as
it should have been, there would have been no trouble.

The average cost of repairs per ton of coal mined is about
10c. while, with careful attention on the part of the chief
cleetrician and the mine electricians, it would be an easy mat-
ter to bring it down to 5c. per ton, and if all did their best,
and the machines are in first-class condition it should be brought
to less than 3e. with no interruptions to service during work-
ing hours.

Machine bits.—The bit question is an important problem
in connection with the operation of machines, for the bit is
to the mining machine what the tooth is to the crosscut saw.
When using chisel-point bits in connection with up and down
pick points, the sharpening of these three classes of bits and
their distribution to the different machines is quite difficult.
The Sullivan Machinery Co. recognized this difficulty and fol-
lowing the old 5-position chain it later introduced the 9 posi-
tion superdrecadnought. Straight pick-point bits in this chain
give a good clean kerf, making comparatively coarse machine
cuttings, while placing on the machine only a moderate load.

Formerly all bits were sharpened by hand, but this is a slow
and most expensive process. Small trip hammers will do
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more than any other one thing to ease bit troubles. One man,
with a boy to heat the bits, can sharpen 2500 to 3000 bits per
day, making on an average a better bit than a man will make
without the hammer, because a blacksmith sharpening by hand
will endeavor to get the bits as hot as possible so as to save
hammering. In doing this he not only makes a badly tem-
pered bit but burns away valuable bit material.

The die used in these hammers may be a home product that
will probably he equal to anything on the market and that can
be made for $20 per set. For tempering compounds 2 solution
of cheap laundry soap and soft water gives good results at
little expense. One cake of soap is used to 25 gal. of water,
washing powder being added where the water is too hard to
lather freely. .

At the beginning of the shift this mixture is heated to the
boiling point and the sharpened bits while at a cherry-red
heat are thrown into the tempering tub, the hot bits keeping
the mixture boiling, insuring a slowly cooled and evenly tem-
pered bit. The object is to furnish cach machine with plenty
of bits and thus encourage the runner to change them before
they become dull enough to load the machine. It is cheaper
to sharpen bits frequently than to run the risk of burning out
armaturcs and wearing out cutter chains.

In Nos. 9 and 11 scams the West Kentucky Coal Co. uses
approximately 150 sharp bits to cut 100 tons of coal while in
the No. 12 scam the tonnage per bit is more than double this
amount. The number of bits required may seem high in this
instance but it was frequently the case in these mines that 150
bits would be dulled in a single room where rock or heavy
sulphur bands were encountered. In spite of these conditions
the records over three years at these mines show an average
production of 35,000 tons per 1000 bits purchased.

Loading machines.—Because of the decreasc in the supply
of labor throughout the country and the inercasing wages
more interest is being centered on ways and means for redue-
ing the amount of muscular energy required in the mining and
loading of coal underground. TUndercutting -and loading are
probably the two jobs least sought for in American coal mines,
and it is increasingly difficult to procure men who will per-
form this kind of work.
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Many machines have bee;l ﬂeaigned for the leading of coal.
Some of them both mine and load the material, while others
merely load it. In general, no difficulty has been cncountered
in devising an apparatus to place the coal upon the cars, the
main disadvantage of such devices being that it is impossible
to feed cars to the machir-s with sufficient rapidity to make
mechanical loading practicable. As a result such machines
stand idle a goodly portion of the working day waiting for
the loaded cars to be tal en away and their places filled by
emptics. Furthermovre, these machines are, as a rule, cumber-
some and difficult to move beeause of their great weight.

In hand shoveling the Loight through which the shovel
must be raised determines the capacity of the loader. With
the same expenditure of muscular encrgy to raise the coal, a
man will load 29 tons into a wagon 52 in. above the rail, 44
tons into a wagon 32 in. above the rail, and 140 tons into a
conveyor 8 in. above the floor, allowancee being made for clear-
ance in cach ease. Also it must be remembered that in raising
the shovel, the foot pounds cxpended in raising the body is
greater than the foot pounds exerted in lifting the coal. When
loading into a conveyor in connecction with a loading machine,
the coal does not have to be lifted more than a few inches;
some of it can be rolled or pushed on, and there is an important
saving in muscular energy effccted.

The Jeffrey loader weighs one ton. It has the motor and
machinery located in the center of the eonveyor over the sup-
porting rail; and therefore one man is able to bear down on
the back end and slew the machine around at will, and one
man can readily push the loader along the supporting rail to
any desirable position. The supporting rail is ordinarily placed
on two wooden horses. The loading machine is made strong
enough to admit of shooting the coal down on top of the front
end of the conveyor.

It is provided with a self-propelling truck to move from
one place to another.

For best results with the loading machine the minc should
be laid out systematically with just enough loaders in each
scetion to keep one under cutting machine busy. For instance,
in Fig. 49 is shown a system of ten rooms. In rooms 1 to 5
are loading machines; in rooms 6 to 10 a shortwall machine.
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Each room is loaded out in half a shift, therefore all ten rooms
are undercut and loaded out once a day. One gathering loco-
motive will handle cars for the five loading machines, if fairly
good size cars are used.

The Jeffrey pit car loader is a simple conveyor, driven
by an electric motor, so located as to add to the stability of
the machine.

Its novelty would appear to lic in its cost, which is about
one-seventh that of a shoveling machine. Ii will doubtless
appeal to those who contend that coal mining is attended with
too many delays to tie up large amounts of capital in expensive
machinery, and attract those who fear that the mine is no
place for a machine designed to pick up the coal.
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F1a. 49.—System of mining suggested for adoption with coal loading

machines.

The claim of its maker that the output from a room-‘*can
be doubled by the use of this machine appears to be conserva-
tive. The fact that it requires only two men to operate, whereas
other machines require from four to eight, is vastly in its
favor, for when the inevitable delays occur, it is not difficult
for two men to find useful work in posting, extending track,
ete. Quite a number of these machines are in operation at the
mines of the Dominion Coal Co., Canada, some of them for a
period of three years or more, and it has been proven that two
men will average from 50 to 75 tons per shift.

Three men using this machine can load out the coal from a
16-ft. entry, 6-ft. undercut, in one hour, where the height of
coal is 42 in. with a 2 in. to 6 in. parting, the dirt from which
has to be picked out.

Three men have loaded 7 cars of slate in 35 min., the capacity
of car being 3400 1b. of coal.
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In 5 ft. coal with 4 in. binder, two rooms were drilled, shot
and loaded out in 8 hr., making 39 cars of coal, each holding
3300 1b. About 6 in. of draw slate and binder were cleaned
out and gobbed. The cost of this machine in December, 1921
was $1500.

The Westmoreland Joader weighs 10 tons, is electrically
operated and self-propelled. The truck is rigid, with 12-in.
wheels, one front wheel loose axle, 4-ft. wheel base, and when
in operation the truck is clamped rigidly to the rail. A 3-ft.
geared turntable rests on the truck frame, and on this is
mounted a solid steel case, 12 ft. long, 32 in. wide and 1214 in.
high, which swings free above the wheels through an are of
160 dcg., 80 deg. right and 80 deg. left, the width of sweep
being 16 ft.

The stcel case contains a ram in the form of a chute, 2 ft.
wide, 6 in. decp and above the floor, and with an adjustable
shovel end at the front. The ram-chute hangs on rollers and
is moved forward and backward by a rack and pinion at the
top. This represents the unique feature of the machine. The
ready horizontal movement of the ram, together with its sweep
of 8 ft. on either side of the machine, enables it to keep close
to the loose coal throughout the full 16 ft., or slightly more,
of width and thus facilitates the work of the laborer.

The adjustable shovel end of the machine takes eare of
undulating bottom. It is rigid in opcration for all sizes of
coal, fine slack up to 200-1b. lumps being picked up at the rate
of one ton per minute by the chain conveyor in the ram. The
actual rated capacity of the loader under fair conditions is
20 tons per hour. Five men are required for its operation,
including the driver. The machine will work in scams that
are not less than 414 ft. thick, and will pass over curves of as
low as 12-ft. radius. The total power requirement is 16 hp.,
consisting of three reversible motors.

The Evans scraper loader is an adaptation of the old main-
and-tail rope principle to the operation of a modified scraper
as a means for conveying the coal from the face and out to
the room neck, at which point it is dumped into the car.

The apparatus consists of a double drum hoist, which may
be driven by either air or electric power, two wire ropes of
suitable lengths, and a V-shaped bottomless scoop, or drag. In
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addition to this major equipment, cach room is provided with
deflectors, loading pans and aprons. All coal is loaded on cars
in the entry, the plan being to sct a trip of empty cars above
the room neck so that no time will be lost in spotting another
car when one is loaded.

It is figured that with rooms of 300 ft. length it is possible
to load at least nine tons of coal per hour. The average haul
in this case amounts to 150 ft., and the hoist being geared for
a rope speed of 300 ft. per minute the traveling should be done
in one minute actual running time. Assuming that a minute
is lost at the face and another minute at the loading point,
there would be 20 trips per hour, which on a basis of 900 1b.
per scoop amounts to nine tons.

1t requires five men to successfully operate the apparatus;
one hoist man, one man on the entry to stop and trim the cars,
two at the face and one timberman. The foremost saving is
in the loading of cars.

A full ecrew for the Myers-Whaley machine consists of one
runner and one car coupler, who load as much as 15 to 20
hand shovelers. With these machines the same working places
can be loaded out twice a day, instead of once in two days,
as is commonly the case. Hence a machine-equipped mine will
produce a given tonnage with one fourth the development
required where the loading is by hand. This concentration,
with the consequent reduction of trackage, ventilation and
mine car equipment, effects important economies.

The machine is operated by one man, will work on elee-
tricity or compressed air, and is self propelling forward or
backward. The machine runs on either.

The machines operate at the rate of 13 to 18 strokes per
minute, with a power consumption of .22 kw.-hr. per ton loaded.
Three sizes are built for underground mining as follows:

. . . Mine Height
Height Length Width Net Weight Required
No. 2. 46 in. 19 to 21 ft. 4 ft. 9in. 9,000 43 ft.
No. 3. 47 in. | 20 to 22 ft. 4 ft. 11 in. 11,000 5 ft.
No. 4. 54 in. | 22 to 26 ft. 5 ft. 4% in. 18,000 6 ft.
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The machines are all capable of loading at over 1 ton per
minute. The smallest handle 30 to 45 tons per hour, and the
larger sizes from 50 to 60 tons per hour, actual shoveling time.

A test of one of the carlier makes of this machine was made
at the mines of the United States Coal and Oil Co. at Holden,
W. Va., about 1910, which is of interest. The coal at Holden

LoAbER'S DALY REPORT

Holden, W. Va., Aug. 31, 1910
Sixth dsy of official test run.

Time Btarted 7:30 a.m. Time Started 12:33 p.m. No. of Men Working:
Time Stopped 12:03 a.m. Time Stopped 5:32 p.m. a.m. 4
Total Time a.m. 4 hr. 33 min. ! Total Time p.m. 4 hr. 50 min. p.m. 4
Time
' R Loading . Tlmo.: Time T?tal Cars
Working Place and Changing Lost Time Loaded
Shifting Machine s Consumed Hoade
Cars
No. 6room ........... 1h 3m. {lh 1m |2h 4m 24 tons
No. 7Troom............ 2 h. 29 m. 25 m, 23m. | 3h. 17 m. 54 tons
No. 1 face room (neck). | 1 h. 45 m. 24 m. 26 m. { 2 h. 35 m. 33 tons
No.lroom............ 1h, 25 m. 11 m. None 1 h. 36 m. 39 tons
Totals.......... [6h. 39 m. | 1h 3m. |1h 50m. |9h 32m. | 150 tons

Remarks.—Time lost No. 6 room—loose setscrew on conveyor sprocket tightened
between 7:30 and 8:15=45 min. Off track 7 min.; pulling down coal 9 min. Total,

1 hr. 1 min,
Time lost No. 7 room—waiting on driver, 1 min.; off track, 5 min.; pulling down

coal, 17 min. Total, 23 min.
Time lost No. 1 face room neck—off track, 9 min.; pulling down coal, 17 min. Total,
26 min.
Time lost No. 1 room—none
J. B. HaiLg, Machine Runner.

Report by W, Whaley.

is a peculiarly, hard, tough bituminous coal, known as No. 2
gascous. Its coherent qualities make it somewhat difficult to
shoot down and nearly as hard to shovel as large lumps of
limestone.

During six days of its operation a record was kept of all
features of the run, cars loaded, time required to load and
shift, time to change the machine and time lost for any cause.
During the six days the machine loaded 768 tons of coal, the
time of loading and shifting cars being 36 hr., 6 min.; time
changing the machine 4 hr. 21 min.; time lost, 14 hr. 33 min.;
total time, 55 hr. The machine loaded out four rooms per day
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and part of the lost time was due to delay in shot firing, in
waiting on smoke to clear out of the room and other items not
chargeable to the machine. A copy of daily report of the last
day of this test run is shown herewith.

In spite of the delays and lost time the machine averaged
128 tons per day. The lowest day’s work (due to lack of coal)
was 90 tons, and the highest 150 tons. The average time of
loading and shifting a car was 8.4 min., or 21.3 tons per hour.

The territory in which the machine worked consisted of
seven rooms recently turned off the airway in No 5 mine.
Much of the work was done on curves. The rooms ranged in
width from 21 ft. to 27 ft. and all but two had two tracks.
The rooms were on the butt of the coal which greatly inereased
the difficulty of shooting.

The company had no difficulty whatever in kecping the
machine supplied with cars, which were hauled to and from the
side track on the entry by a mule.

The crew of the machine consisted of four men, as follows:
One machine runner, one man in front, and two men to handle
cars and pick slate.

Mining and loading machines.—The Ingersoll-Rand cutter
and loader consists of a powerful air-driven puncher, mounted
on a carriage over a conveyor. A lever is used to elevate or
depress the puncher pick, a second lever moves it from rib to
rib through the agency of a small air engine, while a third
lever moves the whole puncher together with its truck bodily
toward or away from the face, the conveyor remaining station-
ary within certain limits, or accompanying the forward or
backward motion of the puncher as desired.

The puncher itself makes about 160 strokes per minute,
and is controlled in the same manner as the ordinary hand-
operated machine, going from rib to rib and making a cut
cxtending the entire width of the entry. The conveyor is
driven by a separate engine suitably controlled by a stop valve.
The mine car is filled evenly by moving it about three times
during the loading process.

Making the undercut is the longest part of the operation,
requiring from 25 to 40 min., according to the hardness of the
coal. The knocking-down process ordinarily takes place faster
than cars can be supplied. When it is completed the conveyor
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is pulled back about 7 ft., a section of track is laid and the
conveyor again moved forward into position.

Two set-ups during the shift constitute a 10-ft. advance of
the entry. It is estimated that under suitable operating con-
ditions, such as high coal of the quality found in the Pittsburgh
seam, that the machine should average 250 ft. of advance per
month of 25 days, working day shift only, the night shift
being reserved for the laying of tracks, piping, etc. Where
conditions have been suitable and the machine has had an
adequate supply of cars, as much as 20 ft. of advance has been
made in a single shift. The average advance in the entries
of the Annabelle mine in West Virginia where several of these
machines have been in operation since 1913, is somewhat over
10 ft. per shift. The cuts at this mine average 1014 to 11 ft.
wide and 614 to 7 ft. high.

The Jeffrey cutting and loading machine undercuts, shears,
breaks down, and loads the coal into the mine cars. No
cxplosives are used.

The machine stays in the entry until driven as far as desired.
It is fed forward in a pan similar to- a breast machine.

The feed forward is 7 ft. Average depth of cut 6 ft. 6 in,,
width 5 ft.

The time required to make the cut depends upon the con-
ditions and nature of the coal. Ordinarily the sumping cut
takes less than 30 min.; the open cut less than 20 min. Mov-
ing sideways to next cut, 3 to 4 min.

The Jeffrey cutting and loading machine has two ver-
tical shearing chains between which is mounted a frame
carrying a number of heavy punching picks. This frame is
readily raised and lowered by the operator, who can cause the
picks to strike at any height he desires. The coal falls onto a
conveyor which is made thin enough to go into the kerf cut
by the undercutting chain. This conveyor carries the coal to
the rear end of the machine and dumps it into a second con-
veyor, which is mounted so that it can swing at any desired
angle to the machine.

, After a cut is made, the machine is moved sideways by
means of a rope hitched to a jack at the opposite rib and then
another cut is made. When slate is to be piled up at the side
of the room, the rear conveyor is swung sideways, the slate
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rolled onto the front of the machine and gobbed by the two
conveyors,

In a test run the machine required an average of 131
min. to make a cut and about 3 min. to move the machine to
the next cut, or about 16 or 17 min. time for each cut. The
coal loaded averaged 21 tons per hour, although where roof
conditions were good the machine had loaded 30 tons an hour
in the same time. The height of the coal is 5 ft. 8 in. In
another district an average of 60 tons per hour was made for
the threc months that the machine was in operation. In the
driving of an 11-ft. entry it has averaged 20 ft. advance per
shift of 8 hr. under rather unfavorable circumstances.

The crew for cach machine consists of a machine runner,
a helper and a driver. If the slate is heavy it may require an
extra man for this handling. )

At the Valier mine in Illinois these machines have been
introduced to accomplish rapid development work, promote
safety through climination of explosives and prevent the shat-
tering action of cxplosives on the ribs and roof of the entry.
The cutting in this mine is unusually hard, but under ordinary
conditions an advance of as much as 150 ft. per week was
made with each machine, by working three shifts. On single
shifts the machines make a general average of 300 ft. per month.
With regard to the economy of the use of these machines,
it is the opinion of Mr. Carl Scholz, general manager of the
company, that the cost of installation and operation will be
repaid many times by the saving in timbering because the
coal is not affected by the use of explosives when these machines
are used. The roof will stand muech better than it does when
so shattered and timbering will be unnccessary in most parts
of the entries. These machines are being used on the main
west e¢ntries where a possible distanee of 314 mi. can be driven.
After an cxperience of about 1 yr. in entry driving in this
mine, a difference between the standing qualities of these
entries and those driven with explosives can be observed.

The O’Toole machine undercuts, breaks down the coal and
loads it. It breaks up the coal completely and is thus designed
specially for use in mines where the production of lump coal
is of no advantage as for instance where the mine is producing
solely for coke making purposes. The machine consists of a
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motor-propelled truck, an oscillating chain-driven revolving
head carrying the cutter bits and a seraper conveyor for load-
ing the coal into mine cars at the rear of the machine.

A daily record of the machine, being the average of several
days is as follows: Distance advanced 38 ft.; power con-
sumption, 164 kw.; tons mined, 89 - average time of operation,
6 hr. 40 min. These tests were conducted simultancously with
experiments on exhausting coal from the mine by means of an
air blast, for which purpose a Root blower was connested to
a large spiral-riveted pipe and operated exhausting. 'The pipe
extended for several hundred feet into the mine and was con-
nected with the mining machine. An attempt was thus made
to draw the coal out of the mine and into a tank over the
railroad track. This attempt was highly successful in so far
as coal removal was eoncerned, but in its passage through the
pipe the material was reduced to dust. Although this con-
dition was not disadvantageous, as far as immediate coking
was concerned, the coal obtained could not be shipped long
distances in open-top cars.

Because readings were being taken at the time that the
experiment was being conducted, the results obtained are not
a true indication of what the machine can do. One instance
of this kind is the record for one day in which 154 tons were
mined in 9 hr. and 47 min., and the advance was 66 ft., the
average consumption being 120 kw. The passage driven was
in all cases approximately 10 ft. wide and 7 ft. high.

A table showing some of the work performed by this
machine, the time consumed and the cost is presented here-
with. These figures are as of 1915 and would have to be reecal-
culated, using a new basic rate, in order to bring them up to
date and render them comparable with present conditions and
prices

Blasting.—It has been found by experiment that when a
hole is drilled in rock, loaded with powder, tamped, and dis-
charged, the space in the rock after explosion has the shape of
a cone. If, therefore, a hole is put in the face of an excavation
and given no inclination the explosive will blow out the tamp-
ing or at best will break out a small cone near the mouth of the
hole. The reason for this is that the gases in trying to escape
follow the line of least resistance, which, in this case, is the drill
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hole, and the result is a blown-out shot. If a hole a b is put in
at an angle of 60 deg. to the face x y in the plan, Fig. 50, the
cone @ b ¢ would be broken out were there no reaction. The
line of least resistance in this case is b d. Gas cxpands equally
in all directions, and since it cannot escape except toward the
free face, two forces come into action, onc direct along the line
b d and the reactive force along the line b ¢. The resultant of
these two forees is “epresented by the lines b ¢ and b f, conse-
quently the cone is narrowed to a base ¢ f instead of ¢ ¢. The

o

o !/

T16. 50.—Sketeh demonstrating theory of blasting.

greater the angle the narrower will be the cone base, and the
more chances there will be for a blown-out shot.
1f the hole is 6 ft. deep the length of the line of least resistanece
will be sin 60° X 6, or 0.86 X 6 =5.16 ft. This is 6 — 5.16
= 0.84 less in depth than when the holes is put in at right angles
"to the face and will in all probability be a blown-out shot where
a safe charge of powder is used.
If the hole a g is 6 ft. long and put in at an inclination of
45 deg. to the face, the cone would have the dimensions ¢ g h
were there no resistance. In this case there is not so much
resistance to the breaking of rock owing to the line of least
resistance g 1 being less, which allows the reactive forces greater
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play. The resultant of the force to the left of the linegiisg k,
and as this comes well inside the rib ¢ « and the length of the
line g 7 is sin 45° X 6 or 0.7 X 6 = 4.2 ft., the chances are that
unless the explosive is properly proportioned and the charge is
carefully tamped there will be a blown-out shot.

If a hole a I 6 ft. long is drilled at an angle of 30 deg. to
the face, the cune in plan would have the shape a I m. In this
case the line I m extends into solid rock hevond the free face
z ¥y, and therefore no rock would be broken past p. In this
case the resultant I o comes te the corner of the rib at p and
the rock broken would have the shape a I p. The length of the
line of least resistance I n is sin 30° X 6 or 0.5 X 6 =3 ft.,
or just half the length of the hole. Ordinarily with care a com-
promise can be effected between 30 deg. and 45 deg. where more
work can be accomplished with the same quantity of powder,
and this may be at 35 deg.

The best method of breaking down coal at any mine by
the use of explosives is determined by experiments, which are
to be carried on with intelligent observations.

The observations will include the thickness of the coal bed;
the arca of the face to be excavated; whether it is advisable
to remove the whole bed or let some of it remain in place;
whether advantage shall be taken of partings if any exist; the
direction of the excavation with reference to the cleatage, and
the tightness of the coal. When these matters have been
definitely determined, then a few experimental shots will show
the best positions for pointing the holes, their probable depth
and the quantity of explosive needed for economically breaking
down the coal.

The system of mining followed, whether it is shooting off
the solid, shearing a loose end, or in the middle, or undercut-
ting, will require the same careful observations, although the
pointing of the drill holes will vary somewhat with each system.

Dynamite.—The meaning of the grade distinctions or ‘‘per
cent strength’’ mark on dynamite is somewhat of a puzzle to
many consumecrs, and often a source of misunderstanding
between manufacturer and customer. ‘

Originally a 40 per cent dynamite meant that the dynamite
contained 40 per cent of actual nitroglycerin by weight, but
as modern dynamites do not always contain this proportion
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as marked, a short description of the modern practice in grad-
ing is nccessary. A slight knowledge of the history of the
manufacture of high explosives may also help to explain the
situation.

The dynamites in use at present were originally known as
““active-base’’ dynamites in contra-distinction to the kiesel-
guhr dynamites which had an inert base. Low grade dynamites
were made a good many ycars ago, and are still a standard
product, the composition of which is from 5 to 20 per cent of
nitroglycerin absorbed in a combination of sodium nitrate,
sulphur and eoal dust, but as these are not a good absorbent,
a mixture of wood meal and nitrate of soda is used. With
these two ingredients, dynamites can be made with different
proportions of absorbent to nitroglycerin, so that explosives con-
taining as much as 75 per cent or as little as 15 per cent of
nitroglycerin could be made, worked, packed and exploded.

It was also found that with an active base like wood meal
and nitrate of soda, a dynamite having only 40 per cent nitro-
glycerin would develop as much power or more than a 75 per
cent kieselguhr dynamite. A rcasonably definite proportion
of wood meal to nitrate of soda existed at which an explosive
was not so wet that it would leak nor yet so dry that it could
not be ‘‘punched’’ into the paper shells.

The proportions of wood meal and nitrate were changed
to accord with any change in percentage of nitroglycerin.
More wood meal and less nitrate were used when the absorbent
was to retain a large percentage of nitroglycerin. More nitrate
and less wood meal or wood meal of less capacity for absorption,
like fine-grained sawdust, were used when making a dynamite
with a lower pereentage of nitroglycerin.

Using these three ingredients with minute proportions of
other nonecxplosive substances required to stabilize the
dynamite, a type of high explosive known as ‘‘straight dyna-
mite’’ is made which when thoroughly incorporated out of
well dried and pulverized ingredients, constitutes the standard
of strength against which all other dynamites are graded.

‘When other explosive substances are incorporated into
dynamites they increase the power over the straight dynamite
and it is then necessary to reduce the amount of nitroglycerin
and otherwise modify the formula so that the new compound
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will develop the same power in actual work as the standard
dynamite.

For instance, when guncotton is dissolved in nitroglycerin
it makes a sticky jelly-like substance which when added to the
wood meal and nitrate of soda makes an explosive, the cartridges
of which are much more powerful than those of the same size in
which nitroglycerin alone is used.

If such an cxplosive were graded according to its actual
content of nitroglycerin, the cartridges would be so much more
powerful than those of the standard grade of dynamite that it
might not be safe to use in work where the blasters were accus-
tomed to using that standard grade, as it would break the ma-
terial too fine and throw it too far and perhaps do much damage.

When other active ingredients in the absorbent were
employed, it was found necessary to reduce the amount of
nitroglycerin until the mixture developed the same strength
as the straight dynamite nitroglycerin by which it was graded.

There are now many cxplosives in the market which con-
tain no nitroglycerin at all, some of them being equal to a
40 per cent straight nitroglycerin dynamite, and these are
graded against the straight nitroglycerin dynamite.

The following table shows the total production of explosives
in pounds in the United States, according to the United States
Bureau of Mines, and the amount of the various kinds of
explosives used in Pennsylvania to produce 91,626,964 tons of
anthracite coal and 172,965,652 tons of bituminous coal in 1913:

Black High Per-

Powder Explosives | missibles
All mines in the United States. . . .. 194,146,747 | 241,682,364 | 27,685,770
Pennsylvania anthracite region. . . .. 44,001,660 | 16,093,035 | 3,323,645
Pennsylvania bituminous region....| 14,652,931 696,162 | 6,715,028

Thus it can be seen that the anthracite region used almost
as much ‘‘permissible’’ explosive in proportion to coal pro-
duced as the bituminous region. The presence of gas in suffi-
cient quantity to be detected on an ordinary safety lamp makes
the use of permissible explosives advisable, if not absolutely
necessary, to prevent explosions being caused by the flame of
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the black powder so commonly used for blasting coal. The
mining of anthracite consumed over three times as much black
powder and 23 times as much ‘‘high’’ explosive as the mining
of bituminous coal, despite the fact that only half as much coal
was produced.

The figures given are probably reasonably correct, though
the operators oniy know what powder they sell to their
employees and keep no track of what is purchased from other
sources. However. the amount so purchased is probably not
large. Of course the iarger consumption of powder partly
arises from the fact that the anthracite miner ‘‘lets powder
do the work.”’ 1If the bituminous operator invariably shot his
coal off the solid, he could pay his pick miners a lower rate
per ton and would nevertheless pay them more per day if he
could only sell the product. The greater consumption of pow-
der in the anthracite region is therefore not without its
advantages in the production of cheap, though less marketable,
coal.

Hydraulic cartridges.—A hydraulic cartridge was intro-
duced about 1909 for breaking down the coal. The cartridge
was operated by an improved form of pump. Though small
it is extremely powerful, being capable of exerting a pressure
of 7 or 8 tons to the squarc inch. It is of special design and
is attached directly to the rigid pipe with which it is con-
nected to the cartridge. No stand is required so that the
appliance can be used cither for breaking down or lifting
up the coal without special connections and can be operated
in holes drilled at any angle. The pump is fitted with a water
tank, about 114 pints being required for the operation, but
most of this returns to the tank and can be used again. A
pressure of 3 tons per square inch is usually required in seams
up to 4 ft. thick, and this gives a total pressure of 60, 90 and
150 tons, respcctively, on the three sizes of cartridges made.

After the coal has been undercut, a hole 314 in. in diameter
is drilled into the coal, slightly less deep than depth of holing.
This is done by means of ordinary machie and a special drill.
The hole is put in parallel with the roof, and as nearly as
possible along the parting to which the coal ordinarily comes
off, or just below it.
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The effect of the use of this machine upon the working
cost is slight, while its general advantageous effect upon the
selling price of the coal is quite striking. In a seam using five
hydraulic cartridges, 450 tons of coal are produced per day,
of which 75 per cent is large coal, and 25 per cent small. If
in the same seam the coal is brought down by explosives, the
percentage of large coal decreases to about 65 per cent, and
that of small inercasecs to about 35 per cent. The profit obtained
by use of cartridges in the above seam on 450 tons is about
$71 per day.

The advantages claimed for hydraulic cartridges are greater
percentage of lump coal; better quality of coal because not
shattered; better quality of slack; no waste coal; no dust; no
flame; no smoke; no danger; the work is done in the daytime;
henee, better supervision and no loss of work in waiting for
night ; the roof is not broken into or shaken ; the same apparatus
is used over and over again.

As many as 50,000 insertions of the mining cartridge per
annum are made at the mines of the Hulton Colliery Co., in
England, and the product is in better condition as it leaves
the mine. In one scam alone, the Arley, 28,500 hydraulic
‘““thrusts’’ are made per annum, by which it is estimated that
92,600 tons of coal are produced.

The coal face is well supported to begin with, by mecans of
sprags, the holing being made to a depth of 3 ft. 6 in. or 4 ft.,
the drill holes being bored a few inches less deep, 814 in. in
diameter, and placed at intervals of 6 ft. along the entire face.
The boring of each of these holes occupies generally about
15 min. After boring the first hole, or whenever the collier
is ready, the apparatus is inserted into the hole and the pump is
fixed upon a movable and adjustable support. A small hand
lever is first actuated until pressure is reached when an exten-
sion handle is attached. The pressure being fully on, the
enormous power of the apparatus is soon apparent, for the
coal is heard to be rumbling and cracking. This is allowed
to continue until the back portion of the coal is broken off,
after which the sprags are slightly slackened. By a continu-
ance of the pumping, the pressure is brought to bear at the
front of fhe face and continues to spread until the operation
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is completed. The sprags are then knocked out, whereupon
the whole bank of coal falls down in large pieccs.

Careful tests made, both with explosives and hydraulie
cartridges, show that a great gain in lump coal is obtained
when hydraulie cartridges are used. For two years the exact
slack and round percentages were taken while explosives were
used and the result siiowed:

(a) 51 per cent large lump; 17.3 per cent small lump; 31.7
per cent slack.

Hydraulic cartridges were then introduced, operating over
an area covering onc-half of the same mine, explosives being
left in the other half For the first 12 months after using the
cartridges the percentages were:

(b) 55 per ceut lump coal; 18.5 per cent small lump; 26.5
per cent slack,

Slightly over 26 per cent slack was produced thercfore, for
the whole of the mine.

Three separate tests were then taken of cartridge coal, only,
giving an average of :

(¢) 64.37 per cent lump coal; 13.87 per cent small lump;
21.76 per cent slack. :

The commercjal value of the hydraulic cartridge as against
explosives on the basis of the above percentages (a) and (c),
and taking into account the cost of using the apparatus in
England, 1907, was as follows:

Hypravric CARTRIDGE

Working Cost: £ s d
Operator, 6 daysat 6s.perday........................ 1 16 0
Allow for charge on first cost (£30) and depreciation of
CartTidges, BaY . . o v vt e, 6 0
2 2 0
Value of coal produced in a seam using 5 cartridges:
30 “thrusts” each per day produce 450 tons of coal.
450 tons at 78.24 per cent lump and small lumps =352 tons
at10s.......... R PR 176 0 0
450 tons at 21.76 per cent slack=97.92 tons at 58....... 24 9 6
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EXPLOSIVES
Working cost:
On the same face a shot lighter would be required, but as
he could probably fire the shots in less time this amount,
is deducted.

Operator,3daysat 6s.perday. ....................... 18 O
Cost of explosives, 150 shots at 4d..................... 2 10 0
3 S 0

Value of coal produced:
450 tons at 68.3 pur cent lump and small lump = 307.35 tons

at 108, ... 163 13 6
450 tons at 31.7 per cent slack =142.65 tons at 5s. ... .. 35 13 3
Hydraulic cartridge gain per weck: 199 6 9
Less cost of working; £3 8s. 0d. less £22s.0d.......... 1 6 0

Increased value of coal £200 9s. 6d.

1896 9
£ 11 2s. 9d. per day

Perweckof 5days.. ..., 55 13 9
Extra value of cartridges perweek..................... 56 19 9
Extra value of cartridges peryear. .................... 2963 7 0

At this colliery 15 cartridges are in daily use with equal
success, thus trebling the advantage.

The price of complete cartridge was £30 (f.0.h. Liverpool).

A new machine of this kind was introduced about 1920.
Briefly stated, the principle employed in this machine is a
duplication of a natural process found in every mine, in that
the coal is broken down by developing and applying what
might be termed an ‘‘artificial squeeze.’’

Rectangular incisions are cut in the body of the coal, one
near cach rib, and sometimes one in the center of the room.
These are made parallel with and as near the roof as possible,
those near the rib being cut parallel to it and close to the
corner of the room. Where the coal has the usual cleavage
planes and slips, the center incision is not necessary, as the
coal in that case will break down readily from rib to rib. The
machine used for cutting these mclsmns, or slots, is self-con-
tained and self-propelled.

Sumping is the only work required of this bar—that is, it
is simply inserted and withdrawn, cutting the incision in less
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than 3 min. after the machine is locked in position. The slots
are cut to approximately the same depth as the undercut. The
standard height of kerf is 434 in., and by simply changing the
width of the cutter bar its width is varied to suit conditions.
On the standard machine, cutter bars 18, 24 or 32 in. wide can
be used.

This slotting maciiine is simply the combination of two old
and highly perfected devices-—the chain-track type of tractor,
and the undercutting inachine, simplified and modified, for
cutting an inecision near the roof instead of underneath the
coal. Under normal conditions of operation in a 6-ft. bed three
men will cut in eight hours on the average the required num-
ber of slots for breaking down 250 to 300 tons of coal.

This folding steel tubing is practically indestructible and
solves one of the big problems in this process of mining, as it
permits of water being conveyed at extreme pressure from
the pump to the bar. A 24-ft. length of this tubing weighs
approximately 42 lb. and will withstand a water pressure of
30,000 1b. per square inch. The normal pressure employed is
10,000 1b. per square inch,

The entire equipment, however, is designed for using water
at 15,000 1b. per square inch, if such a ‘pressure is required.
All parts have an ample factor of safety. The pump is of
standard design, suitable for delivering a constant volume of
water, and the bars are of proper size for developing the neces-
sary expansive forces.

The expanding bars are furnished in four sizes. The smallest
develops a total expansive force of 1,000,000 1b. and the largest
a force of 2,500,000. The pistons have large flat bearing sur-
face to prevent indentation. The thickness of bed, character
of coal and other local conditions dctermine the size of bar
to be used. Under normal conditions the bar developing
1,500,000 1bh. of expansive force unfailingly will break down
coal 9 to 10 ft. in thickness.

The advantages resulting from the elimination of the use
of explosives in coal mining is a subject on which volumes
could be written. It effects economies in production and
operation that are not anticipated.

The saving in life and property, the prevention of accidents
in general and other humane and altruistic features are
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apparent. The roof fall is the greatest danger encountered in
coal mining. Eliminate the shattering ceffect of explosives upon
the roof strata and the accidents will be greatly reduced. Also
remove the powder smoke and fumes and. the working con-
ditions become more healthful and pleasant.

Economically, the use of powder affects every item of pro-
duction cost. Less timbering is required. What timber is
placed is never blown out. Thus losses in output arce avoided
and the cost of cleaning up the resulting roof fall is eliminated.
A saving in costs is effected through the elimination of shot-
firers and other highly paid labor. No expense is incurred
for installing and maintaining shotfiring apparatis and equip-
ment.

Shot firing.—A system of shot firing by which all the shots
can be exploded when every man is out of the mine, which is
not expensive in installation and operation, and which will
not heavily restrict the output of the mine was employed by
the Utah Fuel Co. at its mines at Sunnyside and Castle Gate,
Carbon County, Utah, about 1908. Here the coal veins vary
from 5 ft. to 10 ft. in thickness. These mines are operated on
room-and-pillar system and have a dip averaging 10 per cent
(or 5 deg. and 45 min.). At Castle Gate the main haulage is
in favor of the load, at Sunnyside No. 1, against the load, and
at Sunnyside No. 2, the haulage is nearly level but slightly in
favor of the load. All these mines are equipped with exhaust
fans. At these mines all shots are fired from the surface and
not then until it is known positively that every man is out of
the mine. This method was a practical working success and
has been for several years in operation in mines with a daily
output of 900 to 1400 tons in an 8-hr. shift and can just as
readily be adapted to a mine with an output of 3000 tons in an
8-hr. shift.

Twd" rubber-covered, or weatherproof (preferably the
former) wires, size No. 6, are strung from the power plant to
the mouth of the mine manway, or some opening through
which they can be run without danger of disturbance from
wrecking by haulage devices, ete. These wires act as feeders
and this size should be carried into the mine through some
opening which is well kept up and at the same time approxi-
mately divides the working places into halves in order to reach
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all these working places with the minimum expenditure of wire.
From this feed wire, No. 12 rubber-covered wire is run, prefer-
ably along the haulage road because these passageways are
kept in best condition. If some parallel gallery, however, is
kept up as a manway, it should be used by all means. But if
the haulageway is uscd the wire can be fastened as far as pos-
sible from actual haulage space. From this No. 12 wire, No.
14 rubber-covered wire is run into rooms, pillars, workings,
ete., to the working faces, enough wire being left to comfortably
reach every point in which a shot may be placed without being
compelled to tighten the last 25 or 30 ft. of wire. These wires
are fastened to plugs which have been driven into holes drilled
into roof or rib, to props, to cap picces, to legs or caps of
timber scts, cte. They arc attached to the above by either
two-wire or threc-wire porcelain cleats at intervals of about
25 ft. or sufficiently often to insure scparation of the wires as
the insulating covering dececays and falls off in time.

Giant powder is used to bring down the coal, the per cent
of nitroglycerin depending on the hardness and tenacity of
the coal and on the use to which the coal is to be put. Sunny-
side coal is almost wholly used for coking, and crushing being
necessary, the more fines which can be produced in the mine
the better after eliminating considerations of safety to roof,
ete. As Castle Gate coal is sold commecercially, only such
strength of powder is used as will bring down the coal with
a minimum of fines. ‘‘Reliable exploders’’ are used to dis-
charge the shots, the exploder being merely laid upon or tied
to the powder with a half hitch of the two wires, about 6 ft.
of which are attached to ecach exploder. These wires are
attached to the No. 14 rubber-covered wires, previously men-
tioned, in parallel and not in series. If attached in series, and
several shots in the series, a defective exploder, or exploder
wire, may cause scveral missed shots, but when placed parallel,
a defective exploder will affeet only the hole in which it is
placed. In making wire connections all wires should be bared
and twisting shculd be resorted to in order to insure good
contact.

The power used at Sunnyside is derived from a continuous-
current generator giving 500 volts, the cost of power for shot
firing being practically nothing, as the current is used for but
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a few minutes daily, while for the remainder of the time it is
used for underground hoists, elcctric locomotives, and light-
ing. If lack of electric power is the only consideration in the
way of installing an electric-shooting system, a small plant
can be installed and operated at a reasonable cost and the
surplus power can be most profitably devoted to electric haul-
age, or to underground or surfacc-lighting systems.

The cost of installing the firing system with electrie power
already at hand is trivial. At Sunnyside Mine No. 1 the com-
plete cost of installation from power house to the working faces,
including new material for the entire line, was hut $1250, of
which $850 was for material. This material included 6000 ft.
of No. 6 rubber-covered wire, 26,000 ft. of No. 12 rubber-
covered wire, and 30,000 ft. of No. 14 rubber-covered wire;
also 10 switches, about twenty 16-ft. poles with cross-arms,
ete., for the surface line, insulators, porcelain cleats, ete. 1If a
mine produces 1000 tons of coal per day for 250 days per ycar
or a total of 250,000 tons per year, the total cost of the system
if entirely paid for the first year would amount to but onc-half
cent per ton. In operation, a checkman at $75 per month,
shot firer, or wircman, at $3.25 per day, and an inspector at
$100 per month would amount to $2912.50 per year. On an
output of 250,000 tons this would be but about le. per ton,
leaving out material for repairs as of no consequence.

The system was installed at Sunnyside Mine No. 2 which is
as extensive as No. 1 mine, for $640, the difference being due
to the fact that the poles, ete., were utilized, which were already
installed for the electric-haulage system.

Possible decrease of output due to missed shots, which
prevent miners from working, may be advanced as a reason for
condemning the system. This argument, however, is disposed
of by the fact that out of an average of 300 shots fired daily,
but 1 per cent missed except those occasionally due to the fall-
ing of roof on feed-wires. The shots of a whole level have
been known to miss, but this occurrence has been very rare.
At any rate no appreciable diminution of output was noticed
when the change of shot-firing system was made at the Sunny-
side mines. '

To offset the cost of installation, operation, and of possible
diminution of output, may be advanced the fact that in the
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5 yr. the system has been in operation at Sunnyside where
over 500 miners have been continually employed, not one
accident, however trivial, has becn caused by shot firing
directly or indirectly. Under ordinary methods, it would be
expected that several accidents due to shooting would have
occurred in this lepeth of time, any one of them resulting in
damage suits involving $10,000 or more. The loss of one suit
would amount to practically as much as the operating cost of
the system for 4 yr.

Daymen.—The price paid the miners and loaders for plae-
ing the coal on the mine car at the working face is the largest
single item in the cests of operating bituminous coal mines.
The next largest is the day-labor expense. The former is prac-
tically fixed for each region and does not vary. Lvery ton of
coal produced costs just so much, and regardless of the manage-
ment it remains the same.

The superintendent’s ability to handle and operate a mine
successfully hinges principally on the one item—the day-labor
cost of operation. This he can reduce or raise at will within
certain limits. He can improve the underground conditions
while better market prices rule or reduce the amount of labor
done during dull times. The success or failure of the mine
depends largely on this labor cost. 1t is subjeet to more varia-
tion than any other cost item on account of its being dependent
almost entirely upon the individual ability of the management,
and this quality has as many variations as there are individuals.

The question of what this cost should be is much disputed,
and many estimates are made based on any one mine or group
of mines. Each superintendent knows what he is doing him-
self, but there is more or less reticence in exchanging figures
with neighboring mines.

An average value for this cost of labor is important, and
the impracticability of obtaining average figures over large
sections for periods of considerable time has led to much mis-
understanding and criticism of the local management. The
average cost is not what, in the opinion of a few men, the work
should be done for, nor is it a few months’ test run. It is a
figure covering a long period of time, allowing for considerable
mining difficulties and embodying some allowance for the labor
necessary to the general maintenance and repairs of the mine
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and plant. It should include a wide variety of eonditions, both
favorable and adverse. Granting that this average can be
established, the benefit to the operators is evident.

The accompanying diagram, Fig. 51, is compiled from pub-
lished figures of 454 mines in Pennsylvania and West Virginia.
The number of mines entering into the average is so great
that any inaccuracy that may occur in the veport from any
one mine would be inappreciable in the result. Any temporary
conditions such as an unusually high or low cost simplv in-
fluence the result in making the figures represent averag: con-
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Fig. 51 —Diagram showing labor cost at 454 Pennsylvania and West Virginia
coal mines.

ditions through long-time operation. Also mines were selected
which work over 230 days in the ycar, so that the estimate
may be taken as of mines producing their capacity and main-
taining their equipment and mine conditions.

The foundation of the diagram is the mean foree of day
employees requisite at the mine for a period of one year; and
the average daily shipments are based on the annual produc-
tion. Some mines included in the average may be going through
that period of reconstruction and betterment that is advisable
periodically. Others may be using every means of economy.
In fact, the figures may be taken as being very fair operating
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expenses covering a considerable period of time and variable
conditions. They do not represent the cheapest mine nor the
most expensive. Certain mines must nccessarily call for higher
labor costs than others, but these conditions are known, and
any such allowance made to fit the individual case. Although
the figures include an average amount of rock work they do
not represent exceptions; and they represent the average haul
over the large number of mines.

The basis of the diagram is the number of tons output per
day-employee or day-laborer per working day. It does not
take into consideration any cextra-time track men, drivers and
others who may be working while the mine is idle. It is
customary for some day-men to work in idle time on something
that may be then more casily done. Although this is a small
percentage of the regular day-labor expenses it is something,
and it would accordingly incrcase the cost given in the dia-
gram. In explanation of the chart, it may be added that the
force of miners or loaders necessary to produce the tonnage is
not figured in the day-labor cost, the coal being loaded on the
mine car at the working face by the requisite number of
miners. The coal is hauled by drivers, track laid and repaired
by trackmen, doors opened by trappers; these, with the motor-
men, brakemen, dumpers, trimmers, car shifters and all other
day-labor necessary to move this tonnage from the working
face to the loaded railroad car arc represented on the diagram
in the ““Production in tons per day-laborer per day’’ and
‘““Labor cost in cents per ton, estimating the average day wage
at $2.20 per day.”’

TFirebosses arc included when employed, also shopmen and
carpenters; but not the superintendent or mine forecman or
the mine-office force. It is simply the bare day-labor cost. The
.cost per ton is derived from the tons per day-man per day.
The greater the tonnage the less the cost. The averages given
in the lower half of the diagram show that the production per
day-man runs from 8.7 tons for the low-capacity machine mines
up to 13.4 tons for the low-capacity pick mincs. These are
the cxtremes in the averages.

To reduce these figures to cents per ton, an average day
wage throughout the industry must be assumed. This average
varies in different regions, and the upper half of the diagram
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may have to be readjusted to a small extent to fit the prevail-
ing wage scale. Curiously the average production per day-man
per day remains praetically unchanged throughout many thick-
nesses and characters of coal—for the central Pennsylvania
thin steam coals, westurn Pennsylvania thick gas and coking
coals, thick steam coals of southern West Virginia and the
thick and thin gas coals of central and northern West Virginia.

If any variation froin this is to be noted it is in a little
greater efficiency in the regions where the bigher wage rates
are in effect. For this reason a moderate day rate was ostab-
lished ; namely, $2.20 per day—Ilittle higher than the existing
average in the low-rate regions in 1915, and lower than those
existing in western Pennsylvania. It is doubtful if the costs
per ton shown on the diagram can be changed materially for
a wide range of mining conditions and wage rates throughout
the bituminous coal regions.

There is an almost inexplicable variation in the production
per day-laborer per day when individual mines are considered,
extreme cases running from 20 tons down to 5 tons. This
indicates some confusion in this mine-labor item and the lack
of any well-founded base for what this cost really should be.

It will be noticed that 51 pick mines with a eapacity of less
than 200 tons daily were operated with a labor cost of 16.6c.
per ton—the cheapest group of mines. The interpretation is
that these mines are so small and simple in their organization
and so few men arc employed that it is almost impossible to
blunder in their operation. The only explanation advanced as
to the rise in costs in pick mines up to 400 or 600 tons capacity
is that these mines outgrow the crude management of the
smaller mines up to that point; and from there up to the 1000-
ton mark the more expericnced management is in evidence.

Small capacity machine mines are a failure, as the cost
of the pdwer house and appliances are prohibitive for such
small tonnages, and the operating costs of these mines decline
generally up to 1000-ton capacity. There is little variation in
this decline, as their equipment calls for experienced men in
the start.

The reason for increase in cost for all mines over 1000
tons capacity can only be speculation, but the evidence points
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to their being too large for almost any human being to exercisc
the proper supervision. Large mines are almost always
equipped with the most modern labor-saving appliances, and
their labor costs should be correspondingly less.

A further study of these data gives the following results:

1. Averaged 42 tons per day for one year with two day employees, or
21 tons per day-man per day.

2. Averaged 365 tovs per day for one year with 16 day employces, or
22.7 tons per day-mau per day.

3. Averaged 429 tons per day for one yecar with 17 day employees, or
25 tons per day-man per day.

4. Averaged 218 tons pu day for one ycar with eight day employees,
or 27.2 tons per day man per day.

5. Averaged 131 tons per day for one year with five day employees, or
26.2 tons per day-man per day.

The average of these is 24.4 tons per day-man per day, and
these mines were selected for their unusually cfficient opera-
tion. There are very few of them in the list of 454 mines, and
they are given to show that this grade of cfficiency has been
reached by the willingness of the employces. The aggregate
production and the number of day-men employed at all of the
454 mines show their average efficiency to be 11.4 tons per day-
man per day. These figures and the following tabulation in-
clude all the employces inside and outside the mine:

Cost per Ton
Tons p:: I];:y-Man (Labor Averaged
P y at $2.20 per Day)
Fivemines................. 24.4 $0.0902
454 mines. . ................ 11.4 0.1930

In the 454 mincs the labor work cost 10.28¢. per ton more
than it ought to have cost on a fair valuation.

The saving of 10.28¢. per ton is a minimum, as many of the
454 mines are operated with a very efficient forece of men, and
they include the five mines.
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Looking at the question from another point of view, we
have:

Tons per Cost per Ton
Day-Man (Labor Averaged Saving
per Day at $2.20 per Day)

64 cfficient pick mines. ... . ... 16.76 $0.1313
100 incfficient pick mines. . . . 9.66 1).2277 $0 0964
139 efficient machine mires. . . 13.44 0.1637

151 inefficient machine mines.. 8.29 0.2654 ‘ 0.1017

One writer has suggested a ““labor factor,”’ to fix the ratio
of the number of company men to the tonnage produced. This
gives certain valuable comparisons for the immediate vieinity
where the labor conditions may be all the same, but is subject
to fluctuations in comparisons between all pick, puncher, short-
wall and longwall mining, according to the division drawn
between miners and others.

Efficicncy of the daymen may be high, but the miners and
loaders may be waiting for cars and not working to the best
advantage. An extra cmployee here and there inside may not
in himself be working to the best of his time, but he may be
helping the miners to double their output. A better basis of
comparison would appear to be one involving the output per
man employed inside.

The accompanying table shows a comparison between the
largest producers in the central Pennsylvania field operating
on the thinner scams of coal, the Freeports and Kittannings,
from data taken from the state mine inspector’s report. These
figures may be inaccurate in minor details, but are probably
equally correct for all. The collieries are arranged according
to the thickness of the seam, and the final tonnage is divided
by the thickness of the seam in feet, so as to put all on an
even basis.

It will be noticed that there is a wide variation in the ton-
nage handled by the men outside the mine. This is to bo
expected, as conditions vary more widely outside than inside,
the matter. of picking probably having more influence than any
other. Some companies purchase power, but most of those
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on the list are so large they have found it economieal to pro-
duce their own or are producing it because their plants were
installed before it was convenient to purchase power. All
employees engaged in the manufacture of coke have been
eliminated. With a general knowledge of the conditions exist-
ing in cach case, a fairly reliable comparison should be reached.

PropucrioN EFrFiciency orF Variovs CoMPANIES IN CENTRAL PENNSYLVANIA
(Compiled {rom Mine Inspector’s 1912 Report)

ToNs PER MAN PER DAy
Thickness
of Coal, Cc'm: Foot~ Standing
Inches pany . . Inside and Tons
Inside Outside .
Outside
38 A oo 2.27 0.72 12
40 B 3.45 19.3 2.91 0.87 6
42 C 4.43 21.3 3.60 1.28 1
......... D 3.56 28.1 3.16 0.90 3
......... BE 2.72 30.4 2.50 0.71 13
45 F 3.96 45.2 3.65 0.97 2
46 G 3.68 43.3 3.40 0.89 5
48 H 4.06 31.7 3.60 0.90 4
......... I 3.53 87.0 3.39 0.85 7
......... J 2.92 11.1 2.31 0.46 18
56 K 4.67 25.8 3.95 0.84 9
58 L 4.73 14.3 3.56 0.73 11
60 M 4.12 36.5 3.70 0.74 10
......... N 4.15 16.4 3.31 0.66 15
66 (0] 5.53 30.3 4.68 0.85 8
67 P 3.90 25.7 3.40 0.61 16
72 Q 4.77 34.4 4.12 0.68 14
......... R 4.27 20.7 3.52 0.58 17
Average....|....oooifeint 30.1 J.......... 0.79

The United States Coal & Coke Co. in 1917 offered prizes
to the men who would earn the most money in the loading of
coal during the last half of June, the results of which are
given in the accompanying table. These figures are of interest
chiefly in showing the maximum labor effort that can be real-
ized, some of the men having worked day and night and laying
off for a full week after the test period was over.
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Earnings or THE THREE Brst Coar Loapers AT EacH PLANT OF THE
Gary MiNEs

No.of Total
Name Cars Rate | Days | Rate |Slate | Rate Farnings
No. 2 Works
K. Kolony..... 117 | $1.02 3.0 |$2.55 [.....[...... $126.99
G. Belone. .. .. 103 1.11 ... el 13 [$0.84 125.25
L. Sabo....... 85 1.04 2.0 2.55 10 R4 112.30
No. 3 Works:
J. Heedo. . .... 114 .73 2.4 2.50 ... ... 89.33
J.Seko........ 9? g‘g 180 (........ 13 .55 86.70
. 4 .
S. Rinko. . . . .. { s Y| 8o | 280 | 3| .55 81.59
No. 4 Works:
P Clinchook...] 152 | 1.11 1.0 3.00 3 .84 174 .64
S. Miller. . .. .. 150 1.11 .. .. ], 9 .84 174.06
J. Kromba..... 95 1.11 1.0 2.566 6 .84 113.04
No. 5 Works
F. Lasos....... 50 1.37 1.0 2.55 55 .84 117.25
P. Blink....... 64 1.37 1.0 2.55 29 .84 114.59
S. Borsus...... 51 1.37 1.0 2.55 50 .84 114 .32
No. 6 Works:
T. Hajeck. .... 131 1.11 1.5 2.55 |.....]...... 149.39
J. Sabinsky....| 102 1.11 1.0 2.55 |.....|...... 115.77
A. Hajser...... 8| 1.11 0.6 2.55 ... 93.86
No. 7 Works:
S. Kozlske. . . .. 96 1.11 0.3 2.55 |..... ...... 107 .41
W. Karbovich.. 87 1 .0; 3.3 2.55 8 .36 101.01
68 .9
F. Near....... { < ) IOV FURUROR IR SOV 100.28
No. 8 Works
W. Skarino 115 | 1.15 0.5 2.55 5 .84 | 137.87
B. Slovak..... 62 1.05 f.......] .. 28 .84 91.17
Z. Rugan...... 64 1.11 4.0 2.55 6 .84 86.28
No. 9 Works:
F. Markangelo.| 209 | 1.11 1.0 3.00 1 .55 235.54
D. Paron...... 194 1.11 1.6 2.556 ... o, 219 .59
S. Darboldi....| 205 1.11 2.4 2.65 [..... ..., 233.78
No. 10 Works:
N. Carper. .... 168 1.11 2.5 2.55 1 .55 193.55
A. Dodaney.. .. 96 1.11 8.0 2.685 |..... 0., 126.96
M. Simms.. ... 100 .85 1.0 2.55 30 .55 104.05
No. 11 Works:
S. Coimoin. ...| 240 .95 13.0 2.50 1 .56 261.05
P. Miller. . .... a7 | o5 {30 g:})g} 1| .55 | 245.90
P. Pope. ...... { - q S+ OO FRURPRRS FOUUR I 232.15
No. 12 Works:
J. Drake. ..... 110 1.11 ..o et 122.10
J. Scolgal...... 90| 1.11 ... ... o o] 99.90
E. Lester...... 80 1.11 2.0 2650 |.....]...... 93.80
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EarNiNGs or THE THrEE BesT CoKE PULLERS AT EACH PLANT OF THE GARY

MINES
Name Ovens | Rate Ovens Rate ,TOt.a‘]
Earnings
No. 2 Works:
J.Hostin............ 41 | $1.55 43 $1.25 $117.30
. Y13 1.55 7 1.25
D. Hostin. .......... i< 08 16} | 17 Daysat 2.75} 91.82
. 12 1.55 10 1.25
J.Hostin............ {293 163 | 1.8 Daysat 2_40} 83.98
No. 3 Works
E, Young.....,...... 5 1.25 17 1.55 88.85
W. Young....oon..n. 38 1.25 15 1.55 70.75
A.JoneS...euviannnnn 30 1.25 18 1.55 65.40
No. 4 Works
P. Kellam........... 20 1.55 56 1.25 101.00
N. Kellam........... 16 1.55 36 1.25 69.80
D. Kellam........... 13 1.55 32 1.25 60.15
No. 5 Works:
S.Hodge...ocovevennn 19 1.55 49 1.25 90.70
C.Wade............ 14 1.55 36 1.25 66.70
13 1.556 25 1.25
L. Nacne............ { N 1.3 Daysat | 2.40 } 54.60
No. 6 Works:
. 9 1.55 20 1.25 }
J. Mils. ....... {219 ‘% | 3Duyeat | 2.0)| 8119
. 13 1.56 37 1.25
T. Mille............. { ........ 1.8 Days at 2.40} 70.93
11 1.55 19 1.25
3. Moore. . evnn.. ... { ________ 14 Dags at T RTR
No. 7 Works:
W. Wilburn.......... 17 1.55 37 1.25 77.60
11 1.55 15 1.25
J. Bantos. .....c..... { R U 14.7 Days at 2.40} n.
8 1.55 21 1.25
E.B. Rose........... { ........ 0.6 Day at 2.40} 40.25
No. 8 Works:
6 1.00 51 1.25
W.Kellam. . ........ { ...... o L } 113.15
G.Hall............. 34 1.25 12 1.55 61.10
J. Martin............ 25 1.25 14 1.55 53.60
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The outside employees used in the anthracite regions would
compare better with those required in the bituminous if we
were to eliminate all the men engaged solely in the cleaning
and sizing of the coal. Pennsylvania anthracite statisties sup-
ply information in which ‘‘slate pickers’’ are segregated and

ToNNAGE PER EMPLOYEE IN PENNsYLvaNiA, WEsT VIRGINIA AND ILLINOIS

Tons per

Tons per | limployee
Employees | Per Cent | Employec| per

per Year | Working
Day

Pennsylvania anthracite, 1913*:.

Miners. .................... 78,319 44 .67 11361 4 69
Other inside employees. ... ... 50,348 28.72 17681 7.31
Outside employees f......... 46,643 26.61 1964§ 8.12
Total...................... 175,310 100.00 523 2.16

* All mines reporting.

1 Based on all tonnage except that from culm-banks. The whole tonnage was 91,626,964
in 1913, 2,619,785 being from mines and strippings, leaving 89,007,179 tons obtained from
oculm-banks.

1 This includes 9121 slate pickers, men and boys, or 5.20 per cent, cleaning 10,046 tons
per employee per year, or 41.51 tons per working day.

§ Based on the full tonnage; namely, 91,626,964 tons.

Tons per
Tons per | Employee
Employees | Per Cent | Employee| per

per Year | Working

Day

Pennsylvania bituminous, 1913*:
Miners........ ............ 122,932 64.73 1407 5.61
Other anside employees. ... ... 33,342 17.56 5188 20.67
QOutside employees t......... 33,635 17.71 5142 20.49
Total...................... 189,909 100.00 911% 3.63

* All mines reporting.

t This includes 10,122 coke employees, or 5.33 per cent, coking 37,381,029 tons, or 3693
tons per employee. Without these men, who are really cngaged in manufacturing, there
would be only 23 513 outside employees, or 12.38 per cent, the production being 7356 tons
for each such employee per year, or 29.31 tons per working day.

$ Excluding coke-workers, this figure would be 962.
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ToNNAGE PER EMPLOYEE IN PENNsYLvANIA, WEST VIRGINIA AND ILLINOIS
Continued

Tons per
Tons per | Employee
Ewployees | Per Cent | Employee| per

per Year | Working

Day

West Virginia report of 1912 *:
Miners......... ..... .... 43,581 62.60 1531 6.84
Other inside employees. ...... 13,277 19.07 5026 22. 4
Outside employves t......... 12,758 18.33 5231 23.35
Total.......... ........... 69,616 100.00 959 4.28

* All mines reporting.

1 This includes 2297 coke employees, or 3.30 per cent, coking 3,310,250 tons, or 1441 tons
per employce. Without these men there would be only 10,461 outside employees, or 15.03
per cent, the production being 6:379 tons per year, or 28.48 tons per working day for each
such employce,

Tons per
Tons per | Employee
Employees | Per Cent | Employee| per

per Year | Working

Day

Illinois report of 1913 *:
Miners. . ........cooiiiinn.. 53,588 69.73 1129 6.31
Other inside employees. .. . ... 16,718 21.75 3619 20.22
Outside employees........... 6,549 8.52 9240 51.62
Total . ..........cooovint. 76,855 100.00 787 4.40

* Shipping mines only.

under this caption are included all employees inside the breaker,
such as jigtenders, platemen, etc. The reports from the bitumin-
ous regions of Pennsylvania, West Virginia and Illinois do not
give any enumeration of workmen cngaged in cleaning and
sizing, though there are many men so employed, some being
actually on picking tables and others trimmers on cars.

Lest too much weight should be placed on the cost of
breaker work, a quotient has been obtained by dividing the
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whole tonnage, 91,626,964 tons, by the number of men and
boys employed on the outside, excluding those working within
breakers and listed as slate pickers. The divisor is thus reduced
from 46,643 employees to 37,522. The quotient to which we
have referred is 2442 tons per year, or 10.09 tons per day, a
figure so low that it scems hard to explain. And yet in com-
paring this figure with the larger figures of the bituminous
region, it must be borne in mind that the latter have not been
““doctored’’ by the omission of cleaners and sizers in making
the estimation.

But there is another vitiating principle in making com-
parisons to which attention must be drawn. In the anthracite
region there are many strippings, and the men engaged in this
work would find their appropriate classification in our tables,
not as outside men, but as miners. Unfortunately, the tonnage
of strippings and the men cmployed at such open-cut work
have not been segregated in the mine reports, exeept in Illinois,
and there the stripping work is of almost negligible importance.
In the year ending June 30, 1913, about 152 men at seven strip-
pings in Illinois mined 137,448 tons.

Another difference between anthracite and bituminous con-
ditions makes a comparison of the work of inside men some-
what unfair. In the anthracite region there is much labor
expended in reworking old breasts, especially in the Lansford
district. In some cases possibly there are advantages in this
work, making it more profitable than first mining, but in nearly
every case second mining of this description is far more expen-
sive than work in undisturbed coal.

Perhaps there are no sections in the Union with more effi-
cient outside handling systems than those found in western
Pennsylvania and Illinois. In the former the cconomy largely
arises from the largeness of the operations. In the latter it
finds its source possibly in the fact that the mines are mostly
shafts and that the preparation of the coal is limited to careful
sizing. The fact that much tramming which is outside, or
tipple, work in the case of a drift is inside, or caging, work
in case of a shaft, also accounts for the lower productivity
of Illinois inside hands. The gain secured on the surface is
a loss below.

On the other hand in western and central Pennsylvania the
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coal instead of being tipped by self-dumping cages is dumped
on a tipple, which takes more surface hands though less men
are needed below. The long haulages common to drift mines
in that section are also a cause of wastage of labor, though they
probably more than pay for themselves by the saving in shaft
sinking and other first cost. In many cases there are long
gravity planes which nced the services of many men. More-
over, picking tables are somewhat numerous in central Pennsyl-
vania.

The necessity that shotfiring in Tllinois should be performed
by men specially employed for that purpose increases the num-
ber of men engaged in vnderground work. In many cases these
men are supplemented by fire hunters whose husiness it is to
sce that the shots have not ignited the coal and to cxtinguish
an incipient blaze if such be found.

1t will be noted that, excluding coke workers, the produc-
tion per outside employee in the bituminous regions of Pennsyl-
vania is 29.31 tons per day; in lIllinois, where the coke ovens
are away from the mines and are thercefore not considered in
the state report of the mining industry, the production is 51.62
tons per day for each outside workman.

The showing for this latter state (Illinois) is truly remark-
able and onc of the largest operating concerns there states that
it is not obtained by excluding men in official position from the
enumeration, but represents a real economy in mine labor.
Irregular operation may, and frequently does, help to increase
the tonnage of coal mined per miner in any working day, but
it does not give any aid to the management in increasing effi-
ciency in other labor; for when places are vacated by the
removal of workmen who become discontented at the frequent
idlenesses, the transportation problems are made difficult and
the outside men are often prevented from being supplied with
the tonnage for which the operation was designed.

Some sections suffer from old-time regulations. In the
Blossburg scction of Pennsylvania, for instance, it was and
perhaps still is customary to have boys at all switches, though
in other regions the mule-drivers throw their own switch levers
without any measurable waste of time. The American coal
operator concentrates his attention on this question of tonnage
_per man employed as is indicated by a comparison with foreign
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practice. The following is a comparison of the tonnage per
man employed in the various fields of the world:

Pennsylvania bituminous. . . .. 1009 Pennsylvania anthracite....... 520
Virginia.. .. ................ 964 Transvaal. . ................. 504
West Virginia............... 954 Arkansas.................... 480
Montana................... 803 Towa............... ..., 478
Wyoming................... 887 Texas....................... 476
New Mexico........... .... 857 Oklahoma................... 461
Maryland. . ................ 847 Missourt. . .................. 414
U. 8. bituminous. . ... ...... 837 Michigan.............. ..... 373
Ohio................. ..... 790 Orange Free State .......... 327
Utah....................... 783 German Empire.............. 301
Illinois. . ................... 775 Natal....................... 203
North Dakota. .. ........... 773 Great Britain. . .............. 273
Indiana.................... 772 Austria...................... 231
Colorado............. ..... 770 France...................... 224
United States. . ............. 762 Sweden. ." . .......... .. ..... 185
Kentucky.............. ... 745 Russia........ ............. 173
Alabama. .................. 720 Belgium........ ... .. ..... 173
Washington................. 669 Spain.............. .. ... 162
Tennessee.................. 613 Japan............. ... ..... .. 133
Australia................... 607 India....................... 124
New Zealand............... 563 Cape of Good Hope........... 81
Canada.................... 529

The figures for the tonnage per man in the United States are taken from
the report of the U. S. Geological Survey for 1913; those for all other countries
are for 1912, except in the case of Russia (1909), Spain and Japan (1911).
These latter figures, of course, have been multiplied by 1.12 so as to obtain
the equivalent in short tons.

Of course this order of precedence in economy of human
labor varies from year to year according, largely, to the num-
ber of days worked. Thus, for instance, in 1912 West Virginia,
being second, led the state from which it was originally dis-
membered, and Wyoming stood third in the list. In 1911 the
outgut per man in Great Britain was 291 tons and that of the
German Empire 278 tons, reversing the order of 1912, In
many states and countries the tonnages are low because of the
irregular call for coal where the main demand is for domestic
use. In such communities, low output spells not inefficiency
but diversity of occupation. The farmer has added mining to
his ordinary vocation.

But the fact that every state in this Union leads every
European country is significant. And the leadership is obtained
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despite the fact that the mines of the American continent do
not work with, by any means, exemplary rcgularity. Still
some allowance must be made for the deeper workings, more
contorted measures, more perfect preparation of coal and more
back-filling and flushing in the European mines. But these
difficulties extennat~ rather than cxplain. Smaller cars and
haulage units, union restrictions, lower speeds and less use of
mining machinery are the real reasons for the lowered human
efficiency in the co:l operations across the Atlantie.

In fine, it has been observed ihat the genius of the American
machine is in capacity, that the merit of the IEnglish is in
ruggedness and that the predominent quality of the German is
ingenuity and delicacy. The American mechanism performs
great service with little watching. The English machine fre-
quently doces less, but secems to live forever. The German
machine is often complicated, but usually not needlessly so.
The rcason for the complexity is that the (ferman has a delight
in modcling those types of machinery which demand complica-
tion and refinement of detail.

The accompanying chart, Fig. 52, excerpted from the report
of the Engineers Committee of the United States Fuel Admin-
istration gives a graphic comparison of the produetion per man
in the United States and (Great Britain from 1896 to 1913,
The curves for both anthracite and bituminous are given for
this country and the curves of the number of men employed
both inside and outside are given for Great Britain.

Miners’ wages.—1t may be argued that the miners are mak-
ing a day’s pay where they are not lazy but this is not the
case in many mines. The operator must bring pressure to bear
upon the worker to get him to work regularly and do a full
day’s work. But this is not the principal difficulty, and the
differcnce in carnings is small where opportunities to load coal
are reasonably equal.

The rates paid for mining are high—almost too high. In the
union districts in central Pennsylvania the price for pick coal
(in 1915) is 72c. a ton. This is paid whether the mining is in
rooms and the coal hard or whether it is in pillars which have
been standing and the coal is erushed. In the latter case a
man can dig and load a ton in 20 min. At that rate he ought
to earn $8.64 a day, allowing 50 per cent of the time for rest-
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ing. But seldom or never he gets enough cars to earn any-
where near that amount.

It has been stated that the men in central Pennsylvania
earned more money when pick coal was 35¢. a ton than they do
now. But the past and present conditions have not been taken
into account. Thc hluime for the loss in carning power is often
angrily put on the union, whercas it ought to be partly borne
by operators for rot maintaining correct conditions—men in
proportion to the syuipment and bosses in proportion to the
mine.

There is an inflexibility in the rates paid for work which
makes an inequality in the earning power of the men. Rates
are generally the same for all parts of a mine or for all parts
of a vein. In one anthracite mine $1.58 is paid for a 2-ton
car of coal whether the vein is 8 ft., and free blowing or 4 ft.
and hard coal. In the bituminous regions the same price is
paid for pick coal whether it is in rooms or in crushed pillars.
Business has been business in establishing the rates, and in
any argument hetween employer and employee over what the
rate should be, the attempt on both sides has been to charge
all the traffic would bear. There has been no measurement of
work by which attempts could be made scientifically to get an
equitable basis for payment. Mecasurement of work is just as
practical in mining as in manufacturing, where it is now being
largely done.

Although the payment is made according to the ton or car
loaded, responsibility for the amount of work done cannot be
wholly cast aside by the management. Men are used in a mine
entirely too freely and expected to be on their own resources.
They cannot do it, for they do not work alone, but are depend-
ent upon others for the opportunity to work.

The drivers, being paid by the day, are not anxious to
deliver more cars than are necessary to keep their jobs and
go neglect the miner. In consequence the miner does not earn
as much as he might. One can hardly blame the driver so
long as it iv a fixed principle in life to get as much for as little
as possible. Universally a mine is so undermanned by bosses
that no work can be followed up, and the neglect of duty and
failure to codperate can become so common that the miners
frequently suffer from needless delays.
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It is hard to stir up trouble at a mine where the men are
being properly treated and are earning a day’s pay. It will
be found that the strength of a union increases at a mine in
proportion as there is more cause for discontent. But this is
not to be regarded as an argument that the men should be
paid whether they do any work or not.

Increased carnings of the individual can be reflected favor-
ably on the cost sheet. A man who is working a piece of coal
which has been formerly neglected and is so situated that he
is given only a car or two a day and whose earnings in con-
sequence are low is likely to be a source of trouble. When it
is necessary to keep a man and a mule for only a few cars
a day, the transportation charge will be high. The cost of
gathering was taken in one mine and found to run from 2%5c.
to 25¢. The total cost for haulage was high because on only
a few roads were there enough men to give a driver a full day’s
work. When the work was apportioned so that there were
enough men on cach road, the cost fell.

It would be more advantageous to the workmen if the union
leaders, instead of making demands for further inercasce in the
rates of pay, asked for a better organization of the work so
that the men were furnished an cqual number of cars. Rates
are high enough so that no man need overwork himself in
earning good pay. In a boiler-room a fireman will shovel into
the furnace from 18 to 20 tons a day, which is more than a
miner will load into cars.

One well-known union leader has been quoted as saying
that 15 tons was not too much for a man loading after machines,
and the union representatives agreed to a task of 12 tons at
one mine. When one gets into the complex changing condi-
tions of an anthracite mine it might scem a little doubtful
whetper this could be done, but again it is a case of the arrange-
ment of work rather than a crying need of an inerease in
rates.

Under the present general manner of payment the only
cure is to promulgate the idea that cach man should produce
a large tonnage per day. An increase in their output will be
of advantage to the miners, as they are paid by the ton. It
will also be to the interest of the company, for an increased
output per handling unit will result from the proper organiza-
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tion of work by which the larger product is secured. Though
there is no one cure for all ills, the application of the principles
of efficiency to mining will greatly help to alleviate the con-
ditions which are now a frequent and natural source of much
irritation.

The accompanyiryg table gives the wage scale in effect in
the Hocking District iromn 1898 to 1921, covering all classes of
labor in and about the mines. This table will be found of use
in computing the comparative cost of doing the various kinds
of work cited throughout this book where the figures arc not
up to date.

The Hocking scale as it is generally known has been used for
this purposc for the rcason that it dates back the farthest
of any of the important scales and also because it is used as
a base for all wages in the Central competitive field and has
influenced wage scttlements in all union fields generally. The
break in the table in 1914 was occasioned by the change from
the sereened coal basis of payment to the mine run.

Losses from idle time.—The yecarly average of days of
activity in the mines of the United States from 1908 to 1914
was 217. Thus the mining plants averaged only about 72 per
cent of full time. In the year 1914 the number of working
days, according to United States Geological Survey report, was
only 207 for all ¢oal mincs throughout the country.

Unfortunately even this time is not by any means evenly
distributed. Some mines are idle a large percentage of the
year, while others work with regularity. A few mines in agri-
cultural states work mostly in the winter, and in the summer
the men must find farming jobs to keep them busy, though it
is doubtful whether many of them do. A miner is not always
willing to work undcr a hot sun. Arkansas and Oklahoma in
1913, for instance, only worked 174 days, or barely 55.5 per
cent of the possible working time.

Perhaps under no circumstances will it be possible to keep
coal mining at an even pace throughout the year, but it should
be possible to do better than the 1914 season. Such depression
as occurred in that year would be helped by a combination
embracing all the mine operators, but the conditions of unem-
ployment were nation-wide, and something broader than a com-
bination of mine owners would be necessary as a stabilizer.
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WaGE Scares IN THE Hocking DisTRicT, CENTRAL

1892 Feb. 1894 June 1895 March
to A:):il o foa | | on
) . X -
1894 1894 1895 1895 1896 1896
Pick M wning
Bereened lump, per ton.................. $0.70 ($0.50 ($0.60 ($0.51 |$0.55 (80.61
Mine run, 5-7 lump price....... ........ .50 .35% 428 . 36'? .39% .43%
Entry, dry, peryard.................... 1.75 | 1.25 1.6560 | 1.2741 1.87% | 1.52%
Entry—breakthroughs, yard.. . ... ... ... 1.75 | 1.25 150 | 1.273| 1.37} 1.52%
Room—breakthroughs, yard. . .......... 1.00 .75 1.00 774 .87% | 1.02%
Room turning, per room...... P 2.50 | 2.50 2.50 | 2.50 | 2 59 2.50
Track layers, perday................... 2.25 | 1.75 2.00 | 1.783 1.874 | 2.02}
Track layers’ helpers, perday........... oo oo oo oo e
Trappers, per day. . ...oovvvinnenonn .. .75 .75 .75 ki .75 75
Cagers, drivers, per day. .. .. 1.50 1.75 | 1.524] 1.62}% 1.77%
Trip (rope) riders, perday.............. Lo oo e e
Water haulers, perday.................. 1.50 1.75 | 1.524] 1.62}% | 1.756
Machine haulers, x perday............. * * ok * * *
Timbermen,perday.....cooovvendoaecdonin e fene e e
Pipemen,perday...cocoovvviiii oo ee e oo b
Wiremen,perday..covveeiineineinenndiineedieealoain oot
Motormen,perday......coooeveneenneneloeeeaoaro oo oo
Pumpers, per month.................... 40.00 [30.00 [35.00 {30.00 |32.50 |35.00
Other inside day labor. . .......... ... oo oo
Outside
First blacksmiths, perday............... x x x x x x
Second blacksmiths, perday............. x x X x x x
Blacksmiths’ helpers, perday............ x x x x x x
Carpenters, per day........oovveunnenn.. x x x x x x
Dumpers-trimmers, perday.............. 2.00 | 1.50 1.75 | 1.524] 1.62% 1.77%
Slack haulers, perday................... x x x x x x
Creasers, couplers, perday............... x x x x x x
Engineers, firomen, per day. x x x x x x
Other outside day labor................. 1.75 | 1.25 1.50 [ 1.25 | 1.37% 1.50
Machine
Cutting, per ton—by
Jeffrey styles—room.................. .08 .07 .08 .07 .073 .08
Jeffrey styles—entry.................. .11 .10 .11 .10 .10 11
Punch machines—room. .............. .124 114 A28 114 12 .123
Punch mechines—entry............... L1340 L1124 J134 124 .18 .13%
Loading, per ton—
INTOOMB. .. ovvvv i eenrarinecnennnnn .35 .25 .30 .254 .27} .30%
In rooms with hand dnlhng ............ .38 .28 .33 .284| .30% .33%
I0 @RBEY . eveeee et .433) 3144 .36 | .314] .33} .364%
In entry with hand drilling. ........... .464| .3434| .30 .344 .36% .39%
In breakthroughs in entry. .. .Entry Price | E.P. |E.P.|{E.P.| E.P. | E. P,
In breakthroughs inroom............. .41 . 204 .35 204 .327%| .35%
In breakthroughs in rooms with hand
drilling.......... e ceveeseenn..| 41| .32 | .38 | .32 .35%% .38%
Drilling, by hand, perton. .............. .03 .03 .03 .03 .03 .03
by machine, perton............. .02 .01% .02 .014| .01% .02
Machine by the day...... Runner and '
helper jointly. .......oovvvivinvin o] iinenn .. e 4.50 4.50
Room turning to cutter and londcr Entry
PIICE. o e et E.P.IE P | EP |E P

* Formerly rated with couplers, greasers, etc.
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CompETITIVE YIELD, FOR THE YEARS 1892 TO 1921

159

1896 | °. % | 1897 | 1808 | 1900 | 1903 1904 1906 1910 | 1912
0
to July to to to to to to to to
1897 | "\ coc | 1808 | 1000 | 1903 | 1904 1906 1908 1912 | 1914
$0.45 ($0.51 (80 56 [$0.66 [$0.80 [$0 9O $0.36 $0.90 $0.95 [$1.00
.32} .36¥| .40 | .47H 573l e4¥ .60% .64 .6785 0.71%
1.124) 1.274) 1.40 | 1.65 ' 2 00 | 2.25 2.124 2.25 2.3748| 2.4996
1.124) 1.274{ 1.40 | 1.65  2.00 | 2.25 2.12} 2.25 2.3748] 2.4996
623 7730 90| 1.15| 1.80 | 1.56 1.473 1.56 1.6465| 1.7330
2.50 | 2.60 | 2.50 | 2.50 | 3.03 | 3.41 3.22 3.41 3.5992| 3.7884
1.65 | 1.784f 1.00 | i.90 | 2.28 | 2.56 2.42 2.56 2.70 | 2.84
.................. 1.75 (2 10 | 2.36 2.23 2.36 2.49 | 2.02
s sl s 75 1.0 ] 113 1.06} 1.13 1.25 | 1.32
1.40 | 1.524 1.65 | 1.75 | 2.10 | 2 56 2.42 2.56 2.70 | 2.84
RV IRV PN NN SRR .1} 2.42 2.56 2.70 | 2.84
1.40 | 1.5624] 1.65 | 1.75{ 2.10 | 2.56 2.42 2.56 2.70 | 2.84
* * * * 12,10 | 2.56 2.42 2.56 2.70 | 2.84
U P N, 1.90 | 2.28 | 2.56 2.42 2.56 2.70 | 2.84
.................. 1.85 | 2.22 | 2.50 2.36 2.50 2.63 | 2.78
.............................. 2.56 2.42 2.56 2.70 | 2.84
............................. 2.56 2.42 2.56 2.70 | 2.84
30.00 [30.00 |33.00 )
....................... 2.10 | 2.36 2.23 2.36 S| 2.40 | 2.62
=
x x x x x | 2.81 2.65% 2.81 =| 2.06 |3.12
x x x x x | 2.53 2.39 2.53 k| 2.67 | 281
x x x x x 2.36 2.23 2.36 = 2.49 | 2.62
x x x x x | 2.53 2.39 2.53 8| 2.67 | 2.8
1.40 | 1.524| 1.65 | 1.75 | 2.10 | 2.36 2.23 2.36 5| 2.40 | 2.62
x x x x x | 1.97 1.86 1.97 §| 207 | 218
X x x x x 1.41 1.33 1.41 = 1.48 1.56
x x x x x 1249, Reduced 4 | Adv. | Adv. | Adv.
1.25 | 1.25 [ 1.40 | * * | adv. adv. of 1903 | 2.36 5 2.49 | Adv.
£
06| .07| .07 .08 .09 | .10 .09 .0965 E .1030| .1050
00| (10| 108 .11 123 134 124 1320 || .14 [14.35
L1040 113 .12 124 133 143 .14 .14 g .15 [15.44
J14 .12d) .13 | 133 L1431 .16 .15¢ .6 B| .16 | .1710
=]
.22 .25 .28 | .33 | .41 | .48 45 4835 ®| 5170 5560
253 .283] .31 | .36 | .44 | .51 .48 .5135 5470 .5850
" .28) .313| .34 | .413 .51 .60 .56} .6030 .6435] .6885
313 .343| .37 | .44)) .54%4] .63 .50% .6330 .6735] .7185
E.P.|E.P|EP |EP|EP| EP E. P. E. P. E.P. | E.P.
.264| .203 .324) 139 | .483| .56+ .521% .5650 6030 .6455
203 .324| .35 .4 | .51%] .50v 6575 1 .5950 .6330| .6755
03| .03 .03| .03| .03 | .03 .03 .03 .03 .03
.013] .o014| .o13 .02 | .02%] .02 .02¢ .02 .0283] .0276
4.20 | 4.50
EP|EP|EPI|EPIEPI| EP E. P E. P E.P. | E.P

x Bpecial prices according to nature of work.
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Waak ScaLes IN THE Hocking DIsTRICT FOR THE YEARS 1802 To 1921—Continued

1914 1916 [April to 1917 1920
to to Oct., to to
1916 1918 1917 1920 1921
Pick Mining
Run of mine, per ton..... Cheeaan veerer...|80.676 130.6764(80.7764| $0.8764 [$1.1164
Entrics, dry, per yard......... crsrecrsnnnn 2.4996| 2.6245( 2.6245| 3.0181 | 3.6217
Breakthroughs, in entrics, per yard.........| 2.4996| 2.6245| 2.6245] 3.0181 | 3.6217
Breakthroughs, in rooms, per yard.......... 1.7330] 1.8196/ 1.8196{ 2.0925 | 2.5110
Room turning, perton................. ... 3.7884| 3.978 | 3.978 4.5747 | 5.4806
Inside Day Laror
Tracklayers, per day........coooveuunnnnn. 2.84 2.98 3.60 5.00 6.00
Tracklayer' helpers, perday............... 2.62 2.75 3.35 4.75 5.76
TIAPPOIB. . ot ov vt it 1.32 1.40 1.96 2.65 3.18
(Where old men are employed)............. 1.50 1.59 2.19 3.59 4 59
Bottom cagers, drivers, trip riders, per day. .| 2.84 2.98 3.60 5.00 6.00
Snappers on gathering locomotives, per day.. | 2.84 2.98 3.60 5.00 6.00
Water haulers, machine haulers, per day. .. .| 2.84 2.98 3.60 5.00 6.00
Timbermen, perday....... ... .. oiienn 2.84 2.98 | 3.60 5.00 6.00
Pipe men, for compressed air plants, per day.| 2.78 2.92 3.52 4.92 5.92
Wire men, per day...co.vnennneneennnen. . 2.84 2.98 3.60 5.00 6.00
Motormen, perday..........coovuiiinnn.. 2.84 2.98 3.60 5.00 6.00
Motormen (minimum), perday............| ...... 2.98 3.60 5.00 6.00
All other inside day labor, perday.......... 2.62 2.75 3.35 4.75 5.76
Spike team drivers, 25 cents per day cxtra...
Machine Cutting
By Jeffrey style of machines, in room, per ton.| .07 .074 . 0890 .1040 .14
By Jeffrey style of machines, in entry, per ton.| .0970| .10235 1173 .1365 1790
By punching machines, in rooms, per ton.... .1044| .1084 |....... .1384 1744
By punching machines, in entries, per ton. . . L1156 .12016]....... .1518 19056
Loading
In rooms, PEr tON. .. v. vt i iiivrenrnsnnonns .38 .406 .4910| .5760
In rooms, with hand drilling, per ton........ .40 .426 5110 .5960 .80
Inentry,perton..........ciiiiiiinnnnnns 4690| .49945| .5845 . 6835
In entry, with hand drilling, per ton........ .4890| .51945| .6045 .7035 .9290
Breakthroughs in entry, per ton........... .| E.P. | .51945| .6045 .7035 .9290
Breakthroughsinrooms................ e .46 .489 . 5740 .6684 .9290
Breakthroughs in rooms. ...... Cereeeees a4
Drilling
By hand, perton............... [ ¢ ] .02 RN .02
By machine, perton.........cieiiiiiian.. .0186) .0198 |....... .01956
Room turning, cutter and loader........... E. P
Outside Day Wage Scale
First bfacksmith, perday.................. 3.12 (3.27 3.87 5.27 6.27
Second blacksmith, per day............ ... 2.81 [2.95 3.56 4.95 5.95
Blacksmith helpers, perday................ 2.62 12.76 3.55 4.75 5.76
Carpenters, perday......coooveeivinnn ...] 2.81 (2.95 3.55 4.95 5.95
Dumpers and trimmers, perday............ 2.62 |2.75 3.35 4.75 5.75
Slack haulers, perday................c.00.. 2.18 |2.28 2.88
Greasers and couplers, perday............. 1.56 |1.64 2.24 3.24 4.24
Where engineers and firemen are employed 9 K
by the day, the minimum rate is $4.75 for . . 5». R~
8 brs. This does not apply to men employed 3 §3 . :'E‘g'g .
at a monthly rate. This also applies to coal it g‘o'g THa gs
washers. e Eh 353%
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The whole nation must get together to produce a stability in
business which will make stcady work in coal mines and in
every other form of activity.

The case of the miner against irregular opcration has
already been forcibly set before the public. What is not so
generally realized is wnat the ease of the operator is just as
damaging to him. His capital is idle and his minc cquipment,
instead of bencfiting by a rest, is rapidly depreciating. Al-
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Fia. 53.—Percentage of increase cost due to irregular working time compiled
from 830 observations in the New River field.

though the mine shuts down, his fixed charges run on—not
only interest charges and salaries, but a host of maintenance
charges as well. And in the c¢nd the coal consumer pays the
bill for idleness of xainer and mine.

In this connection we may find instruction in an exceed-
ingly valuable study made by Mecssrs. Garnsey, Allport, and
Norris of the costs of production as effected by interruptions
of working time. Fig. 53 is taken from their ‘“Report of the
ingincers’ Committee of the United States Fuel Administra-
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tion, 1918-19.” It represents an analysis of the monthly records
of seventy-three operators in the New River district of West
Virginia. Each of these was carefully analyzed, and the per-
centage increase of cost for each of the 830 observations thus
obtained was plotted; weighed averages were then taken at
each 2.5 per cent from 70 to 100 per cent working time, and
for each 5 per cent below 80 per cent. The result of this
study is shown in Fig. 53, which has been ehecked by numerous
observations from practically every ficld and has been found,
within reasonable limits, to be correct. This dizgram can and
has becn used in reducing to normal cost the reported cost of
collicrics shut down during parts of months. The rcason for
the increased cost per unit of output is, that the smaller the
number of tons produced the larger is the share of fixed over-
head expenses that must be borne by cach ton. F. S. Pecabody
testifying before the Frelinghuysen committee in 1919 stated
that: ‘‘the carning of the laborer and the cost of coal depend
entirely on continuous work. Our costs will vary from month
to month, dependent on the running time of our mines. There
will be a variation of between 50 and 60c. a ton from month
to month, depending on the number of hours the mines are
idle.”’

The average number of productive days worked per annum
in Illinois and Indiana is only about 175 out of a possible 300
or more. This idle time of the miners is not confined to one
season or period during which they can find employment else-
where. The men are always subjeet to call, for which reason
they urge a greater daily wage so that that their annual in-
come may be sufficient for their needs. This causes these
opcrators to grant abnormal wage advances, which are directly
reflected in coal cost.

“Many industrial plants which produce standard or basic
commoditics find it possible to operate 24 hr. per day by using
different ghifts of men. They work also for 310 or more days
a year, or a total of 7440 hr. per annum. Still other industries,
on two 8- or 10-hr. shifts per 24 hr. work 300 to 310 days per
year, thus operating 5000 to 6000 hr. cvery 12 months.

Even one 8-hr. shift in each 24-hr. period with 310 days
per year gives 2480 working hours in every 12 months. Be-
cause of the unrestricted competition the mine operators of
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Illinois and Indiana have built more plants than are treeded
and can only opcrate for 8-hr. out of every 24, and for 175
days per year, or 1400 hr.

It will be scen, therefore, that as against 100-per cent plant
utilization (24 hr. for 310 days or 7440 hr. per annum) pos-
sible in some indus*-ics, and as against an average by all
industrics of 33 per cent to 45 per cent (one 8 or 10-hr. shift
per 24-hr. period for 310 days), a coal plant is in actual pro-
ductive use orly ubout 18 per cent of the mine. This makes
plant, interest and depreciation charges six times as hecavy as
for some other industries.

The 97,000 miners ¢£ Illinois and Indiana who are prevented
from working 125 days per year might at the 1915 wage have
carned an additicnal $36,400,000, or $371 per mman per year,
had their cmployers been able to give them work or had their
cfforts been expended in other dircections.

Because the operators can give their miners work only a
part of the time, these operators must pay higher daily wages
than are warranted by the current selling prices. Their labor
cost (in 1915) is 92.44c. per ton, whereas the selling price is
but $1.14 and $1.11 respectively for the states of Illinois and
Indiana.

Statistics of the ecal-mining industry for 1912, give a total
production of bituminous coal of 450,000,000 tons, with a total
production cost per ton as follows:

Direct laborperton. . ...............ccoiiiiiinn... $0.5425
Indirect labor (day work). . ....................... 0.2383
Salaries............... PN 0.0575
Supplies..........ooo i 0.1305
Royalties..... ... ... 0.0320
Miscellancf)us EXPENBEB. . . .\ ittt 0.0530

Total perton. ......... ..o, $1.0538

Assuming that as claimed by competent authorities, the
output from thc same workings might have been 600,000,000
tons, an increase of 33'/, per cent, with little advance in the
expenditures, let us see how this increase in output would
affect the production cost per ton.

Direct labor and royalties probably would remain about
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as before, but the other expense items would show a reduction
due to the increased output about as follows:

Direct labor perton. . ............. ... ... $0.5425
Indirect labor (day work) ... ..... ... ... oL 0.1790
Salaries. . . ... 0.0432
Supplies... ... ... ... e 0.0978
Royalties........ .. ... ... 0.0320
Miscellancous expenses. . .. ........... ... . 0.0400

Total perton. . ........cooviviiiininenens $0 9345

This shows a deercase in production cost per ton of 11.93¢.,
or 11.4 per cent, due simply to increasc of tonnage produced.

Economic aspects of conservation.—It has been customary
to refer to the unlimited coal resources.of the United States,
but while our country has been wonderfully blessed in this
respect, the exhaustion of some of the choicest coal beds is
already in sight, as for instance, the high-grade coking coals
of the Connellsville region. Conservative cstimators realize
that the coal supply should now probably be measured by
hundreds rather than by thousands of years, and that it be-
hooves us to conserve our fuel resources. Large areas of high-
grade fuel undoubtedly yet remain, and it is not too late to
utilize these deposits mueh more fully than has been done
with similar deposits in the past, both by more skillful mining
and by a more thorough utilization of the coal after it is
brought to the surface.

The Anthracite Coal Waste Commission in 1893 estimated
that probably not over 30 to 35 per cent of the coal originally
contained in the areas mined over has been saved, and that
even by working over the old culm banks and reworking the
arca already mined, not over 10 per cent additional would be
obtained, thus giving a loss of 50 to 60 per cent of the original
coal. By means of the very close washing and sorting of the
small sizes, and the better removal of the pillars through the
crushing of culm and other methods, the amount of waste may
be somewhat less than is estimated hy the Coal Waste Com-
mission, but still an enormous waste is going on, of a material
which is not duplicated anywhere else in the country, and of
which the supply is comparatively limited.

Dr. I. C. White, has estimated about 1909, that in mining
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bituminous coal in the United States not over 50 per cent of
the coal in the ground has been obtained. This figure is exces-
sive for prescent-day practice, still the amount of waste is
entirely too great and should be deereased.

That great portions of our coal deposits have been skimmed
over, leaving rich territory abandoned because of poor and
inadequate methods, which aimed at the recovery of the casily
accessible and absndoned the more difficult, is apparent to
every observer. Mich valuable coal property has thus been
wasted or ruined.

It is in a sense a moral obligation on the operator to recover
the pillar and top ccol that the loss to the country may be
lessened, but where this involves an additional expense, it can-
not he undertaken. Still, for every two acres of coal land
which the operations cxhaust they leave one acre of coal
unrecovered and unrecoverable in the ground. This means that
in 1llinois cach year 12,000 acres of coal land are exhausted,
whercas the exhaustion should be but 8000 acres. In Indiana
the depletion is 3000 acres, whereas it should not be more than
2000. In the whole country 100,000 acres are cxhausted,
whereas not more than 65,000 or 70,000 acres should have been
thus made of no mineral value.

A summary of the recovery effected in the different mining
fieclds will give a basis for fixing a standard recovery to work
towards. Conditions prevailing in most of the important min-
ing fields in 1914 were described in a paper presented before
the West Virginia Mining Institute in that year,

In order to get an idca of what is being accomplished in
other ficlds, inquiries were sent out to different sections of the
United States. The results are shown in a condensed form by
the accompanying table.

It will be noted on this table, the wide variation of per-
centages given for different districts in various states. All are
large producers of coal, with one or two exceptions, and employ
what are presumed to be modern methods of mining. It is
noticeable that the thin scams usually are overlaid with good
roof and the percentage of recovery is high. Also, that but
one operator expects the ultimate recovery to fall below his
present percentage.

In the southern Colorado field, where the roof and bottom
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conditions are favorable for pillar drawing, no roof coal is left
for protection and the recovery is given as 80 to 90 per cent,
working on the room-and-pillar system. It is claimed that in
the Caifion City distriet, where the longwall system is used,
that 100 per cent of the scam is recovered. This is in the
thinner seam, which measures about 3 ft.

Rooms in the southern Colorado distriet are driven 16 to
18 ft. wide on 45-ft. centers, while in the Walsenburg distriet,
where the coal is harder and has less cover, rooms are driven
35 to 40 ft. wide, leaving the same thickness in piliars which
are recovered by machine and pick work. Track is laid on each
side of the room and frequently one or two cuts are taken off
the side of the pillar with a machine before beginning pick
work. .

The bottom of the Colorado seams is usually slate of a soft
character, which heaves when weight is thrown onto the pillars,
making it necessary frequently to drive a skip along the pillar
in order to reach the back end before beginning to draw it.

There are districts where both roof and bottom conditions
are unfavorable and much difficulty is encountered in breaking
the overlying strata. In these sections the recovery is esti-
mated to be 60 to 65 per cent; 15 or 20 per cent is lost in roof
coal because the strata mnext overlying the coal cannot be
propped.

Another company, operating in practically the same field,
states its recovery runs 75 to 80 per cent of the entire scam,
while a higher ultimate recovery is expected. This firm is now
driving room entries to the boundaries and the last rooms are
worked first, thus making it possible to draw the pillars on
the retreat.

In the Michigan field, cspecially in the Saginaw distriet,
the coal is in pockets rather than a continuous secam. The
basin lies for the most part in a low, flat country, and shafts
about 200 ft. deep are necessary to reach the coal. The bed
averages about 3 ft.,, and is of poorer grade than the Ohio
and Pennsylvania fuels, so that its market is somewhat limited.

The top in these mines is usually black slate, while onc
mine has a fireclay roof, making it necessary to leave top coal.
Yet rooms are driven 40 ft. wide with track along each rib.
The length of the room is 150 ft., as the miner pushes his cars
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from the working place to the entry. With the conditions
Jjust given, the recovery claimed is between 80 and 90 per cent.
The 65 per cent recovery given in the table (Item 4) repre-
sents the result of leaving pillars for surface protection within
the city limits.

Going into cenir.: Illinois fields. where the No. 6 seam is
operated cxtensively, thcre arc adverse public feelings and
unsettled industri¢] and labor conditions, which materially
affect the percentage ol recovery. Surface costing $100 to
$250 per aecrc cost the operator two or three times these values
in cases of subsidences, if the mining rights do not clearly
cover the property. 1sesides these factors, the companies
operating in the Glen Carbon, Mt. Olive and Divernon fields,
state that owing to thick, soft clay under the coal or great
overburden (300 ft to 400 ft.) that they do not recover more
than 50 per cent. In the southern ficlds better results are
claimed, since the cover is about 110 ft. thick and all soft.

The slightly inferior scams of coal above or below the Nos.
5 and 6 scams are now receiving considerable thought as to
future values, and for this reason they are trying to prevent
roof movements by leaving sufficient pillars.

In the Sherrard ficld of Illinois, the recovery is reported at
90 per cent. Here the top and bottom are good and conditions
propitious for drawing pillars. The seam of coal is only 3 ft.
8 in. thick, with many clay veins running through it, which
evidently must effect recovery to some extent.

An inquiry sent into the southwest section of Pennsylvania
shows a recovery of 72.5 per cent. Here 10 in. of roof coal is
allowed to remain on account of drawslate and the operations
for the past three years have been under the plant and town.

The bottom in this mine is fireclay of rather soft character.
The rooms are driven from both sides of entries on 60-ft. centers
and widened to 21 ft., leaving 39-ft. pillars to be drawn by
machine and pick work. By this method, the ultimate recov-
ery is expected t~ show a material increase over that given.

The company reporting from Westmoreland County,
Pennsylvania, where conditions seem favorable, both in the
steam- and gas-coal fields, shows a recovery of from 82 to 86
per cent of the entire seam; and expects the ultimate recovery
to fall below these figures.
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In Somerset County, Pennsylvania, where coals of the
Allegheny series are worked, the recovery is given as 94.75
per cent of the entire seam. Here, excellent roof and bottom
conditions prevail, and most room headings are driven to the
limit before any rooms are driven at all. Then, the rooms
are started at the rcar and pillars drawn as soon as thesc are
finished.

Practically the same conditions exist in the George’s Creek
field in the Sewickley scam, only the recovery is reported as
97 per cent. In this same field, the results obiained in the

TaBre or Principal Facrors GOVERNING

Per Cent | 1111imate | Period
g of Recovery of Average
8 Operating District Recovery |-~ ~ . g Roof Coal
= and Stote of Compared OPern Height of Carried
- to tion, Seam
Entire
Present | Years
Seam
1 | Southern Colorado. . ... ... 80-90 Same 5 to 30 86 0to 24"
2 | Colorado (other Distriets)..| 60-65 ;| Same 5 to 30 8 6" 18 to 24"
3 | Colorado (uther Districts)..| 75 80 Better {10 to 35 3 to7 Few places
4 | Saginaw District, Michigan.| 65, 80-90 | Better 15 3 10f 10
5 | Central Illinois. ......... 50 Same 20 8 None
6 | Southern Illinois.......... 65-70 Same 20 8’ Yes
7 | Springfield District, Illinois.| 55-75 [Increase? |20 to 25/ 6'to 7/ Some places
8 | Franklin, Will amson and
Saline Counties, Ill.... .| 55-75 |Increasc4 18 5% Some places
9 | Sherrard Field, Tll......... 90 Same 20 3 8" None
10 | Extreme Southwest Section,
Pennsylvania........... 723 Better 3 7 6" 107
11 | Pennsylvania~-Westmoreland
[ 84 Below (25 to 35| 6 8" None
11 | Pennsylvania-Somersct
Field.................. 95 Same 8 311”7 None
13 | Maryland-Georges Creck
Field.................. 97 Same 12 3 0 None
14 | Maryland-Georges Creek
Field.....ooooiviinin 88 Same 94 9 0 18"
15 pOhio, Belmont County. . . . 60 Same {....... 5 6 None
16 | Eastern Ohio, MHarrison
70-75 Same [....... 3/ 8" to 5 (" None
17 90 Same 50 8’ Some places
18
19
20 No reply
21
22

1 Length of room—150 feet.
% Advocates retreat mining.
3 No. 6 seam.
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“Big Vein’’ or Pittsburgh seam, show 88 per cent. Consider-
able propping is necessary, owing to the drawslate and the
wild coal just above it. The systems of mining the coal iu
this field have changed from time to time until now hcadings
are driven 9 ft. wide, rooms only 13 {t. wide and the distance
between room cenie:s maintained at 100 ft., thus providing
against squeezes. Under this process, 90 per cent extraction is

expeeted.

In Ohio, as wel! as sowne parts of West Virginia, no attempt
Rooms are driven 25 ft. wide

is made to draw pillars at all.

RECOVERY OF COAL IN DIFFER.~

= DisTRICTS

Clay
System of Are Pi rei
Nature of Top Nature of Bottom S‘VM.( mo Are Pillas Veins
Mining Drawn En-
countered
Slate Soft slate Room and pillar Yes Dikes
Very soft Soft slate Room and pillar Yes None
Sandstone, poor shale Same rs top Room and pillar Yes None
Black slate Fire clay Room and pillar | Where allowed None 1
Blate, clod and limestone Fire clay Panel system None None 2
Sandy shale Tire clay Pancl system | To some extent None 3
Hard shale Fire clay Room and pillar | Where allowed None
Hard shale Fire clay Room and pillar | Where allowed None
Blue rock and cap rock | Slate and sand rock | Room and pillar Yes Yos
18" to 3’ 0’ draw slate Soft fire clay Room and pillar Yes None
Slate Fire clay Room and pillar Yes None
Hard black slate Limestone Room and pillar Yes Very few?d
Sand rock Sand rock Room and pillar Yes Yes ¢
Gray shale, coal, § . .
{ dark shale Hard gray shale | Room and pillar Yes None
Slate and shale Fire cluy Room and pillar None None
10" firm slate Fire clay Room and pillar None None
Varies Fire clay Room and pillar Yes Yes
)

4 Adjustment of labor situation,
§ Projected work adhered to.

¢ Bewiokley seam.
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with 8 to 12-ft. pillars between. In one of the largest mines
of Belmont County, rooms were driven from both sides of the
headings and it was no infrequent occurrence to have a ter-
ritory squecze shut, leaving considerable blocks of coal between
the ends of unfinished rooms. In this mine, 50 per cent would
approximate the recovery.

In Harrison County, Ohio, it is ncarly as bad. The recov-
ery is reported as 70 to 75 per cent, but the same conditions
exist in this section as in Belmont County, excepting perhaps
the driving of rooms both ways from the same entry. The
Ohio Mining Commission found in its investigations that 30,
40 and as high as 50 per cent of coal is being left underground
as pillars in that state.

There are mines in West Virginia which show recovery
from 85.6 per cent to 99.8 per cent, the highest percentage
resulting from the fact that all the work was in the solid. The
average result of the figures presented for 10 mines showed
about 92.6 per cent.

The foregoing figures reveal what is possible, at the same
time showing what is actually, presumably, being accomplished.

It would not be proper to accept an average of the per-
centages here given as a fair maximum, nor even an average
of the same field, as it is unfair to compare ultimate recovery
of mines now drawing to a close with those at the best of
their production. No doubt, the systems under which they
were inaugurated were considered modern, but they would not
be considered so now.

From recports sent in, it is apparent that there are five
factors limiting the possible recovery in these ficlds as follows:
. Mining rights and public feeling.

. Roof and bottom conditions.

. Weight and character of overburden.
. Labor conditions.

. Market value of the coal.

1. Where the mining rights do not allow breaking of sur-
face, the recovery naturally varies inversely in some ratio
to the overlying weight. .

2. Where roof and bottom conditions make it necessary to
recover as quickly as possible, market conditions will affect
recovery for pillar work of this kind will not wait.

B CO DO

(311
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3. Weight and character of overburden require systematic
mining and competent supervision.

4. It is a matter of what is next best when unions insist
on conditions which incerease both cost of operating and loss
of coal.

5. The market valie of the coal dictates how far it is pos-
sible to go toward ity recovery.

These points are mentioned because there is a tendency to
compare straight figres of recovery without taking into con-
sideration the eonditions under which they are derived. The
Ohio Mining Commission, for instance, uses the mines and
operations at, Gary for an example of what Ohio should follow.
Conditions, however, are so different in these two localities,
that to sccure the same results in recovery would require
several radical changes. Gencrally the roof in Ohio is poor,
union scales require rooms entirely too wide for economie pillar
drawing, the gencral labor situation is always more or less
unscttled and the selling qualities of the coal are inferior to
those of the Pocahontas seam at Gary.

Many of the difficullies incident to the adoption of adequate
conservation measures were described in a paper presented
before the West Virginia Mining Institute in 1908. There are
four factors, any one of which is sufficient to cause a serious
loss in the percentage of coal recovered and an inerease in cost
of production, reducing the ultimate earnings of the property:

First—Insufficient or incompetent engineering: Until very
recently the engineer was regarded by many coal operators as
a luxury and an unnecessary refinement. This unrcasonable
conservatism, or prejudice, still exists to some extent; but the
rapid depletion of propertics which have been regarded for
many years as practically inexhaustible is finally bringing the
.opcrator to a realization of the necessity for the careful plan-
ning and scientific projeetion of his mine by a competent and
sufficient engineering forece.

Second—Incompetent management: There are some mine
managers or supcrintendents who produce better results from
a poorly designed mine than others can obtain from a first-class
plant. Many managers have been entirely satisfied with a low
cost-sheet, neglecting the conditions both inside and outside
the mine, which ultimately resulted in an abnormal increase in
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cost of production or abandonment of valuable acrcages of
coal, in order to maintain lower cost. This method would be
repeated until, finally, after millions of tons of coal had been
ruthlessly buried, which could have been recovered by a
prudent and careful manager without materially affecting his
cost of production, he was brought to a sudden realization of
an unnccessarily high cost and a diminished tonnage, result-
ing in loss of prestige and position for him and thousands of
dollars to the ownrers. The necessity for a mine manager to
be familiar with not only the outside, but also the inside, con-
dition of the property, cither personally or through tried and
competent assistants, cannot be underestimated. Unless he is
thoroughly familiar with these conditions, how can he know
if the individual mine superintendent or foreman is giving
him the desired results of low cost with maximum recovery,
and the best conditions for a continuation of that low cost
and rccovery?

Third—Unfavorable labor conditions: The employment of
unskilled miners renders it impossible to obtain a good recov-
ery. Strikes and shut-downs have often interfered with the
application of economic methods of extracting coal. Labor
unions sometimes insist on conditions which, while operating
for the convenicnce of the miner, increase the expense or induce
an unnceessary loss of coal to the operator. For instance, in
some districts of the country the track must be laid in the
center of the room, with the gob on either side. Few or none
of the pillars are recovered, and many acres of coal have been
lost through squeezes and creeps because of wide rooms and
small pillars. Nor is interference with the methods of mining
the only manner in which the unions sometimes operate against
the maximum recovery of coal. There have been men dis-
¢harged for incompetency who were reinstated by the manage-
ment on demand of the union. It is thus that discipline, which
is such an important factor in the cconomic administration of
a mine with a view to the best ultimate results, is destroyed.

Fourth—Impatience of owners for quick returns on invest-
ment: The deleterious effect on the economic development of
a property by the demand of the investor for an immediate
profit can hardly be overestimated. Many a rich and valuable
property has been irreparably damaged by the insistence of
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owners for immediate and large profits before its proposed
economic development has been fairly launched. This impa-
ticnee and greed has at times resulted in the changing of slow,
but good plans of development for bad ones, and the poor results
thus obtained were further accentuated in later years by the
demand for big tonnage, thereby causing the loss of millions
of tons of coul and whousands of doilars to the investor. In-
decd, this demand for large tonnage from a poorly developed
mine has been the areatest factor in encouraging careless
methods of recovering coal both from rooms and pillars, and
it is no exaggeration to state, that the abandoning of many
acres of good coal, wiich could have been recovered by mora
thorough and known mcthods, can be traced directly to this
cause.

Use of the longwall gystem to effect comservation.—The
adoption of the longwall system of mining, where possible, will
be the ultimate solution to obtaining the maximum recovery of
coal and the subjcet is, therefore, one for the serious considera-
tion of the coal economist.

To obtain a comparison of the results of the different sys-
tems a 1000-acre tract of land with 6 ft. of coal lying at a
depth of 400 ft. will be assumed. This depth is taken to make
allowance for the possibilitics of the longwall system on sur-
face caving, one of its chief disadvantages.

A conservative estimate of the recovery to be obtained
from such a tract under present systems of mining would be
about 60 per cent. The total tonnage in this acreage would be
9,680,000 short tons, 60 per cent of which would be 5,800,000
tons which means a loss of nearly 4,000,000 tons. At a value of
$1 per ton this would mean a loss in the national wealth of
$4,000,000.

In removing the entire scam some damage has perhaps
resulted to the farmer, but not much, certainly, at a depth of
400 ft., and nothing beyond easy repairs. Where a total extrac-
tion has been effected on a 5-ft. seam having 100 ft. cover in
certain of the Pcnnsylvania fields, the break has extended to
the grass roots. Where this extraction has becn several acres
in extent and the break has been general over the entire area
at once, it cannot be said that any appreciable damage has
resulted. In this instance there was no packing whatever, as
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would ordinarily be the case in longwall workings. The con-
ditions were simply 100 ft. of casily breaking roof with a clean
fall of 5 ft.

Taking our previous example again, of 6 ft. of coal at a
depth of 400 ft. worked by the longwall system and packed
carefully, the result would by no means be so serious. Further-
more, it should not be forgotten that there are approximately
1000 sq. mi. of coal in which the scams are 600 ft. or more
below the surface.* At this latter depth it is doubtful if the
strata would break to the surface, for it has been shown in the
British mines that at a depth of 700 or 800 ft. work can be
carried on successfully under the sea.

This proves that in average strata the highest fall rcaches
an apex well below that distance, and the miner who has had
extensive experience in pillar drawing and is familiar with
the quick oblique line that the ragged rock edges traverse
toward a common juncture, will place the safety point much
lower.

Turning again to our example of a 1000-acre tract, and
assuming this to have becen worked by the longwall system
which has resulted in certain damage to the surface, a com-
parison of this surface damage, with the additional extraction
obtained, may be made. Taking the mine on a royalty basis
of 5e¢. a ton, the farmer has received $193,600 above what he
would have received by the 60 per cent pillar-and-room method
of working. This amounts to $193 per acre, or about twice
as much as the average farm value of land. It should also be
remembered that the expense of tipple ereetion, compressors
and power plants and the general surface arrangement of a
mine opened to develop a tract of 1000 acres, is the same for
60 per cent extraction as for 100.

« It is said that in longwall working continuous operation is
necessary, in order to properly control the roof, but this applies
nearly, if not quite as well, to room-and-pillar work, particu-
larly when the mine containsg water. The statement of a cer-
tain large Western operator, a man who is both practical and
theoretical, may be taken, apropos of this. He changed a num-
ber of his mines to the longwall system, and during a strike

*8ee Twenty-second Annual Report, U. 8. Geological Survey, page 178.
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lasting over a period of about five months and a half, all of
his mines were shut down. On the resumption of operations
he had careful records kept of the relative cost of opening the
longwall and the room-and-pillar mines. These records showed
the cost of opening the room-and-pillar mines to be nine times
that of the longwall.



SECTION II
SHAFT SINKING

The investment involved in shaft sinking is heavier than
that encountered with any other improvement. Mistukes can
be neither rectified nor lived down. Time and first cost being
the essence of the opening of a new property, important fea-
tures are often sacrificed underground instead of on the sur-
face, where future remodeling is practicable. 1t is, thercfore,
obvious that the preliminary engincering and estimating rela-
tive to a shaft operation deserve serious study.

In planning a shaft mine opening the following points comc
up for consideration: Avoidance of all unnccessary narrow-
work at the bottom increasing the risk of loss from squeeze,
compliance with all present and possible future legislation,
minimum first and maintenance cost, the connceting up of the
two shafts in the shortest time in order that a regular circula-
tion of air may be obtained and the restrictions of the law
limiting the number of men allowed in the mine before this is
done complied with. The arrangement of the work should be
such that during development cars may be placed with the
atmost faeility, that mining machines may be employed and
steel timbering placed as the entries advance; that when
opcrations begin, ears, supplics, waste, men, water, air, dam-
aged cquipment, etec., may be handled with safety, economy
and speed; that protection is secured against coal-dust explo-
sions, mine fires, flooding, freezing, ete.

Operations.—The universal method of shaft sinking in rock
is to drill a number of holes in the bottom, charge them with
dynamite and shoot them, and to load the broken rock by
hand into buckets which are then hoisted out. When all the
loose rock has been removed the process is repeated.

Shafts are drilled on the ‘“center-cut’’ principle. Eight or
ten holes are drilled on a slant, separated at the top but con-
verging, thus forming a wedge known as the ‘““sump.”” “Re-
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liever,”’ or bench, holes are drilled back of the sump holes,

cach row being more ncarly vertical; the end or outside holes
point slightly away from the vertical and toward the wall
line of the shaft. The sump is first shot and the broken rock
removed or ‘‘mucked’’ out, forming a cavity into which the
bench rounds can ¥ sueccssively shot. All muck should be
removed before cach succeeding round is shot.

Two systcms cf drilling and mucking exist. In the first
the holes for the catire cut—sump and benches—are drilled
at one time, the sump is shot, and then the benches as required.
In the second. the sump only is drilled and shot, and the
benches are drilled wi.ile the sump is being mucked. The first
plan is particularly applicable to small shafts and to circular
shafts; a rectangular or elliptical shape is nceded to give room
for simultancous drilling and mucking.

Fumecless, or gelatine, dynamite should in all cases be used
for underground work. The fumes from ordinary glycerine
dynamite make it impossible for the men to get hack to work
promptly after a shot. The strength of the dynamite used
depends on the character of the rock, but 40-per-cent and 60-
per cent gelatine are the most common strengths used.

The number and depth of the holes and the quantities of
‘powder loaded vary so greatly with the size of the shaft and
the nature of the rock that no general rules can be stated. The
systems actually used at several shafts werc as follows:

Shaft 13 X 26 ft., through Western Pennsylvania coal
measures: Shale, slate, and limestone; horizontal stratifica-
tion; 40-per-cent gelatine::

Inclina-
Depth, tion with Loa.,ded
Number . with
Feet Vertical,
Pounds
Degrees
Sump................ ... 8 10 45 4
Relievers. ......... ..... . 8 8 30 3
Benches................... 8 8 0 2%
End...................... 8 8 10 back 23
Total charge. . ...... .....| ..o ] oo oo 96

Average gain per cut, 6 ft.
Average gain per week of 19 shifts, 24 ft. (no timber).
Mucking and drilling simultaneous; 2 drills used on 1 bar, double.
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Shaft 14 X 48 ft,, through anthracitec measures: Red sand-
stone; stratification horizontal; 40-per-cent gelatine:

Depth, In(.:linap Loa}ded
Number Feet, tion, with,

Degrees Pounds
Sump.............ln 8 10 45 5
Relievers.................. 8 8 30 4
Benches................... 24 8 10 3
End...................... 8 8 10 back 3
Total charge perround......| ......o. | e | innit, 168

Average gain per cut, 6 ft.
Average gain per week of 18 shifts, 16 ft.
Mucking and drilling simultancous; 2 drills used on 1 bar.

Shaft 10 X 22 ft., through quartz conglomerate (Shawan-
gunk grit); horizontal stratification, but very few bedding
planes; 60-per-cent gelatine:

Inclina- Loaded
Number DI?:!) (::1’ tion, with,
Degrees Pounds
Sump..................... 8 10 45 33
Sump.............ciiilll, 4 8 0 33
Relievers. ..........co0unn. 8 9 30 23
Benches................... 8 8 0 2
End...................... 8 8 10 back 2
Total charge perround. .....[ «.covve [ vvvnenen | vt 94

Average gain per cut, 5% ft.
Average gain per week of 20 shifts, 22 ft.
Mucking and drilling simultaneous; 5 drills used on 2 bars.

The four additional sump holes shown were used on aceount
of extra hardness of the rock.

Shaft elliptical, 19 ft. 4 in. X 33 ft., through West Virginia
coal measures: Hard gray sandstones, 40-per-cent gelatine;
horizontal stratification:
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Inclina~ Loaded
Number D;g:?’ tion, with

Degrees | Pounds
Sump..........o0eeeel 10 12 45 5
Relievers.................. 8 10 30 4
Benches.. .. ............. 14 10 10 4
End...................... 6 10 10 back 3
Total charge perrouind . .| ........ | ... o 0 156

Average guin per cut, S ft.
Average gain per wrek of 20 shifts, 18 ft.
Mucking and drilling simultaneous; 3 drills used on 1 long bar, 1 short bar.

Shaft cireular, 17 ft. diameter, through Hamilton and Mar-
cellus shales: Rock distorted; stratification irregular; but
about 45 deg.; 60-per-cent gelatine:

Inclina- Loaded
Number DF?::?’ tion, with
Degrees Pounds
Sump..........iiiien 6 8 45 2%
Relievers. .. ............... 8 6 20 14
Rib........oooooiiiiie 16 6 10 back 1
Total charge perround......| ......oo | covvvnen | ovennt. 43

Average gain per cut, 53 ft.
Average gain per week of 19 shifts, 33 ft.
All drilling on one shift, mucking on two shifts; 5 drills used on 5 tripods.

While the hand drilling has been displaced almost entirely
by power driven drills, there are still occasions when a small
job does not justify the installation of power equipment and
it is more economical to resort to hand drilling. This is par-
ticularly so in foreign countries where labor costs are fre-
quently quite low.

The customary procedure is the use of a 1-in. drill, turned
by one man and siruck by one or two others with 8-1b. hammers.
Two strikers should always be used where practicable as they
can obviously drill twice as fast as a single striker at three-
fourths the cost. Three capable men can drill 114-in. holes
in hard sandstone at the rate of 2 ft. per hour,



180 COAL MINING COSTS

In soft material, churn drills 6 to 12 ft. long with a bit at
each end are sometimes used with satisfactory results. These
drills are sometimes weighted to give additional striking power
and they are usually operated by two or three men.

Shaft sinking is usnally carried on 24 hr. a day. The inside
work is done by three shifts of men working 8 hr. cach, the
outside by threc 8-hr. or two 12-hr shifts. The 12-hr. outside
shift is customary in the coal fields; clsewhere, the 8-hr. shift
for every one is prevalent.  Shifts are usually changed at 7 a.m.
and 3 and 11 p.m., sometimes an hour later. The men are given
20 min. for Junch in the middle of cach shift.

Wages vary with the locality, but in general men are paid
better for drilling and mucking in a shaft than in any other
kind of rock excavation. On account of the high wages paid
in Amecrica machine drilling is universal; and the shifts are
limited to the number of men that can be worked to the best
advantage. Speed is not attempted at the expense of efficiency.
In South Africa, on the other hand, Kaffir labor is ¢heap, hand
drilling is usual, and as many men are worked as the shafts
will hold.

The great depth of the shafts on the Rand makes the high-
est possible speed desirable, even at an increcased cost. In
both countrics speed is inercased without an incerease of cost
by the payment of a bonus to the sinkers as a reward for
additional progress.

The size of the shifts for any given shaft depends upon the
number of drills required and upon the experience and ability
of the sinkers obtainable. With first-class men, the men on
each shift for a 13 X 26 ft. shaft would be as follows, wages
as of 1909: |

Inside men, 8 hr.: One shiftboss, at $3; two drillers, at
$2.75; two helpers, at $2.50; six muckers, at $2.25.

Outside men, 12 hr.: One engineer; one head tender; three
car-men on dump; one firemen; one compressor man.

General outside, 10 hr.: One foreman; one mechanic; two
carpenters (on timber) ; one blacksmith and helper.

A 17-ft. circular shaft would require:

Drilling shift: Onec shiftboss; five drillers; five helpers;
one extra man.

Mucking shift: One shiftboss; nine muckers.
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Outside: Same as above.

In South African shafts, which arc usually 9 X 26 ft., drill-
ing is always done by hand and cach shift consists one white
shiftboss and 35 Kaffir laborers who drill or muck as may be
required.

Thorough organiration is cssential to progress and cconomy.
Each man must know bis place and take it without losing time
in getting started. Any system that prevents systematic work
is fatal to economy,

Circular or Rcetangular.— From a construction standpoint
the cireular or elliptical and rectangular types are cqually
feasible, and the choice depends upon the cost. In several
cases a compromise has been effected by shaping the shaft as
a quadrilateral with sides formed of circular ares.

For a single compartment air-shaft the circular shape is in
cvery way the most desirable, not only hecause the eircular
shaft is cheaper to sink than a square shaft of equal area, but
also because a circular ring of plain concrete is the strongest
lining possible with a given amount of material.

In the case of a shaft with two or more compartments, the
seleetion of the most economical shape requires some calcula-
tion. At first sight it would seem that a simple rectangular
shaft surrounded by a conercte wall only thick enough to be as
strong as the usual timber lining, would be a satisfactory, as
well as a cheap, shape, but this is not the casc. A conerete
lining, even when provided with weep holes, must resist some
hydrostatic pressure; a timber lining has nonc to resist. Iur-
thermore, permancnt weep holes are most undesirable; the
conerete should exclude the water entirely, and hence must be
designed to bear very great pressure at considerable depth.
Just what amount the theoretical pressure is reduced, by the
adhesion of the concrete to the shaft walls and by the block-
ing of the fissures with grout, cannot be calculated. In solid
rock, where the water enters in well-defined springs, the proper
grouting of the springs will relieve the lining of all pressure.
In very seamy roci, on the other hand, the lining may have to
bear practically the full hydrostatic pressure.

In order to compare the costs of the different shapes, let us
consider in detail three designs for a shaft with two 7 X 10 ft.
hoistways and an airway with an area of 100 sq. ft. As the



182 COAL MINING COSTS

QUANTITIES AND Co8T8 OF RECTANGULAR BEHAFT

Depth in feet. .... it 20 50 100 150 200
Total thickness of tining in inches. . . 14 21 28 34 39
Quantities per linear foot:
Concreteto neat line in cubic yards. 3.90 5.70 7.60 9.30 10.70
Concrete actualin cubic yards. . ... 5.80 7.70 9.70 11.50 13.00
Excavation to neat linc in cubic
yards. ........... e 12.80 14.60 16.50 18.20 19.70
Excavation actual in cuhic yards. . 14.70 15.60 18.60 20.40 22.00
‘Weight reinforcing steel ip pounds.| 250 443 650 845 1030
Cost per linear foot:
Forms..........coivvnivenvnnn $25.00 $25.00 $25.00 $25.00 $25.00
Concrete at $5 cubic yard. ... 29.00 38.50 48 50 57.50 85.00
Excavation (see note ¥). . . ....... 49.60 53.20 57.00 60 40 63.40
Reinforcing steel at $0.02 pound. . 5.10 8.90 13.00 16.90 20.60
Total......oovviineniinnnn. $108.70 | $125.60 | $143.50 | $159.80 | $17+.00
QuanTITIES AND CoOST OF ELLIPTICAL SHART
Depth in feet, Oto...........ovnts 100 150 200 250 300 400
Thickness of lining in inches, ends....| 12 12 12 12 12 12
Thickness of lining in inches, sides....| 12 18 24 29 34 42
Quantities per linear foot:
Concrete to neat line, cubic yards. . 2.60 3.40 4.30 5.00 5.70 6.80
Concrete actual in cubic yards 4.40 5.20] 6.10 6.80 7.50 8.60
Excavationto neat linein cubic yards.: $15.20| $16.00| $16.90| $17.60{ $18.30| $19.40
Excavation actual in cubic yards...| 17.00] 17.80( 18.70| 19.40{ 20.10| 21.20
Costs per linear foot:
FOTMB. . o vvvetiiien e 15.00 15,00§ 15.00] 15.00{ 15.00( 15.00
Concrete at $5 cubic yard. ........ 22.00, 26.00) 30.50| 34.00{ 37.00| 43.00
Excavation *..........c00iviennnn 54.40| 56.00{ 57.80] 59.20| 60.60| 62.80
Total........ sisesresencarenen $91.40| $97.00({$103.30/$108.20($113.10{$120.80
QuANTITIES AND COBTS OF QUADRILATERAL SHAFT
Depth in feet Oto. ..........oounnn 100 150 200 250 300 400
Thickness of lining in inches......... 12 19 26 32 39 52
Quantities per linear foot:
Concrete to neat line in cubic yards. 2.70, 4.40 6.20 7.90 9.90| 13.90
Concrete actual in cubic yards. . ... 4.500 6.30] 8.20{ 10.00| 12.10, 16.20
Excdvation to neat linein cubicyards.| 14.90{ 16.60| 18.40| 20.10| 22.10{ 26.10
Excavation actual in cubic yards. .. 19. 70; 18.50, 20.40| 22.20] 24.30| 28.40
Costs per linear foot:
Forms.............. vevieeeeeo.o| 815.00] $15.00] $15.00| $15.00 $15.00 $15.00
Concrete at $5 cubic yard. ........ 22.50, 31.50| 41.00( 50.00| 60.50 81.00
Excavation (see note *)........... 53.80f 57.20; 60.80| 64.201 68.20[ 76.20
Total......... e, $91.30($103.70/$116.80|8129.20($143.70{8172.20

* Cost of excavation figured on basis of $4 per cubic yard for section containing 12 yards
per linear foot; additional excavation at $2 per cubic yard. Thus cost of 16 cubic yard

section = 12 X84 +4 X $2 = $56.



SHAFT SINKING 183

whole area of a hoist shaft is otdinarily used for the passage
of air, the size of the air compartment may be reduced if the
rest of the shaft is enlarged; the airway must however be
large enough to contain pipes and ladders and to provide in
addition an ample passage for air if the hoistways are tem-
porarily closed.

Let us assume a minimum thickness of 12 in. of conerete
for a water-tight lining; also that in cach case the lining carries
the entire hydrostatic pressure; then the specifications for the
three forms of shafts will be as follows:

Rectangular Shaft—Fig. 1. Two hoistways 7 X 10 ft., one
airway 10 X 10 ft. Ten-inch concrete dividing walls in place of
buntons. Extreme inside dimensions 10 X 25 ft. 8 in. Area

AR P
D
L A
ARREX TP DX

Fi1a. 1.—Rectangular concrete-lined shaft.

airway 100 sq. ft., total clear area 240 sq. ft. Thickness of
lining at any point made cqual to depth of simple beam of 10 ft.
span required to sustain hydrostatic pressure at that point.
Resisting moment and weight of reinforcement calculated by
Johnson’s formula, factor of safety 3. (Ultimate tensile
strength of steel 65,000 1b. per square inch, compressive strength
of concrete in beam 2500 per square inch.) Reinforcing steel
set 3 in. inside of face of wall.

Cost, of forms, given in the accompanying table, includes cost
of forms for dividing walls, and is therefore greater than the
cost in the elliptical shafts.

Excess of actual over theoretical quantity of excavation is
estimated as 15 per cent for 28-ft. shaft. This excess increases
with the length of the shaft only, as the ends are drilled to line.

Elliptical Shaft.—Fig. 2. Extreme inside dimensions 16 X
27 ft. Area of airway, 78 sq. ft. Total clear area, allowing for
10-in. buntons, 304 sq. ft.
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Strength of lining ealculated on the assumption that the
stress in the elliptical cylinder at any point is equal to that
caused in a circular cylinder with a radius equal to the radius
of curvature of the ellipse at the given point, by the same
hydrostatic pressure acting upon it. The lining is therefore
made thicker at the sides than at the ends.

To prove this proposition assume the lining to be constructed
.0of a number of small portions, cach the arc of a cirele. The
. stress in each portion caused by the hydrostatic pressure of the
film of water between it and the rock is directly proportional
to the radius, and the thickness of each section should therefore
be made proportional to the radius. Considering any portion,

Fig. 2.—Elliptical concrete-lined shaft.
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as a-b, Fig. 4, the skewback toward the side of the ellipse is
formed entirely by the adjoining portion, while the skewback
toward the end is formed partly by the adjoining portion and
partly by the rock. If the number of circular portions is in-
definitely increased, the unbalanced end thrust of each will be
taken up by the irregularities of the rock.

Jltimate compressive strength of concrete, 3000 1b. per square
inch; factor of safety, 3.

Excess of actual over theoretical excavation assumed as 12
per cent for smallest section. As the length of the shaft does not
vary, this excess is constant.

Quadrilaterial Shaft.—Fig. 3. Inside dimensions, 16 X 24 ft.
8 in. Radius of ends and sides, 23 ft. Area of airway, 94 sq.ft.
Total clear area, allowing for 10-in. buntons, 294 sq. ft.

For calculating stresses, sides and ends are considered as
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portions of a 46-ft. circular cylinder. Ultimate compressive
strength of concrete 3000 Ib, per square inch, factor of safety, 3.

Excess of actual over theoretical quantity of excavation
assumed to be 12 per cent for minimum length and to increase
with the length.
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Fra. 3. —Quadrilateral concrete-lined shaft.

Germany is committed to the circular or elliptical form of
shaft, the German engineers being of the opinion that the
square or rectangular form is more expensive due to the extra
work involved in excavating and keeping the corners squared

up.

F1a. 4.—Design of the elliptical form of shaft.

It is evident, that assuming the same hoisting capacity in
either form of shaft, the excess area, which makes ventilation
possible, should be the same in either a circular or a rectangular
shaft. A circular shaft of 20 ft. net diameter would be roughly
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cquivalent to a rectangular shaft 12 X 20 ft. English mining
engineers claim that the cost of lining is as 5 to 9 in favor of
circular shafts, and it is gencrally conceded that where great
pressure is cncountered the eircular form is the only safc one.
A circular shaft, when once properly lined with iron or
masonry, is a pcrmanent affair, while timber lining under the
best conditions cannot be cxpected to last morc than 18 or
+20 yr. and rarely morce than 15 yr. It is also well known that
for a given area, a circular shaft presents less rubbing sur-
face, or resistance to the passage of the ventilating current,
and the segments at the side of the cages furnish space for
this air current without additional ¢nlargement of the shaft.

The principal arguments advanced for rectangular shafts
are that less material needs to be removed for a given cage
space, and that in sinking, the permanent lining is at once
put in place, as the work progresses.

It is probable that the matter of keeping a shaft in aline-
ment during construction, by cither method, is largely a matter
of experience and character of labor employed.

‘While engincers have claimed cheapness of construction as
an argument for both forms of shaft, the data at hand would
indicate that the circular shaft may be excavated fully as
cheaply as the rectangular, but costs more to line; while on
the other hand the upkeep and repairs on a circular shaft
properly constructed, are very yuch less than on a rectangular
shaft of same capacity, and the danger, especially in deep
mines or in quicksand, is very materially reduced, and water
much more easily kept out, effecting a saving in pumping.

Equipment.—A two-stage compressor is the best for shaft
sinking. With a steam consumption of 45 lb. per i.h.p. at half
cut-off the simple compressor has for cach indicated horse-
power, a capacity of 5 cu. ft. of free air per minute compressed
to 100 1b., while the two-stage machine will deliver 15 per cent
more air with the same steam consumption. For 500 cu. ft.
of free air per minute, the saving of the two-stage, over the
simple type, will amount to 15 per cent X 3 X 500 cu. ft. X 45
=675 1b. steam or 150 lb. of coal per hour. With the com-
pressor operating to capacity 20 hr. a day, 6 days in the week,
the saving in three months with coal at $4.50 per ton would thus
be $525.
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The cost of a plant for a single shaft, assuming a depth of
about 500 ft. and a moderate inflow of water, say 30 or 40 gal.
a min. was estimated in 1909 as follows:

Sinkingengine. ............... ... ... ..., $1,000
Two 80-hp. boilers :nd setting. . ................... 1,800
Pipc and auxiliaries. . ............... ... ... ....... 500
"150-hp. heater. . ... ... 300
14-in. COMPTIESBOL. .. ... ot 1,750
Three drills and steel . . .. ......................... 1,000
Shaft bar and clampa .......................... 100
Derrick . A 400
Hmd—fmme ...... e 500
Twobuckets.......... .. ... ... ... ... 150
Rope. ..o 150
Buildings............ ... ... 500
Dumpecarsandrail............................... 300
Electric plant, 10 kilowatts. . .................... .. 750
Two pumps...... ... .. 500
Small tools. . ........ ... 500
Total, . ......vvi $10,200

These figures are based on the cost of new machinery, and
arc large cnough to include the neccessary accessorics. The
cost of erecting and dismantling such a plant will be from
$1000 to $2000, depending on location, labor conditions, cte.

Some of the most serious pumping problems in shaft sink-
ing in this country have been encountered in the Pocahontas
ficld along the Norfolk & Western Ry. Except in two instances,
sinking has been very expensive in this territory owing, it is
thought to the fact that the water-bearing rock is a very hard
sandstone earrying a considerable volume of water. When a
shaft is started beyond the toe of the mountain and in the
‘valleys the sinking always encounters plenty of water, but in
the two cxeeptions noted the location of the shaft in each case
was back of the toe of the mountains and away from the
valleys. The quantity of water in the wet workings, varies
from 200 to 1100 gals. per min. The hcavy charge of high
explosive necessary to break the dense sandstone, coupled with
the large volume of water, gives the worker constant pump
trouble; moving the pumps during the blasting is out of the
question, because the water would flow in so fast that the
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pumps could not be replaced for service. Having this constant
pump trouble makes progress very slow, reducing it to 10 ft.
per month in several instances. The following is a list of
some of the shafts and amount of water encountered:

The Middlestate Coal (o. started an old shaft, abandoned
90 ft. down, which flowed 1100 gals. of water per minute, and
they were about 18 months getting down the additional 90 ft.

The Pocahontas Collieries’ 16 X 32 ft. shaft, at Boissvain,
was 11 months in sinking 200 {i., hindered as it was by 500
gals. of water per minute.

The most expensive shaft proposition was the shaft for the
ded Coal & Coke Co. about 2 miles from Weleh. This property’s
main shaft encountered 1100 gals. per min. while its air shaft
met 500 gals. The coal expense for power has been as high as
$1500 per month with coal at about $1.25 per ton.

Sinking costs.—The Nokomis Coal (fo.-sunk a shaft through
the soft Illinois shales in 1913, the cost figures on which are
of interest. The shaft was 631 ft. deep, timber lined and 17 ft.
5 in. X 11 {t. 5 in. inside the timbers, with an airshaft of the
same dimensions 500 ft. distant. Kight hand-feed hammer
drills, weighing 40 1b. cach were used on the work and com-
pressed air was furnished by a 9 X 10 X 12-in. compressor
supplying 174 cu. ft. of frce air per minute at a terminal pres-
sure of 100 1b. per square inch.

After passing through the upper capping of hard rock,
shale of various degrees of hardness was encountered with an
oceasional layer of limestone 10 or 12 ft. thick. The rock at
times consisted of slaty bands, sandy shale or soft gray
material, more like indurated clay than shale.

In sinking through limestone, from 28 to 32 holes constituted
a round, the corner holes being bottomed 2 in. outside the line
of eurbing. As the shafts were timbered throughout, the break
lines were 12 ft. 5 in. by 18 ft. 5 in. The holes were 414 ft.
deep and were connected and fired with an electric battery
in the ordinary manner. Three 8-hr. shifts were worked, a
round being drilled, blasted and mucked out on each shift.
Four drillers, four muckers and a shift leader or boss con-
stituted a sinking crew.

It was found that in trying to bore holes in the soft shale
with these hammer drills, the tool cut so rapidly as to choke
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the passage in the bit with muck, stopping the flow of exhaust
air and preventing proper cleaning of the drill holes. Hand
drilling was temporarily substituted, but on adopting certain
recommendations of the manufacturers, the hammer drills
worked satisfactorily, and their use was resumed with a marked
increase in speced ov.r the hand work. '

These changes gave the following results in soft shale, as
compared with hanJ drilling. Hand drillers using 214-in. steel
worked at the rate of 4%, ft. per man per hour, or four men
put in a round of 54 ft. in 3 hr. With the air drill, four men
drilled 18.9 ft. per wan per hour, or a round of 54 ft. in 45 min.
thus accomplishing a saving of 2 hr. and 15 min. per 54-ft
round.

Owing to the variation in the time rcequired for the shoot-
ing and mucking, this increase in drilling speed meant an
inercase in depth per day of 1 ft. or 414 ft. per 24 hr., with
hand drills. Sinkers, including drillers aiid muckers, were paid
$3.39 per 8-hr. shift, the shiftboss recciving $4, making a total
labor cost per day of roughly $93, or $26.50 per foot by hand
drilling. The saving by using the hammer drills therefore,
amounted to one foot in cach shaft or $563 per 24 hr. for both
shafts.

Interesting data on the comparative cost of sinking a ver-
tical shaft and an inclined slope to accomplish the same pur-
posc were disclosed in a request for tentative bids made to two
leading contracting companies early in 1921. The conditions
under which the work was to be done were as follows:

The shaft to be in Ohio, 5 miles from present railroad.
Tucel, supplies, and cquipment to be hauled in by the com-
pany. Company will furnish all timber. Strata shale and sand-
stones. Plenty of water available. Company will provide
housing accommodations. Contractors to furnish all equipment
except, ties, rails, and such supplies as can be used in perma-
nent mine equipment. Waste disposal within radius of 500 ft.
Assume an average amount of water in sinking.

First condition.—Shaft three compartments 10 X 26 ft. in
clear 170 ft. deep to coal. Timbered with 8 X 10 in. sets on
5 ft. centers with 2 in. lagging.

Second condition.—Single track slope on 30 deg. pitch 5 ft.
clear above top of rail by 7 ft. wide, 340 ft. long, timbered
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with 6 X 8 in. erossbars and posts with sets spaced 5 ft. centers
and lagged with 2 in. planks for 170 ft.

Airshaft within 500 ft. of above slope mouth 10 X 10 ft.
and 170 ft. deep timbered and lagged for 100 ft. with 8 X 10 in.
sets on 5 ft. centers.

* Third condition.—Same as first paragraph of sccond con-
dition except duplicate slopes with 35 ft. horizontal pillar be-
tween. No airshaft.

Fourth condition.——Same as second condition except double
track slope 12 ft. wide. Quote both with and without air-
shaft.

The first company submitted bids as follows:

The price of the shaft in the first condition will be $200
per vertical foot timbered. .

Under the sccond condition, the price of the single track
slope timbered will be in the neighborhood of $100 per lineal
foot. An airshaft under this condition would cost in the
neighborhood of $140 per vertical foot timbered and slopes
under the third condition would be $100 each.

Under the fourth condition, the double track slope would
cost approximately $125 per lincal foot sunk at the same time
as an airshaft is being sunk. If no other opening is sunk at
the same time, that is, with the same main plant and the same
overhead, the slope would cost $140 per lincal foot.

The price for cement used as grout will run in the neighbor-
hood of $12 per barrel.

The bids of the second company, which were gross, were
as follows:

First condition.—Three compartment shaft, 10 X 26 ft. in
the clear, 170 ft. deep, to cost $45,500.

Second Condition.—Single track slope, 5 ft. clear above top
rafl, 7 ft. wide, 340 ft. long and airshaft 10 ) 10 ft., to cost
$42,500.

Third condition.—Same as second condition, except duplicate
slopes, no airshaft, to cost $42,400.

Fourth condition.—Same as second condition, except double
track slope, 12 ft. wide with airshaft, $47,000; without airshaft
$33,250.

There are certain items entering into the cost of such a
short job as this which run the cost up considerably; for
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instance, the item of transportation in the first proposition,
would make a cost of about $8 per foot of shaft.

Sinking costs given below were fairly representative for
the different methods of work in 1909:

Shaft excavated 14 X 2014, ft. through 6 ft. of soil and 14 ft.
of quicksand, not .ery wet. Sides supported by 2-in. oak
sheeting driven by mauls and braced by five sets of 10 X 12 in.
timber :

Per Foot, Per Cubice Yard

Labor....... . ... ... .. ... .. ... . ... $27.25 $2.57
Lumber, 6600 ft. B.M. at $30. ... ... 9.90 .93
Erection of derrick, ete.... .......... 3.00 .29
Superintendence........... ......... 3.00 .29
Sundry.....ooovieiii L 2.00 .18
Coal and pumping................... 5.00 .47

Total . ... ... ... ... ... ..., $50.15 $4.73

Shaft excavated 12 X 20 ft. 3 in. through 45 ft. of clay and
gravel.  Sides supported by sets of 10 X 10 in. pine timber
spaced 414 ft. centers and hung from top. 1l4-in. lagging:

Per Foot Per Cubic Yard

Labor......... ... .. ... ... ... .... $19.50 $2.17
Lumber, 240 ft. per foot at $25..... ... 6.00 .66
Bolts, 15 Ib. per foot at $0.03...... ... .45 .05
Erection of head-frame, cte........ ... 2.00 .22
Superintendence. ... ..o 2.00 .22
Power............... .. .. ... ... ... 1.50 .17
Sundry...........oooo i 1.00 .11

Total..........c oo, $32.45 $3.60

Shaft excavated 15 X 37 ft. through 21 ft. of dry sand.
Sides supported by interlocking steel sheet piling driven with
steam hammer and braced with sets of 8 X 10 in. timber:
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Labor Costs Only Per Foot Per Cubic Yard
Driving sheeting. ... ................ $6.55 $0.32
Removing sheeting. . ...... ......... 1.85 .09
Timbering. . ... .........ooooeeoo... 2.05 .10
Excavation....................... . 8.20 .40
Total. ............covviiiin.. $18.65 $0.91

Caisson 26 ft. outside diameter, 21 ft. inside diameter, sunk
through 56 ft. semiliquid mud and boulders:

Per Foot : Per Cubic }’ard
Excavation

Materials. . ............... $27.00 $1.35

Concrete { Labor. ................... 7.00 .35
Forms and shoe. . . ...... .. 23 00 1.15

Sinking caisson.......... ......... . 38.00 1.90
Plant erection....................... 3.00 .15
Superintendence..................... 5.00 .25
Sundry............. ... i 5.00 .25
Coaland power. .................... 6.00 .30
Total.........oovviin .. $114.00 $5.70

The H. C. Frick Coke Co. put down two shafts necarly
600 ft. deep near Brownsville, Pa., about 1909 that presented
some interesting cost data. The main shaft is elliptical in shape
and 13 X 28 ft. in the clear, the inside circumference being
69 ft. with a clear opening of 310 sq. ft. The airshaft is the
same”shape, 14 X 34 ft. on its main center lines, measures 81 ft.
around the circumference and has a clear opening of 390
sq. ft. .

All concrete for lining the shafts is composed of one part
Portland cement; two parts clean, sharp, river sand, and
five parts of stone crushed to pass through a 1l4-in. ring.
About 50 per cent of the stone used for concrete was obtained
from the materials excavated from the shafts. About 30 per
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cent was shipped in, crushed ready for use, while about 20
per cent was obtained from a quarry on the grounds.

The average amount of conerete to each batch was 145 cu. yd.
Through solid strata the proportion of the mixture is one part
cement, two parts sand, and five parts crushed stone, while
through softer strai. the amount of cement was increased 50
per cent, the other ingredients remaining the same. The mini-
mum thickness of the conerete lining wall is 12 in.  In soft
strata the concreic is as much as 33 in. in thickness, as no
voids were left between the rock and lining, all such being
carefully filled with concrete.

During the excavuting of the shafts, blasting was done
within 10 fi. of the conerete, but at no time did this blasting
have any appreciable effect upon the conerete lining. Sixty-
per-cent gelatine was used in the blasting, and the maximum
charges were from 150 to 200 1b. per shot. The holes in the
‘“‘cut,” or sump, were usually drilled to a depth of 12 ft., while
those in the side rounds were 10 ft.

The sinking and concreting were carried on separately.
The work was pushed continuously from 12 o’clock Sunday
nights until 12 o’clock the following Saturday nights. No
Sunday work was done, except in rare cases, other than that
neeessary for pump operation. All men employed in the shafts
worked 8-hr. shifts. No forms were removed under 72 hr.,
allowing ample time for the concrete to set. The average
time for completing one 50-ft. section of the concrete lining
wall occupied 6 days, during which operation the services of
9 men at the top and 4 men on the bottom platform were
required. In sinking, 5 men were used on top and an average
of 12 men on the bottom. An auxiliary hoisting engine was
used in one compartment for the handling of the stecl forms;
the operation of placing and removing these forms required
the services of 4 men at the top of the shaft and 6 men on the
bottom.

A special feature of the work was the construction of a
4-in curtain wall in the airshaft. The reinforcing in this wall
consisted of Vo-in. round steel frames, 5 ft. high by 13 ft. 6 in.
long, stiffened with two additional 14-in. round steel placed
equal distance from the ends. Around the bars forming the
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frame, No. 10 gauge wire netting was laced, this netting having
a 2-in. mesh. The conerete used in this curtain wall was made
of one part of cement, and two parts of clean coarse river sand.

In the excavating of the shafts a record was kept of the
muck taken out and of the materials entering into the work.
From.the main hoisting shaft 21,168 buckets of muck were
taken, while the ventilating shaft gave 28,442 buckets, approxi-
mating 50,000 cu. yd. of loose excavation through carth, fire-
clay, shale, slate, sandstone, limestone, and coal. The inerease
of the actual muck excavated, after the blasting, over the
caleulated yardage in the solid shows 135.2 per eent for all the
materials passed through, or 85.2 per cent more than double
the amount in the solid.

There were used in the construetion of the conerete lining
in the shafts, 8217 bharrels of c¢ement, 4410 tons crushed stone
and 2528 tons sand, made up into 12,951 batches of concrete,
containing approximately 6500 cu. yd.

Exclusive of the archways at the bottom landings, 539 ver-
tical feet of concrete lining wall was placed in the hoisting
shaft. The time to complete the same covered a period of 46
weeks from the start of the work of excavating, showing a
progress of 48 ft. per month.

Omitting archways at the bottom landing, 561 vertical
feet of conerete lining was placed in the ventilating shaft.
The time consumed in completing same covered a period of
62 wecks from the commencement of the work of excavating;
a progress of 37.2 ft. per month, for the sinking, timhering,
and placing of the conerete lining. Taking into consideration
that this shaft has an arca of 80 sq. ft. more than the hoisting
shaft the progress of the work averaged about the same as
at the other shaft.

The first cost of conerete-lined shafts over that of timber
lined is about one-third more, which amount would probably
be spent upon the first renewal of timbers and from the aver-
age run of timber now on the market this would likely be
necessary in about 10 yr. In a concrete-lined shaft, the lining
being indestructible, the only renewals required would be
replacing of the buntons and guide rails from time to time.
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CoMparRATIVE QUANTITIES IN THE CONCRETE LINING FOR THE VERTICAL
FooT oF SHAFT

HoISTING SHAFT

Actual Yardage | Increase of Actual
Caleulsted Yard:ge of Material Yardage over the
Placed in Work | Yardage Caleulated
Thickness Inches ! Cubic Yards Cubie Yards Percentage
—_ [ -
12 ; 2 66 4.6 73
15 i 5.36 50 49
18 | 4 08 6.4 57
24 ‘ 5 56 90 62
VENTILATING SHAFT
12 30 5.40 74
15 ‘ 3.92 5.62 43
18 | 4.74 | 5.84 23
24 | 6.45 % 9.50 ‘; 47

The following summary gives the prineipal figures in regard
to the work on both shafts:

Hoist Snarr

Total depth, feet. . ... 565
Total number of weeks worked....... ... 46
Average thickness of conerete lining, inches........................ 16
Average number of batches per 5-ft. form. .. ... ..o L 56
Average cubic yards concrete per 5-ft. form...... .. ... ... . 28
Average depth of lining placed per week, f(-ot i 12.3
Average depth of sinking and lining placed per month fco ........ . 48
VENTILATING SHAFT
Total depth, feet. ... 591.2
Total number of wecks worked. .......... .. ... . 62
Average depth sunk per week, feet.. .. B ... 95
Average depth of lining placed per wcek fuet S 9.1
Average depth of sinking and lining placed per month, fect........ . 37.2
Size of shaft, inside concrete lining wall.................. ... 14 ft. X34 ft.
Area, square feet. ............... ... ... P . 390
Average thickness of concrete lining, inches................ 17
Average number of batches per 5-ft. panel................. ... 66

Average cubic yards of concrete per 5-ft. panel. ... .. ... ... 33
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Some interesting cost figures were obtained in the sinking
of a 570-ft. inclined metal mining shaft in the Poverty Gulch
region of Colorado about 1910. The shaft was 12 X 7.5 ft.
in the clear and after it had been sunk a short distance two
skips were added to ihe sinking cquipment which weighed
550 1b. cach, held 10 cu. ft. and cost $70 a picee, including a
water valve in the bottom which cost $10. The sinking equip-
ment consisted of the following:

Six Little Giant drills, 23-in. diameter......................... $900.00
Six columns and armsup to 8 ft............. ... oo, 240.00
Six sets drill steel, each 15.41b,, at $14.40. . ................... 86.40
Buffalo exhaust fan, diameter outlet 24} in., price with bed and
countershaft. .. ...... ... ... ... ... . . ... ... ... .. ... ..., 700.00
460 ft. of 24-in. pipe, at $54 per 100 ft. . ... ......... DN 248 .40
1200 ft. of 12-in. pipe, at $27 per 100 ft. . ..................... 324.00
Ten Leyner No. 5 stoppers, $135. ..................... ... .... 1350.00
Drill steel, 10 sets, at $15. ... .. ... ... . e 150.00
Sixteen ore cars, at $45.. ... ... ... 720.00
Compressor, motor and pipe, freight. . ........................ 2689.14
Freight on 19,553 1b., at $0.55 per 100........................ 107 .54
B 7 $7515.48

In the development work two drills were required. The
drills are 214 in. in diameter and use air at 90 lb. pressure per
square inch at drill. According to the catalog specifications,
each drill will nced 67.2 cu. ft. of air per minute. The factor
to determine a compressor capacity for four drills at 10,000 ft.
altitude is 4.49; hence, 301.5 cu. ft. of air per minute will be
required, but deducting 5 per cent for leakage and allowing
the compressor a volumetric efficiency of 80 per ecnt, the total
air required is nearly 400 cu. ft. per minute.

E. A. Rix allows 20 hp. for every 100 cu. ft. of eylinder
displacement, to compress air to 90 or 95 Ib. gauge pressure
at sea level. Although 20 hp. is higher than the value given
by Pecle for the theoretical horsepower required, and figuring
efficiency the figures would then be below 20; but, since com-
pressors are usually purchased for excess.power to supply
possible additional uses, and the use of 20 hp. would only add a
small percentage on the safe side, the power necessary for four
drills is taken at 80 hp., and it was decided to purchase a two-
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stage air compressor 18 X 11 in. diameter, 12-in. stroke,
125 r.p.m., with a capacity of 440 cu. ft. at 10,000 ft. clevation.

This sized compressor gives a reserve of 21 per cent, and
costs with freight from Denver to Cripple Creek $1903. The
motor for the compressor is 80 hp., 900 r.p.m., 440 volts, and
costs delivered $710.94,

The following caleulations give the power consumed during
development by two piston drills: The catalog multiplier is
2.39 and as cach ar:ll will need 67.2 cu. ft. of air, 67.2 X 2.39
= 159. Allowing for air loss in pipe line and efficiency of
compressor, 210 cu. ft. are necessary, or 42 hp. per minute.

Bach stope drill reguires 25 cu. ft. of air per minute and the
factor for seven drills is 7.55; thercfore, 256 X 7 = 189 cu. ft.,
to which 63 cu. ft. is added to allow for loss and efficiency,
and this is cquivalent to 50.4 hp.

The power for two stope drills is 25 X 2.5 (multiplier)
= 62.5 cu. ft. of air, and if to this be added 20.7 cu. ft. for
pipe loss and efficiency, the power required is 16.68 hp. The
diameter of the pipe nceded for carrying air 800 ft. is 3 in.
and will cost at Cripple Creek $75.30. The total cost of com-
pressor, motor, and pipe is $2,689.14.

In sinking, 18, 4-ft. holes were used. Drilling was done
at the rate of 39 ft. in 8 hr. per drill or 72 ft. in 7.4 hr. The
rate of advance was 3 ft. per round which equals 3 X 12 X 7.5
= 270 cu. ft. solid material which divided by 12.4 gives 21.8
tons per round and multiplying this by 21.5 gives 469 cu. ft.
or 17.4 cu. yd. of loose material. KEstimating the cost of muck-
ing on the basis of 1.2 cu. yd. per man per hour it will take
two men 714 hr. to clean up the rock after cach round, so
that allowing 34 hr. for delays, changing buckets, ete. it will
be seen that one round can be drilled, fired and mucked in
16 hr., which eliminating other delays would be equal to a
progress of 90 ft. per month.

For a 4-ft. hole it was found that six sticks of 40 per cent
dynamite were required each weighing 0.6 1b. or 3.6 1b. per hole
so that for the 15 holes 64.8 1b. were required.

The shaft was sunk 570 ft. The time required to sink the
shaft was:

570

5T por round ~ 190 rounds, or days.
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The’ detaﬂed cost of smkmg 570 ft. of a 90-sq. ft. inclined
shaft is as follows:

Two machine men, 190 shifts, at $4.50................ e $1,710.00
Two muckers (also top men) 190 shiftsat $3.................. 1,140.00
Two hoistmen, 190 shitts av $4.50........................... 1,710.00
One blacksmith, 190 shifts at $4.50.............. ... . 855.00
One blacksmith helper, 190 shifts at $4............ ... .. ... 760.00
One foreman, 190 shifta at $4.50. .. ... ... ... .. ... 855.00
One superintendent, at $175 per month, 63 months. ........... 1,108.35
One timberman, 190 shifts, at $3.50............. .. ... .. ... 665 .00
Powder, 12,312 1b., at $1.27%. ... ... .. . . 1,563.62
Fuse, 190 rounds, 7-ft. lengths, 23,940 ft., ot $0.0035*. . ... ... 83 79
Caps, 3420, at $0.007*. .. ... ... ... .. i 23.94
Depreciationon steel. .. ... .. . 14.40
Operation compressor plant (power), 336 hp. hours per day:
Installation charge............................... $20.50
40,000 kw. hr, at $0.013.... ... ... .. ... ... . ... 520.00
7700 kw. hr, at $0.005 ...... ... ... ... ... ... ... 38.50 579.00
Timber, 95,440 ft., at $20 per thousand. .. ................... 1,908.80
Electric power, for hoist, average 6.23 hp. hr. per hour, 49.84
hp. hr. per day, 9470 kw. hr. (190 days) at $0.013 ........ 123 .11
Coal for blacksmith, 28.75 touns, at $20.75. ... ............... 243.20
Candles, 950, ot $0.0145. . ... ... ... .. . . i 13.78
Rails (30-1b.), 570 ft., 5.08 tons, at $50. . ......... ... ..., 254.00
Cost for 570 ft. . ... $14,207 .55
Orcostperft. ... ..ol $24.93

* These low costs of powder are those of the Portland Gold Mining Co. and include
freight and unloading charges.

The following costs of sinking a mine shaft through ande-
site at the Esperanza Mince at Kl Oro, Mexico, arc given by
‘W. E. Hindry in the Mining and Scientific Press in 1910. The
shaft was a threc-compartment vertical shaft, having two
5 X 5 ft. hoisting compartments and a 5 X 7 ft. pump and
laddgrway. The timbering was 10 X 10 in. with 2-in. lagging;
sills 5 ft. center to center, and 6 posts per set. The total depth
of the shaft was 679 ft., of which 101 ft. were sunk by wind-
lass and hand work, and 578 ft. hy steam hoist and machine
drills. The work was done in 1899 and the prices of materials
and wages were as follows:
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Materials . T Prik:'es
Timberper Mft. BM............................. $13.58
Wood percord...................... ... ... 3.15
Coalperton............ ... ... iiiviiiiii. 7.27
Powder, 60 per cent, perpound. . ................... 0.14%
Fuse perfoot........... .. ... ... ... .. 0.0055
Caps,each............... ... ... oo 0.0058
Candles, each. .................... . ... ... . 0.0194

Labor
Superintendent, per 24 hr. . ................ .. .. ... $4.850
Shaft men, foreign, per 8-br. shift. .. ... ... ... . ... 3.220
Shaft men, native, per 8hr. shift. ... ................ 0.528
Top men, per 8hr.shift............................ 0.422
Fireman, per 8hr.shift. .............. ... ... ..... 0.485
Hoistmen, per 8-hr. shift. .... .......... .. ..... 0.970
Blacksmiths, per 8-hr. shift. . . 1.455

The cost of exeavation was as follows:

Labor Per Linear Foot
Superintendence................... . ... ... ... $2.529
Shaftmen, foreign...................... ... .. ..... 3.510
Shaftmen, native..................... ... ... ....... 7.043
Topmen........ooooiiiiiii i 0.578
Blacksmiths. . .................co 0.718
Firemen............oouiiiiiimi .. 0.317
Hoistmen...............cciiiiiiiiiinn. 0.804
Miscellaneous. ... ........oooveriiini 0.936

Total. ... ... . $16.525
Materials
Timber......... ... ... . e $3.961
Wood, fuel. .......... ... ... 3.781
Coal. i . 0.179
Powder. ... 2.853
T 0.014
L0 P 0.294
Candles. .o 0.223
Oil, grease, etc.. ...l 0.025
Miscellaneous. . ... .o ovvreie i 0.051
Total. ... $11.381
Grandtotal......... ... ... $27.906
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The above costs are converted from Mexican money assum-
ing the peso to have a value of 48%c.

An exhaustive study of shaft sinking costs in the Michigan
region was preparcd about 1910. The figures and computa-
tions were made upon the assumption that the shaft would be
6 X 16 ft. within timbers and reach a vertical depth of 1000 ft.
For a vertical shaft, its total length would be 1000 ft.; if in-
clined at an angle of 45 deg. to follow the dip of the formation,
its total length would be 1400 ft. to rcach a total vertical
depth of 1000 ft. A contract price of $40 per foot for sinking
would apply only if the shaft was put down in the jasper
formation. If diorite was encountered the contract price for
sinking alone would be between $50 and $55 per foot, while
all other items would remain the same.

A slight difference in cost of timber would appear in the
amount of timber used in a vertical or inclined shaft, as the
latter requires 10 X 10 in. stringers, while the former would
take 6 X 8 in. skip runners, but this has not been taken into
account.

The maximum flow of water to be handled (800 gal. per
min.) is probably somewhat high.

DETaiLs oF SINKING CONTRACT, SHAFT, ETC.

Maximum | Minimum

Contract price for sinking, $40 per foot, includes
drilling, blasting, powder, caps, fuse, etc.

For a vertical shaft, 1000 ft.......................] ........ $40,000

For an inclined shaft, 1400ft..................... $56,000

Computing all work for a shaft 6X16 ft. within
timbers, three compartments, shaft sets, 5-ft.
centers; and assuming 40 ft. per month as average
sinking.

1000 ft. would take 25 months, allow 26 months.

1400 ft. would take 35 months, allow 36 months.

Allowing 25 working days per month, 300 per year

1000 ft. of sinking would take 650 days.

1400 ft. of sinking would take 900 days.

Sinking contract would be worked on three 8-hr.
shifts. All other labor, one or two 10-hr. shifts.

Cutting pump station 10X15X20 ft. at a depth of
500 }zt ........................................ 350 350
A maximum flow of 800 gal. per min. when bottom of
shaft is approached is used as the basis of pumping |

expenses.
Total. ... $56,350 | $40,350
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DErairs or LaBor
Maximum | Minimum
Blacksmith, at $2.25 per day; helper at $1.65 per
day; $3.90 per day for900days................. $3,510
$3.90 perday for 650 days.....................| ol $2,535
Two landers at $1.70 per day for 900 days......... 3,060
Two landers at $1.70 per day for 650 days. . .......| ........ 2,210
Two timbermen at $1.75 per day. Assuming one
set of timber can be ut and framed in 1 day by
two men.
1400 ft. of shaft, 280 sets, 280 days. ............. 980
1000 ft. of shaft, 200 sets, 200 days..............| ... .... 700
Two brakemen st $2.20 per day, for 900 days. .. ... 3,960
Two brakemen at $2.20 per day, for 650 days. .. ...| ........ 2,860
Two firemen at $1.70 per day for 900 days. ..... ... 3,060
Two firemen at $1 70 per day for 650 days. ........| ........ 2,210
Allow one-fourth of mining captain’s time, $25 per
month, for 36 months.. ... ... ... ... .. . 900
Allow one-fourth of mining captain’s time, $25 per
month, for 26 months........... ... ... ... .. 650
Surveyor and helpers, allow $20 per month, for 36
months............... ... .. ... 720
Surveyor and helpers, allow $20 per month, for 26
months.. ... ... .. ... .. 520
Total . ... .. ... $16,190 $11,685
DETAILS OF TIMBER
Board
Measure, | Maximum | Minimum
Feet
2 Plates, 12X12 in. X 18 ft. contain. . ... 432
2 End pieces, 1212 in. X6 ft. contain. . 144
4 Corner posts, 12 X12 in. X4 ft. contain 192
2 Dividings, 10 X12 in. X6 ft. 4 in. con-
BAIDL. oo e e 1262
4 Stringers, 10X 10 in. X5 ft. contain. ... 166 %
4 Center posts, 10X 10 in. X4 ft. contain. 1333
Sheathing, 3 in. X5 ft.X44 ft. contain. .. 660
Boards, 1 in. X5 ft. X6 ft. 4 in. contain. . 313
Total amount of timber for 1set....... 1,886%
Total amount of timber in 280 sets. . ... 535,173
Total amount of timber in 200 sets. . . .. 377,267
At $14 per thousand for hemlock timber: .
for 280 sets, $7,492.42, allow. .. .....| ........ $7,500
for 200 sets, $5,181.74, allow. . ......| ........ | .....:.. $5,200
Ladders, 17}c. per ft., 1400 ft.. . .......| ........ 245
Ladders, 17}c. per ft., 1000 ft..........] ........ | ........ 175
Total. ... $7,745 $5,375
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Detains oF Raius, Prve, TiE-Robs, kTc.

Maximum | Minimum
45-1b. rails for double skip road, allow 1500 ft., mak-
ing 6000 linear ft. or 2000 yds., 45 tons at $25.. ... $1,125
200 pairs fish-plates, at 2ic ......... ... ... .. .. 42
500 [b. rail spikes, at 3¢ . ........... ... 15
1120 1} in. X6 ft. 6 in. round iron tic-rods, at 2c,
$487 .46 allow. ... ... o 500
2240 nuts and washers, $278.60, allow. .. .. ... .. ... 300
All of the above computed for 1400 ft. of shaft.
For a vertical shaft of 1000 ft. depth, rails, fish-plates
and spikes would not be used.
Tie-rods, nuts, and washers for 1000 It. of shaft, allow. .. $550
1400 ft. of 10-in. water-columm pipe.............. . 1,820
1000 ft. of 10-in. water-column pipe................0 ........ 1,300
Drill steel . .. ... . 40 30
2-in. steam pipe; allow 250 ft. in excess of length of
shaft. Tor 1650 ft............... ... ... ..... 150
For 1250 ft. ... ... .. ... .o i N P 110
4-in. air pipe; allow 250 ft. in excess of length of
shaft. For 1650 ft. ... ... ... ... ... ... ..... 750
For 1250 ft. .. .. o e 575
Allow a maximum of 5 tons of coal per day for 26
months. ... ... e 2,280
For36 months................................ 3,285
3000 Ib. 60d. spikes at 10¢ per pound for 1400 ft . . . 300
200 1b. 10d. nails at 10c¢. per pound, for 1400 ft .. .. 20
2160 Lb. 60d. spikes at 10c. per pound, for 10001t ...} ........ 216
145 Ib. 10d. nails at 10c. per pound, for 1000 ft.....| ..... .. . 15
Total . . ... $8,347 $5,081
Derains or Prant
‘| Maximum | Minimum
Shaft house and pockets.......................... $14,800 $6,750
Engine house. . ....... ... . ... . 9,625 5,000
Boiler house. ............ .. ... ... ,200 3,500
Powder house. . ............ ... .. ... ... . ... ... 250 100
Coal trestle.. ... ... .. ... .. ... . .. .. .. . . ... 3,000 2,500
Boilers (4).................. ... ... 11,660 10,500
Hoisting enginc. . .......... ... .. ... 15,000 12,000
Co.mpressor ..................................... 11,500 10,625
Skifis (2) . ..o 1,000 300
Two No. 3 Rand drills, complete. ............ ... .. 375 375
Auxiliary pump at 500-foot depth. .. ........ ... ... 6,000 5,000
Sinking pump........ ... .. 1,000 900
Temporary equipment at start, small hoist, bucket,
rope, tripod, ete, allow............ .. ... ... ... 1,500 1,000
Hoisting cable, 13-in. diameter.................... 900 700
Incidentals—Teaming, pipe fittings, air hose, picks,
shovels, hammers, wrenches, timber cutter’s tools,
axes, saws, oil, waste, candles, temporary bell
signal system, etc.................... ... 5,000 4,500
Total. ... ... . $85,810 $63,750
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RECAPITULATION
Inclined Vertical
Shaft, Shaft,
1400 ft. 1000 ft.
Sinking contract........ ... ... ... ... ... ... $56,350 $40,350
Blacksmithing. .. ...... ... ... ... ... .. ... ..... 3,510 2,535
Landers............... . ... ... ... .. ... ... ... 3,600 2,210
Timber cutters. . ... .. e 980 700
Brakemén........ .. P AR 3,960 2,860
Firemen... ............ ... .. ... .. ... ... 3,060 2,210
Captain and surveyors. . ............. ........... 1,620 1,170
Timber and ladders....... ... ... ... .......... 7,745 5,375
Rails, fish-plates, spikes ........ ... ... ... ....... 1,182
Air and steam pipes and woter column. ... L 2,720 1,985
Tie-rods, nuts, and washers. . ... .. .. e e 800 555
Nailsand spikes............ .. ... .. ............ 320 231
oal. ... e 3,285 2,280
Drill steel. . ...... ..... ...... ... ... ... ..... 40 30
Total. ... .. . .. ... L $K88,632 $62,491
Total plant maximum............................. $85,810
Total plant, minimum. .. ......................... 63,750
Inclined shaft with minimum plant. .............. .. 152,382
Inclined shaft with maximum plant............ ... .. 174,442
Vertical shaft with minimum plant. . ............... 126,241
Vertical shaft with maximum plant................. 148,300

In spite of very difficult sinking problems, as comparcd
with conditions in this country, shaft-sinking costs in Kurope
have been substantially less than in this country. Shafts in
the Taff and Rhonddha valleys in Ingland, which are circular
and from 17 to 21 ft. in diameter were, about 1910, sunk at
a total cost of $30 to $50 per foot including the lining. In
the north of England the shafts are somewhat larger, varying
from 20 to 24 ft. in diameter and are usually lined with
steel tubbing. Some exeellent speed records have been made
‘at these shafts, at the Sherwood colliery for instance a shaft
was sunk 858 ft. in 21 weeks, an average of 40.8 ft. per week.

In Belgium brick lining was used almost cxclusively at one
time, though the nse of reinforced conercte is becoming more
general. In 1910 sinking costs there were about $60 to $75
per meter and the lining $5 to $6 additional.

It is frequently necessary to put down small prospeet shafts
for depths up to 100 ft. and the approximate cost of such
cquipment as of 1907 was as follows:
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One 25-hp. vertical boiler. .. ........................ $300
One 5 X5 in. Bacon type of hoist. .. ............. ... 350
One 23-in. steam drill. .. ......... ... oL 180
One 7-ft. bucket. ... ........ ... ... ... . L 30
One 18-in. sheave and bearings. .. ...... ............ 20
200 ft. of 4-in. wirerope.................... . .. ... 13
Lumber for head-frame, hauling, and labor. . ... .. 107

Total .. ...... .. . e C $1000

The items for blacksmith shop, bunk house, cook house,
cte., must usually be added, but this amount wili, of course,
depend upon the size of the prospect and if they are needed.
To provide a moderate equipment and to allow a ecertain
amount of working capital another $1000 should probably be
provided. .

Shaft linings.—An interesting example of the costs of a
concrete lined metal mining shaft is that of the Brier Hill
shaft at Vulcan, Mich., sunk about 1909. This shaft is ecir-
cular, 14 ft. in diameter and 850 ft. deep. Steel scts made up
of 8-in. channcls, 1334 1b. per foot, placed on edge and spaced
10 ft. 8 in. on centers were used. Between the sets there are
studdles of steel channels to which the wooden runners for
the cage are bolted. The ladders are built of steel and the
ladderway and skip compartment are lined with galvanized
corrugated sheet steel.

The line of the shaft was through some old workings so
that it was possible to make preliminary openings throughout
the entire length from these different levels; this opening was
made 6 X 8 ft. and a 20 X 20-ft. square shaft sunk from the
surface to connect with this. Concreting was started at a
depth of 79 ft. from the surface.

The concrete used was mixed in the proportion of one
cement, three sand and six stone and the average thickness
of the lining was 18 in. with a minimum of 6 in. Measure-
ments of the actual excavation, taken every 3 ft., showed an
average thickness of the lining of 19 in. which was equivalent
to a little less than 3 cu. yd. of conerete to a vertical foot of
shaft. Forms made of 14-in. sheet steel were used, there being
two sets of forms, each 5 ft. 4 in. high and each set consisting
of four segments.
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After the excavation of the shaft to the proper sizc was
carried downward for a distance sufficient to put in three or
four sets of steel, a platform or ‘“‘curb’’ is laid on the outside
edge of the shaft all around near the bottom at the proper
distance from the concrete above to allow for the number of
scts proposed. Oue ,ound of forms is then set upon this plat-
form. Empty boxes are put in at the bottom to form ‘‘chute
holes”’ for putting conercte into the form below at the proper
time and a platforn. of 3-in. plank is laid over the top of the
form. The concrete is then lowered in the kibble, dumped
on the platform, slushed off and tamped in around the out-
side of the forms complctely filling the space between the forms
and the rock.

A set of steel is then lowered, laid in the hitches left in
the conerete and cemented in.  The round of forms is lowered
upon this new set, expanded to the proper size and the second
round of forms is set up and bolted to the first so that this
time conerete is deposited for a height of 10 ft. 8 in. This can
be done in an cight-hour shift, and 12 hr. are sufficient for the
conerete Lo set so that it is possible to concrete 10 ft. 8 in. of
shaft and put in the steel work in less than two days. As
the space between the steel sets is 10 ft. 8 in. and in starting
only half this amount of conercte is put in before a set is laid,
the work is joined to the older concrete above by one round
of forms of 5 ft. 4 in. This is filled through the spaces or
‘‘chute holes’’ left by the empty boxes previously mentioned.

No attempt was made to make a record of speed. The best
work was done in September and October, 1909, which resulted
in the excavating (enlarging the original opening) concreting
and putting in the steel of 1382/, ft. of shaft or an average of
69/, it. per month. At that time the men were working two
shifts a day or 11 shifts a week of 10 hr. each. Six men con-
stituted the regular shift in the shaft either for excavating or
constructing. In addition to the shaft work proper three sta-
tions have been cut out and concreted.

In keeping the record of the cost, the shaft has been divided
into threc parts: from surface to ledge, 62 ft.; from top of
ledge to 7th level, 549.5 ft.; and from the Tth level down,
ultimately, about 238.5 ft.
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Cost 0F CONSTRUCTION

Surface Ledge to

to Ledge, 7th Level,

62 ft. 549.5 ft
Preliminary excavation.... ... ... .. ..., $13.07 $18 .46
Final excavation. ... ..... ............ ... ... 18.19 15.10
Steel shaft frames. . ... ........... .. ... ... 7 90 7.90
Steel forms. ........... ... 0.83 0.83
Temporary surface structures and equipment. . . 10.18 10.18
Construction. ........................... ... 56.29 25.26
Estimated charge for compressed air. . ... ... .. 1.00 1 00
fotal per foot.............. .. ... ... ... $107 .46 $78.73
Estimated salvage on shaft timbers. . ....... ... 050 0.50

Estimated salvage on temporary surface struc-

tures and cquipment. . ... o oL 2.95 2.95
Net total per foot. . ... ... $104.01 $76.28

The item ‘“construction’’ includes the handling of the steel
forms, depositing conerete, and sctting and erecting the steel
frames. These figures include estimates of power and cvery
charge except for general management and enginecring. The
cost of the first 85 ft. below the Tth level was $87.19 per foot.
The cost of this circular concrete-lined shaft is about the same
as a rectangular shaft of the same capacity with steel fram-
ing. The small additional cost over a rectangular shaft with
timber framing is abundantly justificd by the increased safety
and permanence.

One of the earliest concrete shaft linings in this country
wag put in by the River Coal Co. near Bridgeport, Pa., about
1905. The shaft lining measures 23 ft. on its major axis parallel
to the railroad tracks and 15 ft. on the minor axis, inside
measurcments, the thickness of its concrete walls varying with
the depth below the surface. The following table gives approxi-
mately the cost of the construction both per foot of depth and
per cubic yard:
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Per Per
Foot of Depth | Cubic Yard
Stone....... ... $5.90 $1.00
Sand........... . ... 1.77 0.30
Cement. ............coiii i 19.18 3.25
Labor:
Mixing....... .... ... .ol $3.83 $0.65
Placing.... .. ..... ... ... 3.40 0.58
Firemen and pumpmen................... 2.19 0.37
9.42 | —— 1.60
Forms:
Lumber, $13 per thousand. ............... $1.83 $0.31
Making, $21 per thousand. . .......... .. .. 2.95 0.50
Placing........ .. ... i 4.82 0.81
) —_ 9.61 | —— 1.62
Platform for starting upper section. .. .... ... 0.92 0.16
Superintendence. ....... ... o 3.03 0.51
Plant. ........... ... ... 0.28 0.05
Oil. ... 0.21 0.04
Sundry........ ... ... 1.06 0.18
Tools. ... 0.24 0.04
$51.62 $8.75

A novel shaft lining in the form of concrete blocks was
used in a shaft in Belgium in 1912, the estimated cost of which
was $8.65 per running foot of shaft. This lining was found
to be equal in strength to a 32-in. masonry lining the cost of
which would have been $13.50 per foot.

The shaft was 133 ft. deep and 13 ft. 4 in. in diameter, the
excavation being about 17 ft. in diameter. The concrete blocks
were 30 in. high with a minimum thickness of 3.2 in. and 14
‘were required to make the circumference of the shaft. They
were set with joints staggered and the successive rings of
blocks were joined by 12 X 0.6-in. dowels there being two of
these to each bloek. Concrete with additional reinforcing was
filled in between the back of the blocks and the excavation.

The increased cost of timber and inferior product being
offered in recent years, has tended to cause the use of other
materials for shaft linings, especially cement which has come
into rapid favor because it has not increased in cost so much
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as the timber and because it gives a more permanent job and
is fireproof and more or less watertight.

The average timber lining lasts from 12 to 15 yr. and in
6 to 8 yr. it becomes necessary to replace individual timbers
and sections of lining, causing temporary shutdowns. In the
life of a mine of any considerable size, say 30 yr., it will be
necessary to re-timber the whole shaft at least once besides
making many minor rcpairs. The cost of re-timbering a shaft
(owing to the removal of the old lining, and the inereasing
price of timber and labor) will be much higher than the cost
of the original lining; to this direct cost must be added the
loss of income from the mine during the time of repairs.

The chief advantages of timber lining are its lower first
cost, greater speed in placing it and the fact that timber is
better adapted to the rectangular or square form of shaft.
Timber lining can be placed in about one-third the time that
concrete can which at the average rate of sinking would
amount to a saving in time of about 13 days for cach 100 ft.
of shaft.

A comparison of a hoisting shaft and an air shaft of the
usual design and with timber lining, with eorresponding ellip-
tical and eircular conerete-lined shafts, will present an example
which will closely approximate the conditions obtained in the
riining region of western Pennsylvania; for other localities,
the local conditions governing the cost can be substituted. The
figures are as of 1905,

Two shafts of the United States Coal & Coke Co. (a sub-
sidiary company of the United States Steel Corporation) at
Tug river, West Virginia, were sunk through one seam of coal
at 100 ft. in depth, and continued through a second seam at
175 ft. depth. The air shaft was 14 ft. 2 in. on the short axis,
by £0 ft. on the long axis. The shaft was lined for a depth of
45 ft. in order to shut off the surface water. The concrete
was 12 in. thick. )

The main hoisting shaft was 17 ft. 4 in. on the short axis
by 33 ft. on the long axis, the concrete being 12 in. thick at
the sides and 18 in. thick at the ends. It was a four-compart-
ment shaft, including a downcast airway, two hoisting-ways
and a pipe-way. It was concreted throughout on account of
the downecast air-way and the desire to shut off all the water
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Costs oF Two SHAPTS FOR THE U. 8. C. & C. Co. ar Tue River, 1905

Main Shaft
RecranguLar
Elliptical
Timber-lined | Concrete-lined
Concrete, perfootofdepth.] 43 cu.yd. | ......... 5.9 cu. yd.
Excavation, per foot of depth.| 13.5 cu. yd. 12 cu. yd. 15 cu. yd.
Timber, per foot of depth.| 90 ft. B M. | 500 ft. BM. | 80 ft. B.M.
Cost per Foot of Depth
Concrete, $9.00percu.yd.| = $40.50 | ......... $53.10
Excavation, 5.50 per eu. yd. 74.25 $66.00 82.50
Timber, 60.00 per M. . .. 5.40 30.00 4.80
Total cost of main shaft. .. $120.15 $96.00 $140.40
Air Shaft
RECTANGULAR
Elliptical
Timber-lined | Concrete-lined
Concrete, perfootofdepth.| 3ecu.yd. | ......... 4.3 cu. yd.
Excavation, per foot of depth.| 8 cu. yd. 8 cu. yd. 9.9 cu. yd.
Timber, per foot of depth.| 70 ft. B.M. 450 ft. BM. | 70 ft. B.M.
Cost per Foot of Depth
Concrete, $10.00 per ¢u.yd. $30.00 | ......... $43.00
Excavation, 6.00 per cu.yd. 48.00 $48.00 59.40
Timber, 61.00 per cu. yd. 4.20 27.00 4.20
Total cost of air shaft.....|  $82.20 $75.00 $106.60
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in the rocks; this was successfully done. The cross buntons
were held by cast-iron boxes built into the concrete, but these
boxes were probably unnecessary. In the hoisting shaft an
average progress of 16 ft. per week was made, 20 ft. being the
maximum. The total excavation in this case amounted to
21 cu. yd. per ft. of depth.

A paddle concrete-mixer was placed at the head of the
shaft, and the concrcte was lowered directly from the dis-
charge spout of the mixer without further handling. While
one bucket was lowering, the other was filling; ihus no time
was lost in delivering concrete to the placing gang. All form
work was done at night, and the concreting on the day shift.
The forms were built in 5-ft. vertical sections and were used
repeatedly. .

The cost of labor, mixing, placing forms, lumber, carpenters,
hoisting enginecrs, oil, waste supplies, sundries and superin-
tendence amounted to about $4 to $5 per yd. depending upon
the size of the shaft and the thickness of the concrete. To
this must be added the cost of materials.

The table, given herewith, illustrates the relative cost of
elliptical concrete-lined shafts, and also the usual rectangular
shaft lined with concrete and with timber. It illustrates the
great economy of the more permanent concrete shaft.

An example of an air and main shaft, cach 200 ft. in depth,
would represent an outlay of $34,200 for a timber-lined rect-
angular shaft; the cquivalent elliptical conerecte-lined shaft
would cost $40,440, both figures including all materials. The
difference due to the increased cost of $6240 is more than off-
set by the fact that it would take over $15,000 to re-timber
both shafts, not to mention the loss of time and repairs.

Rates of progress.—The best record in shaft sinking up to
1967 was made at the Dixon-Pocahontas Mine in West Virginia.
This shaft at Olmstead, W. V., was completed in nine work-
ing weeks, although not in nine wecks’ continuous work, as
an explosion in which four men were killed disorganized the
forces and interrupted the work. This work was practically
free from water except the last 50 ft. when a No. 7 Cameron
sinking pump was required, but after the sump was com-
pleted a No. 10 Cameron was installed for temporary use.

The shaft is 14 X 22 ft. and 180 ft. deep to coal and was
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9 weeks in sinking. It is timbered with 8 X 10 in. wall plates
and 6 X 10 in. buntons and lagged with 2-in. plank. The tim-
bers have bearing sets about 30 ft. apart while the other scts
arc spaced on 5-ft. centers.

The following is the equipment installed: Two 50-hp. Eric
City Economy and o..c 40-hp. Atlas internally fired boilers, a
six-drill compressor, a 10 X 12 in. Exeter hoist having a 4-ft.
drum and 7g-in. plow-stcel cable, a 70-in. fan coupled to a
10-hp. engine, end a blacksmith shop outfit.

The work was carricd down with three 8-hr. shifts for
shaft men and two 12-hr shifts for outside men.

The number of mein and their wages was as follows: 1
shift foreman, $3; 3 drill runners, cach $2.50; 3 helpers, each,
$2.25; 8 muckers, cach, $2; 1 blacksmith, $2.75; 1 hoister, $2; 1
compressor man, $2; 1 carpenter, $2.50; 2 helpers, cach $1.75.

The coal for this 9 wecks’ work at $1.25 per ton cost $460.
The cost of installing the sinking plant was about $1000 while
that of dynamite was $700. Henee, exclusive of machinery,
the risk from accidents and the cost of moving the excavated
material after dumping the buckets, we may get a close esti-
mate of the cost of this work as follows:

Installing plant. .. ......... ... .. ... ............... $1000
Coal. . e 460
Dynamite. ... i e 700
Labor per day, $85 for 54 days............ccvvvvnnn.. 4590
Timber for shaft at $20 per M, 60 M. ................ 1200
Miscellaneous expenses..............c.couvvvnueenn.... 1000

Total. ... $8950

This is practically an expense of $9000 for 180 ft. of
14 X 22 ft. shaft, a net cost of $50 per foot.

The speed of sinking will be governed by the quality of
the rock, size and shape of the shaft, amount of water present,
class of labor available and the efficiency of the plant. The
fastest sinking on record up to 1909 was on the Rand in
Transvaal, South Africa. These shafts are sunk 9 X 26 ft.
in the rock and the work is carricd in three, 8-hr. shifts per
day, seven days in the week. The labor is cheap and can be
used under conditions that the white man will not work under
so the shafts are filled up with every man that is possible to
use. The records made at some of these shafts are given in
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